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This thesis addresses the subject of systematic quality improvement in healthcare. Specifically, 
we investigated the following three research topics: quality improvement strategies, patient 
experience as a clinical performance indicator, and the impact of registry-based feedback on the 
quality of care. The first two topics were explored within the clinical domain of renal 
replacement therapy; the Dutch National Intensive Care Evaluation (NICE) registry was used as 
a practical context to examine the impact of registry-based feedback. 
 This chapter introduces the three research topics, and then briefly describes the contexts in 
which they were explored. We conclude Chapter 1 with formulating the research questions and 
outlining the remaining chapters.  

 
Introducing the research topics 
Quality improvement strategies 
There is persistent room for improvement in healthcare.1-3 This may partly be explained by the 
complexity of the healthcare system, which hampers the achievement of change.4-6 One 
approach to changing complex systems is systematic quality improvement (QI).7-11 This 
approach is characterized by its focus on solving problems in the system’s underlying processes 
rather than focusing on correcting the mistakes of individuals. It relies on data from healthcare 
professionals’ own setting to guide practice improvement, and it encourages working in 
multidisciplinary QI teams. The task of a QI team is to identify QI strategies. In this thesis we 
defined a QI strategy as a systematic attempt to improve the way care delivery is organized. It 
concerns interventions that need adaptation to the local setting by means of an iterative 
development process. This process is known as the Plan-Do-Study-Act (PDSA) cycle, and 
includes small-scale evaluations of the impact of a proposed strategy.7-11 QI strategies can be 
distinguished from best practices, which we defined as (a set of) clinical actions that are 
considered to improve outcomes in patients, regardless of where they are treated. For example, 
to increase the uptake of the best practice of prescribing prophylactic aspirin to patients 
hospitalized after acute myocardial infarction, implementing a computerized reminder system is 
a potentially effective QI strategy.12 Alternatively, in settings without a robust information 
technology infrastructure in place, providing comparative feedback reports on adherence rates 
combined with educational elements might be considered.13  
 Many systematic reviews have evaluated the impact of QI strategies on the quality of 
healthcare across medical domains.14-19 However, even though different clinical contexts may 
require different strategies to achieve change,20 reviews focusing on a specific clinical domain 
are sparse. Healthcare professionals may not be familiar with the concepts underlying systematic 
quality improvement,21 or may be unaware of which QI strategies apply to their particular 
setting. This may explain part of the existing opportunity for improvement in healthcare. 
 
Clinical performance measurement – patient experience as an indicator 
Measurement has traditionally been a part of quality improvement in healthcare. The pivotal role 
of clinical performance data was already acknowledged by Ernest Codman one hundred years 
ago, when he started to record medical errors and to link these errors to patient outcome in order 
to improve the care delivered in his “End Result Hospital”.22 Since then, continuous 
measurement of clinical performance is being more and more integrated into healthcare systems 
worldwide.23-25  
 Before introducing the topic of patient experience as an indicator of clinical performance, 
this section describes two types of performance measurement systems, and some general 
background on clinical performance indicators.  
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FORMATIVE VERSUS SUMMATIVE SYSTEMS 
In the literature, two main performance measurement systems are distinguished: formative 
systems focusing on internal quality control, and summative systems focusing on external 
accountability.5;26 In formative systems, performance measurement is primarily a tool for 
healthcare providers to monitor and improve their care processes without external interference 
or direct negative consequences for payment and reputation. The National Intensive Care 
Evaluation (NICE) foundation –aiming to improve the quality of intensive care– is an example 
of a formative initiative from the Netherlands.27 Pay-for-performance28 and public reporting 
programs29 are typical summative systems, mostly used by governments, payers, and patient 
organizations. They link low performance to reduced financial resources or reputation harm; 
once low performance has been established, care providers have limited opportunity to change 
their practice in order to prevent this. Examples from the Netherlands are the public reporting of 
hospital care quality using the Healthcare Inspectorate’s performance indicator set30 or the 
hospital standardized mortality ratio.31 
 
CLINICAL PERFORMANCE INDICATORS 
Regardless of the formative or summative nature of the system, clinical performance indicators 
form the core of any performance measurement initiative.5;23;32 Indicators are proxies of 
performance that indicate potential opportunities for improvement.5;33 Three classic categories 
can be distinguished34: structure, process, and outcome indicators. Structure indicators refer to 
factors associated with the healthcare setting, e.g., the availability of equipment. They are linked 
to performance by the assumption that the proper settings will result in high quality care. 
Process indicators refer to the care that is actually being delivered, and the extent to which this is 
in line with established clinical standards; for instance, the percentage of eligible patients that 
receive ß blockers after an acute myocardial infarction. Outcome indicators involve the ultimate 
status of the patient after having received treatment, such as the mortality rate among coronary 
artery bypass surgery patients, or quality of life after kidney transplantation.  
 When composing an indicator set one should strike a balance between covering all the 
important aspects of performance, and keeping data collection robust and feasible.5;32;35 This 
includes identifying reliable indicator data that are readily electronically available as byproducts 
of routine processes, or easily made available with minimal extra resources.32;36 Once reliable 
performance data are collected, they need to be translated into interpretable and actionable 
information; for example, by adjusting for case-mix factors, and developing a feedback strategy 
that matches stakeholders’ needs and preferences.32;37 
 
PATIENT EXPERIENCE AS A CLINICAL PERFORMANCE INDICATOR 
Patient experience is considered an important and relevant patient outcome by many 
stakeholders involved in the care delivery process,34;37-39 and, therefore, is an outcome indicator 
with high face validity.40 Several public reporting initiatives have incorporated the patient 
perspective as a part of clinical performance, such as the Consumer Assessment of Healthcare 
Providers and Systems (CAHPS) in the USA,41 and the Consumer Quality (CQ) Index initiative 
in the Netherlands.42 
 However, whereas the outcome indicator ‘death’ is objective, unmistakable and, therefore, 
relatively easy to measure, patient experience is not. Moreover, patient experience was shown to 
also be influenced by factors that are not attributable to healthcare.43-45 Hence, to use patient 
experience as an accurate indicator of clinical performance and facilitate its use for quality 
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improvement, a validated measurement instrument and knowledge on its determinants are 
warranted. 
 
Impact of registry-based feedback on clinical performance 
Clinical performance measurement and feedback have always been closely knit: besides 
collecting medical error data, Ernest Codman also made them publicly available to patients and 
other hospitals by publishing an annual report.22 Nowadays, performance feedback is considered 
a common QI strategy to change clinical practice.46  
 Providing performance feedback reports is a standard service offered by medical quality 
registries. A medical quality registry is a systematic and continuous collection of a standardized 
set of health and demographic data for a specific patient population, submitted by multiple users, 
held in a central database, and subjected to a data quality assurance protocol.35;47 Registry-based 
feedback often comprises data on a broad range of performance indicators, benchmarked against 
external standards or peer performance. The underlying assumption is that reports of inferior or 
inconsistent care are an incentive for healthcare providers to change their routine practice.48 Yet, 
in general, the impact of feedback on the quality of care was shown to be small to moderate, and 
it remains unclear how this impact can be further optimized.49 

 
Introducing the research contexts 
The topics of systematic quality improvement strategies, and of patient experience as a clinical 
performance indicator were explored within the clinical domain of renal replacement therapy. 
We used the feedback as provided by the Dutch NICE registry as a practical example to address 
the topic of registry-based feedback effectiveness. Both contexts are briefly described below. 
 
Renal replacement therapy 
End-Stage Renal Disease (ESRD) is a chronic condition in which the kidney function can no 
longer sustain life; ESRD patients require renal replacement therapy (RRT). RRT care 
comprises chronic dialysis and kidney transplantation. The essence of dialysis is removing 
toxins and excess water from the body, which can be done by a machine holding an artificial 
filtering device (hemodialysis), or via a dialysis solution (dialysate) that is infused into the 
patient’s abdominal cavity (peritoneal dialysis). Most hemodialysis patients receive their 
treatment at a dedicated outpatient dialysis center, which they visit three to four times a week; 
one dialysis session takes three to eight hours. Peritoneal dialysis requires renewal of the 
dialysate in the abdomen either manually four to five times during the day, by a machine at 
night, or by a combination of both; these procedures can be performed at home. ESRD patients 
that have received a kidney transplant no longer need dialysis. Although this (eventually) results 
in a lower treatment intensity, transplanted patients must take immunosuppressive drugs, and 
frequently visit the transplant clinic and other caregivers for the rest of their life.50 
 The long-term character of treatment of ESRD, and the intensive interaction between 
patient and healthcare provider make patient experience an important outcome indicator of the 
quality of RRT care. It also causes the delivery of RRT care to be complex, especially when 
considering that patients have frequent co-morbidity, and treatment involves healthcare 
professionals from multiple disciplines. Like stated earlier, this complexity hampers the 
achievement of change, which may partly explain the persisting room for improvement in the 
delivery of RRT care.51-53 
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The National Intensive Care Evaluation (NICE) registry 
The NICE registry is entrusted with collecting and reporting data on the quality of care delivered 
at Dutch intensive care units (ICUs). ICUs are complex organizational units within hospitals 
providing multidisciplinary and expensive care to a heterogeneous population; patients admitted 
to the ICU are usually in need of intensive monitoring and some form of mechanical or 
pharmacological support, and have a relatively high mortality and morbidity risk.54;55 In the 
intensive care domain, systematic QI and clinical performance measurement are ubiquitous,56-60 
which is reflected by the many performance indicator sets61-64 and numerous ICU quality 
registries.65-69 In the Netherlands, the intensive care profession founded the NICE registry in 
1996 with the aim to systematically and continuously monitor, compare, and improve the quality 
of ICU care.69 Data collection started with the outcome indicators case-mix adjusted hospital 
mortality and length of ICU stay. In 2006, the Netherlands Society for intensive care (NVIC) 
extended the indicator set to a total of eleven structure, process, and outcome measures, adding 
items such as nurse-to-patient ratio, proportion of out-of-range glucose measurement, and 
unplanned extubation rate.61 Currently, almost 90% of all Dutch ICUs voluntarily submit their 
data to the registry. Until recently, they received –as a regular NICE service– quarterly and 
annual benchmark reports on the indicators. 

 
Research questions and outline of the thesis 
We formulated one research question per topic, and explored the answer in one of the two 
research contexts. 
 
Quality improvement strategies in RRT care 
Despite the many literature reviews evaluating the impact of QI strategies, there had been no 
attempts to create an overview of the systematic QI strategies reported within the domain of 
RRT care. Still, we anticipated that many initiatives had been undertaken aiming to change the 
delivery of care to ESRD patients. Sharing the experiences from these initiatives was expected 
to accelerate the improvement of RRT care. This triggered our first research question.  
 
Research question 1 – Which quality improvement strategies have been reported within the 
domain of RRT care, and what was their impact on the quality of care? 
 
We address this research question in Chapter 2. This chapter describes the results of a 
systematic review of the literature on initiatives that aimed to increase the uptake of best RRT 
practice in daily care. We present a categorized overview of the identified QI strategies, and 
report on their impact on the quality of RRT care.  
 
Patient experience as an indicator of the clinical performance of dialysis centers  
The Consumer Quality (CQ) index initiative in the Netherlands publicizes data on the 
experience patients have with a broad range of healthcare services.70-73 This initiative provides a 
standardized method comprising criteria for developing the measurement instruments, and for 
subsequent analysis and reporting of patient experience data. Until now there was no CQ index 
instrument for chronic dialysis care. In 2002, the Dutch Kidney-patient federation (NVN) 
developed a survey to measure patient satisfaction with dialysis care, which was employed as 
part of the certification scheme for Dutch dialysis centers.74 In 2006, the NVN decided to revise 
the survey according to the CQ index criteria. This formed the basis for our second research 
question. 
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Research question 2 – How to use patient experience as an indicator of the clinical 
performance of dialysis centers? 
 
This question is addressed in Chapter 3. This chapter regards the development and validation of 
two CQ index instruments to measure the patient experience with in-center hemodialysis, and 
peritoneal dialysis and home-hemodialysis care respectively.  
In Chapter 4 we explore the relationship between characteristics of dialysis patients and the 
experience they have with their care. 
 
The impact of the NICE registry feedback reports on ICU performance 
To investigate the potential of the NICE registry reports to prompt healthcare providers to 
change their daily care, and to explore how the impact of feedback could be further optimized, 
we formulated the third research question. 
 
Research question 3 – How can the impact of the NICE registry feedback reports on the quality 
of intensive care be increased? 
 
To answer this research question, we first systematically reviewed the literature on how medical 
quality registries in general provide performance feedback to healthcare professionals in 
Chapter 5. In this chapter, we additionally investigated the effect of registry-based feedback on 
the quality of care, and identified the factors that were suggested as moderators of the effect. 
Chapter 6 describes the development of a new multifaceted feedback strategy within the 
context of the NICE registry, and the study protocol for the quantitative and qualitative 
evaluation of the strategy’s effectiveness. The results of the quantitative evaluation are presented 
in Chapter 7, where we conducted a cluster randomized controlled trial to assess the impact of 
the feedback strategy on ICU patient outcomes compared to standard NICE feedback reports. In 
Chapter 8 we report on the results of the qualitative study, in which we explored potential 
explanations for why the intervention was effective or not. 
 
Finally, in Chapter 9 we synthesize and discuss the main findings presented in this thesis, and 
provide suggestions for future research.  
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Abstract 
Recent studies showed wide variation in the extent to which guidelines and other types of best 
practice have been implemented as part of routine health care. This is also true for the delivery 
of renal replacement therapy (RRT) for ESRD patients. Increasing uptake of best practice within 
such complex care systems requires an understanding of implementation strategies and specific 
quality improvement (QI) techniques. Therefore, we systematically reviewed over 5000 titles 
published since 1990 and included papers describing planned attempts to accelerate uptake of 
best RRT practice into daily care. This resulted in a list of 93 QI initiatives, categorized in order 
to expedite shared learning. The majority of the initiatives were executed within the domains of 
vascular access, nutrition and anemia management. Strategies oriented at patients were most 
common and many initiatives pre-defined an improvement target before starting 
implementation. Of the 93 initiatives, 22 were sufficiently robust methodologically to be 
analyzed in more detail. Our results tend to support previous findings that multifaceted strategies 
are more effective than single strategies. Improving our understanding of how to successfully 
implement best practice can inform system-level change and is the only way to close the gap 
between knowledge on what works and the actual care delivered to ESRD patients. Research 
into implementation, using specific QI techniques, should therefore be given priority in future. 

  



Chapter 2 

20 

Introduction 
In order to improve outcomes for patients with end-stage renal disease (ESRD), a continuous 
effort is being made to define best practice in the field of renal replacement therapy (RRT). 
Pubmed currently lists over 150000 citations of studies on RRT for ESRD patients. This 
indicates that there is a large body of knowledge on best practice. While this is encouraging, it is 
also impossible for clinicians to assimilate all the evidence. This has driven the development of 
position statements and of knowledge syntheses in the form of clinical practice guidelines,1-7 
which are remarkably consistent in their recommendations for best RRT practice. However, a 
large gap remains between what is considered to be best practice and the actual delivery of 
routine health care, implying that not all patients receive optimal care according to available 
knowledge. 8-11 This is also true for ESRD patients receiving RRT;12;13 part of the variation in 
outcomes between dialysis facilities can be explained by differences in the degree to which care 
delivery matches best practice.14-16 
 The delivery of RRT is complex: patients have life-long disease, frequent co-morbidity, 
involvement of multiple health professionals and multiple health care settings. In such complex 
settings, achieving change is difficult.17-19 It cannot simply be accomplished by having 
knowledge on best practice available9;10;20 or by clinical teams ‘trying harder’; instead, it 
requires a clear understanding of how to use proven strategies and specific quality improvement 
(QI) techniques to guide implementation of best practice. The gap between best practice and 
current practice may partly exist because such strategies and techniques are not familiar to many 
clinicians. Furthermore –until recently– papers on how to implement best practice received scant 
attention in high-impact medical journals. Nevertheless, many systematic attempts to improve 
the delivery of care to RRT patients have been described, and a number of them are likely to 
provide valuable information for clinicians seeking to improve the quality of care in their own 
systems. 
 Therefore, we systematically reviewed the literature published since 1990 to identify 
quantitative evaluations of QI initiatives in the field of RRT. We defined a QI initiative as using 
an implementation strategy (i.e. a planned and systematic attempt) to introduce or improve the 
uptake of elements of care that could be considered to be established best practice. We aimed to 
answer the following research questions: (1) Which strategies and specific QI techniques have 
been used in QI initiatives in RRT to implement best practice? (2) What was the effect of these 
QI initiatives on the quality of RRT care? 

 
Methods 
Search strategy 
We searched MEDLINE (Pubmed), CINAHL and the Cochrane library for original peer 
reviewed articles and reviews in English published in the period January 1990 to February 2010. 
The search strategy consisted of MeSH terms related to quality improvement and terms in 
title/abstract referring to quality improvement or specific guideline initiatives, combined with 
MeSH terms regarding renal replacement therapy for ESRD patients (Figure 1). The complete 
list of terms and the syntax of the MEDLINE search can be found in Appendix A. Additionally, 
we hand searched the reference lists of all relevant reviews and of original articles included 
following the main search. 
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Quality improvement (MeSH)
Quality assurance
Guideline adherence
Outcome and process assessment
Quality indicators
Peer review
Etc.

SEARCH STRATEGY

SEARCH RESULTS

OR

AND

Quality improvement and guideline
initiatives (terms in title/abstract)
“*quality improvement*”
CARI
EBPG
KDOQI
Etc.

Renal replacement therapy
(MeSH terms)
Kidney failure, chronic/therapy
Renal dialysis
Kidney transplantation
Hemodialysis units, hospital

Hand search of 
reference lists a)

96 b)

articles judged by
title and abstract

full papers 
screened

articles included

total included

2397

131

74

2644

36

22

REASONS FOR  EXCLUSION OF FULL PAPERS (N=71)
• effect of quality improvement initiative not quantitatively evaluated (n=27)
• lack of planned implementation strategy (n=21)
• lack of baseline measurement (n=12)
• lack of description of best practice (n=4)
• outcome measurement not directly related to RRT patients (n=4)
• no original article (n=3)

Figure 1: Search strategy and search results 
a) total of 129 reference lists from 74 included original articles and 55 reviews 
b) 26 of 96 included papers concerned evaluations with an external control group 

 
Inclusion of relevant papers 
We aimed to identify studies that evaluated the effectiveness of QI initiatives implementing 
knowledge on best RRT practice using an implementation strategy. For this review knowledge 
on best practice referred to an evidence-based (set of) clinical action(s) – usually described in a 
local, national or international clinical practice guideline – that is considered to be applicable to 
all patients or a subgroup of patients, independent of the health care facility where they are 
treated. We excluded studies that attempted to identify the clinical actions that would result in 
improved clinical outcomes. We defined an implementation strategy as a planned and systematic 
attempt to introduce or improve uptake of knowledge on best practice into daily clinical care. It 
concerns organizing the delivery of care in such a way that health care professionals are (better) 
enabled to apply knowledge on best practice. For example within an anemia management 
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program best practice might be achieving a target hemoglobin value by administering an 
Erythropoiesis Stimulating Agent (ESA). A possible matching implementation strategy is a 
computerized algorithm for ESA dosing recommendations. 
 We included studies evaluating a QI initiative containing at least a description of or a 
reference to a type of best practice and a description of an implementation strategy. 
Furthermore, in order to limit the spectrum of how the effectiveness of QI initiatives was 
evaluated, studies had to report on clinical process or outcome of care measures directly related 
to RRT for ESRD patients; thus excluding studies solely reporting on, e.g., outcomes for 
patients with acute kidney failure or chronic kidney disease not yet on dialysis, patients’ dietary 
knowledge level, or job satisfaction of renal nurses. Lastly, we only included studies with a 
quantitative evaluation consisting of at least a baseline and follow-up measurement. 
 All titles and abstracts were judged for relevance according to the above criteria. The full 
text of the articles was screened before deciding on final inclusion. Each title/abstract and full 
text was screened independently by the principal reviewer (SV) and one of the other reviewers 
(AN,CT,DR,JH,KJ). In case of disagreement we reached consensus through discussion.  
 
Data collection 
We developed, tested and finalized a data abstraction form that was structured in five sections 
(Appendix B). The first section regarded general information on the QI initiative, such as the 
domain of RRT care (e.g., vascular access) and the level at which the initiative was executed 
(e.g., single center). In the second section we described the best practice that was being 
implemented and the highest level of authority supporting the best practice, ranging from 
international guidelines based on a formal synthesis of available evidence to local expert 
opinion. The third section of the form contained a list of implementation strategies based on the 
classification of the Cochrane Effective Practice and Organisation of Care (EPOC) Group.21-23 
Table 1 presents the strategies including a description and examples within RRT care. 
The fourth section concerned specific QI techniques that can be used to guide the 
implementation of best practice.24-28 It included items relevant to the preparation of the 
implementation (e.g., performance data used to quantify the opportunity for improvement before 
initiating the QI initiative), the monitoring of the quantitative effect of the initiative during the 
implementation process, and items regarding the delivery of the implementation (e.g., 
appointment of a local QI team). The last part of the abstraction form covered the reported effect 
of the QI initiative. This part was applied only to controlled studies –i.e., studies using other 
facilities or patients as (external) controls– that provided sufficient details to judge if there was a 
difference in change improvement between groups. Five items involved assessing the risk of 
bias on a 10-point scale, with a total score of ‘10’ meaning an optimal protection against bias 
(see Appendix C).29 Other items concerned the groups compared in the study and the reported 
effect on the primary clinical outcome measures.  
 The principal reviewer abstracted the relevant data for all included articles. The other 
reviewers independently did the same for the articles allocated to them. For each article, the 
captured information was compared and differences were discussed until consensus was 
reached. When information for completing the data abstraction form was missing, additional 
sources –such as websites or cited literature- were consulted. 
 



 

 

Table 1: Strategies to implement best practice in daily care and examples within RRT care (based on work of Cochrane EPOC Group)21-23 
Implementation strategy Description of the strategy Examples within RRT care 

Health professional-oriented strategies 
Educational activities Aimed at increasing provider’s knowledge on (best) 

clinical practice 
Dissemination of guidelines, workshops on how to 
increase dialysis adequacy 

Audit and feedback Any information or summary of clinical performance 
over a specified period of time; The information can be 
obtained by the caregivers themselves or provided by 
others 

Feedback reports comparing quarterly center-
specific fistula rates with national averages, local 
multidisciplinary meeting discussing episodes of 
peritonitis that occurred the past month 

Treatment protocols / 
algorithms 

Aimed at supporting providers with performing a 
desired clinical action at the time of the patient 
encounter; Protocols and algorithms can be 
computerized or provided on paper 

Algorithm recommending EPO dose based on 
patient’s Hb level, instructions on how to perform 
cannulation in vascular access care 

Reminders Aimed at prompting providers to arrange follow-up 
care resulting from a patient encounter; Reminder 
systems can be manual or computerized 

Follow-up appointment system (e.g. stickers on 
charts), protocolized care pathway to streamline 
referral to vascular surgeon 

Organizational strategies 
Structural Changes in the physical structure of health care 

facilities or in information management 
Moving access surgery from inpatient to outpatient 
facilities, building an additional dialysis unit, 
system to track patients’ vaccination status 

Staff-oriented Changes in roles, responsibilities, numbers or types of 
staff 

Nurse taking over anemia management from 
nephrologist, shift from individual physician care to 
multidisciplinary team based care, vascular access 
coordinator as case manager 

Financial strategies 
 Economic measures or sanctions aimed at providers or 

institutions 
Payment for performance, financial penalties for 
inappropriate action 

Patient-oriented strategies 
 Aimed at improving practice by directly involving the 

patient 
Nutritional counseling, patient education to 
facilitate involvement in modality choice, patient 
reminders to take phosphate binders 
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Data analyses 
To describe the implementation strategies and specific QI techniques used we grouped the 
initiatives based on the domain of RRT care. For the reporting of the effectiveness of initiatives 
we only took into account controlled studies that we considered to be adequately protected 
against bias, i.e., having an overall ‘protection’ score of at least 7. We described each controlled 
study separately, including a quantification of the effect size and whether the initiative led to a 
statistically significant improvement. For studies that defined several primary outcome 
measures, we only reported the effect on those measures we considered to best match the aim of 
the QI initiative. For example, for a QI initiative aimed at improving dialysis adequacy,30 we 
only reported the proportion of patients achieving the urea reduction ratio (URR) target, and 
disregarded measures like average time on dialysis and mortality rates. Evaluations that did not 
test the statistical significance of the effects of the QI initiative were reported as ‘no 
improvement’. 
Based on previous research31-33 we hypothesized that initiatives using more than one strategy 
would have more effect on the quality of RRT care than initiatives consisting of a single 
strategy. We also expected that QI initiatives using at least one specific QI technique to guide 
the implementation process would be more successful than initiatives using no QI techniques. 
To test these hypotheses we used Pearson’s 2 test.  
  
Results 
We found 2397 original papers and 55 reviews by searching MEDLINE (Pubmed), CINAHL 
and the Cochrane library for original peer reviewed articles and reviews in English published in 
the period January 1990 to February 2010. Initial screening of titles and abstracts of the original 
papers resulted in 131 articles for full text screening of which 74 were included. The reference 
lists of these included papers and of the 55 reviews from the main search contained 2644 titles of 
which 36 were selected for full text screening and 22 for final inclusion, adding up to 96 
included papers. Of those, 26 concerned studies that evaluated the difference in improvement 
between an intervention group and an external control group. Common reasons for exclusion of 
full papers were lack of a quantitative evaluation of the initiative’s effect or lack of a planned 
implementation strategy (Figure 1).  
 
Implementation strategies 
The 96 papers described 93 different QI initiatives, all of which used at least one of the 
strategies listed in Table 1 to implement best practice. The strategies that were used within each 
initiative are described in Table 2; the numbers in the table are reference numbers (except for 
those in the first column and the last row). We categorized the initiatives based on RRT domain. 
Initiatives consisting of a single element (n=26) mostly concerned a patient-oriented strategy 
(n=15), or a treatment protocol (n=6). Also within multifaceted interventions (n=67), a strategy 
oriented at patients was the most common element (n=40), followed by an educational strategy 
aimed at clinicians (n=38), an organizational staff-oriented intervention (n=38), or a treatment 
protocol (n=29). One multifaceted initiative used a financial strategy as one of the elements34 
(not displayed in Table 2). Initiatives using multiple implementation strategies appear in 
multiple columns. The implementation strategies used in each QI initiative are described in more 
detail in Appendix D.  
The majority of the QI initiatives were executed within the domains of vascular access (n=22), 
nutritional management (n=20) and anemia management (n=15). These three domains are 
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discussed in more detail below. The other nine domains contained a maximum of seven QI 
initiatives.  
 In vascular access more than half of the initiatives used a combination of four or more 
strategies (n=12), e.g., a care pathway coordinated by a vascular access nurse, educating patients 
on the importance of timely permanent access and shifting access surgery from inpatient to 
outpatient facilities.35 The Save the Vein Program36 consisted of a combination of procedures to 
ensure timely selection and referral of patients for permanent access surgery, the recruitment of 
a vascular surgeon with special expertise in fistula creation and educational activities aimed at 
hospital nursing staff to protect veins in the designated arm from venipuncture. 
 Within the domain of nutritional management patient-oriented strategies were used in 
eighteen initiatives. Examples are educational group sessions focusing on fluid intake,72-75 
individual patient counseling to increase adherence to phosphate binders68;69;76 or the completion 
of a food diary by the patient to record and control phosphate intake77-79 or potassium intake.71 
Thirteen initiatives had patient-oriented strategies as their only element. Other types of strategies 
were relatively rare in this domain.  
 All initiatives on anemia management had a treatment protocol as part of their strategy 
(n=15), mostly on intravenous iron administration and ESA dosing; some also focused on the 
causes of ESA resistance.37;42-44 Two anemia programs used a computerized dosing 
algorithm.45;128 Anemia protocols were frequently combined with a staff-oriented strategy (n=8), 
for instance, the appointment of a designated anemia manager37;38;43;44 or pharmacist responsible 
for anemia management of all patients.39;46 
 
Specific QI techniques used to guide the implementation of best practice 
Of all 93 QI initiatives, 66 described the use of at least one specific QI technique to prepare, 
monitor or deliver the implementation of best practice. Table 3 presents the (combinations of) 
techniques used within the QI initiatives; the following text contains illustrative examples of 
specific QI techniques used in RRT practice.  
 Regarding the preparation of the implementation, more than half of all QI initiatives 
(n=49) quantified the opportunity for improvement before starting the implementation process, 
e.g., by using data from the Clinical Performance Measurement project from the Centers for 
Medicare and Medicaid Services.129 Using the analysis of possible barriers to changing current 
practice as input for the development of the implementation strategy was mentioned frequently 
(n=37), e.g., by organizing brainstorm sessions with caregivers and/or patients, by using specific 
tools (such as Fishbone diagrams) or by reviewing the literature. The pre-definition of an 
improvement target –e.g., as defined in a guideline or by using the results of high performing 
centers as a standard– was less common (n=20). Only twelve initiatives reported having used all 
three preparatory techniques. 
Data-driven monitoring of the effect of the initiative during the implementation process was 
done by 39 initiatives. Regarding delivery of the implementation, 27 initiatives reported the 
appointment of a dedicated QI team or coordinator to manage the local QI process. Seventeen 
initiatives explicitly described the use of QI expertise in the initiative, e.g., by instructing QI 
team members on how to use QI techniques30;53;58-60;63;85;89 or supervision of the implementation 
process by an advisory board.30;34;58;60;94;102;103;126;127 
 Within the domain of vascular access the use of specific QI techniques was most common: 
nineteen of the 22 initiatives used at least one QI technique and eleven of them used a 
combination of more than three. For example, in one QI initiative a multidisciplinary task force 
analyzed baseline data of all participating dialysis centers, summarized targets for improvement,  



 

 

Table 2: Implementation strategies used in QI initiatives in RRT care 

Domains of RRT care  
(number of initiatives) 

Health professional-oriented strategies Organizational strategies 
Patient-oriented 
strategies 

Education 
Audit and 
feedback 

Treatment 
protocols Reminders Structural Staff-oriented 

 

Anemia management (n=15) 37;38;39; 40;41 [none] 37;42;43;44;45a);

38;39;46;40;41;47

b);4849; 50;51;52 

[none] [none] 37; 42; 43;44; 

39; 46; 53;41;50; 

40; 51; 52 

Cardiovascular risk 
management(n=2)

54 [none] 55 [none] [none] 55 54; 55 

Care coordination across domains 
(n=3)

34 56 [none] [none] [none] 34; 56; 57 34; 57 

Dialysis dose (n=6) 30; 58; 59;  60; 

61 

30; 58; 59; 

60;61;62 

59 62 [none] [none] 61; 62 

Nutritional management (n=20) 63; 64; 65 63; 66; 67 68; 64;69; 70 64; 65; 66 68 68; 69; 71; 63 72; 73; 74; 75; 68; 76; 

69; 77b); 78; 79; 71; 

63;64;65;66;80;81;82; 

Peritoneal dialysis (n=5) 83 84 83 [none] 85 85; 83; 86 83; 84; 86; 87 

Preparation for RRT (n=7) 88 88 [none] 89a) 90c) 90; 91b); 92 89a); 90c); 91b); 92; 

93 

Rehabilitation (n=2) 94 [none] [none] [none] 94 [none] 95 

Transplantation (n=3) [none] [none] 96 96 96; 97b) 97 b) 96; 98 

Vaccination (n=3) 99; 100; 101 100 99 101 99; 101 99 100; 101 

Vascular access (n=22) 36;102;103;104;

105;106;107;108

;109;110;111; 

112;113;114;115

116;117 

102; 103; 106; 

107;108; 109; 

112;113; 116; 

118; 119 

102; 103; 104; 

105; 106; 114; 

117; 120; 121 

35; 36; 102; 

103; 104; 105; 

106; 107;108; 

109; 110; 111; 

117; 119 

35; 106; 

107;108; 116; 

118; 121; 122; 

123 

35; 36; 102; 103; 

105; 107;108; 

110;  112;113; 

114; 115; 116; 

118; 119; 120; 

35; 36; 102; 103; 104; 

105; 107;108; 110; 

112;113; 116;  117; 

121; 

Multi-domain (n=5) 124; 125 126; 127;124;125 53; 125 [none] 125 [none] 125 

Total number of initiatives 38 26 35 20 18 38 55 
Abbreviations: QI, quality improvement, RRT, renal replacement therapy. 
The numbers in the table are reference numbers; except for those in the first column and the last row. 
a) Computerized 
b) QI program focusing on children (<21 years) 
c) Paper describes two separate QI initiatives that both use this type of implementation strategy    



 

 

Table 3: Specific QI techniques used to guide implementation of best practice in RRT care 
 

Preparation of the implementation 
Data-driven 
monitoring 
of the effect 

Delivery of the implementation 

Domains of RRT care  
(number of initiativesa)) 

Barrier analysis as 
input for strategy 

development 

Pre-defined 
opportunity for 
improvement 

Pre-defined 
improvement 

target 
Dedicated 
resources CQI expertise 

Anemia management (n=10) 
37; 38; 40; 51 

37; 43;44; 38; 39; 

41; 47; 48; 50; 51 
40 43;44; 40; 51 

37; 43;44; 38; 41; 

51 
[none] 

Cardiovascular risk 
management(n=1) 

[none] [none] 54 [none] [none] [none] 

Care coordination across domains 
(n=2) 

[none] [none] [none] 34; 56 34; 56 34 

Dialysis dose (n=6) 60; 61; 62 30; 58; 59; 61; 30; 58; 61 30; 58; 59; 60; 61 30 30; 58; 59; 60 

Nutritional management (n=9) 63; 64; 65; 66;  67 72; 71; 63; 64 64 63; 64; 67;70; 81 63; 64 63 

Peritoneal dialysis (n=4) 85; 83; 84; 87 85; 83; 87 83 83; 84 85; 84 85 

Preparation for RRT (n=2) 89 89; 88 [none] 89 89 89 

Rehabilitation (n=2) 94;95 94 94 94 [none] 94 

Transplantation (n=3) 96; 97b); 98 96; 97b) [none] 96 96 [none] 

Vaccination (n=3) 101 99; 100; 101 101 100; 101 [none] [none] 

Vascular access (n=19) 
36; 102; 105; 106; 

107;108; 109; 111; 

112;113; 116; 117; 119; 

121 

36; 102; 103; 105; 

109; 111; 112;113; 

114; 115 116; 117; 

118; 119; 

120;121;123 

36; 102; 103; 

107;108; 111; 

112;113; 116; 117; 

118; 121 

36; 103; 105; 106; 

107;108; 109; 110; 

112;113; 114; 116; 

117; 119; 121 

36; 103; 105; 106; 

107;108; 111; 

112;113; 114 ;116; 

117; 121 

36; 102; 103; 109; 

117 

Multi-domain (n=5) 53; 124 53; 126; 124; 125 124 53; 127; 124; 125 53; 125 53; 126; 127 

Total number of initiatives 37 49 20 39 27 17 
Abbreviations: QI, quality improvement, RRT, renal replacement therapy. 
The numbers in the table are reference numbers; except for those in the first column and the last row. 
a) Number of QI initiatives using at least one specific QI technique 
b) QI program focusing on children (<21 years) 
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and organized regular meetings. Local QI teams were identified with a vascular access nurse as 
a key member. National coordinators visited dialysis centers to support local implementation 
and several performance variables were prospectively monitored and discussed.117 
 
Effectiveness of QI initiatives 
We rated all controlled studies for risk of bias according to five potential sources of bias29 with a 
maximum overall ‘protection’ score of 10 (see Appendix C). Twenty-two of the 26 controlled 
studies were considered to be adequately protected against bias, that is, having an overall score 
of at least 7; they were included for analyzing the effectiveness of QI initiatives (Table 4), 
Twelve (55%) of these 22 evaluations reported an improvement of the quality of RRT care, ten 
(45%) found no effect, and none of them found a negative result. 
 Eleven of the adequately protected studies evaluated a QI initiative that consisted of more 
than one implementation strategy. Eight (72%) of these multifaceted initiatives reported a 
positive effect versus three (28%) studies reporting no effect on the primary outcome measures. 
Of the eleven initiatives using a single strategy, four (36%) found a positive effect and seven 
(64%) reported no effect. The higher effectiveness of initiatives using multiple implementation 
strategies compared to those using a single strategy was borderline significant (Probability [P], 
0.09).  
 Ten studies evaluated an initiative that used at least one specific QI technique: seven 
(70%) reported a positive effect versus three (30%) studies reporting no effect. Of the twelve 
initiatives not using QI techniques five (42%) had a positive and seven (58%) had no effect. 
There was no association between the use of at least one specific QI technique and the 
effectiveness of the initiative (P, 0.18). 

 
Discussion 
Principal findings 
In our review we identified 93 QI initiatives that aimed to implement knowledge on best practice 
into daily RRT care. Most initiatives used multiple implementation strategies and many 
described the use of specific QI techniques to guide the implementation process. Our results tend 
to support previous findings that combining multiple strategies is more effective than using a 
single strategy. However, we did not find an association between the use of specific QI 
techniques and the effectiveness of an initiative. 
 
Identification of relevant QI initiatives 
It is possible that we missed some relevant studies. There is a lack of a generalizable taxonomy 
for QI publications,130;131 which hinders the identification of QI initiatives in literature using an 
electronic search consisting of MeSH terms and key words. Therefore, we complemented our 
main search with a hand search of reference lists. Publication bias is a second possible reason for 
missing relevant QI initiatives; the scientific merit of reporting on QI initiatives has only been 
accepted relatively recently.132 Also, the lack of incentive to invest resources133 and the lack of 
clarity regarding regulatory requirements for QI studies, e.g. ethical review,28;134 might hamper 
the evaluation and publication of small scale QI initiatives. Searching trial registries, such as 
www.clinicaltrials.gov, to further investigate the extent of the publication bias is hampered by 
the limited search options in such registries and the complexity of a search strategy as used in 
our review. Moreover, some larger scale QI initiatives in RRT care were excluded from our 
review because they lacked a quantitative evaluation of the initiative's effectiveness,135;136 
possibly because of methodological challenges.137  



 

 

Table 4: Effectiveness of QI initiatives (as reported by studies with an overall bias protection score >=7) 
Ref Country Implementation Study design Effect measurement 

Best practice 
No. of 

strategies 
No. of QI 

techniques 
Rando
mized 

Total no. of 
centers/ 
patients 

Groups compared  
(intervention vs. control) 

Primary clinical 
outcome measures a) 

Effect size b) Improve
ment c) 

Anemia management 

49 Canada control Hb level 1 0 yes 1 / 215 
Patients treated according 
to new protocol vs. patients 
receiving usual care 

% of patients with Hb 
value in target range  
(11 to 12.5 g/dL) 

+ 17.8 vs. + 12.9  
(P=0.80) 

no 

47 Europe control Hb level 1 1 yes 53 / 599 

Patients treated in facilities 
with computerized decision 
support (CDS) vs. patients 
treated in units without 
CDS 

% of patients achieving 
target Hb value 

 (>11 g/dL) 

+ 18 vs. + 20 

(P?) 
no 

45 USA control Hb level 1 0 no 143 / 8941 

Patients treated in facilities 
with CDS vs. patients 
treated in any of the other 
facilities operated by 
Dialysis Clinic Inc. not 
using CDS 

% of patients of 
achieving Hb value in 
target range (11-12 g/dL) 

OR 1.03 

(0.89-1.18) d)  
no 

52 USA control Hb level 2 0 no 1 / 278 e) 

Patients (mainly African 
Americans) in pharmacist-
managed anemia program 
vs. all ESRD patients in 
2002 with data available in 
the US Renal Data System 

% of patients achieving 
target Hb value  

(>11 g/dL) 

 +65 vs. +58.9  

(P?) 
no 

Care coordination across domains 

34 USA 
facilitate pro-
active chronic 

care management 
4 3 no 

not rep. /  
247 451 

Medicare patient enrolled 
in disease-state 
management program vs. 
hemodialysis patients 
(matched for age, sex, race, 
presence of diabetes) in 
1998 with data available in 
the US Renal Data System 

a) SMR 1998 f) 
b) SMR 1999 
c) SHR 1998 f) 
d) SHR 1999 

a) 0.64 
(CI95 0.51-0.80) 
b) 0.806 
(CI95 0.70-0.92) 
c) 0.616 
(CI95 0.55-0.69) 
d) 0.502 
(CI95 0.46-0.54) 

yes 

  



 

 

Table 4 (continued) 
Ref Country Implementation Study design Effect measurement 

Best practice
No. of 

strategies 
No. of QI 

techniques 
Rando
mized 

Total no. 
of centers/ 

patients 

Groups compared  
(intervention vs. control) 

Primary clinical 
outcome measures 

Effect size 
Improve

ment 

57 USA 

coordinate 
care during 
first 90 days 
of dialysis 

2 0 no 70 / 1938 

Patients treated in facilities 
participating in Right Start 
program vs. concurrent 
cohort of randomly selected 
patients treated in facilities 
not participating in Right 
Start program 

a) decrease in hazard 
ratio of death for 
intervention group 

b) cumulative 
number of hospital 
days per patient year 
after 365 days 

a) 0.59 

(P<0.001) 

b) +7.2 vs.+10.5 

(P<0.001) 

yes 

Dialysis dose 

30 USA 

achieve 
dialysis 

adequacy 
targets 

2 5 yes 
41 / not 

rep. 

Patients treated in facilities 
receiving feedback, 
educational program, QI 
workshop and monitoring 
vs. patients treated in 
facilities receiving feedback 
alone 

% of patients 
achieving target 
URR (>=65%) 

 + 10.3 vs. + 9.6 
(P=0.8) 

no 

62 USA 

achieve 
dialysis 

adequacy 
targets 

3 1 yes 29 / 182 

Patients educated by study 
coordinator and treated by 
nephrologist receiving 
feedback from study 
coordinator vs. patients 
receiving usual care 

% patients achieving 
facility-specific Kt/v 
target (ranging from 
1.2 to 1.4) 

62 vs. 42 

(P= 0.01) d) 
yes 

58 USA 

achieve 
dialysis 

adequacy 
targets 

2 4 no 
213 / not 

rep. 

Patients treated in 10% 
lowest performing facilities 
receiving feedback, 
educational program, QI 
workshop and monitoring) 
vs. patients treated in any 
other facility in the network 
receiving feedback alone 

% of patients not 
achieving target 
URR (< 65%) 

 - 17.2 vs. - 4.8 

(P<0.001) 
yes 

 

  



 

 

Table 4 (continued) 
Ref Country Implementation Study design Effect measurement 

Best practice
No. of 

strategies 
No. of QI 

techniques 
Rando
mized 

Total no. 
of centers/ 

patients 

Groups compared  
(intervention vs. control) 

Primary clinical 
outcome measures 

Effect size 
Improve

ment 

Nutritional management 

80 China 
control 

protein intake
1 0 yes 1 / 70 

PD patients receiving 
extensive education vs. PD 
patients receiving usual 
care 

% of patients with 
dietary protein 
intake level in target 
range (0.8 to 1.2 
g/kg/day) 

 57.1 vs. 22.9 
(P<0.01) 

yes 

79 USA 
control 

phosphate 
level 

1 0 yes 3 / 70 

Patients receiving 
additional diet education vs. 
patients receiving usual 
care 

phosphate level 
(mg/dL) 

 - 1.56 vs. - 0.43 
(P?) 

no 

65 USA 
control 

albumin level 
3 1 yes 8 / 83 

Patients receiving treatment 
targeted on patient-specific 
barriers to adequate 
nutrition vs. patients 
receiving usual care 

% of patients with 
change in albumin 
stratified as 
a) <0.25 g/Dl change
b) 0.25 to 0.49 g/dL 
increase 
c) >= 0.50 g/dL 
increase 

a) 29 vs. 74 
(P<0.001) 
b) 44 vs. 19 
(P<0.001) 
c) 27 vs.  6 
(P<0.001) 

yes 

66 USA 
control 

albumin level 
3 1 yes 47 / 180 

Patients receiving 
counseling from study 
coordinator on targeting 
patient-specific barriers to 
adequate nutrition vs. 
patients receiving usual 
care 

albumin level (g/dL) 
 +0.21 vs. +0.06 
(P<0.01) 

yes 

74 USA 
control 

interdialysis 
weight gain 

1 0 yes 10 / 316 

Patients receiving extensive 
education vs. patients 
receiving standard 
education (mainly African 
Americans in both groups) 

interdialysis weight 
gain (kg) 

 +0.17 vs. +0.13 
(P?) 

no 

  



 

 

Table 4 (continued) 
Ref Country Implementation Study design Effect measurement 

Best practice 
No. of 

strategies 
No. of QI 

techniques 
Rando
mized 

Total no. 
of centers/ 

patients 

Groups compared  
(intervention vs. control) 

Primary clinical 
outcome measures 

Effect size 
Improve

ment 

82 USA 

control 
phosphate 
level and 

fluid intake 

1 0 yes 1 / 40 

Patients receiving monthly 
individualized feedback vs. 
patients receiving standard 
education (both groups 
treated in same university 
center; mainly African 
Americans) 

a) phosphate level 
(mg/dL) 
b) interdialysis 
weight gain (kg) 

a) - 0.5 vs. -0.8 
(P>0.05) 
b) + 1.0 vs. +2.0 
(P>0.05) 

no 

73 USA 
control fluid 

intake 
1 0 no 6 / 40 

Patients receiving group 
education vs. patients 
(matched on age, gender, 
diabetic status, average 
IDWG) receiving usual care 
(both groups treated in 
university centers; mainly 
Caucasians) 

interdialysis weight 
gain (kg) 

 - 0.26 vs. +0.30 
(P<0.001) 

yes 

81 USA 
control 

phosphate 
level 

1 1 no 2 / 81 

Patients participating in an 
educational compliance 
program  vs. patients from a 
different facility receiving 
usual nutritional counseling 
(both groups treated in 
private centers; mainly 
African Americans) 

phosphate level 
(mg/dL) 

[no exact 
numbers 
reported] 
(P>0.05) 

no 

75 USA 
improve 

nutritional 
status 

1 0 no 3 / 87 

Patients receiving group 
education vs. patients 
treated in the same facilities 
during the same period but 
receiving usual nutrition 
counseling 

Nutritional status 
indicated by: 
a) albumin (g/dL) 
b) calcium (mg/dL) 
c) phosphate 
(mg/dL) 
d) potassium 
(mmol/l) 
e) interdialysis 
weight gain (kg) 

 a) +0.2 vs. +0.2 

(P>0.05) 
 b) + 0.0 vs. -0.1 
(P>0.5) 
 c) + 0.1 vs. -0.1 
(P>0.05) 
 d) +0.2 vs. +0.2 
(P>0.05) 
 e) +0.1 vs. +0.0 
(P>0.05)  

no 

  



 

 

Table 4 (continued) 
Ref Country Implementation Study design Effect measurement 

Best practice
No. of 

strategies 
No. of QI 

techniques 
Rando
mized 

Total no. 
of centers/ 

patients 

Groups compared  
(intervention vs. control) 

Primary clinical 
outcome measures 

Effect size 
Improve

ment 

Preparation for RRT 

88 USA 
increase PD 

rates 
2 1 yes 5 / 152 

Patients treated by 
physicians receiving 
education and feedback vs. 
patients treated by 
physicians receiving no 
intervention 

% of patients 
allocated to 
peritoneal dialysis 

 + 15.3 vs.+  2.4 
(P=0.044)  

yes 

92 Taiwan 
adequate 

preparation 
for dialysis 

2 0 no 2 / 573 

Patients participating in 
multi-disciplinary pre-
dialysis education program 
vs. patients treated  in 
another facility by the same 
nephrologists in the same 
time period receiving usual 
care 

1-year dialysis free 
survival 

[no exact 
numbers 
reported]  
(P<0.001) 

yes 

Vascular access (VA) 

120 USA 
prevent 

recurrence of 
bacteremia 

2 1 yes 7 / 166 

Patients with tunneled 
cuffed catheter (TCC) 
bacteremia treated by a 
collaborative team vs. 
patients with TCC 
bacteremia treated by an 
individual physician 

% of  recurrent TCC 
bacteremia within 90 
days 

- 4% vs. - 2% 
(P?) 

no 

123 USA 

increase 
access to VA 
care and VA 
interventions 

1 0 no 
1296 / 
295382 

Patients treated in facilities 
with access to VA center 
vs. patients treated in any of 
the other Fresenius Medical 
Care North America 
facilities 

a) vascular access 
related hospitalized 
days/patient yr 
b) missed outpatient 
dialysis treatment/ 
patient yr 

a) RR 0.38 
(P<0.01) d) 
b) RR 0.34 
(P<0.01)  d) 

yes 

Abbreviations: CI, confidence interval; ESRD, End-stage renal disease; Hb, hemoglobin; IDWG, interdialytic weight gain; not rep., not reported; OR, odds ratio; P, probability; PD, 
peritoneal dialysis; QI, quality improvement; RR, relative risk; RRT, renal replacement therapy; SHR, Standardized Hospitalization Ratio; SMR, Standardized Mortality Ratio; URR, urea 
reduction ratio. 
a) For studies that defined several primary outcome measures, we only reported the effect on those measures we considered to best match the aim of the QI initiative. 
  



 

 

Table 4 (continued) 
b) Reported as ‘change between baseline and follow-up in intervention group’ vs. ‘change between baseline and follow-up in control group’(P-value for difference in change between 

both groups); ‘P?’ indicates that the difference in effect size was not tested for statistical significance 
c) Studies that did not test the statistical significance of the effects of the QI program were reported as finding ‘no improvement’ 
d) Measurement at follow-up; exact difference in change between groups not reported, but sufficient details provided to conclude if no improvement was achieved 
e) Number of patients in intervention group (not reported for control group) 
f) Data from 1998 hemodialysis patients in US Renal Data System were used as ‘expected’ numbers for calculating standardized ratios;  
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Publication and citation bias might also explain why we did not find studies reporting a negative 
effect;138 although we did not expect QI initiatives to worsen outcomes of care, we cannot 
exclude unintended consequences.  
 Regarding the studies that we did identify, we chose to include any quantitative evaluation 
of a QI initiative that implemented any type of best practice in any RRT domain on any scale. 
This resulted in an extensive list of initiatives variable in scope, content, and design. On one 
hand, the heterogeneity of implementation strategies and reported outcome measures hampered 
the summarizing of effect sizes in, for instance, a forest plot;139 and thus from drawing a firm 
conclusion on which strategies are most effective. To improve this, harmonizing the content and 
design of new QI evaluations with studies previously reported in literature should guide future 
research. On the other hand, as it is useful to have an overview of QI initiatives already 
undertaken by others,132;140;141 readers can select initiatives from our list that fit their local 
context and learn from them.  
 
Relation to other studies 
Previous systematic reviews regarding the implementation of best practice have been published. 
Some of them concerned implementing any kind of best practice in any medical domain, either 
including a broad range of interventions33 or focusing on one specific strategy, such as audit and 
feedback.31;142 Our finding that combining multiple strategies tends to be more effective than 
using a single strategy is in line with the conclusion of these reviews. Others evaluated the 
effectiveness of any QI strategy to implement one specific type of best practice, such as the 
management of hypertension.143 Similar to our study, the majority of the QI initiatives included 
in this review concerned multifaceted interventions, but no comparison was made between 
single and multiple strategies. The authors did state, however, that by inspection they did not 
find a clear pattern of increasing or decreasing effect as the number of strategies increased. 
Unfortunately, we can neither confirm nor deny this conclusion based on our results. Weingarten 
and colleagues144 investigated the effect of a range of QI interventions on the management of 
several chronic conditions. More than half of the included QI initiatives consisted of a 
combination of strategies, but they did not compare them with single element interventions. In 
line with our review, patient-oriented strategies were most common. 
 Overall, studies concerning RRT care were rare or absent in any of the abovementioned 
reviews. Hence, to our knowledge we are the first to present a broad overview of strategies to 
implement best practice in this specific medical domain and to report on their effectiveness in 
improving outcomes for ESRD patients.  
 
Common strategies to implement best practice in RRT care 
In our review the most frequently used implementation strategies were patient-oriented. A 
possible explanation is that care providers consider these strategies easier to implement, because 
often no additional investment or structural change is required. The high number of patient-
oriented strategies might also reflect the fact that patient compliance and empowerment are 
central themes in chronic care.18;145 Patient-oriented strategies were especially common in the 
domain of nutritional management, often without being combined with other strategies. On the 
one hand this is not surprising as ensuring concordance between patients and caregivers is an 
essential part of increasing patient adherence to the recommended dietary restrictions and use of 
binders. On the other hand, we had expected to find more variety in the design of these patient-
oriented strategies: the large majority concerned face-to-face educational sessions taking place at 
the dialysis facility, whereas in other medical domains, such as glycemic control in diabetes type 
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2 patients, web-based interventions have been successful in implementing best practice.146 Also, 
a recent meta-analysis across medical domains found a modest effect of web-based interventions 
on patient empowerment and self-efficacy.147 So even though there may be obvious differences 
between the management of ESRD and other diseases, it might be worthwhile to explore 
implementation strategies used in other medical domains that encounter similar disease 
management problems.  
 Furthermore, the multidisciplinary character of RRT care might explain the frequent use of 
staff-oriented strategies. For example, in the domain of vascular access care communication 
with other disciplines –such as vascular surgeons– is a critical aspect of the access care pathway. 
This is reflected in the type of strategies used, such as case management by a vascular access 
nurse or shifting from individualized physician care to team based care. From this we might 
conclude that the type and complexity of the care pathway determines to a great extent the type 
and complexity of strategies used to implement best practice. 
 
Use of QI techniques to guide implementation of best practice in RRT care 
The use of specific QI techniques was most common in the domain of vascular access. This 
might be explained by the fact that the NKF-KDOQI guidelines on vascular access promoted the 
use of these techniques for improving the delivery of vascular access care, e.g., by incorporating 
a target rate for arteriovenous fistula placement to be achieved by dialysis facilities.148  
Additionally, the Fistula First Breakthrough Initiative103;149 –a nationwide project to improve 
vascular access care in the USA– facilitates data-driven preparation and monitoring of local 
implementation of the guideline by collecting and reporting benchmarked data on access care. 
Another initiative that aims to enable data–driven comparison of actual care delivery with 
clinical practice guidelines is the NephroQUEST ( European Nephrology Quality Improvement 
Network) project. Within this project, a standardized set of quality of RRT care indicators was 
developed based on European Best Practice Guidelines, and national registries throughout 
Europe were motivated and supported to collect data on these indicators.150;151 
 
Effectiveness of QI initiatives 
Although some have argued that it is not always required to include an external control group 
when studying the effectiveness of QI initiatives,152 many others advocated the need for rigorous 
evaluations.133;153;154 This is even more important because the impact of QI interventions is not 
always as high as expected.155-157 Thus to draw conclusions on the effectiveness of QI initiatives 
in RRT we only regarded a minority of studies that we assessed as being sufficiently robust 
methodologically, i.e., including an external control group and being adequately protected 
against bias. On one hand, this limited our ability to investigate the relationship between the use 
of implementation strategies and specific QI techniques and the effectiveness of initiatives; on 
the other, it increased the methodological robustness of our review. To further strengthen this 
robustness, we marked evaluations as finding ‘no improvement’ when they lacked a test for 
statistical significance, even when they reported a clear positive trend.52;79 
 As mentioned before, we can conclude from our review that the conclusion from previous 
research that the use of multiple implementation strategies is more effective than using a single 
strategy31-33 also seems to apply to quality improvement in RRT care. However, we did not find 
that using at least one specific QI technique to guide implementation of best practice was more 
effective than using no QI techniques at all. This might imply that also for these techniques to be 
effective, multiple techniques must be combined instead of using a single one. Schouten and 
colleagues evaluated the impact of QI collaboratives that incorporated most of the techniques as 
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specified in our study, and found a positive but limited effect on the quality of care.158 
Unfortunately, the lack of rigorously evaluated QI initiatives in RRT and the resulting lack of 
power of our study did not allow us to analyze the relationship between the number of specific 
QI techniques and the effectiveness of initiatives. As long as the belief in and use of QI 
techniques is spreading, and substantial investments of valuable resources are made, the need for 
high-level evidence persists. Therefore, future systematic reviews addressing this issue should 
aim to identify a larger set of studies evaluating initiatives that used a combination of QI 
techniques to guide implementation of best practice, e.g., by broadening the scope from RRT 
care to the management of any chronic condition.  
 
The gap between best practice and routine delivery of RRT care  
In our introduction we mentioned the gap between what is considered to be best practice and the 
actual delivery of routine RRT care. Besides differences in implementation strategies, another 
explanation for this gap might be the degree of clinicians’ agreement with best practice.159 A 
lack of agreement may result from lack of strong evidence base160;161 or trials reporting negative 
effects of adhering to best practice, reducing physicians’ trust in guidelines. Nevertheless, 
availability of high level evidence in itself is no guarantee for optimal adoption of knowledge on 
best practice: despite robust evidence of the association between suboptimal doses of 
hemodialysis and poor outcomes –available since the 1981 randomized National Cooperative 
Dialysis Study162 – there are persisting differences between countries in the percentage of 
patients achieving a target Kt/V of at least 1.2.163 Still, some might hypothesize that part of the 
practice variation is caused by variation in the extent to which physicians and other caregivers 
agree with the available guidelines. Although some have investigated barriers to guideline 
adherence in RRT care,164 we are not aware of any studies that have specifically examined the 
relationship between caregivers’ endorsement of, or trust in, clinical practice guidelines in RRT 
and adherence to those guidelines. This should be addressed in future research. Additionally, 
Tinetti et al.165 pointed out that adhering to every applicable disease-specific guideline might 
even cause harm to patients with chronic disease and multiple conditions; for example, as a 
result of unforeseen interactions between treatments recommended by different guidelines, or 
because of the unknown long-term consequences of certain medications. Also, they stated that 
especially elderly patients and those with multiple conditions do not necessarily value the 
potential benefits from adhering to the guideline (e.g., longer survival or prevention of adverse 
events) as much as other patients. Part of the non-adherence to best RRT practice might 
therefore be due to patient preferences, and to limited applicability of guidelines to ESRD 
patients because of frequent co-morbidity.  

 
In conclusion 
We systematically reviewed over 5000 titles published since 1990 and included papers 
describing planned, systematic attempts to promote the uptake of best practice into routine 
delivery of RRT care. This resulted in a list of 93 QI initiatives that varied in scope, content, and 
design. Readers may use this list to select initiatives that fit their local context and learn from 
them. Our ability to draw firm conclusions on the relationship between the implementation 
strategies and specific QI techniques used and the outcomes achieved was limited, due to small 
number of studies that we assessed as of sufficient methodological quality. However, as shown 
by the large number of papers we reviewed there is a lot of interest in the subject of how to 
improve the delivery of evidence based care to patients on RRT. This is encouraging, because 
improving our understanding of how to successfully implement best practice is the only way to 
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close the gap between knowledge on what works and the care actually delivered to ESRD 
patients. Also, the results from high quality evaluations –as included in our review– can inform 
system-level changes required to achieve improvement. Research into implementation, using 
quality improvement techniques, should therefore be given priority in future. 



Quality improvement strategies in RRT care 

39 

Reference List 
 
(1)  National Kidney Foundation Disease Outcome Quality Initiative guidelines. 

http://www.kidney.org/professionals/kdoqi/guidelines_commentaries.cfm#guidelines  Accessed on 11-May-2011. 

(2)  Caring for Australasians with Renal Impairment guidelines. http://www.cari.org.au  Accessed on 11-May-2011. 

(3)  The Renal Association guidelines. http://www.renal.org/clinical/GuidelinesSection/Guidelines.aspx  Accessed on 10-

August-2010. 

(4)  Eckhardt KU, Kasiske BL. Kidney disease: improving global outcomes. Nature Reviews Nephrology 2009; 5:650-7. 

(5)  Jindal K, Chan CT, Deziel C et al. Hemodialysis clinical practice guidelines for the Canadian Society of Nephrology. J Am 

Soc Nephrol 2006; 17:S1-27. 

(6)  Vanholder RC, Abramowicz D, Cannata-Andia JB, Cocchi V, Cochat P, et al. The future of European nephrology 

'guidelines' - a declaration of intent by European Renal Best Practice (ERBP). NDT Plus 2009; 2:213-21. 

(7)  ERA-EDTA European Best Practice Guidelines. http://www.era-edta.org  Accessed on 10-May-2011. 

(8)  Lenfant C. Shattuck lecture--clinical research to clinical practice--lost in translation? N Engl J Med 2003; 349:868-874. 

(9)  Berwick DM. Disseminating innovations in health care. JAMA 2003; 289:1969-75. 

(10)  Grol R, Grimshaw JM. From best evidence to best practice: effective implementation of change in patients' care. Lancet 

2003; 362:1225-1230. 

(11)  McGlynn EA, Asch SM, Adams J et al. The quality of health care delivered to adults in the United States. N Engl J Med 

2003; 348:2635-2645. 

(12)  Collins AJ, Roberts TL, St.Peter WL, Chen SC, Ebben J, Constantini E. United States Renal Data System assessment of the 

impact of the National Kidney Foundation-Dialysis Outcomes Quality Initiative Guidelines. American Journal of Kidney 

Diseases 2002; 39:784-95. 

(13)  Locatelli F, Pisoni RL, Combe C et al. Anaemia in haemodialysis patients of five European countries: association with 

morbidity and mortality in the Dialysis Outcomes and Practice Patterns Study (DOPPS). Nephrol Dial Transplant 2004; 

19:121-32. 

(14)  Lacson E Jr, Wang W, Lazarus JM, Hakim RM. Hemodialysis facility-based quality-of-care indicators and facility-specific 

patient outcomes. Am J Kidney Dis 2009; 54:490-497. 

(15)  McClellan W. Processes of care and reduced mortality among hemodialysis patients in the United States. Clin J Am Soc 

Nephrol 2010; 5:1905-1907. 

(16)  Plantinga LC, Fink NE, Jaar BG et al. Attainment of clinical performance targets and improvement in clinical outcomes 

and resource use in hemodialysis care: a prospective cohort study. BMC Health Serv Res 2007; 7:5. 

(17)  Grol R, Bosch MC, Hulscher MEJL, Eccles MP, Wensing M. Planning and studying improvement in patient care: the use 

of theoretical perspectives. The Milbank Quarterly 2007; 85:93-138. 

(18)  Epping-Jordan JE, Pruitt SD, Bengoa R, Wagner EH. Improving the quality of health care for chronic conditions. Qual Saf 

Health Care 2004; 13:299-305. 

(19)  Plsek PE, Greenhalgh T. Complexity science: The challenge of complexity in health care. BMJ 2001; 323:625-628. 

(20)  Teigh N, Mössner J, Keim V. How effective is published medical education? Lancet 2004; 363:1326. 

(21)  Cochrane Effective Practice and Organisation of Care Group. www.epoc.cochrane.org  Accessed on 9-December-2010. 

(22)  Thorsen T and Mäkelä M. Changing professional practice. Theory and practice of Clinical Guidelines Implementation. 

1999; Danish Institute for Health Services Copenhagen. Available at  Accessed on  

(23)  Grol R, Wensing M. Selection of strategies. In: Grol R, Wensing M, Eccles M, eds. Improving patient care. The 

implementation of change in clincial practice. London: Elsevier Butterworth Heinemann; 2005;122-134. 

(24)  Shortell SM, Bennett CL, Byck GR. Assessing the impact of Continuous Quality Improvement on clinical practice: what 

will it take to accelerate progress. The Milbank Quarterly 1998; 76:593-624. 

(25)  Langley GJ, Nolan KM, Nolan TW, Norman CL, Provost LP. The improvement guide: a practical approach to enhancing 

organizational performance. 1st ed. San Francisco: Jossey-Bass Publishers, 1996. 



Chapter 2 

40 

(26)  Laffel G, Blumenthal D. The case for using industrial quality management science in health care organizations. JAMA 

1989; 262:2869-2873. 

(27)  Berwick DM. Continuous improvement as an ideal in health care. N Engl J Med 1989; 320:53-56. 

(28)  Lynn J, Baily MA, Bottrell M et al. The ethics of using quality improvement methods in health care. Ann Intern Med 2007; 

146:666-673. 

(29)  Higgens JPT, Altman DG. Assessing risk of bias in included studies. In: Higgins JPT, Green S, eds. Cochrane handbook 

for systematic reviews of interventions version 5.0.2 [updated September 2009]. The Cochrane Collaboration; 2008. 

(30)  McClellan WM, Hodgin E, Pastan S, McAdams L, Soucie M. A randomized evaluation of two health care quality 

improvement program (HCQIP) interventions to improve the adequacy of hemodialysis care of ESRD patients: feedback 

alone versus intensive intervention. J Am Soc Nephrol 2004; 15:754-760. 

(31)  Van der Veer SN, De Keizer NF, Ravelli ACJ, Tenkink S, Jager KJ. Improving quality of care. A systematic review on 

how medical registries provide information feedback to health care providers. Int J Med Inform 2010; 79:305-23. 

(32)  Wensing M, Grol R. Multifaceted interventions. In: Grol R, Wensing M, Eccles M, eds. Improving patient care. The 

implementation of change in clincial practice. London: Elsevier Butterworth Heinemann; 2005;197-206. 

(33)  Grimshaw JM, Shirran L, Thomas R, Mowatt G, Fraser C, et al. Changing provider behavior. An overview of systematic 

reviews of interventions. Medical Care 2001; 39:II-2-II-45. 

(34)  Nissenson AR, Collins AJ, Dickmeyer J et al. Evaluation of disease-state management of dialysis patients. Am J Kidney Dis 

2001; 37:938-944. 

(35)  Becker BN, Breiterman-White R, Nylander W et al. Care pathway reduces hospitalizations and cost for hemodialysis 

vascular access surgery. Am J Kidney Dis 1997; 30:525-531. 

(36)  Ackad A, Simonian GT, Steel K et al. A journey in reversing practice patterns: a multidisciplinary experience in 

implementing DOQI guidelines for vascular access. Nephrol Dial Transplant 2005; 20:1450-1455. 

(37)  Pruett B, Johnson S, O'Keefe N. Improving IV iron and anemia management in the hemodialysis setting: a collaborative 

CQI approach. Nephrol Nurs J 2007; 34:206-213. 

(38)  Bennett L. The anaemia research nurse in effective multi-disciplinary management of patients on erythropoietin. EDTNA 

ERCA J 1998; 24:38-39. 

(39)  Kimura T, Arai M, Masuda H, Kawabata A. Impact of a pharmacist-implemented anemia management in outpatients with 

end-stage renal disease in Japan. Biol Pharm Bull 2004; 27:1831-1833. 

(40)  Heard K. Improving patient outcomes in a dialysis unit: an integrated approach to CQI. J Nurs Care Qual 1994; 9:44-50. 

(41)  Tranter S, Martinez Y, Rayment G. A nurse-initiated iron management protocol for patients on hospital haemodialysis. 

Renal Society of Australasia Journal 2006; 2:30-32. 

(42)  Dar Santos AE, Shalansky KF, Jastrzebski JP. Management of anemia in erythropoietin-resistant hemodialysis patients. 

Ann Pharmacother 2003; 37:1768-1773. 

(43)  Bowe D, Ammel D. Using CQI strategies to improve and simplify IV iron and anemia management: a dialysis facility's 

experience. Nephrology Nursing Journal 2005; 32:535-545. 

(44)  Bowe D. IV iron therapy and anemia management in patients on hemodialysis: benefits of a revised CQI strategy. Nephrol 

Nurs J 2008; 35:371-7, 394. 

(45)  Miskulin DC, Weiner DE, Tighiouart H et al. Computerized decision support for EPO dosing in hemodialysis patients. Am 

J Kidney Dis 2009; 54:1081-1088. 

(46)  To LL, Stoner CP, Stolley SN, Buenviaje JD, Ziegler TW. Effectiveness of a pharmacist-implemented anemia management 

protocol in an outpatient hemodialysis unit. Am J Health Syst Pharm 2001; 58:2061-2065. 

(47)  Locatelli F, Covic A, Macdougall IC, Scherhag A, Wiecek A. Effect of computer-assisted European Best Practice 

Guideline implementation on adherence and target attainment: ORAMA results. J Nephrol 2009; 22:662-674. 

(48)  Gilmartin C, Na-Thalang K, Arruda J, Lau A. Implementing an i.v. iron maintenance regimen protocol in a hemodialysis 

practice. Nephrol Nurs J 2004; 31:663-671. 

(49)  Brimble KS, Rabbat CG, McKenna P, Lambert K, Carlisle EJ. Protocolized anemia management with erythropoietin in 

hemodialysis patients: a randomized controlled trial. J Am Soc Nephrol 2003; 14:2654-2661. 



Quality improvement strategies in RRT care 

41 

(50)  Patterson P, Allon M. Prospective evaluation of an anemia treatment algorithm in hemodialysis patients. Am J Kidney Dis 

1998; 32:635-641. 

(51)  Chen M, Deng JH, Zhou FD, Wang M, Wang HY. Improving the management of anemia in hemodialysis patients by 

implementing the continuous quality improvement program. Blood Purif 2006; 24:282-286. 

(52)  Walton T, Holloway KP, Knauss MD. Pharmacist-managed anemia program in an outpatient hemodialysis population. 

Hospital Pharmacy 2005; 40:1051-6. 

(53)  Bennett J, Cranford W, Staples B et al. Improving clinical processes: one dialysis facility's experiences. Qual Manag 

Health Care 1997; 6:45-60. 

(54)  Al-Hilali N, Al-Humoud H, Ninan VT, Nampoory MR, Johny KV. Blood pressure control in haemodialysis patients: an 

audit. Nephrology (Carlton ) 2006; 11:100-104. 

(55)  Viola RA, Abbott KC, Welch PG, McMillan RJ, Sheikh AM, Yuan CM. A multidisciplinary program for achieving lipid 

goals in chronic hemodialysis patients. BMC Nephrol 2002; 3:9. 

(56)  Steele DJ, Hamilton E, Arnaout MA. A case management model to improve hemodialysis outpatient outcomes. Hemodial 

Int 2007; 11:247-251. 

(57)  Wingard RL, Pupim LB, Krishnan M, Shintani A, Ikizler TA, Hakim RM. Early intervention improves mortality and 

hospitalization rates in incident hemodialysis patients: RightStart program. Clin J Am Soc Nephrol 2007; 2:1170-1175. 

(58)  McClellan WM, Soucie JM, Krisher J, Caruana R, Haley W, Farmer C. Improving the care of patients treated with 

hemodialysis: a report from the Health Care Financing Administration's ESRD Core Indicators Project. Am J Kidney Dis 

1998; 31:584-592. 

(59)  McClellan WM, Frankenfield DL, Frederick PR, Helgerson SD, Wish JB, Sugarman JR. Improving the care of ESRD 

patients: a success story. Health Care Financ Rev 2003; 24:89-100. 

(60)  Palevsky PM, Washington MS, Stevenson JA et al. Improving compliance with the dialysis prescription as a strategy to 

increase the delivered dose of hemodialysis: an ESRD Network 4 quality improvement project. Adv Ren Replace Ther 

2000; 7:S21-S30. 

(61)  Brown J, Josephson M. Improving adequacy of hemodialysis in Northern California ESRD patients: a final project report. 

Provider Participants and Medical Review Board of the TransPacific Renal Network. Adv Ren Replace Ther 2000; 7:S85-

S94. 

(62)  Sehgal AR, Leon JB, Siminoff LA, Singer ME, Bunosky LM, Cebul RD. Improving the quality of hemodialysis treatment: 

a community-based randomized controlled trial to overcome patient-specific barriers. JAMA 2002; 287:1961-1967. 

(63)  Goldman RS. Improving serum albumin levels in hemodialysis patients by a continuous quality improvement project. Adv 

Ren Replace Ther 2001; 8:114-119. 

(64)  Hopper L, Cole M. Risk factors affecting nutritional status of dialysis patients: a quality improvement project. Nephrol 

News Issues 2008; 22:26-1, 34. 

(65)  Leon JB, Majerle AD, Soinski JA, Kushner I, Ohir-Vachaspati P, Sehgal AR. Can a nutrition intervention improve albumin 

levels among hemodialysis patients? A pilot study. Journal of Renal Nutrition 2001; 11:9-15. 

(66)  Leon JB, Albert JM, Gilchrist G et al. Improving albumin levels among hemodialysis patients: a community-based 

randomized controlled trial. Am J Kidney Dis 2006; 48:28-36. 

(67)  Salomone M, Canavese C, Bergamo D et al. Guidelines audit may overcome disparities in health care: experience of an 

Italian region. J Nephrol 2006; 19:296-302. 

(68)  Craven C, Moreschi J. A dietician-driven protocol for the management of renal bone disease in hemodialysis patients. 

Journal of Renal Nutrition 1996; 6:105-9. 

(69)  Yokum D, Glass G, Cheung CF, Cunningham J, Fan S, Madden AM. Evaluation of a phosphate management protocol to 

achieve optimum serum phosphate levels in hemodialysis patients. Journal of Renal Nutrition 2008; 18:521-529. 

(70)  Blondin J, Ryan C. Nutritional status: a continuous quality improvement approach. Am J Kidney Dis 1999; 33:198-202. 

(71)  Lu XH, Su CY, Sun LH, Chen W, Wang T. Implementing continuous quality improvement process in potassium 

management in peritoneal dialysis patients. J Ren Nutr 2009; 19:469-474. 



Chapter 2 

42 

(72)  Bushman MC. Treating fluid noncompliance in the hemodialysis population using unit wide contests. Journal of Renal 

Nutrition 1999; 9:35-7. 

(73)  Christensen AJ, Moran PJ, Wiebe JS, Ehlers SL, Lawton WJ. Effect of a behavioral self-regulation intervention on patient 

adherence in hemodialysis. Health Psychol 2002; 21:393-397. 

(74)  Molaison EF, Yadrick MK. Stages of change and fluid intake in dialysis patients. Patient Educ Couns 2003; 49:5-12. 

(75)  Wiser NA, Shane JM, McGuigan AT, Memken JA, Olson PJ. The effects of a group nutrition education program on 

nutrition knowledge, nutrition status, and quality of life in hemodialysis patients. Journal of Renal Nutrition 1997; 7:187-

93. 

(76)  Schlatter S, Ferrans CE. Teaching program effects on high phosphorus levels in patients receiving hemodialysis. ANNA J 

1998; 25:31-36. 

(77)  Blaszak RT, Mitsnefes MM, Ilyas M, Salman SD, Belcher SM, Brady DR. Hyperphosphatemia in children receiving 

peritoneal dialysis--an educational program. Pediatr Nephrol 2005; 20:967-971. 

(78)  De Brito Ashurst I, Dobbie H. A randomized controlled trial of an educational intervention to improve phosphate levels in 

hemodialysis patients. Journal of Renal Nutrition 2003; 13:267-74. 

(79)  Ford JC, Pope J, Hunt AE, Gerald B. The effect of diet education on the laboratory values and knowledge of hemodialysis 

patients with hyperphosphatemia. Journal of Renal Nutrition 2004; 14:36-44. 

(80)  Chen W, Lu X, Wang T. Menu suggestion: an effective way to improve dietary compliance in peritoneal dialysis patients. 

Journal of Renal Nutrition 2006; 16:132-6. 

(81)  Shaw-Stuart NJ, Stuart A. The effect of an educational patient compliance program on serum phosphate levels in patients 

receiving hemodialysis. Journal of Renal Nutrition 2000; 10:80-4. 

(82)  Tanner JL, Craig CB, Bartolucci AA, Allon M, Fox LM, et al. The effect of a self-monitoring tool on self-efficacy, health 

beliefs, and adherence inpatients receiving hemodialysis. Journal of Renal Nutrition 1998; 8:203-11. 

(83)  Nasso L. Our peritonitis continuous quality improvement project: where there is a will there is a way. CANNT J 2006; 

16:20-23. 

(84)  Qamar M, Sheth H, Bender FH, Piraino B. Clinical outcomes in peritoneal dialysis: impact of continuous quality 

provement initiatives. Adv Perit Dial 2009; 25:76-79. 

(85)  Reilly KM, Turner ME, Kher KK. The implementation of a continuous quality improvement program in a pediatric 

peritoneal dialysis unit. Adv Perit Dial 1995; 11:285-288. 

(86)  Su CY, Lu XH, Chen W, Wang T. Promoting self-management improves the health status of patients having peritoneal 

dialysis. J Adv Nurs 2009; 65:1381-1389. 

(87)  Borg D, Shetty A, Williams D, Faber MD. Fivefold reduction in peritonitis using a multifaceted continuous quality 

initiative program. Adv Perit Dial 2003; 19:202-205. 

(88)  Balas EA, Boren SA, Hicks LL, Chonko AM, Stephenson K. Effect of linking practice data to published evidence. A 

randomized controlled trial of clinical direct reports. Med Care 1998; 36:79-87. 

(89)  Owen JE, Walker RJ, Edgell L et al. Implementation of a pre-dialysis clinical pathway for patients with chronic kidney 

disease. Int J Qual Health Care 2006; 18:145-151. 

(90)  Levin A, Lewis M, Mortiboy P et al. Multidisciplinary predialysis programs: quantification and limitations of their impact 

on patient outcomes in two Canadian settings. Am J Kidney Dis 1997; 29:533-540. 

(91)  Menon S, Valentini RP, Kapur G, Layfield S, Mattoo TK. Effectiveness of a multidisciplinary clinic in managing children 

with chronic kidney disease. Clin J Am Soc Nephrol 2009; 4:1170-1175. 

(92)  Wu IW, Wang SY, Hsu KH et al. Multidisciplinary predialysis education decreases the incidence of dialysis and reduces 

mortality--a controlled cohort study based on the NKF/DOQI guidelines. Nephrol Dial Transplant 2009; 24:3426-3433. 

(93)  Slowik MM. Early education of patients with chronic renal insufficiency: the Healthy Start program. Case study of the 

anemic patient. Nephrol Nurs J 2001; 28:643-646. 

(94)  Hall L, Gore S, Witten B. Vocational rehabilitation: is your facility on track? Nephrol News Issues 2009; 23:22-25. 

(95)  Johnstone S, Hays R, King C. Evaluating the impact of a physical rehabilitation program for dialysis patients. Nephrol 

News Issues 2002; 16:39-42. 



Quality improvement strategies in RRT care 

43 

(96)  Colaneri J. A balanced scorecard approach to quality improvement in a renal transplant program. Nephrol News Issues 

1999; 13:19, 23-19, 26. 

(97)  Crocker JF, Wade AW, McDonald AT et al. Kidney graft loss in children: implications for program development. CMAJ 

1998; 159:229-235. 

(98)  Schweitzer EJ, Yoon S, Hart J et al. Increased living donor volunteer rates with a formal recipient family education 

program. Am J Kidney Dis 1997; 29:739-745. 

(99)  Elwell RJ, Neumann M, Manley HJ, Carpentier L, Bailie GR. Hepatitis B vaccination: addressing a drug-related problem in 

hemodialysis outpatients with a collaborative initiative. Nephrol Nurs J 2003; 30:310-313. 

(100)  Coyne DW, Taylor LF, Yelton S, Long C, Preston SD. Network 12 hepatitis B vaccination quality improvement program: 

an educational program directed at physicians, staff, and patients. Adv Ren Replace Ther 2000; 7:S71-S75. 

(101)  Zgibor JC, Stevenson JA, Rohay JM et al. Tracking and improving influenza immunization rates in a high-risk medicare 

beneficiary population. J Healthc Qual 2003; 25:17-24, 27. 

(102)  Strott KL, Rodgers DJ, Karp SK, Woodruff SD, Wright LD. Increasing the use of arteriovenous fistulas (AVF): a network 

QI project. Nephrol News Issues 2004; 18:49-53. 

(103)  Spergel LM. Has the Fistula First Breakthrough Initiative caused an increase in catheter prevalence? Semin Dial 2008; 

21:550-552. 

(104)  Anonymous. Nursing protocol increases fistula placements. Nephrology News & Issues 2004; 18:S2. 

(105)  Burton B, Gross S, Vlchek DL. A CQI approach to improved vascular access outcomes. Nephrol News Issues 1995; 9:33-

36. 

(106)  Duda CR, Spergel LM, Holland J, Tucker CT, Bander SJ, Bosch JP. How a multidisciplinary vascular access care program 

enables implementation of the DOQI guidelines. Part I. Nephrol News Issues 2000; 14:13-17. 

(107)  Glazer S, Crooks P, Shapiro M, Diesto J. Using CQI and the DOQI guidelines to improve vascular access outcomes: the 

Southern California Kaiser Permanente experience. Nephrol News Issues 2000; 14:21-26. 

(108)  Glazer S, Diesto J, Crooks P et al. Going beyond the kidney disease outcomes quality initiative: hemodialysis access 

experience at Kaiser Permanente Southern California. Ann Vasc Surg 2006; 20:75-82. 

(109)  Knotek B, Rosenblum A. A network QI project/Part II. Decreasing the utilization of catheters for permanent vascular 

access. Nephrol News Issues 2002; 16:32-5, 38. 

(110)  McGill RL, Marcus RJ, Healy DA et al. Long-term outcomes of a fistula initiative: sustaining "fistula culture". J Vasc 

Access 2006; 7:83-86. 

(111)  McMurray SD, Miller J. Using CQI to improve vascular access management in the dialysis unit. Nephrol News Issues 

2000; 14:25-29. 

(112)  Nguyen VD, Lawson L, Ledeen M et al. Successful multidisciplinary interventions for arterio-venous fistula creation by 

the Pacific Northwest Renal Network 16 vascular access quality improvement program. J Vasc Access 2007; 8:3-11. 

(113)  Nguyen VD, Griffith CN, Reus J et al. Successful AV fistula creation does not lead to higher catheter use: the experience 

by the Northwest Renal Network 16 Vascular Access Quality Improvement Program. Four years follow-up. J Vasc Access 

2008; 9:260-268. 

(114)  Northsea C. Continuous quality improvement: improving hemodialysis catheter patency using urokinase. ANNA J 1996; 

23:567-71, 615. 

(115)  Sekkarie M. Increasing the placement of native veins arteriovenous fistulae--the role of access surgeons' education and 

profiling. Clin Nephrol 2004; 62:44-48. 

(116)  Solcher SC, Langhofer S, Layes D, Dryer LA, Yelton S, Long C. Fistula first: vascular access update. Fistulae are first at 

Kansas Dialysis Services. Nephrology Nursing Journal 2006; 33:449. 

(117)  van Loon M, van der Mark W, Beukers N et al. Implementation of a vascular access quality programme improves vascular 

access care. Nephrol Dial Transplant 2007; 22:1628-1632. 

(118)  Kiaii M, MacRae JM. A dedicated vascular access program can improve arteriovenous fistula rates without increasing 

catheters. J Vasc Access 2008; 9:254-259. 



Chapter 2 

44 

(119)  Polkinghorne KR, Seneviratne M, Kerr PG. Effect of a vascular access nurse coordinator to reduce central venous catheter 

use in incident hemodialysis patients: a quality improvement report. Am J Kidney Dis 2009; 53:99-106. 

(120)  Mokrzycki MH, Zhang M, Golestaneh L, Laut J, Rosenberg SO. An interventional controlled trial comparing 2 

management models for the treatment of tunneled cuffed catheter bacteremia: a collaborative team model versus usual 

physician-managed care. Am J Kidney Dis 2006; 48:587-595. 

(121)  van Andringa de KT, ten HP, Oskam J. Improving quality of vascular access care for hemodialysis patients. Jt Comm J 

Qual Saf 2003; 29:191-198. 

(122)  Didlake R, Curry E, Rigdon EE, Raju S, Bower J. Outpatient vascular access surgery: impact of a dialysis unit-based 

surgical facility. Am J Kidney Dis 1992; 19:39-44. 

(123)  Mishler R, Sands JJ, Ofsthun NJ, Teng M, Schon D, Lazarus JM. Dedicated outpatient vascular access center decreases 

hospitalization and missed outpatient dialysis treatments. Kidney Int 2006; 69:393-398. 

(124)  Parra E, Ramos R, Betriu A, Paniagua J, Belart M, Martinez T. Effect of a quality improvement strategy on several 

haemodialysis outcomes. Nephrol Dial Transplant 2008; 23:2943-2947. 

(125)  Petra E, Varughese P, Epifania L, Buneo L, Scarfone K. Use of quality index tracking to drive improvement in clinical 

outcomes. Nephrol News Issues 2006; 20:67-1, 83. 

(126)  Stevens G, Meier BJ, McCarthy JT, Carlson D. Using comparative facility review to improve dialysis patient outcomes. 

Dialysis and Transplantation 1996; 25:568-78. 

(127)  Stoffel MP, Barth C, Lauterbach KW, Baldamus CA. Evidence-based medical quality management in dialysis--Part I: 

Routine implementation of QiN, a German quality management system. Clin Nephrol 2004; 62:208-218. 

(128)  Locatelli F, Covic A, Macdougall IC, Scherhag A, Wiecek A. Effect of computer-assisted European Best Practice 

Guideline implementation on adherence and target attainment: ORAMA results. J Nephrol 2009; 22:662-674. 

(129)  Centers for Medicare and Medicaid Services Clinical Performance Measurement project. http://www.cms.gov/cpmproject  

Accessed on 29-September-2010. 

(130)  Danz MS, Rubenstein LV, Hempel S et al. Identifying quality improvement intervention evaluations: is consensus 

achievable? Qual Saf Health Care 2010; 19:279-283. 

(131)  Wilczynski NL, Haynes RB. Optimal search filters for detecting quality improvement studies in Medline. Qual Saf Health 

Care 2010; 19:1-5. 

(132)  Uhlig K, Levey AS. Improving practice: reporting quality improvement activities. Am J Kidney Dis 2007; 50:5-7. 

(133)  Auerbach AD, Landefeld CS, Shojania KG. The tension between needing to improve care and knowing how to do it. N 

Engl J Med 2007; 357:608-613. 

(134)  Baily MA. Harming through protection? N Engl J Med 2008; 358:768-769. 

(135)  Stopper A, Amato C, Gioberge S, Giordana G, Marcelli D, Gatti E. Managing complexity at dialysis service centers across 

Europe. Blood Purif 2007; 25:77-89. 

(136)  van der Sande FM, Kooman JP, Ikenroth LJ, Gommers EP, Leunissen KM. A system of quality management in dialysis. 

Semin Dial 2003; 16:453-457. 

(137)  Ovretveit J, Gustafson D. Evaluation of quality improvement programmes. Qual Saf Health Care 2002; 11:270-275. 

(138)  Tripepi G, Jager KJ, Dekker FW, Wanner C, Zoccali C. Bias in clinical research. Kidney International 2008; 73:148-153. 

(139)  Schriger DL, Altman DG, Vetter JA, Heafner T, Moher D. Forest plots in reports of systematic reviews: a cross-sectional 

study reviewing current practice. Int J Epidemiol 2010; 39:421-429. 

(140)  Walshe K, Freeman T. Effectiveness of quality improvement: learning from evaluations. Qual Saf Health Care 2002; 

11:85-87. 

(141)  Harvey G, Wensing M. Methods for evaluation of small scale quality improvement projects. Qual Saf Health Care 2003; 

12:210-214. 

(142)  Jamtvedt G, Young JM, Kristoffersen DT, O'Brien MA, Oxman AD. Audit and feedback: effects on professional practice 

and health care outcomes. Cochrane Database Syst Rev 2006; (2):CD000259. 

(143)  Walsh JM, McDonald KM, Shojania KG et al. Quality improvement strategies for hypertension management: a systematic 

review. Med Care 2006; 44:646-657. 



Quality improvement strategies in RRT care 

45 

(144)  Weingarten SR, Henning JM, Badamgarav E et al. Interventions used in disease management programmes for patients with 

chronic illness-which ones work? Meta-analysis of published reports. BMJ 2002; 325:925. 

(145)  Bodenheimer T, Lorig K, Holman H, Grumbach K. Patient self-management of chronic disease in primary care. JAMA 

2002; 288:2469-2475. 

(146)  Azar M, Gabbay R. Web-based management of diabetes through glucose uploads: has the time come for telemedicine? 

Diabetes Res Clin Pract 2009; 83:9-17. 

(147)  Samoocha D, Bruinvels DJ, Elbers NA, Anema JR, Van Der Beek AJ. Effectiveness of web-based interventions on patient 

empowerment: a systematic review and meta-analysis. J Med Internet Res 2010; 12:e23. 

(148)  National Kidney Foundation. K/DOQI Clinical Practice Guidelines for Vascular Access, 2000. Am J Kidney Dis 2001; 

37:S137-S181. 

(149)  Fistula First. http://www.fistulafirst.org/  Accessed on 9-September-2011. 

(150)  Jager KJ, Zoccali C. Quality of care in end-stage renal disease: the importance of comparing 'apples with apples'. Nephrol 

Dial Transplant 2008; 23:1116. 

(151)  European Nephrology Quality Improvement Network - NephroQUEST. http://www.nephro-quest.eu  Accessed on 11-May-

2011. 

(152)  Berwick DM. The science of improvement. JAMA 2008; 299:1182-1184. 

(153)  Berenholtz S, Needham DM, Lubomski LH, Goeschel CA, Pronovost P. Improving the quality of quality improvement 

projects. The Joint Commission Journal on Quality and Patient Safety 2010; 36:468-73. 

(154)  Shojania KG, Grimshaw JM. Evidence-based quality improvement: the state of the science. Health Aff (Millwood ) 2005; 

24:138-150. 

(155)  Benning A, Ghaleb M, Suokas A et al. Large scale organisational intervention to improve patient safety in four UK 

hospitals: mixed method evaluation. BMJ 2011; 342:d195. 

(156)  Benning A, Dixon-Woods M, Nwulu U et al. Multiple component patient safety intervention in English hospitals: 

controlled evaluation of second phase. BMJ 2011; 342:d199. 

(157)  Pronovost PJ, Berenholtz SM, Morlock LL. Is quality of care improving in the UK? BMJ 2011; 342:c6646. 

(158)  Schouten LM, Hulscher ME, van Everdingen JJ, Huijsman R, Grol RP. Evidence for the impact of quality improvement 

collaboratives: systematic review. BMJ 2008; 336:1491-1494. 

(159)  Cabana MD, Rand CS, Powe NR, Wu AW, Wilson MH, et al. Why don't physicians follow clinical practice guidelines? A 

framework for improvement. JAMA 1999; 282:1458-65. 

(160)  Himmelfarb J. Chronic Kidney Disease and the public health. Gaps in evidence from interventional trials. JAMA 2007; 

297:2630-3. 

(161)  Strippoli GF, Craig JC, Schena FP. The number, quality, and coverage of randomized controlled trials in nephrology. J Am 

Soc Nephrol 2004; 15:411-419. 

(162)  Lowrie EG, Laird NM, Parker TF, Sargent JA. Effect of the hemodialysis prescription on patient morbidity. Report from 

the National Cooperative Dialysis Study. The New England Journal of Medicine 1981; 305:1176-81. 

(163)  Anonymous. 2009 Annual Report of the Dialysis Outcomes and Practice Patterns Study: Hemodialysis Data 1999-2008. 

2009; Arbor Research Collaborative for Health, Ann Arbor, MI. Available at  Accessed on  

(164)  Irving MJ, Craig JC, Gallagher M et al. Implementing iron management clinical practice guidelines in patients with chronic 

kidney disease having dialysis. Med J Aust 2006; 185:310-314. 

(165)  Tinetti ME, Bogardus ST, Jr., Agostini JV. Potential pitfalls of disease-specific guidelines for patients with multiple 

conditions. N Engl J Med 2004; 351:2870-2874. 

 

  



Chapter 2 

46 

Appendix A: Main search strategy (MEDLINE) 
 
Search terms 
 
Terms on quality improvement (combined with OR) 
Quality Assurance, Health Care [MeSH] 
 Professional review organisations 
 Benchmarking 
 Total quality management 
 Guidelines as Topic 
  Practice guidelines as Topic 
 Clinical Audit 
  Medical audit 
  Nursing audit 
Guideline Adherence [MeSH] 
Outcome assessment (Health care) [MeSH:noexp] 
Process assessment (Health care) [MeSH:noexp] 
Outcome and Process Assessment (Health Care) [MeSH:noexp] 
Quality indicators, health care [MeSH:noexp] 
Program Evaluation [MeSH:noexp] 
Regional Medical Programs [MeSH] 
National Health Programs [MeSH:noexp] 
Government Programs [MeSH:noexp] 
Peer Review, health care [MeSH] 
National Institute of Diabetes and Digestive and Kidney Diseases (U.S.) [MeSH] 
“*quality improvement*” [tiab] 
CARI[tiab] 
EBPG[tiab] 
KDOQI [tiab] 
KDIGO[tiab] 
 
Terms on renal replacement therapy (combined with OR) 
Kidney Failure, Chronic/therapy [MeSH] 
Renal Dialysis [MeSH] 
 Hemodiafiltration [MeSH] 
Hemodialysis, Home [MeSH] 
Peritoneal Dialysis [MeSH] 
Peritoneal Dialysis, Continuous Ambulatory [MeSH] 
Kidney Transplantation [MeSH] 
Hemodialysis Units, Hospital [MeSH] 
 
Limits 
English language 
Published since 01-01-1990 
Humans 
Exclude as publication types: editorials, interviews, comments, letter, practice guideline 
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Syntax 
 
("outcome and process assessment (health care)"[MeSH Terms:noexp] OR "outcome assessment 
(health care)"[MeSH Terms:noexp] OR "process assessment (health care)"[MeSH Terms:noexp] 
OR "guideline adherence"[MeSH Terms] OR "quality assurance, health care"[MeSH Terms] OR 
"quality indicators, health care"[MeSH Terms:noexp] OR "program evaluation"[MeSH 
Terms:noexp] OR "peer review, health care"[MeSH Terms] OR "national institute of diabetes 
and digestive and kidney diseases (u.s.)"[MeSH Terms] OR "regional medical programs"[MeSH 
Terms] OR "national health programs"[MeSH Terms:noexp] OR "government programs"[MeSH 
Terms:noexp] OR "*quality improvement*"[Title/Abstract] OR "KDIGO"[Title/Abstract] OR 
"KDOQI"[Title/Abstract] OR "EBPG"[Title/Abstract] OR "CARI"[Title/Abstract]) AND 
("kidney failure, chronic/therapy"[Mesh Terms] OR "renal dialysis"[MeSH Terms] OR "kidney 
transplantation"[MeSH Terms] OR "hemodialysis units, hospital"[MeSH Terms]) AND 
("1990/01/01"[PDAT] : "2010/02/01"[PDAT] AND ("humans"[MeSH Terms] AND 
English[lang])) NOT (Editorial[ptyp] OR Letter[ptyp] OR Practice Guideline[ptyp] OR 
Comment[ptyp] OR Interview[ptyp]) 
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Appendix B: Data abstraction form 
 
General info on paper 

Reference number  

First author  Publication year  

General information on QI initiative 

Name  

Country  

Domain of RRT care  

Type of patients  

Level 
 international  
 national 
 regional 

 single-center 
 not described 
  

Best practice 

General description  

Highest level of 
authority supporting 
best practice 

 (inter)national clinical practice guidelines  
 recommendations by expert panel 
 systematic review / meta-analysis  
 multiple studies; non-systematic review; including RCTs 
 single RCT 
 multiple studies; non-systematic review; not including RCTs 
 single study; non-randomized 
 analyses of structures/processes of best-performers 
 analyses or observation of own current practice 
 expert opinion 
 other………………………………………………. 

Strategies used to implement best practice 

Elements of the 
implementation 
strategy 

HEALTH PROFESSIONAL ORIENTED 
  provider education 
  audit and feedback 
  development/revision of treatment protocols/algorithms 
  computerized?  yes  no 
  other reminders for health care professionals 
  computerized?  yes  no 
ORGANISATIONAL STRATEGIES 
  structural 
  staff-oriented 
FINANCIAL 
  financial strategies 
PATIENT-ORIENTED 
  patient-oriented strategies 
OTHER…………....................................................................... 
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Appendix B (continued) 
Specific QI techniques to guide the implementation of best practice 

PREPARATION OF IMPLEMENTATION PROCESS 

Barrier identification used as input for 
development of implementation strategy 

 yes 
 no 

 Performance data used to identify 
opportunity for improvement 
before starting the QI initiative 

 yes 
 no 

Specific tools used for problem analyses 
(e.g. Fishbone diagrams, Pareto charts) 

 yes 
 no 

 Pre-definition of improvement 
target at aggregated level 

 yes 
 no  

If target 
available: 
Based on 

 guideline/external standard 
 best performers  
 average 
 literature 
 (local) expert based  
 not described 
 other………………......... 

 

If target available: deadline for 
achieving the target 

 yes 
 no 

MONITORING OF IMPLEMENTATION PROCESS 

Aggregated data available for people 
involved to monitor improvement 
during implementation 

 yes 
 no 

 If aggregated data available: 
active discussing of data 

 yes 
 no 

 If aggregated data available 
Statistical process control 
techniques used 

 yes 
 no 

DELIVERY OF IMPLEMENTATION PROCESS 
Dedicated QI coordinator or team 
responsible for local improvement 
process 

 yes 
 no 

 QI expertise available for guiding 
or supervising improvement 
process 

 yes 
 no 

Other QI techniques used  

Reported effect of the QI initiative (apply only to studies with external control group) 
Method of 
allocation 
 

2 randomized 
1 quasi-randomized 
0 concurrent controls 

 
Baseline 
differences 

2 not present or adequately adjusted for 
1 present, not adequately adjusted for 
0 not reported 

Unit of 
allocation 

2 facility 
1 caregiver 
0 patient 

 
Objectivity 
of outcome 

2 object or subjective with blinded assessment 

1 subjective no blinding with assessment criteria 

0 subjective no blinding poorly defined 

Follow-up 
2 more than 90% 
1 from 80 to 90% 
0 less than 80% 

 Overall 
score for 
risk of bias 

 

Groups 
compared 

 

Primary 
clinical 
outcome 
measures 

  Reported 
effect 
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Appendix C: Scoring of risk of bias for controlled studies 

Ref 
Method of 
allocation 

Unit of 
allocation 

Baseline 
differences

Objective 
outcome 
measures Follow-up

Total score 
for risk of 

bias a) 
Improve

ment 

88 2 1 2 2 2 9 yes 

49 2 0 2 2 2 8 no 

80 2 1 2 2 2 9 yes 

73 1 2 2 2 2 9 yes 

79 2 1 2 2 1 8 no 

95 0 1 1 2 2 6 no 

65 2 1 2 2 2 9 yes 

66 2 2 2 2 2 10 yes 

90 0 0 2 2 2 6 yes 

47 2 2 2 2 2 10 no 

58 0 2 2 2 2 8 yes 

30 2 2 2 2 2 10 no 

123 1 2 2 2 2 9 yes 

45 0 2 2 2 2 8 no 

120 2 2 2 2 2 10 no 

74 2 2 2 2 2 10 no 

34 1 2 2 2 n.a. 9b) yes 

62 2 1 2 2 2 9 yes 

81 1 2 2 2 0 7 no 

93 0 0 1 2 0 3 yes 

82 2 2 2 2 2 10 no 

52 1 2 1 2 2 8 no 

57 0 2 2 2 2 8 yes 

75 0 2 1 2 2 7 no 

92 1 2 2 2 2 9 yes 

69 2 0 2 2 0 6 yes 
Abbreviations: n.a., not applicable 
a) A total score of ‘10’ means an optimal protection against bias; Studies with a total score  7 are considered to be 

adequately protected against bias  
b) Study for which not all criteria applied; score of maximum of 10 points has been prorated 
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Appendix C (continued) 
We rated all controlled studies for risk of bias according to five potential sources of bias:29 
 Method of allocation; score of 2 for random allocation, 1 for quasi-random (e.g., all patients 

treated in another, comparable facility), 0 for concurrent controls.  
 Unit of allocation; evaluations of strategies that were targeted at facilities/caregivers and 

had patients as their level of analysis, a score of 2 was given for ‘facility’ as the unit of 
allocation , a score of 1 for ‘caregiver’, and 0 for ‘patient’. Evaluations of strategies that 
were targeted at patients, had patients as their level of analysis, but where patients from 
both groups were treated by the same caregiver, were given a score of 1. 

 Presence of baseline differences between groups that were potentially linked to study 
outcomes; score of 2 for no baseline differences present or adequate statistical adjustments 
made for differences, 1 for baseline differences present and no adequate statistical 
adjustments made, 0 for baseline characteristics not reported. 

 Objectivity of the outcome; score of 2 for objective outcomes or subjective outcomes with 
blinded assessment, 1 for subjective outcomes with no blinding but clearly defined 
assessment criteria, 0 for subjective outcomes with no blinding and not clearly defined. 

 Completeness of follow-up for the appropriate unit of analysis; score of 2 if more than 90% 
of subjects starting the study were also included in the follow-up analysis, 1 for 80-90% 
included in follow-up analysis, 0 for less than 80% included in follow-up analysis. 

 



 

 

Appendix D: Additional information on QI initiatives 

Ref Country Level Best practice 
Highest level of authority 
supporting best practice 

Description of implementation strategy 
Number of 

impl.strategies 
Number of QI 

techniques 

Anemia management 
38 UK single center control Hb level guidelines 

anemia research nurse for coordinating 
anemia management 

3 3 

43;44 USA single center control Hb level guidelines 

treatment protocols for dosing IV iron and 
EPO and checklist to evaluate risk of 
inflammation; Anemia manager for 
managing patients that do not achieve target 
hemoglobin 

2 3 

49 Canada single center control Hb level guidelines 
anemia management team protocol for 
dosing IV iron and EPO 

1 none 

51 China single center control Hb level guidelines 
treatment protcol for dosing IV iron and 
EPO; Education of patients regarding 
compliance to iron agents 

2 4 

42 Canada single center 
control Hb level and 
prevent rHuEPO resistance 

guidelines 

anemia task group conducting focused 
rounds every 6 weeks to monitor and treat 
individual patients; Protocols to evaluate 
EPO resistance and for administering of IV 
iron and EPO 

2 none 

48 USA single center control Hb level guidelines 
anemia maintenance protocol with 
recommendations on IV iron 
supplementation 

1 1 

40 USA single center 
control iron balance and Hb 
level 

own current practice 
CQI, staff education and patient education to 
improve iron balance and Hb of HD patients 
on EPO 

3 3 

39 Japan single center control Hb level guidelines 
pharmacist-implemented anemia 
management program 

3 1 

47 Europe international control Hb level guidelines 
computerized decision support for anemia 
management based on EBPG (ORAMA 
program) 

1 1 

45 USA regional control Hb level guidelines computerized algorithm for EPO dosing 1 none 

50 USA single center control Hb level guidelines nurse initiated anemia treatment algorithm 2 1 

 



 

 

Appendix D (continued) 

Ref Country Level Best practice 
Highest level of authority 
supporting best practice 

Description of implementation strategy 
Number of 

impl.strategies 
Number of QI 

techniques 

37 USA regional control Hb level guidelines 

anemia management team developing 
educational presentations and protocols on 
anemia management for staff; Anemia 
manager  

3 3 

46 USA single center control Hb level guidelines 
anemia management protocol used by 
pharmacists 

2 none 

41 Australia single center control Hb level guidelines 
nurse initiated IV iron management 
protocol; Intensive in-service education 
targeted at all renal nurses 

3 2 

52 USA single center control Hb level guidelines 
pharmacist-based anemia program with 
protocol for EPO and iron therapy 

2 none 

 Cardiovascular risk management 

54 Kuwait single center control blood pressure guidelines 
patient counseling and education of nurses 
on importance and management of blood 
pressure control 

2 1 

55 USA single center 
control elevated LDL 
cholesterol level 

guidelines 

pharmacist-directed hyperlipidemia 
management program using dosing 
algorithm and monitoring guidelines and 
providing patient counseling  

3 none 

Care coordination across domains 

34 USA national 
facilitate pro-active chronic 
care management 

multiple studies no RCTs 
centralized disease-state management 
approach providing extensive patient and 
provider education; Nurse as case manager 

4 3 

56 USA regional 
monitor several parameters 
and coordinate care 

guidelines case management of HD patients by nurse 2 2 

57 USA regional 
coordinate care during the 
first 90 days of dialysis 

guidelines 
individualized patient education program 
coordinated by case manager (Right Start 
program) 

2 none 

Dialysis dose 

61 USA regional 
achieve dialysis adequacy 
targets 

guidelines 

on-site reviews focusing on (processes 
affecting) adequacy data; Feedback on 
adequacy outcomes; Patient and staff 
education on factors influencing adequacy 

3 4 

  



 

 

Appendix D (continued) 

Ref Country Level Best practice 
Highest level of authority 
supporting best practice 

Description of implementation strategy 
Number of 

impl.strategies 
Number of QI 

techniques 

58 USA regional 
achieve dialysis adequacy 
targets 

guidelines 
network-coordinated facility-specific 
feedback and monitoring program with 
educational  workshops 

2 4 

59 USA national 
achieve dialysis adequacy 
targets; control Hb level 

guidelines 
network-coordinated facility-specific 
feedback and monitoring program with 
educational  workshops 

3 3 

30 USA regional 
achieve dialysis adequacy 
targets 

guidelines 
network-coordinated facility-specific 
feedback and monitoring program with 
educational  workshops 

2 5 

60 USA regional 
achieve dialysis adequacy 
targets 

guidelines 
facility specific feedback reports and 
provider education on noncompliance with 
dialysis prescription 

2 4 

62 USA regional 
achieve dialysis adequacy 
targets 

guidelines 
treatment based on patient-specific 
identification of barriers to adequate 
hemodialysis 

3 1 

 Multi domain 

53 USA single center 
control several clinical 
values 

guidelines 
clinical algorithms for phosphate 
management, dialysis dose and anemia 
management 

1 5 

124 Spain regional 
control several clinical 
values 

guidelines 
discussing feedback reports on performance 
and dissemination of guidelines 

2 4 

125 USA single center 
control several clinical 
values 

guidelines 
scoring index to evaluate individual patient 
outcome combined with feedback on unit 
performance 

5 3 

126 USA regional 
control several clinical 
values 

expert panel 
facility-specific QI plans based on audit 
results by network's medical review board 
and comparative data 

1 2 

127 Germany national 
control several clinical 
values 

guidelines 
unit-specific feedback reports on 
performance including patient-specific data 
on outlying values 

1 2 

Nutritional management 

77 a) USA single center control phosphate level guidelines 
3-month patient education program on 
consequences of hyperphosphatemia, 
compliance to phosphate binders and diet 

1 none 

a) QI program focusing on children (<21 years)  



 

 

Appendix D (continued) 

Ref Country Level Best practice 
Highest level of authority 
supporting best practice 

Description of implementation strategy 
Number of 

impl.strategies 
Number of QI 

techniques 

70 USA regional control albumin level guidelines 
three clinical algorithms for nutritional 
evaluation and management 

1 1 

72 USA single center control fluid intake guidelines 
unit-wide educational Fluid Game focusing 
on achieving target interdialysis weight gain 

1 1 

80 China single center control protein intake guidelines 
individualized menu suggestions based on 
patients' preferences 

1 none 

73 USA regional control fluid intake multiple studies no RCTs 
behavioral self regulation group sessions led 
by therapist 

1 none 

68 USA single center 
control phosphate and 
calcium level 

multiple studies no RCTs 

dietician-driven protocol for use of 
intravenous calcitriol and patient education 
on phosphorus restriction and use of 
phosphate binders 

4 none 

78 UK single center control phosphate level multiple studies no RCTs 
one-to-one educational sessions with 
dietician to improve knowledge on 
phosphate balance 

1 none 

79 USA regional control phosphate level multiple studies no RCTs 
diet education on phosphorus control 
including a phosphorus tracking tool 
completed by the patient 

1 none 

63 USA single center control albumin level multiple studies no RCTs 

patient and provider education on 
importance of nutrition; Empowerment of 
dietician and social worker; Monitoring of 
performance by CQI team 

4 5 

64 USA single center control albumin level guidelines 
treating/referring patients based on 
nutritional risk factor evaluation 

4 5 

65 USA regional control albumin level multiple studies no RCTs 
treatment based on patient-specific 
identification of barriers to adequate protein 
nutrition 

3 1 

66 USA regional control albumin level multiple studies no RCTs 
treatment based on patient-specific 
identification of barriers to adequate protein 
nutrition 

3 1 

71 China single center control potassium level multiple studies no RCTs 
multidisciplinary care team responsible for 
potassium control 

2 1 

  



 

 

Appendix D (continued) 

Ref Country Level Best practice 
Highest level of authority 
supporting best practice 

Description of implementation strategy 
Number of 

impl.strategies 
Number of QI 

techniques 

74 USA regional 
control inter dialytic weight 
gain 

expert panel 

patient group education sessions, patient 
education hand-outs and patient-specific 
feedback when exceeding average target 
interdialysis weight gain 

1 none 

67 Italy regional control phosphate level guidelines 
clinical audit on adherence to guidelines and 
regional meeting to discuss results 

1 2 

76 USA regional 
control phosphate and 
calcium level 

multiple studies no RCTs 
nurse led patient education on phosphate 
management 

1 none 

81 USA regional control phosphate level guidelines 
educational patient compliance program 
directed at dietary and medical regimes 
including an in-center achievement contest 

1 1 

82 USA single center 
control phosphate level and 
fluid intake 

guidelines 

discussion with patients of monthly progress 
reports regarding achievement of targets for 
phosphorus levels and interdialytic weight 
gain 

1 none 

75 USA regional improve nutritional status multiple studies no RCTs group nutrition education program 1 none 

69 UK regional control phosphate level guidelines 

phosphate management protocol on 
administering phosphate binders and 
alfacalcidol; Pharmacist and dietician 
responsible for phosphate management and 
patient education 

3 none 

Peritoneal dialysis 

87 USA single center 

prevent peritonitis by 
changing PD equipment and 
management of 
contamination 

systematic review 
retraining of patients on their dialysis 
delivery system 

1 2 

83 Canada single center prevent and treat peritonitis guidelines 

education for home dialysis nurses; 
Standardization and protocolization of home 
visits and treatment; Patient training; 
Partnership with community care center 

4 4 

84 USA single center prevent peritonitis guidelines 
monthly multidisciplinary peritoneal dialysis 
team meetings to review data on peritonitis 

2 3 



 

 

Appendix D (continued) 

Ref Country Level Best practice 
Highest level of authority 
supporting best practice 

Description of implementation strategy 
Number of 

impl.strategies 
Number of QI 

techniques 

85 USA single center 
decrease clinic waiting time 
and overall length of 
clinical visits 

own current practice 

dedicated peritoneal dialysis clinic area with 
specific clinic visit times and 
multidisciplinary pre-clinic conference to 
discuss individual patients 

2 4 

86 China single center 
increase self-efficacy and  
promote self-management 

multiple studies no RCTs 

self-management promotion program 
consisting of several educational activities 
for patients; Multidisciplinary team to 
discuss individual patient data 

2 none 

Preparation for renal replacement therapy 

88 USA regional increase PD rates multiple studies no RCT 
sending reports to clinicians containing 
practice data augmented with evidence from 
literature on dialysis modality selection 

2 1 

90 Canada single center 
adequate preparation of 
patients commencing 
dialysis 

expert panel 
multidisciplinary pre-dialysis clinic-based 
education and follow-up program 

2 none 

90 Canada single center 
adequate preparation of 
patients commencing 
dialysis 

expert panel 
pre-dialysis education and clinic with nurse 
coordinator 

3 none 

91a) USA single center 
ensure optimal growth and 
development of patient 

guidelines 
multidisciplinary care in a dedicated 
Chronic Renal Insufficiency clinic 

2 none 

89 Australia regional 
adequate preparation of 
patients commencing 
dialysis 

guidelines 
patient education via "managing kidney 
failure" program; revision of referral 
procedures for CKD patients 

2 5 

93 USA single center 
adequate preparation of 
patients commencing 
dialysis 

local expert opinion 
nurse-coordinated multidisciplinary pre-
dialysis educational and interventional 
program (Healthy Start Program) 

1 none 

92 Taiwan regional 
adequate preparation of 
patients commencing 
dialysis 

guidelines 
multi-disciplinary pre-dialysis education 
program coordinated by case-management 
nurse 

2 none 

a) QI program focusing on children (<21 years) 
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Ref Country Level Best practice 
Highest level of authority 
supporting best practice 

Description of implementation strategy 
Number of 

impl.strategies 
Number of QI 

techniques 

Rehabilitation 

94 USA regional 
achieve appropriate level of 
productive activity 

multiple studies no RCTs 

network coordinated program with provider 
education, facility specific improvement 
plans and sharing best practices and QI 
experiences 

2 5 

95 USA single center patient empowerment local expert opinion patient-led physical activity program 1 1 

Transplantation 

96 USA single center 
decrease length of stay after 
transplantation 

own current practice 

pathway with clinical guidelines and patient 
education based on analysis of reasons for 
patients staying longer than target length of 
stay; Use of outpatient infusion unit 

4 4 

97a) Canada single center 
optimize graft survival in 
children 

own current practice 
dedicated pediatric transplantation team; 
Patients remaining in (close proximity of) 
hospital for 90 days after transplant 

2 2 

98 USA single center 
maximize the number of 
available living donor 
kidneys from relatives 

expert panel 
structured education program aimed at 
informing family members of kidney 
recipients about living organ donation  

1 1 

Vaccination 

100 USA regional 
vaccinate against Hepatitis 
B 

guidelines 
facility-specific feedback on vaccination 
percentage; Educational program for 
physicians, staff and patients 

3 2 

99 USA single center 
vaccinate against Hepatitis 
B 

guidelines 
immunization protocol based on CDC 
recommendations implemented by 
designated nurse 

4 1 

101 USA regional vaccinate against Influenza expert panel 

toolbox with educational materials, 
comparative immunization data and 
immunization reminders for each medical 
record; New method to record patients' 
immunization status 

4 4 

a) QI program focusing on children (<21 years) 
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Ref Country Level Best practice 
Highest level of authority 
supporting best practice 

Description of implementation strategy 
Number of 

impl.strategies 
Number of QI 

techniques 

Vascular access 

36 USA 
single 
center 

construction and 
maintenance of AVF as 
preferred permanent VA 

guidelines 

procedures to select, refer and manage 
patients eligible for AVF; Recruitment of 
vascular surgeon with special expertise in 
AVF creation 

4 5 

104 USA 
single 
center 

construction and 
maintenance of AVF as 
preferred permanent VA 

guidelines 

protocols to schedule patients for VA 
surgery without delay and to prevent fistula 
failure; Patient and provider education on 
importance of AVF as permanent access 

4 1 

35 USA 
single 
center 

efficient use of resources 
(without loss of patient 
satisfaction) 

multiple studies no RCT 

collaborative care pathway coordinated by 
nurse to standardize VA care and educate 
patients; Shift from inpatient to outpatient 
surgical procedure 

4 none 

105 USA regional 
construction and 
maintenance of AVF as 
preferred permanent VA 

guidelines 

treatment protocols and referral procedure 
for pre-dialysis access placement; Patient 
and staff education on prevention of graft 
clotting 

5 4 

122 USA 
single 
center 

increase access to VA 
care 

guidelines 
surgical facility specifically equipped and 
staffed for VA procedures 

1 none 

106 USA national 
construction and 
maintenance of AVF as 
preferred permanent VA 

guidelines 
VA management program with monitoring 
and diagnosis protocols and benchmarking 
of centers' performance 

5 3 

107;108 USA regional 
construction and 
maintenance of AVF as 
preferred permanent VA 

guidelines 

dialysis access committee  targeting VA 
problems by sending center-specific 
feedback reports and educating pre-ESRD 
patients and providers to promote early 
referral 

6 4 

118 Canada 
single 
center 

construction and 
maintenance of AVF as 
preferred permanent VA 

guidelines 
multidisciplinary VA team in dedicated 
clinic for periodical review of patients 

3 2 
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Ref Country Level Best practice 
Highest level of authority 
supporting best practice 

Description of implementation strategy 
Number of 

impl.strategies 
Number of QI 

techniques 

109 USA regional 
construction and 
maintenance of AVF as 
preferred permanent VA 

guidelines 

revised VA management process to facilitate 
timely referral, cannulation and monitoring; 
Focus on multidisciplinary character of 
access care 

3 4 

110 USA single center 
construction and 
maintenance of AVF as 
preferred permanent VA 

guidelines 
multidisciplinary program focusing on 
patient and provider education and 
reminders to preserve native veins 

4 1 

111 USA regional 
construction and 
maintenance of AVF as 
preferred permanent VA 

guidelines 
clinical pathway and monitoring program 
for VA management 

2 4 

123 USA regional 
increase access to VA 
care and VA 
interventions 

guidelines dedicated outpatient VA center 1 none 

120 USA regional 
prevent recurrence of 
bacteremia; prevent 
complications 

guidelines 
collaborative team with nurse as infection 
manager and use of protocol on antibiotics 
selection and dosing 

2 1 

112;113 USA regional 
construction and 
maintenance of AVF as 
preferred permanent VA 

guidelines 

regional multidisciplinary workshops to 
promote creation of AVFs in a 
multidisciplinary setting; Designation of a 
VA manager to train staff and coordinate 
continuous quality improvement 

4 5 

114 USA single center 
ensure patency of 
catheters 

multiple studies no RCTs 
policies, procedures and guidelines for the 
use of urokinase by nurses to effectively 
declot catheters 

3 3 

119 Australia single center 
construction and 
maintenance of AVF as 
preferred permanent VA 

guidelines 
VA nurse and an algorithm to prioritize 
access surgery 

3 3 

115 USA single center 
construction and 
maintenance of AVF as 
preferred permanent VA 

guidelines 
education aimed at access surgeons and 
altering of referral patterns based on 
surgeons' performance 

2 1 

116 USA regional 
construction and 
maintenance of AVF as 
preferred permanent VA 

guidelines 

VA coordinator educating staff and patients 
on access placement; Monthly meetings 
with multidisciplinary team to discuss 
access improvement 

5 5 
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Ref Country Level Best practice 
Highest level of authority 
supporting best practice 

Description of implementation strategy 
Number of 

impl.strategies 
Number of QI 

techniques 

103 USA national 
construction and 
maintenance of AVF as 
preferred permanent VA 

guidelines 

Fistula First program aimed at improving 
arteriovenous fistula rates by e.g. 
selecting access surgeons based on 
performance and education of patients 
and providers on importance of timely 
permanent access 

6 5 

102 USA regional 
construction and 
maintenance of AVF as 
preferred permanent VA 

guidelines 
educational activities aimed at providers 
and patients; Data feedback to 
nephrologists and surgeons 

6 4 

121 Netherlands single center 
construction and 
maintenance of AVF as 
preferred permanent VA 

guidelines 

Establishing multi-disciplinary access 
team to evaluate access care; Revision of 
protocol for selection of permanent access 
and of referral procedures 

3 5 

117 Netherlands national 
construction and 
maintenance of AVF as 
preferred permanent VA 

guidelines 

education program and access 
surveillance program; Regular 
multidisciplinary evaluation of VA care; 
Local VA nurse and national coordinator 
to guide QI program 

4 6 

Abbreviations: AVF, arteriovenous fistula; CDC, Centers for disease control and prevention; CKD, chronic kidney disease; CQI, continuous quality improvement; EBPG, European best 
practice guidelines; EPO, erythropoietin; Hb, hemoglobin; HD, hemodialysis; IV, intravenous; LDL, low density lipoprotein; PD, peritoneal dialysis; QI, quality improvement; RCT, 
randomized controlled trial; RRT, renal replacement therapy; UK, United Kingdom; USA, United States of America; VA, vascular access. 
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Abstract 
Background 
Patient experience is an established indicator of quality of care. Validated tools that measure 
both experiences and priorities are lacking for chronic dialysis care, hampering identification of 
negative experiences that patients actually rate important.  
Methods 
We developed two Consumer Quality (CQ) index questionnaires for in-center hemodialysis 
(CHD) and peritoneal dialysis and home hemodialysis (PHHD) care, respectively. The 
instruments were validated using exploratory factor analyses, reliability analysis of identified 
scales, and assessing the association between reliable scales and global ratings. We investigated 
opportunities for improvement by combining suboptimal experience with patient priority.  
Results 
Sixteen dialysis centers participated in our study. The pilot CQ index for CHD care consisted of 
71 questions. Based on data of 592 respondents, we identified 42 core experience items in ten 
scales with Cronbach’s  ranging from 0.38 to 0.88; five were reliable ( ≥ 0.70). The 
instrument identified information on center’s fire procedure as the aspect of care exhibiting the 
biggest opportunity for improvement. The pilot CQ index PHHD comprised 56 questions. The 
response of 248 patients yielded 31 core experience items in nine scales with Cronbach’s  
ranging between 0.53 and 0.85; six were reliable. Information on kidney transplantation during 
pre-dialysis showed most room for improvement. However, for both types of care opportunities 
for improvement were mostly limited. 
Conclusions 
The CQ index reliably and validly captures dialysis patient experience. Overall, most care 
aspects showed limited room for improvement, mainly because patients participating in our 
study rated their experience to be optimal. To evaluate items with high priority, but with which 
relatively few patients have experience, more qualitative instruments should be considered. 
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Introduction 
It is widely acknowledged that care should be responsive to the preferences, needs and values of 
patients. Patient experience with care is, therefore, an important indicator of its quality.1;2 This is 
especially true for care of dialysis patients, who often spend years of treatment with extensive 
interaction with their care providers. Moreover, previous research suggested that chronic dialysis 
patient satisfaction with care and care providers affected their quality of life assessment,3 and 
was positively associated with improved compliance with dialysis prescription.4  
 Accurate assessment of patient experience with care requires measurement instruments 
that provide reliable and valid results. Although some validated instruments exist for chronic 
dialysis,5;6 they tend to focus on patient satisfaction, a concept that conflates patient expectations 
before care with their judgment of their actual experiences after visiting the dialysis center. 
Satisfaction is, therefore, considered to be too subjective compared to patient experience, the 
latter focusing only on reports of actual events during patients’ encounter with their 
caregivers.7;8 The Consumer Assessment of Healthcare Providers and Systems (CAHPS) 
instrument for in-center hemodialysis9 –used in the USA– aims to measure patient experience, 
but does not assess the importance patients attach to certain aspects of their care (i.e., priority). 
So, until now, there has been a lack of measurement tools combining actual experiences with the 
importance of aspects of care from the patients’ perspective. Such tools would enable dialysis 
care providers to target areas with the biggest room for improvement first, that is, those aspects 
of care with which their patients have relatively bad experience and that they rate as having high 
priority.10  
 The Consumer Quality (CQ) index is a standardized patient survey method –developed by 
the Dutch Center for Consumer Experience in Health Care (CKZ)– combining the inventory of 
patient experiences with an assessment of their priority.10;11 Yet, a CQ index has so far been 
unavailable for dialysis care.  
 Therefore, this study aimed to develop a CQ index to measure patient experience with 
several aspects of chronic dialysis care and test its validity and reliability. To illustrate the 
output of the CQ index, we explored which aspects of care the instrument indicated as showing 
the biggest room for improvement. 

 
Methods 
The standardized CQ index method comprises a set of default experience items and answering 
categories; procedures to identify additional disease-specific items; and guidelines concerning 
sampling, data collection, and data analysis. Also, the method prescribes that, for each item 
included in a pilot CQ index, respondents should be asked in a separate questionnaire to indicate 
their priority. 
 
Development of the pilot CQ index instruments for chronic dialysis care 
Since 2002, two previously developed patient surveys had been employed as part of a 
certification scheme for Dutch dialysis centers:12 one for in-center hemodialysis (CHD) care and 
one for peritoneal dialysis and home hemodialysis (PHHD) care. They were used as a starting 
point for the development of the CQ index as they covered a substantial part of dialysis care. To 
update the list of topics derived from these existing surveys, we organized three 90-minute focus 
groups with a total of eleven CHD patients, five PHHD patients, and eight staff members of 
dialysis units. The resulting questionnaires were then subjected to multiple feedback rounds 
involving stakeholders including representatives of the society of kidney patients, nephrologists, 



Measuring dialysis patient experience and priority 

69 

nurses, social workers, dieticians, and insurers. Based on their feedback, we created a pilot 
version of two CQ index instruments: one for CHD care and another for PHHD care.13  
 The pilot CQ index for CHD care consisted of 71 experience items in twelve domains of 
dialysis care; 50 items and eleven domains overlapped with the 56-item PHHD questionnaire. 
The 21 items unique to CHD care mostly concerned the experience domains ‘organization of 
care delivery’ and ‘environment during dialysis sessions’; the six unique PHHD items 
concerned, e.g., care in case of peritonitis.  
 Most experience items regarded how often quality criteria were met on a four-point scale 
(never, sometimes, usually, always), e.g., ‘Does your nephrologist listen to you attentively?’. 
For others we used a dichotomous response scale (yes/no), e.g., ‘Has the dialysis center 
informed you on their complaints procedure?’. Both pilot questionnaires included global ratings 
of the nephrologist and center quantified using a ten-point response scale, with 1 and 10 
representing the worst and best possible care respectively, as well as eight items regarding 
patient characteristics (e.g., age and self-rated health). All items regarding priority (71 and 56 
for CHD and PHHD respectively) had a four-point Likert response scale (not important, of some 
importance, important, extremely important). 
 
Study population 
Sixteen randomly assigned dialysis centers in the Netherlands disseminated a paper version of 
the pilot CQ index –including the priority questionnaire– among a total of 1248 CHD and 511 
PHHD patients from June to October 2008. After completing the questionnaire anonymously, 
patients could send it by mail using a stamped addressed envelope or bring in the envelope when 
visiting their center. To maximize response rate, we used the Dillman method14 that allowed for 
up to three reminders where necessary. 
Two respondents stated that they did not complete the CQ index for CHD care themselves; 125 
CHD and 46 PHHD patients completed less than five experience items. They were excluded 
from all further analyses.  
 
Analytical approach 
All analyses were performed for CHD and PHHD care separately. 
 
ASSESSING RELIABILITY AND VALIDITY 
Per experience domain we included respondents for further analyses if they completed at least 
half of the items in that domain. We defined core experience items as having (1) sufficient 
response, i.e. a minimum of 85% of patients reporting their experience, and (2) sufficient 
variation, i.e. a maximum of 90% of the respondents reporting the same experience.11 For each 
domain, we conducted an exploratory factor analysis with direct Oblimin rotation based on the 
core experience items. We expected each domain to yield one scale or factor with an eigenvalue 
of at least 1.0. Items were assigned to a scale if they had a loading exceeding 0.30.15 
 We estimated the internal consistency reliability of the scales using Cronbach’s ,16 where 
a value of 0.70 or more was considered satisfactory. Items were removed from scales if their 
deletion increased  to reach the threshold of 0.70 or by at least 10%. We also calculated the 
item-total correlations (ITC), correcting for overlap, to check the homogeneity of the scales. 
Items with an ITC below 0.20 were discarded.17  
Based on the modern approach to validation as a continuous exercise comprising a series of 
theory-driven hypothesis testing,17 we used Pearson product moment correlation coefficient and 
the percentage explained variance to evaluate the associations between the scales and two global 
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ratings (of nephrologist, and center). We hypothesized, among others, that a better experience 
with the nephrologist should have the highest correlation with the global rating of the 
nephrologist.  
 
PATIENT PRIORITY 
We used data from the separate priority questionnaire to gain insight in the relative importance 
of all items in the pilot CQ index. Each item’s priority was calculated as the percentage of 
respondents that rated that item as ‘extremely important’.  
 
IDENTIFICATION OF OPPORTUNITIES FOR IMPROVEMENT 
We determined the opportunity for improvement for all core experience items by multiplying the 
proportion of respondents that rated an item as being ‘extremely important’ in the priority 
questionnaire (Priority) with the proportion of respondents that reported a suboptimal experience  
(E) for that aspect of care (that is, by answering ‘never’/’sometimes’ or “no”). The resulting 
product score was called the quality improvement score (QI):18 QI = Priority × E, which we then 
multiplied by one hundred for computational ease. The final QI score could range between 0 and 
100 such that the higher the score, the bigger the opportunity for improvement.  
All analyses were performed using SPSS for Windows version 16.0.2. 

 
Results 
Study population 
We analyzed the questionnaires of 592 CHD and 248 PHHD respondents, yielding a net 
response rate of 47% and 49% respectively. PHHD patients were younger (P < 0.001), more 
often female (P < 0.05), more likely to have attained at least secondary education (P < 0.01), and 
more likely to speak Dutch at home (P < 0.01) (Table 1). 
 
Validity and reliability of the CQ index Dialysis 
Figure 1 summarizes the process of selecting core experience items from all items in the pilot 
CQ index questionnaire. Table 2 displays all core experience items per domain, the proportion 
of respondents reporting a suboptimal experience with these items, and the results of the factor 
and reliability analyses. Below, the results are described per modality. 
 
CHD 
The number of respondents who reported their experience with at least half of the items within a 
domain ranged from 416 to 578. Using this number as a numerator, we found that 24 items had a 
response below 85%; three additional items were discarded because more than 90% of 
respondents reported the same –optimal– experience (e.g., center’s accessibility by phone during 
opening hours). Furthermore, we excluded two items due to deviant answering categories (e.g., 
having a conversation with nephrologist during dialysis less than once a year, yearly, twice a 
year, or more often than twice a year). Finally, we included 42 core experience items in ten 
domains for testing validity and reliability; on twelve of these items >25% of patients reported a 
suboptimal experience. 
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Figure 1: Flow diagram of selecting core experience items in pilot CQ index 
a) in all cases it concerned the same optimal experience 
b) of which five were rated as ‘extremely important’ by >40% of respondents 
c) of which eight were rated as ‘extremely important’ by >40% of respondents 

 
For each experience domain, we identified one scale. All items had a factor loading exceeding 
0.30. Of the ten scales resulting from the factor analysis, four had a Cronbach’s  exceeding 
0.70 (nephrologist, social worker, dietician, and information on patient federation). Removing 
one item of the ‘medical tests’ scale increased  to exceed 0.70 (from 0.65 to 0.72). All items in 
reliable scales had an ITC above 0.20. The  of the nurses scale improved from 0.59 to 0.69 by 
excluding one item. Omitting the item on taxi waiting time –with an ITC of 0.09– increased the 
 value of the organization scale substantially (from 0.40 to 0.44), but reliability remained poor. 
The  values of the other three scales ranged from 0.38 to 0.61.  
‘Nephrologist’s care and communication’ exhibited a significant correlation with the 
nephrologist’s global rating (r, 0.69; P < 0.01), explaining 48% of its variance. All other 
correlations between reliable scales and global ratings did not exceed 0.4. 
 
PHHD 
The number of respondents that answered at least half of the questions within a domain varied 
from 168 to 235. Sixteen items had a response below 85%, and for nine items more than 90% of 
the patients reported an optimal experience (e.g., information during pre-dialysis on hygiene 
when dialyzing). Finally, this resulted in eight domains with 31 core experience items; on four 
of them >25% of patients reported a suboptimal experience. 
Seven experience domains yielded one scale; ‘communication and cooperation between 
caregivers’ consisted of two scales. All items had sufficient factor loadings. 

CHD

71Total number of items in pilot CQ Index

Total number excluded

Inappropriate answering categories

< 85% of respondents reported experience

> 90% of respondents reported same experiencea)

Total number of core experience items

Reasons to exclude items as core experience items

24

3

2

PHHD

26b)

56

16

9

0

42 31

25c)
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Table 1: Characteristics of questionnaire respondents 
Characteristics Number of respondents (%) 
 CHD 

592 (100) 
PHHD 

248 (100) 
Age (years) a)   
 18 to 44 years  66 (11.1)  36 (14.5) 
 45 to 64 years  208 (35.1)  123 (49.6) 
 65 to 74 years  143 (24.2)  54 (21.8) 
 75 +  178 (29.6)  35 (14.1) 
Gender b)   
 Male  378 (63.9)  139 (56.0) 
Educational attainment c)   
 Missing  5 (0.8)  3 (1.2) 
 Secondary or higher education  418 (70.6)  206 (83.1) 
Country of birth   
 Netherlands  442 (74.7)  197 (79.4) 
Language spoken at home c)   
 Dutch  519 (87.7)  233 (94.0) 
Self-rated general health   
 Poor  61 (10.3)  22 (8.9) 
 Fair  301 (50.8)  116 (46.8) 
 Good  208 (35.1)  97 (39.1) 
 Very good or excellent  22 (3.8)  13 (5.2) 
Type of dialysis   
 Missing  48 (8.1)  29 (11.7) 
 In-center during the day  463 (78.2)  
 In-center in the evening / at night  81 (13.7)  
 Continuous ambulatory peritoneal dialysis   114 (46.0) 
 Automated peritoneal dialysis   86 (34.7) 
 Home hemodialysis   19 (7.7) 
a) difference between CHD and PHHD respondents at the level of P<0.001 
b) difference between CHD and PHHD respondents at the level of P<0.05 
c) difference between CHD and PHHD respondents at the level of P<0.01 

 
Five of nine identified scales were reliable (nephrologist, social worker, dietician, 
communication between caregivers, and information on patient federation); the Cronbach’s 
alpha of the nurses scale could be increased from 0.65 to 0.70 by removing one item. The other 
three scales had low-to-moderate reliability with  values of 0.53, 0.65 and 0.68, which did not 
substantially improve after item removal. All items had an ITC exceeding 0.20. 
 ‘Nephrologist’s care and communication’ was significantly associated with both the 
nephrologist’s and the center’s global rating (r, 0.66 and 0.50; 44% and 25% explained variance 
respectively; P < 0.01). Furthermore, ‘nurses’ care’ correlated with the global rating of the 
dialysis center (r, 0.52; 27% explained variance; P < 0.01). All other correlation coefficients 
between reliable scales and global ratings were below 0.4. 
 

 



 

 

Table 2: Core experience items and scale characteristics, internal consistency reliability and item-total correlations 
 CHD PHHD 

Scales and description of included items E Loading α1 α2 ITC E Loading α1 α2 ITC 

Nephrologist’s care and communication   0.88     0.85   

Nephrologist explaining things clearly 0.19 0.73  0.87 0.63 0.04 0.74  0.83 0.62 

Nephrologist providing information to enable shared 

decision making 

0.30 
0.73  0.87 0.65 

0.15 
0.71  0.83 0.62 

Nephrologist listening attentively 0.11 0.80  0.86 0.71 0.04 0.81  0.82 0.75 

Being taken seriously by nephrologist 0.07 0.77  0.86 0.68 0.01 0.67  0.84 0.57 

Nephrologist treating with respect 0.03 0.66  0.87 0.55 ‡ ‡  ‡ ‡ 

Nephrologist spending enough time with patient 0.14 0.73  0.86 0.65 0.02 0.70  0.84 0.58 

Nephrologist giving opportunity for shared decision 

making 

0.23 
0.77  0.86 0.70 

0.12 
0.78  0.82 0.69 

Nephrologist asking for medication use 0.25 0.57  0.88 0.48 0.12 0.53  0.86 0.42 

Nephrologist spending time and attention to physical 

complaints 

0.11 
0.75  0.86 0.67 

0.06 
0.75  0.83 0.63 

Nurses’ care and communication   [0.59]a)     [0.65]a)   

Nurses explaining things clearly 0.10 0.81  0.41 0.51 0.03 0.83  0.48 0.50 

Being taken seriously by nurses 0.06 0.77  0.47 0.45 0.12 0.83  0.49 0.53 

Immediate help by nurse if needed 0.25 0.73  0.51 0.40 ‡ ‡  ‡ ‡ 

[Being stimulated by nurses to do things yourself]a) 0.38 0.43  0.69a) 0.23 0.10 0.68  0.70a) 0.38 

Social worker’s care and communication   0.83     0.77   

Social worker explaining things clearly 0.17 0.90  0.69 0.76 0.07 0.89  0.59 0.71 

Being taken seriously by social worker 0.06 0.86  0.78 0.68 0.04 0.81  0.74 0.57 

Feeling supported by social worker 0.25 0.85  0.81 0.66 0.22 0.82  0.75 0.60 

Dietician’s care and communication   0.83     0.77   

Dietician explaining things clearly 0.08 0.88  0.74 0.72 0.03 0.89  0.56 0.71 

Dietician providing information on recommended diet 0.11 0.87  0.76 0.70 0.07 0.85  0.68 0.62 

Being taken seriously by dietician  0.18 0.85  0.79 0.68 0.01 0.75  0.79 0.51 

  



 

 

Table 2 (continued) 
 CHD PHHD 

Scales and description of included items E Loading α1 α2 ITC E Loading α1 α2 ITC 

Communication and cooperation between care providers 0.61     n.a.   

Scale 1 – Communication   ‡     0.72   

Nephrologist providing information conflicting with 

that from other caregivers 

0.09 0.48  0.65 0.25 0.06 0.90  n.a. 0.56 

Nurses providing conflicting information 0.08 0.70  0.51 0.44 0.06 0.87  n.a. 0.56 

Scale 2 – Cooperation   ‡     0.68   

Cooperation between clinicians within the center 0.07 0.80  0.47 0.48 0.03 0.88  n.a. 0.52 

Cooperation between nephrologists and other medical 

specialists 

0.07 0.73  0.53 0.42 0.02 0.86  n.a. 0.52 

Organization of care delivery   [0.40]a)     -   
Frequent contact with the primary responsible nurse 0.37 0.59  0.34 0.22 0.34b) n.a. n.a. n.a. n.a. 

Being stimulated to undertake physical activities 0.41 0.67  0.34 0.23 ‡ ‡ ‡ ‡ ‡ 
Scheduled appointment with dietician on short notice 0.10 0.66  0.27 0.32 ‡ ‡ ‡ ‡ ‡ 
Suiting dialysis times 0.07 0.50  0.35 0.22 ‡ ‡ ‡ ‡ ‡ 
[Waiting < 15 minutes for a taxi (between home and 

center)] 

0.63 0.31  0.44a) 0.09 ‡ ‡ ‡ ‡ ‡ 

Medical tests   [0.65]a)     0.65   
Information on planned medical tests 0.14 0.84  0.44 0.56 0.02 0.79  0.50 0.50 

Test results in time  0.14 0.83  0.50 0.50 0.07 0.77  0.55 0.46 

[Appointments for medical tests planned in 

consultation]a) 

0.05 0.62  0.72a) 0.35 0.07 0.72  0.60 0.42 

Information in general   0.38     0.53   

Information on center’s client complaints procedure 0.61 0.79  n.a. 0.24 0.57 0.75  0.35 0.42 

Information on center’s fire procedure 0.83 0.79  n.a. 0.24 ‡ ‡ ‡ ‡ ‡ 

Information during pre-dialysis on types of kidney 

transplantation 

‡ ‡  ‡ ‡ 0.44 0.49  0.52 0.25 

Information during pre-dialysis on potential dialysis-

related medical problems 

‡ ‡  ‡ ‡ 0.18 0.56  0.52 0.23 

Information during pre-dialysis on impact of dialysis 

on daily life 

‡ ‡  ‡ ‡ 0.12 0.74  0.40 0.41 



 

 

Table 2 (continued) 
 CHD PHHD 

Scales and description of included items E Loading α1 α2 ITC E Loading α1 α2 ITC 

Information on patient federation   0.80     0.76   

Information on activities of national patient federation 0.46 0.91  n.a. 0.67 0.39 0.90  n.a. 0.61 

Information on activities of local patient federation 0.37 0.91  n.a. 0.67 0.38 0.90  n.a. 0.61 

Environment during dialysis sessions   0.51     ‡   

Possibility for private conversation with caregiver in 

separate room 

0.29 0.52  0.47 0.26 ‡ ‡ ‡ ‡ ‡ 

Privacy during dialysis session 0.21 0.64  0.44 0.32 ‡ ‡ ‡ ‡ ‡ 

Facilities to regulate body temperature during dialysis 0.02 0.60  0.48 0.34 ‡ ‡ ‡ ‡ ‡ 

Comfortable climate (temperature, humidity) at 

dialysis department 

0.29 0.53  0.47 0.27 ‡ ‡ ‡ ‡ ‡ 

Functioning radio and television during dialysis 0.10 0.47  0.47 0.27 ‡ ‡ ‡ ‡ ‡ 

Functioning computer facilities during dialysis 0.58 0.48  0.47 0.26 ‡ ‡ ‡ ‡ ‡ 

Several options for food/beverages during dialysis 0.10 0.40  0.53 0.18 ‡ ‡ ‡ ‡ ‡ 
Abbreviations: E, proportion of respondents reporting suboptimal experience (answering “never”/“sometimes” or “no”); α1, Cronbach’s  of the whole scale; α2, Cronbach’s alpha of 
the whole scale if item removed (applicable when scale consists of more than two items); ITC, Item Total Correlation; n.a., not applicable 
‡ not a core experience item/domain/scale in the questionnaire; 
a) an α1 value between square brackets indicates that we removed one of the items (with description presented in square brackets) to increase reliability of the final scale by at least 

10% or to reach the threshold of 0.70; the Cronbach’s  of the final scale is presented as a bold α2 value. 
b) The only core experience item in the Organization domain for PHHD care; not possible to construct a scale 
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Patient priority 
From all 71 items in the pilot CQ index CHD, the three items with the highest percentage of 
respondents rating it as ‘extremely important’ were: being taken seriously by nephrologist 
(51.7%), having to wait for a taxi <15 minutes (47.3%), and dialysis staff handling patient data 
confidentially (46.5%). For PHHD care, these three items were: immediate help in case of 
peritonitis (84.1%), center’s accessibility by phone in case of emergency (62%), and the 
nephrologist explaining things clearly (56.2%) (Table 3). 
 
Table 3 Top 10 aspects of dialysis care with the highest % ‘extremely important’ a) 

Item description 
% extremely 

important 
Mean 
priority 

Median 
priority 

CHD    
Being taken seriously by the nephrologist 51.7 3.49 4.0 

Waiting <15 minutes for taxi between home and 
dialysis center 

47.3 3.37 3.0 

Dialysis center staff handling patient data 
confidentially 

46.5 3.39 3.0 

Center’s accessibility by phone in case of emergency 46.3 3.37 3.0 
Information on center’s fire procedure 46.2 3.29 3.0 

Nephrologist explaining things clearly 46.0 3.40 3.0 

Nephrologist listening attentively 43.9 3.39 3.0 

Theft prevention in dialysis center 43.4 3.24 3.0 

Being taken seriously by nurses  42.4 3.38 3.0 

Timely referral by nephrologist to other medical 
specialists 

40.4 3.32 3.0 

PHHD    

Immediate help in case of peritonitis 84.1 3.82 4.0 

Center’s accessibility by phone in case of emergency 62.0 3.60 4.0 

Nephrologist explaining things clearly 56.2 3.54 4.0 

Being taken seriously by the nephrologist 56.2 3.54 3.0 

Information during pre-dialysis on hygiene when 
dialyzing 

54.0 3.49 4.0 

Nephrologist provided information for shared 
decision making 

51.6 3.48 4.0 

Dialysis center staff handling patient data 
confidentially 

49.2 3.44 3.0 

Cooperation between nephrologists and other 
medical specialists 

48.4 3.42 3.0 

Center’s accessibility by phone during opening 
hours 

48.3 3.47 3.0 

Information on possibilities for kidney 
transplantation 

48.2 3.25 3.0 

a) scored on a 4-point Likert scale (not important, of some importance, important, extremely important) 
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Opportunities for improving chronic dialysis care 
We calculated the QI score for all core experience items. Table 4 contains the results for the ten 
core items with the highest proportion of respondents rating that item as ‘extremely important’. 
The opportunities for improvement per modality are described below. 
 
Table 4: Quality improvement (QI) scores for the aspects of dialysis care with the highest 
priority 

Item description 
Priority 

(95% CI) 

Suboptimal 
experience 

(E) 
QI score a) 

CHD    
Being taken seriously by nephrologist 0.52 (0.48-0.56) 0.07 3.77 
Waiting < 15 minutes for a taxi (between 
home and center) 

0.47 (0.43-0.51) 0.63 29.85 

Information on center’s fire procedures 0.46 (0.42-0.50) 0.83 38.25 

Nephrologist explaining things clearly 0.46 (0.42-0.50) 0.19 8.79 

Nephrologist listening attentively 0.44 (0.40-0.48) 0.11 4.65 

Nurses explaining things clearly 0.42 (0.38-0.46) 0.06 2.67 
Nephrologist providing information for 
shared decision making 

0.40 (0.36-0.44) 0.30 12.02 

Nephrologist spending time and attention to 
physical complaints 

0.40 (0.36-0.44) 0.11 4.48 

Nurses providing conflicting information 0.40 (0.36-0.44) 0.08 3.20 

Information on planned medical tests 0.40 (0.36-0.44) 0.14 5.52 

PHHD    
Nephrologist explaining things clearly 0.56 (0.50-0.62) 0.04 2.19 

Being taken seriously by nephrologist 0.56 (0.50-0.62) 0.01 0.73 
Nephrologist provided information for 
shared decision making 

0.52 (0.45-0.58) 0.15 7.79 

Cooperation between nephrologists and 
other medical specialists 

0.48 (0.42-0.55) 0.02 0.92 

Information on planned medical tests 0.48 (0.41-0.54) 0.04 1.66 

Nephrologist listening attentively 0.47 (0.41-0.54) 0.02 0.99 
Information during pre-dialysis on potential 
dialysis-related medical problems 

0.44 (0.38-0.50) 0.18 8.08 

Nurses providing conflicting information 0.44 (0.38-0.50) 0.06 2.44 
Nephrologist spending time and attention to 
physical complaints 

0.43 (0.37-0.50) 0.06 2.55 

Nephrologist spending enough time 0.41 (0.35-0.48) 0.02 0.70 
Abbreviations: Priority, proportion of respondents reporting ‘extremely important’; E, proportion of respondents reporting 
“never” or “sometimes” on a 4-point Likert response item or “no” on a Yes-No response item; CI, Confidence Interval 
a) QI score = Priority × E × 100 
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CHD 
The mean QI score for aspects of CHD care was 5.68 (standard deviation [SD], 6.9; median, 
4.12). Table 4 shows that the most important item (being taken seriously by nephrologist) 
exhibited limited room for improvement (3.77), but the second and third most important items 
(waiting for a taxi <15 minutes, and information on center’s fire procedure) had the highest QI 
score of all core experience items (29.85 and 38.25 respectively); they also had the largest 
proportion of patients reporting a suboptimal experience (0.63 and 0.83 respectively). Two 
aspects of nephrologist’s care and communication (providing information to enable shared 
decision making, and explaining things clearly) also showed reasonable opportunity for 
improvement, with scores of 12.02 and 8.79. Items that were not in the priority top ten, but had a 
relatively high QI score were: comfortable climate (temperature, humidity) at dialysis 
department (9.49), nephrologist asking for medication use (9.42), and nephrologist giving 
opportunity for shared decision making (7.47). All other items had a QI score below 7.0. 
 
PHHD 
Items in the PHHD questionnaire had a mean QI score of 3.36 (SD, 3.70; median, 2.32). Of the 
core experience items with the highest priority, information during pre-dialysis on potential 
dialysis-related medical problems, and nephrologist providing information to enable shared 
decision making had the highest QI score (8.08 and 7.79 respectively) (Table 4). The rest of the 
items in the priority top ten showed limited room for improvement. Information during pre-
dialysis on types of kidney transplantation (17.09), and information on center’s client complaints 
procedure (12.07) were the two aspects of PHHD care exhibiting the biggest room for 
improvement, but both were outside the top ten of most important items; their high QI scores 
were mainly due to the relatively large proportion of patients reporting a suboptimal experience 
(0.44 and 0.57 respectively). The remaining items had a score below 7.0. 

 
Discussion 
This study resulted in two validated CQ index questionnaires to measure dialysis patient 
experience and priority with care: one for in-center hemodialysis (CHD), and one for peritoneal 
and home hemodialysis (PHHD). Overall, most items showed limited room for improvement, 
mainly because patients rated the experience with their dialysis care to be optimal. 
 
Strengths and weaknesses 
Extensive patient involvement in developing the CQ index is a strength of our study, increasing 
the likelihood that the instrument will reflect patients’ view on care. However, of all items 
originally included in the pilot questionnaire, almost half had to be excluded as a core 
experience item; one-third of the excluded PHHD items and one-sixth of those for CHD were 
rated as extremely important by at least 40% of the respondents. The main reason for exclusion 
was that an insufficient number of respondents had experienced those aspects of care. We 
consider this precondition for including items as part of core experience to be an inherent 
limitation of this type of measurement tools. This is also true for excluding items based on lack 
of variation in experience. In our study this concerned only items for which respondents reported 
an optimal experience. Typically, it is important to remember that these observations are not 
necessarily generalizable to other healthcare systems: aspects of care that were considered 
optimal by Dutch dialysis patients, might still show room for improvement elsewhere. 
Moreover, this criterion could have resulted in excluding aspects of care with which most 
patients had a very negative experience. This implies that areas of care with a large room for 
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improvement would have been missed. We, therefore, suggest that for high priority aspects that 
lack experience data or items with which almost all patients have suboptimal experience should 
be evaluated using more qualitative methods such as quality audits12 or in-depth interviews with 
patients who do have experience with them. This will create a more comprehensive picture of 
the patient perspective. 
 A weakness of our study design was that, due to the relatively small number of dialysis 
patients in the Netherlands, we could not re-test the final version of the CQ index. However, 
since the instrument is now applied within the certification scheme for Dutch dialysis centers,12 
new data will be available in the future, which could be used to address this shortcoming. 
 
Relation to other studies 
Previous studies reported on the patient perspective on end-stage renal disease care. Some aimed 
at gaining insight into patient priority,19;20 while others presented instruments to measure patient 
experience. These instruments covered a broad scope similar to the CQ index,5;9;21 or focused on 
specific areas of dialysis care, such as education22 or organizational aspects of peritoneal 
dialysis.6 Not all of them were validated,21;22 one used patient data from a single center,5 and 
only the Consumer Assessment of Health Plan Survey (CAHPS) for in-center hemodialysis9 
aimed to measure actual experience instead of satisfaction. As the standardized survey method 
we used is partly based on CAHPS, the resemblance with the CQ index is not surprising. Still, a 
salient difference is that the CQ index Dialysis has separate experience domains for nurses’, 
social worker’s, and dietician’s care, while CAPHS has one for dialysis center staff (excluding 
the nephrologist). Experience measured by this amalgamated scale will probably be dominated 
by the care delivered by nurses as they interact with patients more frequently than other staff 
members. This assumption was confirmed by our finding that nurses’ care explained the highest 
percentage of the center’s global rating variance, something also found by a study on patient 
experience with hospital care.23 Therefore, we suggest evaluating nurses’ care separately; if 
dieticians and social workers are part of regular dialysis staff, their care should form distinct 
domains. Apart from the emphasis on specific areas of care that might result from the way health 
care is organized, we reckon that most core items that were included in the CQ index are not 
unique to the Dutch situation, and are therefore generalizable to dialysis care in other countries.  
Finally, another prominent difference between the CQ index and other instruments is that none 
of the others used patient priority to weigh the aspects of care under evaluation. So to our 
knowledge, we are the first to present a tool that enables focusing on improving the negative 
experience that patients actually rate as important.  
 
Opportunities for improvement of dialysis care from the patient perspective 
Overall, the CQ index indicated only a few aspects of care as showing considerable opportunity 
for improvement: with a maximum QI score of 100 expressing the greatest room for 
improvement, only five of the core CHD and PHHD items had a score exceeding 10. For CHD 
care these were taxi services between home and center, information on center’s fire procedure, 
and nephrologist providing information to enable shared decision-making. For PHHD it 
regarded information during pre-dialysis on types of kidney transplantation, and information on 
center’s client complaints procedure. The item with the highest QI score regarded informing 
CHD patients on what to do in case of fire, which is also an item in the CAPHS questionnaire.9 
Based on our results, Dutch dialysis centers could consider checking if their patients indeed 
received and understood this information, and if periodical reminders on the center’s fire 
procedure are warranted. The large proportion of PHHD patients not receiving information on 
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types of kidney transplantation during pre-dialysis might have resulted from the fact that not all 
patients were considered eligible for transplantation. 
 
Future research 
The CQ index for chronic dialysis ultimately aims to facilitate quality improvement. For 
example, by enabling dialysis centers to monitor the experiences of their patients over time, or 
by comparing patient experiences between centers. However, to ensure meaningful inter-facility 
comparisons, the ability of the CQ index for chronic dialysis to measure differences between 
centers should be investigated first.  
 Also, knowledge on the influence of case-mix factors on patient experience is required. 
For example, Rubin et al. evaluated the relationship between modality and satisfaction, and 
concluded that patients on peritoneal dialysis rated their care higher than those receiving 
hemodialysis24 as was also seen in our study. Also, CQ index data from almost 12 000 health 
plan consumers showed that age and education were important case-mix adjusters for experience 
with health plans25. At the same time, another study found no association between patient 
characteristics and experience with rheumatoid arthritis care.26 Some even warned that adjusting 
for case-mix might lead to erasing meaningful differences in health care quality.27 Therefore, 
future research should explore to what extent case-mix factors influence dialysis patient 
experience in order to support centers with correctly interpreting their CQ index results and 
comparing them with those of their peers. 
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Abstract 
Objective 
To investigate which patient characteristics are determinants of patient experience and global 
ratings of dialysis care. 
Methods 
We used data from 840 dialysis patients who completed a validated patient experience survey. 
We created a potential theoretical framework based on available clinical knowledge to 
hypothesize on the relationships among thirteen demographic, socio-economic, and health status 
factors, and patient experience with nephrologist’s and nurses’ care, and their global rating of 
the dialysis center. The theoretical framework guided the selection of confounding variables for 
each determinant, which were then entered as terms in multivariable linear regression models. 
Results 
Patients with higher age, non-European ethnicity, lower educational level, without past 
diagnosis of malignancies, without co-morbidities, with lower albumin values, and better self-
rated health reported higher global ratings with the dialysis center than their counterparts. 
Presence of a past myocardial infarction, and better self-rated health were found to be 
determinants of a more positive experience with the nephrologist’s care. For nurses’ care these 
were higher age, ethnic Dutch background, lower educational level, lower albumin levels, and 
better self-rated health. 
Conclusions 
Several characteristics of dialysis patients influence the way they rate and experience their care. 
When using patient experience and ratings as indicators of clinical performance, they should be 
adjusted for the factors as identified in our study. This will facilitate meaningful comparison of 
dialysis centers, and enable informed decision-making by patients, insurers, and policy makers. 
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Introduction 
The patient perspective on care has become a key dimension of health care quality,1;2 and can be 
used by healthcare providers to improve their services.3;4 In the Netherlands the Consumer 
Quality (CQ) index, a standardized survey method that combines the inventory of care 
experiences with an assessment of their priority,5;6 is used to capture the patient perspective on 
the quality of care. Recently, a CQ index was developed for chronic dialysis care.7 
Dialysis patient experience as captured by the CQ index is intended to be used as an indicator of 
clinical performance, and as a tool to facilitate comparison of dialysis centers. To ensure that 
differences between centers are attributable to the care delivered, knowledge is needed on 
factors affecting the patient perspective that are not under the influence of dialysis care 
providers.8-10 
 Previous research investigated the relationship between patient characteristics and patient 
satisfaction.4;9;11-14 For example, respondents with higher age, and lower educational level were 
found to be more satisfied than their counterparts.4;11 Others concluded that poorer health status 
was associated with lower levels of satisfaction.12-14 However, none of these studies regarded 
patients with end-stage renal disease (ESRD). Two studies that did focus on ESRD patients 
examined dialysis modality as a determinant of patient ratings,15;16 but they investigated only in 
part the influence of socio-economic and health status factors. 
 Therefore, our research question was: Which patient characteristics are determinants of 
patient experience and global ratings of dialysis care? The findings of this study may be of 
interest to patients, insurers, and policy makers using patient experience and ratings as clinical 
performance indicators to compare dialysis centers, as well as to researchers investigating 
determinants of dialysis patient experience. 

 
Methods 
Theoretical framework 
We developed a theoretical framework based on available clinical knowledge to hypothesize on 
how dialysis patient characteristics may influence the way they experience and rate their care 
(Figure 1). We were interested in the relationships between demographic, socio-economic, and 
health status factors, and patient experience and ratings. Previous research in other medical 
domains showed all of these factors to be determinants of patient satisfaction.4;11;13;14 Moreover, 
demographic and socio-economic factors were identified as confounders of the association 
between health status and patient satisfaction,12 whereas demographic factors were reported to 
confound the relationship between socio-economic factors and health.17 
 
Data collection 
Cross-sectional data on patient characteristics, experience, and global ratings were collected 
from June to October 2008. We disseminated the CQ index for chronic dialysis care in sixteen 
Dutch centers among 1759 patients. We used the Dillman method –allowing for up to three 
reminders where necessary– to maximize response rate.18 Finally, 840 respondents completed 
the questionnaire (net response rate, 48%); the median number of respondents per center was 53 
(range, 23-106). Additional items regarding patients’ physical health status were collected by the 
centers (coordinated by a research nurse), and by a data extraction from the Dutch renal registry. 
Patients gave consent for using their data by returning a signed consent form together with the 
completed questionnaire. 
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Figure 1: Theoretical framework describing the hypothesized relationships among patients’ 
characteristics, and health status, and patient experience and ratings of care.  
The black arrows indicate the pathway of interest for this specific study. Demographic and socio-economic factors are known to be 
associated with patient satisfaction 4;11, as well as with health status 17. With regard to the latter, demographic factors were 
identified as a confounder of the relationship between socio-economic factors and health 17. In turn, self-rated and physical health 
were found to be determinants of patient satisfaction13;14, with demographic and –to a lesser extent– socio-economic factors as 
confounders 12. Previous studies reported socio-demographic, and health status factors to influence dialysis modality selection 
19;20. Lastly, modality has been shown to affect patient ratings 15. 

 
PATIENT RATING AND EXPERIENCE AS OUTCOME MEASURES 
We selected three variables as outcome measures for our analyses: the global rating of the 
dialysis center (range, 0 to 10), and two composite scales of patient experience (range, 1 to 4) 
that were obtained from a previous psychometric analysis.7 Patient experience concerned the 
care delivered by the nephrologist, and by nurses’ respectively. Table 1 shows the individual 
items and original response scale for all three variables, which were all treated as continuous 
measures; higher scores represented better ratings or experiences. For reasons of comparability 
between the outcome measures we re-scaled the composite experience measures to match the 
global rating, thereby deriving a scale of 0 to 10 for all outcome measures. 
 
DEMOGRAPHIC AND SOCIO-ECONOMIC FACTORS AS DETERMINANTS 
We gathered information on the following demographic factors: age; sex; ethnicity (ethnic 
Dutch; other European; non-European). The latter was constructed based on three items 
concerning the country of birth of the respondent, and of the respondent’s parents. Only if all 
three were born in the Netherlands, we recorded the ethnicity to be ethnic Dutch. We had one 
respondent from Northern America, which we categorized as ‘other European’. 
For socio-economic factors we had data on educational level (lower than high school; high 
school including vocational college; post-secondary education), and Dutch spoken at home 
(Dutch; other).  
 

HEALTH STATUS  Demographic factors
(age, gender, ethnicity)

  Socio-economic factors
(education, language)

Diabetes
Mellitus

Albumin
Hemoglobin

Self-rated
health

Dialysis
modality

Patient experience
nephrologist’s care

Patient experience
nurses’ care

Global rating
dialysis center

Status on Tx
waiting list

Cardio-vascular
disease

Malignancies

Comorbidity 
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Table 1: Three outcome measures reflecting patient experience 

Variable 
No. 
Items 

Items 
Original response 
categories 

Nephrologist’s care 
and communication 

9 

Nephrologist explaining things 
clearly;  

Nephrologist providing information to 
enable shared decision making;  

Nephrologist listening attentively;  

Being taken seriously by 
nephrologist;  

Nephrologist treating with respect;  

Nephrologist spending enough time 
with patient;  

Nephrologist giving opportunity for 
shared decision making;  

Nephrologist asking for medication 
use;  

Nephrologist spending time and 
attention to physical complaints 

Never (1);  
Sometimes (2);  
Usually (3);  
Always (4) 

Nurses’ care and 
communication 

3 
Nurses explaining things clearly;  

Being taken seriously by nurses;  

Immediate help by nurse if needed 

Never (1);  
Sometimes (2);  
Usually (3);  
Always (4) 

Global rating of 
dialysis center 

1 

Using any number from 0 to 10, 
where 0 is the worst dialysis center, 
and 10 the best dialysis center 
possible, what number would you use 
to rate your dialysis center? 

0 to 10 

 
HEALTH STATUS FACTORS AS DETERMINANTS 
To determine patients’ health status, we considered physical as well as self-rated health. With 
regard to physical health, we collected data on the following items: diabetes mellitus as primary 
renal disease (yes; no); past diagnosis of malignancies (yes; no); past myocardial infarction (yes; 
no); hemoglobin value (grams per deciliter); serum albumin value (grams per deciliter); status 
on the transplant (Tx) waiting list (registered; not registered). The first three were also used to 
compose an additional categorical variable indicating the number of co-morbidities present 
(none; one; at least two). Lastly, we added self-rated health as a determinant, which was 
operationalized by asking respondents if they would say their health was –in general– excellent, 
very good, good, fair, or poor. We combined ‘excellent’ and ‘very good’ into one category. 
This totaled up to thirteen potential determinants.  
 
Data analysis 
Linear regression was performed to assess the associations between the patient characteristics 
and each of the three outcome measures. To account for potential correlation of outcomes within 
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dialysis centers we used generalized estimating equations (GEE), with an independent working 
correlation structure.21 
 For the relationship of each of the thirteen determinants with patient experience, we 
selected potential confounders from the remaining twelve guided by accepted criteria for 
confounding,22 background knowledge summarized in the theoretical framework (Figure 1), and 
absence of multi-collinearity (i.e., a determinant should not be highly correlated with other 
determinants in the same model; variance inflation factors should not exceed 3.0). Univariable 
models were constructed to investigate which factors had an unadjusted relationship with patient 
experience and ratings. Subsequently, for each determinant we entered the selected confounders 
as terms in adjusted, multivariable models. Per model we excluded cases with missing values list 
wise. All analyses were performed using R version 2.13.1. 

 
Results 
Of the 840 respondents in our study population, 592 (70.5%) were treated in-center with 
hemodialysis, and 248 (29.5%) at home with peritoneal dialysis or home hemodialysis. Table 2 
summarizes their characteristics.  
 
Table 2: Characteristics of the study population 

Determinants  
Respondents;  
valid %a) (n=840) 

Demographic factors 
 Age ( years) Mean (SD)  63.2 (14.5) 
 Sex Male  61.3 
 Ethnicity Ethnic Dutch  70.7 

 Other European  4.9 
 Non-European  24.4 

Socio-economic factors 
 Educational level Lower than high school  24.8 

 High school/vocational college  61.9 
 Post-secondary education  13.3 
 Dutch spoken at home Yes  89.4 
Health status 
 Diabetes as primary renal disease Yes  18.1 
 Past myocardial infarction Yes  23.4 
 Past diagnosis of malignancies Yes  16.2 
 Number of co-morbidities 0  49.6 
 1  41.2 
 2 or more  9.2 
 Status on Tx waiting list Registered  45.4 
 Albumin (g/dl) Mean (SD)  3.6 (0.6) 
 Hemoglobin (g/dl) Mean (SD)  7.3 (0.8) 
 Self-rated general health Very good or excellent  3.9 
 Good  36.2 
 Fair  50.1 
 Poor  9.8 
Abbreviations: SD, standard deviation; Tx transplantation 
a) Values are valid percentages, unless indicated otherwise. 
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We had missing values for variables regarding co-morbidity (ranging between 17.6 and 22.2 %), 
status on the Tx waiting list status (15.2%), and for albumin and hemoglobin (14.3 and 14.1% 
respectively). Respondents with at least one health status variable missing did not differ with 
regard to demographic and socio-economic characteristics compared to those for whom we had 
all health status variables available. The median (interquartile range) values of the outcome 
measures were 8.0 (8.0 to 9.0), 8.5 (7.0 to 9.6), and 8.9 (7.8 to 10.0) for the center’s global 
rating, and the experience with nephrologist’s and nurses’ care, respectively. The results of all 
unadjusted and adjusted models are presented per outcome measure (Table 3 to 5), and 
described in more detail below. Adding the number of co-morbidities as a confounder in the 
multivariable model for albumin, hemoglobin, Tx waiting list status, and self-rated health led to 
multi-collinearity. We, therefore, discarded the number of co-morbidities as a confounding 
variable from these models  
 
Determinants of dialysis center’s global rating 
Table 3 shows that per year of age, respondents rated the dialysis center .010 points higher (95% 
confidence interval [CI], .005 to .015) on a scale from 0 to 10. Respondents with non-European 
ethnicity reported a higher rating than ethnic Dutch patients (.225; 95% CI, .005 to .445). 
Educational level had a negative association with the global rating of the center; respondents 
that received post-secondary education rated the center .313 point lower (95% CI, -.591 to -.034) 
than those with lower than high school education. Respondents with a past diagnosis of 
malignancies were less positive about their center than those without (-.192; 95% CI -.355 to -
.031). This was also true for having two or more co-morbidities compared to no co-morbidities 
(-.322; 95% CI, -.526 to -.119).  
 From the multivariable model for albumin it appeared that one gram per deciliter increase 
was related to a .228 point decrease (95% CI, -.406 to -.049) in the center’s global rating. Lastly, 
respondents that rated their health as ‘poor’ reported a rating of 1.135 points lower (95% CI, -
1.639 to -.630) on a scale from 0 to 10 than those with a very good or excellent self-rated health. 
After adjustment for relevant confounders the determinants sex, Dutch spoken at home, diabetes 
as primary renal disease, past myocardial infarction, hemoglobin, and status on Tx waiting list 
did not show an association with the center’s global rating. 
 
Determinants of patient experience with nephrologist’s and nurses’ care 
NEPHROLOGIST’S CARE 
None of the demographic and socio-economic factors appeared to be a determinant for the 
experience with the nephrologist’s care (Table 4). Of the health status variables, only two 
showed an association: a past myocardial infarction positively affected patient experience (.393; 
95% CI, .088 to .698), and respondents with a poor self-rated health were found to have an 
experience score for nephrologist’s care of 1.399 points lower (95% CI, -2.416 to -.382) on a 
scale from 0 to 10 than those rating their health as very good or excellent. 
 
NURSES’ CARE 
Table 5 shows that per year of age increase, experience with nurses’ care was .012 point higher 
(95% CI, .006 to .018) on a scale from 0 to 10. Respondents with a non-European ethnicity had 
a more negative experience with nurses than ethnic Dutch respondents (-.414; 95% CI, -.786 to -
.042). This was also true for those having received high school education compared to a lower 
educational level (-.309; 95% CI, -.590 to -.029). One gram per deciliter increase in albumin was 
related to a .356 points lower (95% CI, -.557 to -.156) experience score on the nurses’ scale 
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Finally, as also seen for the other two outcome measures, a worse self-rated health was 
associated with a more negative experience; those with a poor self-rated health scored 1.396 
points lower (95% CI, -2.050 to -.743) for nurses’ care than patients with a very or excellent 
self-rated health. Sex, Dutch spoken at home, the co-morbidity variables, hemoglobin, and status 
on Tx waiting list showed not to be related to patient experience with nurses’ care after 
adjustment for relevant confounders. 

 
Discussion 
In this study, we explored the relationship between dialysis patient characteristics and their 
rating of and experience with care. Our results show that patients with higher age, non-European 
ethnicity, lower educational level, without past diagnosis of malignancies, without co-
morbidities, with lower albumin values, and better self-rated health rated their experiences with 
the dialysis center higher than their counterparts. Presence of a past myocardial infarction, and 
better self-rated health were found to be the only determinants of a more positive experience 
with the nephrologist’s care; for nurses’ care these were higher age, ethnic Dutch background, 
lower educational level, lower albumin levels, and better self-rated health.  
 
Strengths and limitations of the study  
The main strength of our study is that we presented a potential theoretical framework based on 
existing clinical knowledge hypothesizing on how the measured determinants could affect 
patient experience with chronic dialysis. The model guided our analyses, and enabled us to 
contribute to an understanding of the etiology of dialysis patient experience.23 Another strength 
is the use of validated, composite scales that reflect the actual experiences patients had with the 
care delivered by the nephrologist and nurses. Such experience scales are taken to represent a 
less subjective measure of the patients’ perspective than global ratings or satisfaction scores that 
conflate actual experience with the expectations patients had prior to receiving their treatment 
and with their judgments of the quality of the experience.24;25 In addition, the nephrologist’s and 
nurses’ care scales gave us the opportunity to explore whether they were influenced by other 
factors than the overall rating of the center. 
 The lack of information on the group of non-respondents is a limitation of our study 
because as a result we cannot assess the representativeness of the respondents. However, a 
previous study on patient ratings of dialysis care reported only minor differences between 
baseline characteristics of non-respondents and respondents.15 Therefore, we do not expect that 
availability of information on non-respondents would have led to different conclusions.  
 Lastly, the data we collected on the presence of co-morbidities did not allow us to assess 
the severity of these conditions, or to what extent they formed an active health problem at the 
time of completing the survey. Alternatively, we used the number of co-morbidities as a proxy 
for the potential disease burden. Also, because we used information on the primary renal disease 
to identify dialysis patients with diabetes mellitus, we captured only a part of the study 
population that actually suffers from this disease. 
 
Explanation of findings 
The large majority of the patients in our study tended to be (very) positive about their dialysis 
care: for all three outcome measures 75% of the respondents scored at the 20-30% most positive 
side of the scale. This limited variation in outcome measures may explain the relatively small 
effect sizes for some of the determinants. For the dialysis center’s global rating and for the 
experience with nurses’ care we found a similar set of determinants. This might be explained by 
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the fact that the treatment provided by a dialysis center is usually dominated by the care 
delivered by nurses as they interact with patients more frequently than the nephrologist. This 
confirms other studies reporting that experience with nurses’ care is strongly related with the 
facility’s global rating.7;26 
 Our finding that dialysis patients with higher age and lower educational level rate their 
care higher is in line with studies from other clinical domains.4;11 Potential explanations 
suggested are that these older and less well educated patients are more accepting, or that they 
have lower standards in evaluating the way they were treated. Our results also confirm data from 
other studies that patient experience is not affected by the patient’s sex.4;11 Respondents with a 
non-European ethnicity rated their dialysis center higher than ethnic Dutch patients. This might 
stem from respondents with a non-European background having lower a priori expectations of 
healthcare services. At the same time, they reported a less positive experience with nurses’ care 
than ethnic Dutch, possibly because cultural differences cause respondents with a non-European 
ethnicity to feel less supported by nurses. 
 With regard to associations between health status factors and the outcome measures, 
poorer health predicted lower ratings and less positive experience in most cases. This is in line 
with the results of previous research.12-14 Nonetheless, in our study we found an association in 
the opposite direction for albumin: even though a higher albumin level is a sign of better 
physical health, it negatively influenced patient experience and ratings.12-14 We cannot think of 
an obvious care delivery mechanism that would explain this finding, and speculate it to be due 
to differences in laboratory methods for serum albumin. Unfortunately, we did not have 
information on the laboratory methods used. Similarly counterintuitive was the positive 
association between the presence of a past myocardial infarction and experience with 
nephrologist’s care. An explanation may be that a past cardiac event might prompt the 
nephrologist to pay extra attention to the patient’s cardiovascular disease management, 
subsequently culminating in better patient experience.  
 
Implications for practice and research 
Our results show that several characteristics of dialysis patients affect the way they rate and 
experience their care. The majority of the determinants we investigated are not under the 
influence of dialysis care providers. Hence, when aiming to use patient experience and ratings as 
clinical performance indicators to compare dialysis centers, we suggest these indicators to be 
adjusted for the relevant patient characteristics as identified in our study. This will increase the 
probability that measured inter-facility differences are indeed attributable to the care provided.  
However, case-mix adjustment for patient characteristics should be done with caution because it 
may mask relevant differences in the type and quality of the delivered dialysis care.27-29 On the 
one hand, most surveys measuring dialysis patient experience or satisfaction comprise cross-
sectional measurements in a prevalent patient population. This implies that –at the time of 
measuring– patient factors related to health status might have changed since start dialysis as a 
result of the received treatment; in our study, this concerned malignancies, myocardial 
infarction, albumin, and self-rated health. Because these determinants are –at least to some 
degree– potentially affected by the dialysis treatment received from their center, adjusting for 
them might conceal meaningful differences in patient experience and ratings between centers. 
On the other hand, previous studies reported that younger, healthier patients with a higher 
educational level are more likely to receive peritoneal dialysis.19;20 One could suggest that the 
influence of patient characteristics on receiving a particular treatment may also be true for other 
aspects of care, like dialysis patients with a past myocardial infarction potentially receiving 
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more attention from the nephrologist. In turn, peritoneal dialysis patients were more likely to 
rate their care as excellent than those receiving in-center hemodialysis.15;16 This suggests that the 
nature of the treatment influences dialysis patient ratings, which has also been reported in other 
clinical domains.30;31 It implies that differences in patient experience are not only explained by 
specific groups of patients having different response tendencies –which is unrelated to the 
quality of care– but also by differences in the treatment delivered. Therefore, future (preferably 
longitudinal) studies should explore the reciprocal relationship between health status, the 
delivered dialysis care, and patient experience and ratings. This will lead to a better 
understanding of the factors that influence the patient perspective, which will form a point of 
departure for designing interventions to further improve patient experience with dialysis care. 



 

 

Table 3 Unadjusted and adjusted effect estimates of each determinant on the global rating of the dialysis center 
 Unadjusted estimates  Adjusted estimates 
Determinant 
(reference group or unit) 

Beta (95% CI) 
P 

value 
 Confounding variables 

adjusted for 
Beta (95% CI) 

P 
value 

Demographic factors      
Age (years) a) .010 (.005 to .015) <.01  n.a. n.a. n.a. 
Sex (male) a) -.007 (-.142 to .129) .92  n.a. n.a. n.a. 
Ethnicity (ethnic Dutch)    

age; sex 

  
  Other European .033 (-.298 to .364) .85  .037 (-.324 to .398) .84 
  Non-European .175 (-.013 to .363) .07  .225 (.005 to .445) .045 

Socio-economic factors       
Educational level (lower than high school)   

age; sex; ethnicity; Dutch spoken at home 

  
  High school -.365 (-.540 to -.190) <.01  -.300 (-.488 to -.113) <.01 
  Post-secondary -.378 (-.690 to -.066) .02  -.313 (-.591 to -.034) .03 
Dutch spoken at home (yes) .126 (-.157 to .408) .38  age; sex; ethnicity; education -.110 (-.492 to .271) .57 

Health status       

Diabetes as primary renal disease (no) -.032 (-.250 to .186) .77 
 age; sex; ethnicity; education; Dutch 

spoken at home 
-.105 (-.326 to .116) .35 

Past myocardial infarction (no) .102 (-.130 to .334) .39 
 age; sex; ethnicity; education; Dutch 

spoken at home; diabetes 
-.046 (-.263 to .171) .68 

Past diagnosis of malignancies (no) -.127 (-.281 to .027) .11 
 age; sex; ethnicity; education; Dutch 

spoken at home 
-.192 (-.355 to -.031) .02 

Number of co-morbidities (0)    
age; sex; ethnicity; education; Dutch 

spoken at home 

  
  1 .075 (-.120 to .269) .45  -.004 (-.177 to .169) .96 
  2 or more -.139 (-.349 to .071) .19  -.322 (-.526 to -.119) <.01 
  



 

 

Table 3 (continued) 
 Unadjusted estimates  Adjusted estimates 
Determinant 
(reference group or unit) 

Beta (95% CI) 
P 

value 
 Confounding variables 

adjusted for 
Beta (95% CI) 

P 
value 

Albumin (g/dl) -.231 (-.375 to -.086) <.01 
 age; sex; ethnicity; education; Dutch 

spoken at home; diabetes; myocardial 

infarction; malignancies; hemoglobin 

-.228 (-.406 to -.049) .01 

Hemoglobin (g/dl) -.022 (-.127 to .082) .68 
 age; sex; ethnicity; education; Dutch 

spoken at home; diabetes; myocardial 

infarction; malignancies; hemoglobin 

.005 (-.116 to .125) .93 

Status on Tx waiting list 

(registered) 
.293 (.067 to .519) .01 

 age; sex; ethnicity; education; Dutch 

spoken at home; diabetes; myocardial 

infarction; malignancies; albumin; 

hemoglobin 

.098 (-.161 to .356) .46 

Self-rated health (very good or excellent)   

age; sex; ethnicity; education; Dutch 

spoken at home; diabetes; myocardial 

infarction; malignancies; albumin; 

hemoglobin; Tx waiting list status 

  

Good -.296 (-.576 to -.016) .04  -337 (-.651 to -.023) .04 

Fair -.459 (-.691 to -.227) <.01  -.603 (-.944 to -.262) <.01 

Poor -.730 (-1.053 to -.408) <.01  -1.135 (-1.639 to -.630) <.01 

Abbreviations: CI, confidence interval; n.a., not applicable; Tx, transplantation 
a) Assuming no uncontrolled confounding, the relationships between age and sex, and the outcome measures given by the unadjusted estimates can be interpreted as valid effects. 

  



 

 

Table 4: Unadjusted and adjusted effect estimates of each determinant on dialysis patient experience with nephrologist’s care 
 Unadjusted estimates  Adjusted estimates 
Determinant 
(reference group or unit) 

Beta (95% CI) 
P 

value 
 Confounding variables 

adjusted for 
Beta (95% CI) 

P 
value 

Demographic factors      
Age (years) a) .002 (-.008 to .012) .68  n.a. n.a. n.a. 
Sex (male) a) .019 (-.254 to .292) .89  n.a. n.a. n.a. 
Ethnicity (ethnic Dutch)    age; sex   
 Other European .326 (-.053 to .704) .09  

 
.261 (-.138 to .660) .20 

 Non-European -.007 (-.345 to .331) .97  -.078 (-.455 to .298) .68 

Socio-economic factors       
Educational level (lower than high school)   

age; sex; ethnicity; Dutch at spoken 

home 

  
 High school -.0004 (-.318 to .317) 1.00  -.087 (-.427 to .252) .62 
 Post-secondary -.218 (-.910 to .475) .54  -.304 (-1.027 to .419) .41 
Dutch spoken at home (yes) -.112 (-.610 to .386) .66  age; sex; ethnicity; education -.169 (-.752 to .415) .57 

Health status       

Diabetes as primary renal disease (no) -.266 (-.774 to .243) .31 
 age; sex; ethnicity; education; Dutch 

spoken at home 
-.245 (-.736 to 246) .33 

Past myocardial infarction (no) .366 (.123 to .608) <.01 
 age; sex; ethnicity; education; Dutch 

spoken at home; diabetes 
.393 (.088 to .698) .01 

Past diagnosis of malignancies (no) -.229 (-.637 to .178) .27 
 age; sex; ethnicity; education; Dutch 

spoken at home 
-.238 (-.678 to .201) .29 

Number of co-morbidities (0)   
 age; sex; ethnicity; education; Dutch 

spoken at home 
  

 1 .081 (-.187 to .349) .55  
 

.045 (-.262 to .351)  .77 
 2 or more -.125 (-.666 to .416) .65  -.114 (-.728 to .500) .71 
  



 

 

Table 4 (continued) 
 Unadjusted estimates  Adjusted estimates 
Determinant 
(reference group or unit) 

Beta (95% CI) 
P 

value 
 Confounding variables 

adjusted for 
Beta (95% CI) 

P 
value 

Hemoglobin (g/dl) -.028 (-.207 to .015) .76 
age; sex; ethnicity; education; Dutch 

spoken at home; diabetes; myocardial 

infarction; malignancies; hemoglobin 

-.080 (-.279 to .119) .43 

Status on Tx waiting list 

(registered) 
.026 (-.408 to 460) .91 

age; sex; ethnicity; education; Dutch 

spoken at home; diabetes; myocardial 

infarction; malignancies; albumin; 

hemoglobin 

-.106 (-.677 to .465) .72 

Self-rated health (very good or excellent)  

age; sex; ethnicity; education; Dutch 

spoken at home; diabetes; myocardial 

infarction; malignancies; albumin; 

hemoglobin; Tx waiting list status 

  

Good -.309 (-.1.140 to .525) .47 -.746 (-1.686 to .194) .12 

Fair -.477 (-1.270 to .319) .24 -.853 (-1.707 to .001) .050 

Poor -1.076 (-1.950 to -.197) .02 -1.399 (-2.416 to -.382) <.01 

Abbreviations: CI, confidence interval; n.a., not applicable; Tx, transplantation 
a) Assuming no uncontrolled confounding, the relationships between age and sex, and the outcome measures given by the unadjusted estimates can be interpreted as valid effects. 

  



 

 

Table 5 Unadjusted and adjusted effect estimates of each determinant on dialysis patient experience with nurses’ care 
 Unadjusted estimates  Adjusted estimates 
Determinant 
(reference group or unit) 

Beta (95% CI) 
P 

value 
 Confounding variables 

adjusted for 
Beta (95% CI) 

P 
value 

Demographic factors       

Age (years) a) .012 (.006 to .018) <.01  n.a. n.a. n.a. 
Sex (male) a) .091 (-.114 to .295) .38  n.a. n.a. n.a. 
Ethnicity (ethnic Dutch)    

age; sex 

  
 Other European -.080 (-.667 to .508) .79  -.063 (-.730 to .604) .85 
 Non-European -.425 (-.715 to -.134) <.01  -.414 (-.786 to -.042) .03 

Socio-economic factors       
Educational level (lower than high school)   

age; sex; ethnicity; Dutch spoken at 

home 

  
High school -.203 (-.445 to .040) .10  -.309 (-.590 to -.029) .03 
Post-secondary -.362 (-.843 to .119) .14  -.472 (-.947  to .003) .052 

Dutch spoken at home (yes) -.530 (-1.040 to -.024) .04  age; sex; ethnicity; education -.343 (-.873 to .187) .21 

Health status       

Diabetes as primary renal disease (no) -.135 (-.441 to .172) .39 
 age; sex; ethnicity; education; Dutch 

spoken at home 
-.099 (-.397 to .199) .52 

Past myocardial infarction (no) .168 (-.066 to .403) .16 
 age; sex; ethnicity; education; Dutch 

spoken at home; diabetes 
.077 (-.210 to .364) .60 

Past diagnosis of malignancies (no) .216 (-.043 to .475) .10 
 age; sex; ethnicity; education; Dutch 

spoken at home 
.163 (-.118 to .444) .26 

Number of co-morbidities (0)    
age; sex; ethnicity; education; Dutch 

spoken at home 

  
1 .140 (-.120 to .399) .29  .102 (-.157 to .360) .44 
2 or more .150 (-.183 to .483) .38  .136 (-.226 to .499) .46 

  



 

 

Table 5 (continued) 
 Unadjusted estimates  Adjusted estimates 
Determinant 
(reference group or unit) 

Beta (95% CI) 
P 

value 
 Confounding variables 

adjusted for 
Beta (95% CI) 

P 
value 

Albumin (g/dl) -.315 (-.538 to -.092) <.01 
 age; sex; ethnicity; education; 

Dutch spoken at home; diabetes; 
myocardial infarction; 

malignancies; hemoglobin 

-.356 (-.557  to -.156) <.001 

Hemoglobin (g/dl) -.065 (-.204 to .074) .36 
 age; sex; ethnicity; education; 

Dutch spoken at home; diabetes; 
myocardial infarction; 

malignancies; hemoglobin 

-.010 (-.142 to .121) .88 

Status on Tx waiting list 
(registered) .209 (.013 to .406) .04 

 age; sex; ethnicity; education; 
Dutch spoken at home; diabetes; 

myocardial infarction; 
malignancies; albumin; hemoglobin 

-.097 (-.421 to .226) .55 

Self-rated health (very good or excellent)   

age; sex; ethnicity; education; 
Dutch spoken at home; diabetes; 

myocardial infarction; 
malignancies; albumin; 

hemoglobin; Tx waiting list status 

  

Good .006 (-.478 to .490) .98  -.377 (-.795 to .041) .08 

Fair -.273 (-.811 to .265) .32  -.833 (-1.237 to -.429) <.01 

Poor -.667 (-1.473 to .139) .10  -1.396 (-2.050 to -.743) <.01 

Abbreviations: CI, confidence interval; n.a., not applicable; Tx, transplantation 
a) Assuming no uncontrolled confounding, the relationships between age and sex, and the outcome measures given by the unadjusted estimates can be interpreted as valid effects. 
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Abstract 
Objective 
To determine (1) how medical registries provide information feedback to healthcare 
professionals, (2) whether this feedback has any effect on the quality of care, and (3) what the 
barriers and success factors are to the effectiveness of feedback.  
Data sources 
Original articles in English found in MEDLINE Pubmed covering the period January 1990 to 
August 2007. 
Review method 
Titles and abstracts of 6223 original articles were independently screened by two reviewers to 
determine relevance for further review. 
Data extraction and analysis 
We used a standardized data abstraction form to collect information on the feedback initiatives 
and their effectiveness. The effect of the feedback was only described for analytic papers, i.e. 
papers that attempted to objectively quantify the effect on the quality of care and to relate this 
effect to feedback as an intervention. For analysis of the effectiveness, we categorized the 
initiatives based on the number of elements added to the feedback.  
Results 
We included 53 papers, describing 50 feedback initiatives, of which 39 were part of a 
multifaceted approach. Our results confirm previous research findings that adding elements to a 
feedback strategy positively influences its effectiveness. We found 22 analytic studies, four of 
which found a positive effect on all outcome measures, eight found a mix of positive- and no 
effects and ten did not find any effects (neither positive nor negative). Of the 43 process of care 
measures evaluated in the analytic studies, 26 were positively affected by the feedback initiative. 
Of the 36 evaluated outcome of care measures, five were positively affected. The most 
frequently mentioned factors influencing the effectiveness of the feedback were: (trust in) 
quality of the data, motivation of the recipients, organizational factors and outcome expectancy 
of the feedback recipients.  
Conclusions 
The literature on methods and effects of information feedback by medical registries is 
heterogeneous, making it difficult to draw definite conclusions on its effectiveness. However, 
the positive effects cannot be discarded. Although our review confirms findings from previous 
studies that process of care measures are more positively influenced by feedback than outcome 
of care measures, further research should attempt to identify outcome of care measures that are 
sensitive to behaviour change as a result of feedback strategies. Furthermore, future studies 
evaluating the effectiveness of feedback should include a more extensive description of their 
intervention in order to increase the reproducibility of feedback initiatives and the 
generalizability of the results.  
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Introduction 
Many medical registries give information feedback to healthcare professionals on a continuous 
basis,1 even though there is no empirical basis for deciding how this feedback is best provided.2 
Therefore registries and healthcare professionals need to ascertain which way works best, so that 
giving feedback will become a more reliable approach to quality improvement and opportunities 
for improvement will not be missed. Therefore, this paper focuses on how medical registries 
give information feedback and on its effect on the quality of care. 
 As a result of governmental regulations, public demand, but also at their own initiative, 
more and more healthcare organizations have started to collect data in medical registries.1;3;4 We 
define a medical registry as a systematic and continuous collection of a defined data set for 
patients with specific health characteristics. The data are held in a central database for a 
predefined purpose and information is submitted by multiple units (e.g., hospitals or cardiac 
surgery departments). Whereas in the past the focus of these registries was on healthcare 
planning and epidemiological research, nowadays many of them are also used for accountability 
and quality improvement (QI). They may provide healthcare professionals with insight into their 
performance, motivate change and drive QI activities.5  
 To gain insight into professionals’ performance, structured data from registries play a 
central role in the Plan-Do-Study-Act (PDSA) cycle, especially when planning improvement 
activities and studying if these activities have been effective.6;7 Information feedback is a way to 
present these data to caregivers in a structured way, varying from a yearly paper report 
containing data aggregated for all participants together to a website where participants can have 
access to the most recent data, with the possibility of comparing their own results to that of their 
peers or to a national average. In addition to being a common approach to quality improvement, 
giving feedback to the original data providers is also a basic requirement for registries when 
aiming to increase the quality of the data and to motivate providers to collect data as part of their 
routine work.1;8;9 
  In their review, Jamtvedt and co-workers concluded that audit and information feedback 
can be effective in improving professional practice. However, they also found that decisions 
about how to provide information feedback must be guided by pragmatic factors and local 
circumstances.2 So from their review it remains unclear exactly which information feedback 
strategy works best. Jamtvedt et al. reviewed information feedback based on any healthcare data 
source, while we focused on feedback based on data from medical registries. As medical 
registries combine data from different facilities, benchmarking the performance of individual 
facilities is an important feature. Due to their ability of being used for benchmarking, registries 
are often used in continuous QI initiatives. In addition, Jamtvedt’s review was limited to 
randomized controlled trials (RCTs). Although randomized studies are seen as the optimal 
design for evaluating the effect of improvement strategies,10, observational studies are also 
valuable in understanding and evaluating such interventions.11-13 Hence, we aimed to include not 
only RCTs, but any peer-reviewed paper on information feedback within the context of a 
medical registry. Furthermore, where Jamtvedt et al. only reported on the effectiveness of 
information feedback, we also aimed to identify the barriers and success factors to this 
effectiveness as reported in the literature. Knowledge on possible barriers and success factors 
might influence both type and content of the feedback strategy.14 QI strategies tailored to such 
potential barriers and success factors are more likely to be effective.15-17  
 Our systematic review is aimed at healthcare professionals and others that are starting or 
running a medical registry and (are planning to) provide information feedback to their 
participants. As we identified barriers and success factors, this paper is also relevant 
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for healthcare providers who receive feedback from a registry and who wish to use this 
information for their local quality improvement practice. 
The objectives of this paper were to determine (1) how medical registries provide information 
feedback to healthcare professionals, (2) whether this feedback has any effect on the quality of 
care and (3) the barriers and success factors for using this feedback for quality improvement. 

 
Methods 
Literature search strategy 
We searched MEDLINE Pubmed for original articles in English for the period January 1990 to 
August 2007. We used MeSH terms referring to medical registries (databases (factual), 
registries), combining them with MeSH terms referring to QI strategies (quality indicators, 
concurrent/utilization review, total quality management, benchmarking, program evaluation,  
peer review healthcare, medical/nursing audit) and MeSH terms related to other aspects of 
quality of care (outcome/process assessment healthcare, guideline adherence, professional 
competence, professional review organizations, practice guidelines as topic, geographic 
information system, national practitioner databank, quality of healthcare, quality assurance and 
patient care) (Figure 1).  
 Additionally, we performed a second search using the keywords performance feedback and 
quality improvement. To ascertain that no randomized controlled trials on this subject would be 
missed, we executed a third search based on the MeSH terms from search 1 that referred to QI 
strategies, combining them with randomized controlled trial as a publication type . Finally, we 
hand searched the reference lists of all relevant editorials and reviews identified in the first three 
searches (see Appendix A for the full search query). 
 
Inclusion of relevant articles 
We only included articles that concerned information feedback based on data from a medical 
registry. We used the definition of medical registries as stated in the glossary of terms 
(Appendix B). Hence, databases solely created for experimental studies, data collections on 
entire communities without specific health characteristics as well as local electronic health 
records (EHRs) used for patient care were excluded. For this review we defined information 
feedback as any summary of clinical performance of healthcare over a specific period of time. 
The information feedback should be provided to healthcare professionals or (departments 
within) facilities responsible for patient care.2;18 We excluded information feedback to policy 
makers or to patients. In the remainder of this paper information feedback is further referred to 
as feedback. 
 All four persons involved in the review process (SV,KJ,NK,AR) were experts in the field 
of medical registries. The principal reviewer (SV) examined the titles and available abstracts of 
all articles from the first three searches and considered them for inclusion according to the 
inclusion criteria. Each of the other three reviewers did the same for one third of the articles 
independently of the principal reviewer. In case title and abstract did not contain sufficient 
information to decide on inclusion, the full paper was read. For search 4, two reviewers (SV, KJ) 
independently searched the reference lists of the relevant reviews and editorials from search 1, 2 
and 3 by title, and retrieved the full paper if relevancy was assumed. For all four searches, we 
reached consensus through discussion in case of disagreement. Papers published in conference 
proceedings were included only if no full paper of the study was published. 
 After the process of inclusion, the principal reviewer abstracted the relevant data for all 
included articles, using a standardised data abstraction form as described below. The other 
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reviewers independently did one third each. For each article, the captured information was 
compared and differences were discussed until consensus was reached. When information for 
completing the data abstraction form was missing, additional sources –such as websites or cited 
literature- were consulted.  
 

 

Figure 1: Search strategy and search results 
* number of handsearched reviews included by title (containing 2764 references) and the number of full papers requested and 
screened for inclusion, respectively 

 

SEARCH STRATEGY

SEARCH RESULTS

Reasons for exclusion of full papers (n=134)
• no feedback provided (n=57)
• no continuous data collection (n=57)
• feedback not based on registry data (n=12)
• feedback not provided to health care professionals/-facilities (n=10)
• data processing/-analysis not by organization independent of data collectors (n=8)
• data not submitted by multiple units (n=8)
• no summary of clinical performance (n=3)
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Analytic framework – data collection 
To systematically capture information from the included articles relevant for answering our 
review questions, we developed, tested and adapted a data abstraction form that served as the 
basis of the analytic framework for collecting and analyzing our results (Appendix C). The first 
part of the form contained the registration unit of the medical registry that was used as the 
source of the feedback and the purposes for which data in the registry were being collected 
(monitoring/improving quality of care, epidemiology, administrative, patient care). To describe 
the feedback initiatives, the main part of the data abstraction form comprised elements, which 
were identified in the literature as being relevant for the effectiveness of feedback: setting 
(inpatient - cardiovascular, inpatient - non cardiovascular, outpatient, other/mixed), medium 
(e.g., paper, electronic), frequency, recipient, the type of quality information reported in the 
feedback (information on structures, processes or outcomes of care), the level at which data in 
the feedback were aggregated, the benchmark that was used for comparison of the reported data 
(e.g., averages, best performers), whether data were case-mix adjusted or data on case-mix were 
provided in the feedback, timeliness (i.e., the time between the occurrence of an event and the 
reporting of that event), and the additional elements besides feedback used within a multifaceted 
approach (MFA), such as a QI team or the dissemination of educational material.2;19-22 The last 
part of the data abstraction form regarded the reported effect of the feedback. It contained items 
on study characteristics (whether the study was randomized and/or controlled, the groups that 
were compared in the study and the primary clinical outcome measures of the study) and the 
study results (the reported statistical significance and the clinical relevance as reported by the 
authors themselves). Barriers and success factors to the effectiveness of the feedback as reported 
in the papers were also added as items. The effect of the feedback was only described for 
analytic papers, i.e. papers that attempted to objectively quantify the effect on the quality of care 
and to relate this effect to feedback as an intervention. For descriptive papers –i.e., papers only 
describing the development or application of information feedback– this last part of the form 
was not completed.  
 
Analytic framework – data analysis 
For the reporting of the feedback initiatives we grouped them based on their setting. Previous 
research concluded that a multifaceted approach to QI is more effective than methods consisting 
of a single element.16;17;22;23 Therefore, to further analyze the effects of feedback as reported in 
the analytic papers, we categorized the feedback initiatives by the number of additional MFA 
elements in the intervention groups of the studies compared to the control groups. The 
categories were: no MFA elements (i.e., feedback only), feedback combined with one or two 
MFA elements, feedback combined with more than two MFA elements, or MFA elements only 
(e.g., when both intervention and control group received feedback, but the intervention group 
also received additional elements). Furthermore, we distinguished the effect of feedback on 
process of care measures from the effect on outcome of care measures. Lilford and colleagues20 
concluded that process of care measures –when based on agreed criteria and supported by 
evidence or logic– offer advantages over outcome of care measures as a practical instrument to 
stimulate change. They stated that this is because process of care measures are a direct measure 
of performance and incorporate the target for action, whereas outcome measures are related 
more indirectly.  
 We only took into account the primary, clinical outcome measures of the study. The 
measured effects were classified as (statistically significant) positive, (statistically significant) 
negative or as no (statistically significant) effect. The effects were not further quantified as 
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comparability of study results was limited. Because of the heterogeneity of the designs described 
in the analytic papers we classified the studies as randomized controlled (RCTs), non-
randomized controlled (i.e., exposition is compared to non-exposition and allocated non-
randomly; participants cannot be their own controls) and non-randomized non-controlled (i.e., 
before-after design, e.g. case-studies within a single center where a baseline period was 
compared to the period after the intervention).   
 Based on Grol et al. and Cabana et al.,24;25 we categorized all barriers and success factors 
to the effectiveness of the information feedback reported in the analytic papers as referring to: 
(a) characteristics of the feedback initiatives (subcategories being intensity (e.g., frequency), 
timeliness, dissemination of information, (trust in) data quality, case-mix adjustment, level of 
aggregation, available information (e.g., on specific guidelines), ease of implementation, 
confidentiality/non-judgmental tone); (b) additional elements of the MFA (trust in QI principles 
(e.g. implementing a PDSA cycle), clinical consultation, use of predefined targets, tailoring 
implementation of QI to local needs); (c) knowledge of the recipients (i.e., being aware of and 
familiar with the provided feedback); (d) self-efficacy of the recipients (i.e. believing that one 
can influence the quality of care reported in the feedback); (e) motivation of the recipients; (f) 
outcome expectancy of the recipients (i.e., seeing opportunity for improvement); and (g) 
environmental factors (external factors (e.g., public awareness), reimbursement, availability of 
resources, organizational factors (e.g., availability of infrastructure for implementation of QI) 
and support by the management). Each subcategory was illustrated with one or more citation. 
All reviewers (SV, KJ, NK, AR) individually categorized all barriers and success factors and 
discussed their classification until consensus was reached.   

  
Results 
Search 
After removing duplicates our search strategy resulted in 3459 original articles and 145 reviews 
and editorials. Initial screening of titles and abstracts resulted in 146 original articles for full text 
screening and 108 reviews eligible for hand searching the reference lists. These reference lists 
contained 2764 references, 41 of which we selected for full text screening. Finally, we included 
53 papers in total (Figure 1), 24 of which were classified as analytic. The most common reasons 
for exclusion of full papers were that either no feedback was provided or that the data collection 
was not continuous, i.e. not meeting our definition of a registry. 
 
Registries 
The 53 included articles described 47 different registries. Improving the quality of care was the 
purpose of data collection for 38 registries. In five cases a claims database was used as a source 
for the feedback.26-32 One registry had patient care as one of its purposes for data collection 33. 
Data on the registries can be found in Table 1. 
 
Feedback initiatives 
The 53 papers included in our review described 50 different feedback initiatives. In this section 
we summarize their characteristics. Feedback initiatives were mostly undertaken in the inpatient 
setting (n=31); twelve were related to cardiovascular care. Reports were usually on paper 
(n=18), although in most cases the feedback medium was not described explicitly (n=21). They 
were mostly provided quarterly (n=19) or less frequently (n=16), having the facility (n=28) 
and/or the individual caregiver (n=14) as the most common recipients.  
 



 

 

Table 1 Feedback initiatives from medical registries 

Ref Registration unit Medium 
Fre 

quency 
Specifi 

city 
Reci 
pient 

Benchmark 
Qual 
info 

Timeliness 
(months) 

MFA elements 

Inpatient – cardiovascular 

34;35 
patient discharged after acute 
myocardial Infarction (AMI) 

paper quarterly facility facility average;peers P / O ND 
review by management; process-
of-care investigations; local action 
plans. 

26 claim a) 
paper;  

electr. copy
one time facility facility average; peers P / O 

26 – 36 encouraging dissemination of 
report card. 40 – 51 

36 
hospital admission with 
symptoms suggestive of acute 
coronary syndrome 

n.a. n.a. facility facility 
average; other 

targets 
P real-time online analysis  

37;38 admission at critical care unit paper annual 
facility 
patient 

caregiver;
QI team 

average; peers; 
other time period 

P real-time 

QI team; CQI education; ongoing 
IT support; QI action plans; 
exchange of QI tools between 
participating sites; on-line analysis 
(control charts). 

39 
percutaneous coronary 
intervention and 
catheterization 

paper 
quaterly; 
annual 

facility ND average;peers P / O ND scientific evidence 

40;41 
major cardiac procedure for 
adults 

paper; 
electr. copy

semi 
annual 

facility caregiver 
average;  

best performing 
P ±2–8 

opinion leader; measure specific 
CQI info (newsletter, website); 
CQI action plan; CQI education 
material. 

42 
major cardiac procedure for 
adults 

ND quarterly facility facility peers O ND 

support by clinical process 
specialist;  CQI action plans; 
clinical data support via evidence-
based protocols; multidisciplinary 
performance improvement 
committee. 

42 
major cardiac procedure for 
adults 

ND 
semi 

annual 
facility facility average peers P / O ±2–8 optional visits to best performers; 

software with risk algorithm for 
sites to analyze own data. ND 

semi 
annual 

facility facility peers O ±2–8 

43 
patient hospitalized with acute 
decompensated heart failure 

ND quarterly facility facility 
average; peers; other 

time period 
P / O ND 

QI toolkit to diagnose acute 
decompensated heart failure and 
provide therapies. 

44 
patient with congestive heart 
failure 

ND quarterly facility facility 
best performing; 

other targets 
P / O ND none 

  



 

 

Table 1 (continued) 

Ref Registration unit Medium 
Fre 

quency 
Specifi 

city 
Reci 
pient 

Benchmark 
Qual 
info 

Timeliness 
(months) 

MFA elements 

45 
patients at high risk for non-
ST-elevation  acute coronary 
syndromes 

ND quarterly facility facility 
average; peers;  best 

performing 
P ND tailored education; on-site visit on request. 

46 patient admitted with AMI website 
on 

request 
facility QI team average; peers P / O 1 week 

discussion meetings (regional/national); 
management involvement; QI plans; 
facilitate education and networking between 
hospitals 

Inpatient – non cardiovascular 

47 patient assessment ND 
semi 

annual 
facility facility 

average; other time 
period 

O ±2–8 
managers trained in QI practice; 
identification of high outliers by regional 
administrators. 

48 hospital ND ND facility ND peers S/P/O ND 
workshops; user group meetings to support 
QI. 

49 
spine related surgical 
procedure a) 

ND 
annual 

facility ND average P / O 
ND 

support with statistical analysis and 
illustration of data. 

publication ND n.a. ND ND  

50 
patient in rehabilitation 
hospital program 

paper quarterly facility caregiver average;peers O ND 

interdisciplinary discussion meetings to 
formulate quarterly QI action plans; 
formulate clinical practice pathways; staff's 
education on facility's outcome; ongoing 
discussions with teams to revise discharge 
planning processes and reduce variation in 
patients' functional performance. 

9 newborn a) paper one time facility facility peers P / O 8–14 none 

51 colonscopy ND one time 
caregiver 
facility 

caregiver peers P / O ±6  discussion meeting 

52 very low birth weight infant website 
quarterly 

facility ND average; peers 
ND 

ND 
CQI education; exchange of knowledge 
between participating sites. annual O 

53 
trauma victims arriving at 
hospital 

paper quarterly 
facility; 
patient 

facility other targets P / O ND None 

54 
pediatric patient in 
participating hospital 

website 
on 

request 
facility facility peers; guidelines S/P/O > 4 None 

55 
total hip replacement 
procedure 

publication 
website 

annual facility facility average P / O max. 12 None 

  



 

 

Table 1 (continued) 

Ref Registration unit Medium 
Fre 

quency 
Specifi 

city 
Reci 
pient 

Benchmark 
Qual 
info 

Timeliness 
(months) 

MFA elements 

33 
patient receiving cystic 
fibrosis care in center 

n.a. n.a. 
facility; 
patient 

caregiver peers 
S / P / 

O 
ND None 

56 cancer case 
paper; 

electr. copy 
annual facility facility 

peers; other time 
period; guidelines 

P / O ±3–15 local QI projects; discussion meeting 

57 patient treated in burn center publication annual facility ND average S/P/O ND None 
58 patient with breast cancer ND quarterly patient facility average; guidelines P ND None 

59 groin hernia operation ND yearly facility facility 
average other time 

period 
P/O ND None 

60 nursing home resident paper quarterly facility facility 
other time period; 
peers; other targets 

P/O 

data 
obtained 

quarterly/at 
significant 
change in 
condition 

CQI education; support with interpretation 
of feedback report; clinical consultation. 

61 adverse event n.a. n.a. facility ND peers P ND 
website; field representative for every 
hospital; template to perform a root-cause-
analysis. 

62 hospital discharge a) ND annual facility facility 
average; peers;  

other time period 
P/O 

max 1–2 
year 

discussing data with staff; staff's clinical 
education. 

63 patient with (acute) stroke website monthly facility facility 
peers; other time 

period 
P ±1–2 none 

Outpatient 
64 referral to home health care ND quarterly patient facility 

peers; other time 
period 

O ±1–4 
review by management; process-of-care 
investigations; local action plans. 

65 consumer receiving home care ND annual facility facility 
average; other time 

period 
S/P/O ±3–15 

discussion meeting to support staff and 
boards on reading and using the report. 

66 
end-stage renal disease  
treatment a) 

paper monthly ND ND ND O ND scientific evidence. 

67 mammogram or breast biopsy paper quarterly 
caregiver
facility 

caregiver 
average; peers; other 

targets 
P / O 3–9 

interventions and recommendation for 
training and education from special 
committee. 

 
  



 

 

Table 1 (continued) 

Ref Registration unit Medium 
Fre 

quency 
Specifi 

city 
Reci 
pient 

Benchmark 
Qual 
info 

Timeliness 
(months) 

MFA elements 

68 
patient receiving ambulatory 
behavior health care 

ND quarterly facility QI team average P /O ±1–4 

quarterly reviewing of results by core 
leadership team; annual teleconference calls; 
quarterly newsletter; annual user group 
meetings to facilitate training; best practice 
sharing. 

69 patient with diabetes a) paper 

quarterly patient caregiver none 

ND ND 

guideline dissemination; feedback to 
patients; automated prompt for recall for 
patients and GPs; structured management 
sheet (incl. patient-specific suggestions), 
monitoring non-attendance; educational 
activities. 

annual facility facility peers 

27 
drug claim a) 

paper quarterly caregiver caregiver average P/O 2–8 
targeted guideline-based educational 
bulletins incl. practical tips. 

28 paper 
two- 

monthly 
caregiver caregiver 

peers; best 
performing 

P < 1 year 
educational bulletins with emphasis on 
practical tips; information to give to patients 

70 dialysis patient ND 

annual 

facility facility peers 

ND ±3–15 CQI-/clinical education; educational 
material; support with CQI plan; QI 
coordinator; phone call when targets are not 
met. 

quarterly P ND 

29 drug claim a) paper one time caregiver caregiver none P < 6 months clinical educational material 

31 1) purchase of subsidized 
drug a) 
2) claim for subsidized drug 1 

paper one time facility caregiver peers P 
4–16 

months 
clinical guidelines 

30 paper quarterly 
facility 

caregiver 
other time period 

P ±1–4 guideline statement 
region peers 

71 dialysis patient ND 
semi 

annual 
facility facility average; guidelines S/P/O ND part of CQI 

72 
patient registered with a 
general practitioner a) 

paper annual facility caregiver average S/P/O ±3–15 discussing data with medical facilitator 

32 claim a) paper one time caregiver caregiver 
average; best 
performing 

P ND none 

 
  



 

 

Table 1 (continued) 

Ref Registration unit Medium 
Fre 

quency 
Specifi 

city 
Reci 
pient 

Benchmark 
Qual 
info 

Timeliness 
(months) 

MFA elements 

Other / mixed 
73 patient using health services ND 

quarterly 
annual 

facility facility peers P ±1–4 medical audits 

74 
managed care organization 
member meeting specification 
for one or more disease 

ND ND 
facility;  
health 
plan 

facility;  
health plan 

peers; other targets P / O ND none 

75 
patient with one of 8 health 
conditions  

paper 
semi 

annual 
caregiver
facility 

facility average P / O 
disease 
specific 

conference; discussion meetings 

76 anatomic pathology error ND ND ND ND peers P / O ND root cause analysis of diagnostic error 

Abbreviations: AMI, acute myocardial infarction; CQI, continuous quality improvement; GP, general practioner; IT, information technology; MFA, multifaceted approach; ND, not 
described; n.a., not applicable; O, outcome; P, process; QI, quality improvement; Qual info, quality information  in feedback; Ref, reference; S, structure 
a) Registry does NOT have monitoring/improving quality of care as a purpose for data collection 
± Estimated timeliness based on information on data processing and feedback frequency 
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Eight papers did not describe the recipient of the feedback. In 22 cases, the feedback contained 
data on both process- and outcome of care measures, in fourteen cases only process measures 
were reported and structure measures were part of the reported data in seven initiatives. Data 
were almost always presented aggregated on the facility level (n=43), in some cases combined 
with information aggregated on caregiver- or patient level (n=9). Almost all feedback methods 
reported at least one benchmark when presenting data, with comparisons to peers (n=34) and/or 
some average (n=28) used most frequently. Almost one third of the feedback initiatives provided 
data on case-mix or case-mix adjusted data (n=15). For nine initiatives, it was not described if 
any case-mix adjustment was performed. Most papers did not give information on the time 
between the occurrence of an event and the reporting of that same event (n=24), but in fifteen 
cases we could estimate the timeliness of the feedback by using information on the data 
processing and the frequency of the feedback. Timeliness varied greatly from real-time36-38 to 
more than three years.26 Two feedback initiatives offered the possibility of online data entry.36-38 
This facilitated real-time online performance feedback including a comparison with national 
averages.  
 The majority of the feedback initiatives (n=39) comprised multifaceted approaches 
(MFAs). Common MFA elements were clinical education (n=17), support with analyzing and/or 
improving processes (n=17) and discussion- and educational meetings on the interpretation of 
the feedback (n=10). 
 
Effect of the information feedback 
Table 2 displays information from the 24 analytic articles describing the results of 22 studies 
evaluating the effect of a feedback method on one (n=8) or more (n=14) primary, clinical 
outcome measures. Four studies found a positive effect on all primary outcome measures, eight 
found a mix of positive and no effects and ten did not find any effect. None of the 22 studies 
reported a negative effect. We found nine analytic studies that used a medical registry as a 
source for feedback that did not have quality improvement as its primary goal.9;26-31;62;66 Of those 
studies, two found a positive, one a mixed and six found no effect. 
 Table 3 contains data on the influence of feedback on process and outcome of care 
measures that were evaluated in the analytic studies. Appendix D provides more specific 
information on these measures. Of the 43 process of care measures that were evaluated, more 
than half referred to an inpatient-cardiovascular setting (n=24). Of the 43 measures, 26 were 
positively affected by the feedback initiative, eighteen of which were evaluated within the 
inpatient-cardiovascular setting and concerned the proportion of patients being prescribed the 
preferred medication (n=11),37;38;40;41;46 receiving some other preferred treatment (n=3)37;38;46 or 
receiving treatment within a certain time frame (n=4).36;52 Of the seventeen process measures 
that were not influenced by the feedback, seven were related to medication prescription in the 
outpatient setting.28-31 Of the 36 evaluated outcome of care measures, almost all were related to 
the inpatient-non-cardiovascular setting (n=34)9;50-52;59;60;62;64 and mostly concerned adverse 
outcomes like in-hospital mortality,52 the number of caesarean births9;62 or the prevalence of 
pressure ulcers in nursing home residents.60 Of all 36 evaluated outcome of care measures, five 
were positively affected59;60;64 among which the risk of re-operation after hernia surgery.59 
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Table 2 Effect of feedback on the primary, clinical outcome measures (analytic papers only) 
Feedback 
initiative 
category 

Study design Total Statistically significant effect 

positive mixed no negative 

No MFA 
elements 

randomized 
controlled 2   9;72  

non-randomized 
controlled 

1 59    

non-randomized  
non-controlled 

     

Feedback + 1 or 
2  MFA 
elements 

randomized  
controlled 

7 27;66 28 
26;29-

31 
 

non-randomized 
controlled 

     

non-randomized  
non-controlled 

3  64 51;62  

Feedback + > 2 
MFA elements 

randomized  
controlled 

2  40;41a); 60   

non-randomized 
controlled 

     

non-randomized  
non-controlled 

3 46  42;50  

MFA elements 
only 

randomized  
controlled 

2  5270   

non-randomized 
controlled 

1  37;38a)   

non-randomized  
non-controlled 

1  36   

Total randomized  
controlled 

13 27;66 
28;40;41a);
52; 60;70 

9;26;29
-31;72 

 

non-randomized 
controlled 

2 59 37;38a)   

non-randomized  
non-controlled 

7 46 36;64 
42;50;5

1;62 
 

Abbreviations: MFA, multifaceted approach 
a) two references describing the same feedback initiative 

 
More than half of the studies (n=13) were randomized and controlled (RCTs). Two of them 
reported a positive effect, five studies reported a mixed effect and six found no effect. From the 
nine non-randomized studies two reported a positive effect, three a mixed effect and four 
reported no effect.  
Regarding the number of MFA elements, only three studies evaluated the effect of feedback 
alone. Most studies (n=10) used a strategy consisting of feedback combined with one or two 
other elements, with dissemination of clinical educational material being the most common 
addition (n=6). Within this category, two reported a positive effect, while two found a mixed 
effect and six reported no effect. Specific QI elements –such as a QI plan, QI team or QI 
education- were most common in the other two categories: feedback combined with more than 
two elements and MFA elements only.   
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Table 3: Number of process versus outcome of care measures affected by feedback 

Category References 
Positively 
influenced

Not 
influenced

Total 

Process measures 
Preferred treatment –  
medication 

26-31;36-
38;40;41;46;60;64 

13 13 26 

Preferred treatment –  
other 

37;38;40;41;46;52;66 5 1 6 

Time-to-treatment 36;52 6 2 8 

Other 70 2 1 3 

Total 26 17 43 
Outcome 
Adverse outcome – 
mortality 

52;62 - 2 2 

Adverse outcome – 
unplanned procedures  

9;51;62 - 4 4 

Adverse outcome – 
other 

42;52;59;60;62;64 4 18 22 

Patient-centered 
outcome 

51;64 - 4 4 

Other 27;50;62 1 3 4 

Total 5 31 36 
 
In these two categories, only one study reported a positive effect, most found a mixed effect 
(n=6) and two reported no effect. More detailed information on the analytic articles is presented 
in Appendix D. 
 Tables 4 lists per (sub)category the number of barriers to the effectiveness of feedback 
(n=48) that were reported in fourteen studies. Twenty-three of those barriers were feedback 
related. Lack of (trust in) data quality was the subcategory containing the most barriers (n=7) 
reported in five papers,9;26;38;51;60 followed by lack of intensity that was reported as a barrier in 
four studies.9;26;31;41 Another frequently mentioned factor was lack of motivation of the recipients 
of the feedback as reported in eight papers. For the category environmental barriers (n=8), half 
of the barriers were related to organizational constraints,60;62;64 e.g., inadequate facilities to 
permit improvements.64 None of the studies reported barriers related to the knowledge or self-
efficacy of recipients, the ease of implementation, confidentiality, clinical consultation, the use 
of predefined targets, the tailoring of implementation of QI to local needs, the availability of 
resources or to support by the management. 
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Table 4: Barriers to the effectiveness of information feedback 
Barrier 
category 

Barrier 
subcategory 

Citations from references 

Feedback 
related 
barriers 
(n=23)* 

Lack of 
intensity (n=4) 

“…our intervention was not intensive enough to have an impact on quality 

of AMI care.” 26, pp 315-6 

“…the GPs received prescriber feedback letters only once.” 31, p 50 

Insufficient 
timeliness (n=1) 

“…the information might not have been presented close enough to the time 

of decision making.” 30, p 131  

Lack of 
dissemination of 
information 
(n=3) 

“…inadequate dissemination within the hospitals.” 9, p 139 

Lack of (trust 
in) data quality 
(n=7) 

“…the administrative data were perceived as invalid or irrelevant to 

practice. It is possible that report cards constructed using chart review data 

may be more effective than those constructed using administrative data 

because physicians are less skeptical of their data quality. 26, pp 315-6  

“Local administrative routines in some of the hospitals made it difficult to 

obtain reliable data on the number of colonoscopies intended to be 

registered in Gastronet.” 51, p 484 

Lack of case-
mix adjustment 
(n=3) 

“the ‘my patients are sicker’ syndrome.” 62, p 478  

Insufficient 
level of 
aggregation 
(n=2) 

“For partnership practices, the GPs were shown prescribing data at practice 

level, not at the level of the individual prescriber. Hence, it was not 

possible for a partnership GP to see whether suboptimal performance was 

due to his prescribing habits or to other GPs within the practice.”  31, p 50 

Lack of 
information 
(n=3) 

“…we anonymised patients' identities. Even if the GPs were determined to 

optimise treatment of patients with a need for inhaled steroids, they had to 

wait until they were contacted by those patients, alternatively the GPs had 

to go through their patient records” 30, p 131 

MFA related 
barriers (n=2) 

Lack of trust in 
QI principles 
(n=2) 

“It is difficult to convince staff to use continuous quality improvement 

principles.” 60, p 536 

Lack of 
motivation 
(n=9) 

  “As the intervention was unsolicited, the participants had not agreed to 

review their practice.” 30, p 131 

“Despite explicit instructions to the contrary, many participants expressed 

reluctance to have their profile appear too different from that of the peer 

group, even if the difference was in the direction of the more appropriate 

practice. …’herd effect’” 27, p 391 

Lack of 
outcome 
expectancy 
(n=6) 

 “…the current rates were not considered a problem.” 9, p 139 
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Table 4 (continued) 
Environmental 
barriers (n=8) 

External barriers 
(n=3) 

“Some appointments were frustrating because situations would occur 

that prevented the scheduled site visit at the last moment, after the 

consultant had traveled two or more hours to meet with staff. Finding 

consultation staff close to the area would reduce travel time and provide 

more options for scheduling site visits” 60, p 535 

“…there is greater public awareness now of the need to reduce 

unnecessary antibiotic prescribing than of the known risks of 

benzodiazepine use.” 28, p 838 

Organizational 
constraints (n=4) 

“Most of the participating nursing facilities did not have well-developed 

quality improvement programs with systems to support implementing 

changes needed in care delivery.” 60, p 536 

Lack of 
reimbursement 
(n=1) 

“Examples of barriers include lack of alignment of reimbursement 

incentives among hospitals and physicians” 62, p 478 

* The number of barriers in each (sub) category is stated between parentheses 

 
Table 5 displays the number of success factors (n=63), reported in fourteen studies. Just as the 
barriers, many success factors were related to the feedback (n=26). Within this category 
sufficient timeliness, dissemination of information, (trust in) data quality and 
confidentiality/non-judgmental tone were the largest subcategories, all containing five success 
factors. Success factors related to the MFA were mentioned fifteen times. Five success factors 
from three studies were related to trust in QI principles.37;42;52  
 Using local teams to increase local acceptance37 is an example in the subcategory of 
tailoring of implementation of QI to local needs (n=4). Organizational opportunities (n=7) 
formed the largest subcategory within the category of the environmental success factors (n=14), 
such as the availability of a group-practice framework with its potential for peer support and 
pressure.29 Motivation and outcome expectancy of recipients both contained four success 
factors. No success factors were reported related to the knowledge or self-efficacy of recipients, 
or to the intensity of the feedback. 

 
Discussion 
In this review we aimed to determine how medical registries provide feedback to healthcare 
professionals, assess its effect on the quality of care and identify barriers and success factors for 
this effectiveness. In our systematic review 53 papers were included, describing 50 diverse 
feedback initiatives. We found that medical registries mainly provided quarterly paper reports to 
healthcare facilities. The reports typically contained data aggregated on the facility level 
regarding process and outcome of care measures and with benchmarks to facilitate comparison. 
Almost all reports were combined with other elements (e.g. education) to form a multifaceted 
approach (MFA) for improving the quality of care.  
 Previous studies concluded that a MFA might be more effective than a single 
intervention.16;17;22;23 Although we found only three studies evaluating the effect of a report 
alone, the results of our review also suggest that adding components to a feedback strategy 
positively influences its effectiveness. Furthermore, MFA related elements, e.g. using QI 
principles like the PDSA cycle or using local teams to tailor the implementation of QI to local 
needs, were frequently mentioned as factors influencing the effectiveness of feedback.  
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Table 5: Success factors to the effectiveness of information feedback 
Success factor 
category 

Success factor 
subcategory 

Citations from references 

Feedback 
related success 
factors  
(n=26) 

Sufficient 
timeliness (n=5) 

“We feel that locally compiled and up-to-date performance feedback by 

a web-based registry is superior to feedback generated and distributed by 

a central peer-review organization.” 37, p 1180  

Dissemination of 
information (n=5) 

“The results of the current care were easily communicated to all the 

physicians and the staff at the department.” 37, p 1180   

“Social networking is an important contributor to the success of 

collaborative initiatives. Workshop exercises, discussion periods, the 

opening dinner, conference calls, and the email discussion list were 

designed to promote collaborative learning within and among teams.” 52, 

p 6 

Easy to 
implement (n=3) 

“The feedback strategy is attractive because it is inexpensive and can be 

implemented readily even in geographically remote regions, where 

conventional continuing medical education interventions may be less 

accessible.” 27, p 391 

(trust in) data 
quality (n=5) 

“ A significant feature of this [QI] program has been its effort to improve 

faulty or inadequate data.” 62, p 479 

Case-mix 
adjustment (n=1) 

“…provided a clinically integrated mechanism for ongoing measurement 

of quality process and outcomes measures and evaluation in the context 

of adjusted patient risk” 41, p 53 

Sufficient 
information (n=2) 

“...to carefully select key quality indicators so that they cover different 

aspects of the process.” 37, p 1179 

Confidentiality/ 
non-judgmental 
tone (n=5) 

“…the simple intervention that we describe…won acceptance through a 

collegial tone and confidential feedback.” 27, p 392 

MFA related 
success factors 
(n=15) 

Use of QI 
principles  

(n=5) 

“Hospital teams learnt the habit for change involving the PDSA (plan, 

do, study, act) improvement model.” 52, p 6 

Clinical 
consultation (n=3)

“The members of the research group visiting the hospitals felt that their 

visits were welcomed: they showed that someone was interested in the 

problems of the hospital personnel, and was only asking something from 

them.” 9, p 136 

Use of predefined 
targets (n=3) 

“This site-specific feedback, along with national and best-practice 

benchmarks, provided contemporaneous data for…goal setting…” 41, p 54 

Tailoring 
implementation of 
QI to local needs 
(n=4) 

“The fact that local tools and process changes were designed and 

implemented by the local teams made the local acceptance easier, 

compared with a model where a centralized expert group distributes 

prefabricated material  37, p 1180 
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Table 5 (continued) 
Success factor 
category 

Success factor 
subcategory 

Citations from references 

Motivation 
(n=4) 

 “A high level of participant involvement is critical to the acceptance and 

success of a performance evaluation program such as this. Much of the 

success of this program to data is attributable to the direct, hands-on 

involvement of MHA members…” 62, p 479 

Outcome 
expectancy 
(n=4) 

 ‘…the teams reviewed and modified their aims involving the staff back 

home” 52, p 6  

Environmental 
success factors 

(n=14) 

External success 
factors (n=1) 

“…timing of the study in relation to changes being introduced in general 

practice, combined with the type of data provided in feedback, produced 

a heightened receptivity to information feedback” 72, p 23 

Availability of 
resources (n=2) 

“The team had …resources…to test different process changes…” 37, p 1179 

Support by the 
management 
(n=4) 

“The management was enthusiastic and supportive.” 37, p 1179 

Organizational 
opportunity (n=7) 

“…the very nature of the group-practice framework with its potential for 

peer support and pressure may itself be a reinforcing feature of any 

intervention.” 29, p 143 
* The number of barriers in each (sub) category is stated between parentheses 

 
We therefore advise medical registries to not just send a report to their participants, but to extend 
their feedback strategy with additional elements. However, due to the heterogeneity of the 
feedback initiatives, it remains unclear which (combinations of) elements are most effective. 
 We found that process of care measures were more often positively influenced by feedback 
than outcome of care measures. On one hand, this concurs with the conclusion of Lilford and 
colleagues that process of care measures are preferable over outcome of care measures when 
trying to stimulate change, because they are a direct measure of performance and incorporate the 
target for action.20 On the other hand, it may simply demonstrate the difficulty of changing an 
outcome of care measure which is frequently multifactorial and often lacks a one-to-one 
relationship with one process of care measure, such as the provision of preferred therapy. A 
majority of the process of care measures were evaluated in the inpatient cardiovascular care 
setting. Most of them could be positively influenced by feedback whereas in this area outcomes 
of care were rarely measured. In the inpatient non-cardiovascular care area only few process of 
care measures were used and a conclusive positive effect of feedback on outcomes was 
evaluated but not found. A possible explanation for these differences is that in cardiovascular 
medicine protocols may be available more often compared to non-cardiovascular care, making it 
easier to assess processes of care by evaluating adherence to these protocols. Hence, our advice 
to registries is to use adherence to available protocols as process of care measures in addition to 
any outcome measures collected, and to aim their feedback strategy at improving these 
measures. Also, further research is needed to identify outcome of care measures that are 
relatively sensitive to behavior change as a result of feedback. 
 We are the first to have extensively searched the literature for and categorized barriers and 
success factors to the effectiveness of feedback. Frequently mentioned factors were the (trust in) 
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quality of the data that served as a source for the feedback, motivation of the recipients, 
organizational factors (e.g., the availability of infrastructure for implementation of QI) and 
outcome expectancy of the recipients of the feedback. As knowledge on barriers and success 
factors might influence both type and content of the feedback strategy,77 we advise medical 
registries to use the barriers and success factors from our review as input for the development of 
their feedback strategy, as many of them might be more widely applicable. Recipients of the 
feedback can also benefit from the results from our review when planning to use feedback for 
local QI initiatives by anticipating on barriers and success factors where possible. Together with 
the registry they can, for example, ensure their trust in the data quality or formulate predefined 
targets for QI. 
 Other systematic reviews have investigated the methods and effects of feedback on the 
quality of care.2;21;22 However, none of them focused on medical registries as a source for 
feedback. One explanation might be that registries are not easily adopted as a data source 
because of their limited possibilities to deliver timely feedback. Timeliness of the feedback 
varied greatly between studies and we found lag times up to three years. We also identified 
timeliness as an influencing factor to the effectiveness of feedback and we advise registries to 
keep the time between the delivery of care and sending feedback to the caregiver as short as 
possible in order to improve its use in daily healthcare. To facilitate this, registries could 
encourage timely data entry/delivery by offering the possibility of online data entry and analysis 
in a central database. Another possibility is to actively promote the implementation of electronic 
health records (EHRs) in the participating facilities, so that data already entered for patient care 
can be extracted and sent to the registry. As we only found one registry that had patient care as a 
purpose for data collection,33 we cannot draw any conclusions from our review regarding the 
effect of using local EHRs on the timeliness of feedback provided by registries. This should be 
evaluated in future research. Once EHRs cross organizational borders and are implemented at a 
multi-center level, hence developing into a medical registry, they might be used as a direct 
source for feedback. D’Avolio suggested that widespread adoption of EHRs is essential for 
quality improvement and that e.g. regional networks of EHRs could be used to highlight 
differences in patient care between facilities. However, he also stated that current EHRs are not 
designed to improve the quality of healthcare and much work is still to be done.78 Furthermore, 
using data for a different purpose than what they were collected for might influence the quality 
of the feedback and the interpretation of the data.79;80 This was confirmed by our results, where 
six out of nine studies did not find any effect of the feedback when using a registry that did not 
have QI as its primary goal. This issue should therefore be investigated more thoroughly in 
future research.   
 Besides being heterogeneous, the feedback initiatives we identified were also often poorly 
described. Hence, many of the feedback initiatives are not reproducible by other medical 
registries. Furthermore, feedback initiatives in the field of cardiovascular care were reported 
more frequently than for any other medical domain. As our review showed that in cardiovascular 
care feedback focused more on process of care measures than in other domains, it is difficult to 
give a general answer to the question of how medical registries provide feedback. To increase 
the reproducibility of feedback initiatives and the generalizability of the results, future research 
evaluating the effectiveness of feedback strategies should therefore include an extensive 
description of this strategy, preferably using the items from our data abstraction form.   
From the RCTs in our review we cannot draw a definite conclusion on the effect on the quality 
of care of feedback from medical registries. However, more than half of the randomized studies 
found a positive effect on at least a part of their outcome measures. Therefore, the positive 
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effects cannot be ignored. The non-randomized studies confirmed the findings of RCTs. 
Although we did not expect feedback to have a negative effect, we have to take into account that 
we may not have found any study reporting a negative effect due to publication- and citation 
bias.81;82 
 A limitation of our review concerns the search strategy, which had to be very broad since 
many papers were not indexed with a MeSH term related to registries. QI strategies in general 
are poorly indexed within bibliographic databases14 and no specific MeSH terms and keywords 
regarding information feedback are available/used. The broadness of the search increased the 
number of irrelevant articles (we excluded more than 99% of all titles reviewed). However, it 
decreased the risk of systematically missing relevant studies. Furthermore, we limited our search 
to MEDLINE. We only informally searched other databases such as CINAHL. Given the much 
lower number of resulting titles in these databases and the high exclusion percentage, we 
expected very few newly identified papers. This was supported by the fact that all feedback 
initiatives based on medical registries included by Jamtvedt et al.2 were included in our search 
results. We even found four additional RCTs evaluating the effect of registries' feedback on the 
quality of care. Therefore, we believe that our findings were only influenced to a very limited 
extent by the fact that we may have missed potentially relevant studies.   

 
Conclusion 
Our review shows that the literature on the methods and effects of information feedback by 
registries is heterogeneous, which makes it difficult to make straightforward comparisons 
between feedback initiatives and to draw definite conclusion on the effectiveness of feedback. 
Although the effect of feedback on the quality of care remains unclear, the positive effects of 
feedback provided by medical registries cannot be ignored. Our review confirms the findings 
from earlier studies that process of care measures are more positively influenced by feedback 
than outcome of care measures. Further research should attempt to identify outcome of care 
measures that are relatively sensitive to behavior change as a result of feedback. When 
developing or using feedback for quality improvement, medical registries and participants 
should take into account that the (trust in) quality of the data source for the feedback, 
organizational factors and motivation and outcome expectancy of the recipients are factors that 
might influence the effectiveness of the feedback.  
 Future studies should focus on studying the effectiveness of information feedback in the 
light of its applicability to daily medical practice and the time demands on the professionals 
involved, e.g.,  by evaluating EHRs as a source for the feedback. The resulting scientific papers 
should contain a comprehensive description of the feedback strategy used, so that it will become 
easier to translate successful initiatives to registries’ and participants’ own circumstances and 
generalize conclusions regarding the effectiveness of the initiatives. 
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Appendix A:  Syntax of search strategy 
 
Search 1 
 
((databases, factual[MeSH Terms]) OR (registries[MeSH Terms])) AND (((((((("quality 
indicators, health care"[MeSH Terms] OR "concurrent review"[MeSH Terms]) OR "utilization 
review"[MeSH Terms]) OR "total quality management"[MeSH Terms]) OR 
"benchmarking"[MeSH Terms]) OR "program evaluation"[MeSH Terms]) OR "peer review, 
health care"[MeSH Terms]) OR "medical audit"[MeSH Terms]) OR "nursing audit"[MeSH 
Terms]) AND (((((((((("outcome assessment (health care)"[MeSH Terms] OR "process 
assessment (health care)"[MeSH Terms]) OR "guideline adherence"[MeSH Terms]) OR 
"professional competence"[MeSH Terms]) OR "professional review organizations"[MeSH 
Terms]) OR "practice guidelines as topic"[MeSH Terms]) OR "geographic information 
systems"[MeSH Terms]) OR "national practitioner data bank"[MeSH Terms]) OR "quality of 
health care"[MeSH Terms]) OR "quality assurance, health care"[MeSH Terms]) OR "patient 
care"[MeSH Terms]) 
 
Search 2 
 
("quality"[All Fields] AND improvement[All Fields]) AND (performance[All Fields] AND 
("feedback"[MeSH Terms] OR "feedback"[All Fields])) 
 
Search 3 
 
(((((((("quality indicators, health care"[MeSH Terms] OR "concurrent review"[MeSH Terms]) 
OR "utilization review"[MeSH Terms]) OR "total quality management"[MeSH Terms]) OR 
"benchmarking"[MeSH Terms]) OR "program evaluation"[MeSH Terms]) OR "peer review, 
health care"[MeSH Terms]) OR "medical audit"[MeSH Terms]) OR "nursing audit"[MeSH 
Terms]) AND "randomized controlled trial"[Publication Type] 
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Appendix B: Glossary of terms and abbreviations 
 
Analytic papers Papers attempting to objectively quantify the effect on the quality 

of care and relating this effect to feedback as an intervention 

Benchmark A comparative standard that can be used as a target when trying to 
improve performance 

CQI Continuous Quality Improvement 

Level of data aggregation Level at which data are summarized, e.g. per health care provider  

Descriptive papers Papers only describing the development or application of 
information feedback 

EHR Electronic Health Record 

(Information) feedback Any summary of clinical performance of health care over a 
specific period of time, provided to health care professionals or 
(departments within) facilities responsible for patient care 

Medical registry A systematic and continuous collection of a defined data set for 
patients with specific health characteristics, held in a central 
database for a predefined purpose and submitted by multiple units 
(e.g. hospitals) 

MFA Multi-Faceted Approach 

PDSA cycle Plan-Do-Study-Act cycle 

QI Quality Improvement 

RCT Randomized Controlled Trial 

Timeliness of feedback Time between the occurrence of an event and the reporting of that 
event 
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Appendix C: Data abstraction form 
 
Registry 

name  

registration unit  

purpose of data 
collection 

 monitor/ improve quality of care  
 epidemiology 

 administrative 
 patient care 

Feedback initiative 

setting 

 inpatient – cardiovascular 
 inpatient – non cardiovascular 
 outpatient 
 other / mixed 

 

frequency 

 

medium 
 

 paper  electronic copy 
 website    publication 
other……………..  

recipient 

 caregiver 
 facility (management) 
 QI team 
 other……………. 

timeliness 1  

benchmark 

 

 average 
 peers 
 guidelines 
 other predefined targets 
 other time period 
 best performers 
 other:……….………… 

reported 
quality info 

 structure 
 process  
 outcome 

other MFA 
elements2 

 

adjusted for 
case mix 

  level of 
aggregation 

 caregiver  patient 
 facility  other…. 

Effect of feedback (analytic articles only) 

article type 
 descriptive (no quantitative information available on effect of feedback) 
 analytic 

study design 

 

 randomized controlled 
 non-randomized controlled 
 non-randomized non-controlled 

 reported effect 
(statistically 
significant) 

 positive 
 none 
 negative 

groups compared 
 

reported clinical 
relevance 

 

primary clinical 
outcome measures 

 

Barriers and success factors as reported by authors (analytic articles only) 

barriers 
 

success  factors 
 

                                                 
1 the time between an event and the reporting of that event 
2 MFA = Multifaceted Approach 



 

 

Appendix D Effect of information feedback from medical registries (analytic articles only) 
Ref Setting Study design Groups compared Feedback 

Primary clinical outcome 
measures 

Process/ 
Outcome 

Effecta) 
Rele 

vant b) 

No MFA elements 
59 inpatient - non 

cardiovascular 
non-randomized
controlled 

intervention group participating 
in registry for 3 year 

annual report  risk of re-operation after hernia 
surgery 

O  yes 

control group participating in the 
registry for 1 year 

9 inpatient - non 
cardiovascular 

randomized 
controlled 

intervention group  one time only report caesarean section rate O ? no 

control group none 

72 outpatient randomized 
controlled 

intervention group 1 annual report (graphical) quality indicators (unclear which 
indicators are selected as an 
outcome measure) 

? = no 
intervention group 2 
(intervention) annual report (graphical) 

  

intervention group 3 (control) annual report (tabular)   

Feedback combined with one or two MFA elements 
64 outpatient non-randomized

non-controlled 
before vs. after intervention (at 
patient level) 

 quarterly report % of patients who 1) improved or 
2) stabilized on 
a. ambulation 
b. bathing 
c. oral medications 
d. pain 
e. dyspnea 

O 1. a-e =
2. a,b,c=  
2. c, e  

no 

66 outpatient randomized 
controlled 

intervention group monthly report # patients on preferred dialysis 
modality 

P  yes 
control group none 

26 inpatient - 
cardiovascular 

randomized 
controlled 

early receivers one time only 
report(early) 

# patients receiving ß blockers 
within 30 days after discharge 

P = no 

late receivers one time only report(late) 
51 inpatient - non 

cardiovascular 
non-randomized
non-controlled 

before vs. after intervention one time only report 1. caecal intubation rate 
2. degree of pain during 
examination 
3. patients' satisfaction 

O 1. = 
2. = 
3. = 

no 

27 outpatient randomized 
controlled 

intervention group quarterly report 1. physician's median antibiotic 
costs 

1. O 1.  yes 

control group none 2. proportion of care episodes in 
which a pre-specified first-line 
antibiotic was used first 

2. P 2.  

  



 

 

Appendix D (continued) 
Ref Setting Study design Groups compared Feedback Primary clinical outcome measures Process/ 

Outcome 
Effect Rele 

vant 
28 outpatient randomized 

controlled 

intervention 2-monthly report proportion of each physician's total 
benzodiazepine prescriptions for: 
1. long-acting agents 
2. combinations of benzodiazepines with 
other psychoactive medications (incl. 
other benzodiazepines) 
3. long-term benzodiazepine therapy 

P 1.  
2. = 
3. = 

no 

control group 2-monthly report (on 
other subject) 

  

62 inpatient - 
non 
cardiovasc
ular 

non-randomized
non-controlled 

3 case studies in 3 different 
hospitals 
1 facilitating development 
of clinical pathway for 
stroke patient 
2.improving obstetrics + 
gynecologic services 
through education 
3.hospitalwide QI program 

annual report 1. length of stay 
2. a) % caesarean births b) improvement 
in vaginal births after caesarean section c) 
decline in birth trauma 
3. newborn mortality rate 

O 1.  ? 
2.a-c ?

3. ? 

yes 

29 outpatient randomized 
controlled 

intervention group 1 
(intervention) 

one time only report proportion of prescription of one type of 
drug 

P = no 

intervention group 2 none (education alone) 
30 outpatient randomized 

controlled 
intervention group 1 quarterly report  

(caregiver specific; 
benchmark: own 
historical data) 

1. proportion of asthmatics treated with 
inhaled steroids 
2. incidence rate of treatment with inhaled 
steroids 

P 1. = 
2. = 

no 

intervention group 2 quarterly report  
(region specific; 
benchmark: regional 
peers) 

control group report on  
different subject 

31 outpatient randomized 
controlled 

intervention group one time only report 1. antibiotics prescription rate 
2. proportion of prescription for narrow-
spectrum antibiotics 

P 1. = 
2. = 

no 

control group none   

  



 

 

Appendix D (continued) 
Ref Setting Study design Groups compared Feedback Primary clinical outcome measures Process/ 

Outcome 
Effect Rele 

vant 

Feedback combined with more than two MFA elements 
40;41 inpatient - 

cardiovasc
ular 

randomized 
controlled 

intervention group 1 4-monthly report on 
treatment 1 

1. % patients receiving ß blockers 
2. % patients receiving internal mammary 
artery grafting 

P 1.  
2. = 

modest 

intervention group 2 4-monthly report on 
treatment 2 

control group none 

42 inpatient - 
cardiovasc
ular 

non-randomized
non-controlled 

before vs. after intervention 
(including introduction of a 
new protocol); single center 
study 

quarterly report incidence of post-operative Atrial 
Fibrillation following a cardiac surgery 
procedure 

O ? 
 

yes 

50 inpatient - 
non 
cardiovasc
ular 

non-randomized
non-controlled 

before vs. after participation 
in the registry + receiving 
feedback 

quarterly report 1. Length of stay 
2. functional ability score  

O 1. ? 
2. ? 

modest 

60 inpatient - 
non 
cardiovasc
ular 

randomized 
controlled 

intervention group 1 quarterly report 1. prevalence of little of no activity 

2. 12 other quality indicators from the 
Minimal Data Set 

1. O 

2. O (9/12) 

P (3/12) 

1.  

2. = 

no 
intervention group 2 quarterly report (extra 

MFA elements) 
control none 

46 inpatient - 
cardiovasc
ular 

non-randomized
non-controlled 

before vs. after intervention report on request 8 treatment rates P for all 
treatments 

yes 

MFA elements only 
36 inpatient - 

cardiovasc
ular 

non-randomized
non-controlled 

time periods of 6 or 12 
months 

no report 1. call for help within 30 min 
2. reaching hosp. within 30 min after call 
3. time to reach hospital 
4. receive treatment within 30 min after 
arrival at hospital 
5. time to treatment 
6. receive treatment 60/120/180 min after 
call 
7. use of secondary prevention medication 

P 1.  
2. = 
3. = 
4.  
5.  
6.  
7. = 

yes 

  



 

 

Appendix D (continued) 
Ref Setting Study design Groups compared Feedback Primary clinical outcome measures Process/ 

Outcome 
Effect Rele 

vant 
37;38 inpatient - 

cardiovasc
ular 

non-randomized
controlled 

intervention group 1 annual report + full 
activity QI program 

guideline adherence on treatment goal as 
defined by 5 quality indicators 

P (4/5)
 = (1/5) 

yes 

intervention group 2 
(combined with group 1 in 
analysis) 

annual report + 
compressed QI 
program;  more (IT) 
support in between 
sessions 

  

matched control annual report 
52 inpatient - 

non 
cardiovasc
ular 

randomized 
controlled 

intervention routine quarterly + 
annual reports; peer 
comparison; workshops

1. surfactant treatment in delivery room 
2. first surfactant treatment <2hours after 
birth 
3. time after birth for receiving first 
surfactant 

P 1.   
2.  
3.  
4. = 
5. = 

yes 

control reports only 4. death before discharge 
5. pneumothorax 

O 

70 outpatient randomized 
controlled 

intervention quarterly + annual 
reports; education; CQI 
support 

1. mean Urea Reduction Ratio 
2. mean blood flow 
3. mean treatment time 

P 1.  
2. = 
3.  

yes 

control reports only   

Abbreviations: CQI, continuous quality improvement; IT, information technology; MFA, multifaceted approach; O, Outcome; P, process; QI, quality improvement; vs., versus 
a)  positive effect; statistically significant 

= no effect 
 positive effect; statistical effect not tested (reported in our review as no effect) 
?   negative effect; statistical significance not tested (reported in our review as no effect) 

b) clinically relevant effect of the feedback initiative according to the authors of the included paper 
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Abstract 
Background 
Feedback is potentially effective in improving the quality of care. However, merely sending 
reports is no guarantee that performance data are used as input for systematic quality 
improvement (QI).  
Intervention 
We developed a multifaceted feedback strategy tailored to prospectively analyzed barriers to 
using indicators: the Information Feedback on Quality Indicators (InFoQI) program. This 
program aims to promote the use of performance indicator data as input for local systematic QI, 
and consists of (1) comprehensive feedback, (2) establishing a local, multidisciplinary QI team, 
and (3) educational outreach visits.  
Methods/Design 
We will conduct a cluster randomized controlled trial with Dutch intensive care units (ICUs) to 
assess the impact of the InFoQI program on patient outcome and organizational process 
measures of care. We will include ICUs that submit indicator data to the National Intensive Care 
Evaluation (NICE) quality registry, and that agree to allocate at least one intensivist and one 
ICU nurse for implementation of the intervention. Eligible ICUs (clusters) will be randomized to 
receive basic NICE registry feedback (control arm) or to participate in the InFoQI program 
(intervention arm). The primary outcome measures will be length of ICU stay, and the 
proportion of shifts with a bed occupancy rate above 80%. We will also conduct a process 
evaluation involving ICUs in the intervention arm to gain insight into factors that affected the 
program’s impact. 
Discussion 
The results of this study will inform those involved in providing ICU care on the feasibility of a 
tailored multifaceted performance feedback intervention and its ability to accelerate systematic 
and local quality improvement.   
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Background 
To systematically monitor the quality of care and develop and evaluate successful improvement 
interventions, data on clinical performance are essential.1;2 These performance data are often 
based on a set of quality indicators, ideally combining measures of structure, process and 
outcomes of care.3;4 
 Also within the domain of intensive care, several indicator sets have been developed5-9 and 
numerous quality registries have been established worldwide to routinely have indicator data 
available on the performance of intensive care units (ICUs).10-13 In the Netherlands, the National 
Intensive Care Evaluation (NICE) quality registry was founded in 1996 by the Dutch intensive 
care profession with the aim to systematically and continuously monitor, assess and compare 
ICU performance and to improve the quality of ICU care based on the outcome indicators case-
mix adjusted hospital mortality and length of ICU stay.13 In 2006, this limited core data set of 
outcome indicators was extended to a total of eleven structure-, process- and outcome indicators, 
adding items such as nurse-to-patient ratio, glucose regulation, duration of mechanical 
ventilation and incidence of severe pressure ulcers. The extended set was developed by the 
Netherlands Society for Intensive Care (NVIC) in close collaboration with the NICE 
foundation.7  
 Besides facilitating data collection and analyses, NICE –like most quality registries– also 
sends participants periodical feedback reports on their performance over time and in comparison 
with other groups of ICUs. Although feedback is potentially effective in improving the quality 
of care,14-16 merely sending feedback reports is no guarantee that performance data are used as 
input for systematic quality improvement (QI). 
 
Barriers to using performance feedback for systematic quality improvement  
Previous systematic reviews reported potential barriers at different levels to using performance 
data for systematic improvement of health care, e.g. insufficient data quality, no 
acknowledgement of the room for improvement in current practice or lack of resources to 
implement quality interventions.15;16 The results of a validated questionnaire completed by 142 
health care professionals working at 54 Dutch ICUs confirmed that such barriers also existed 
within the context of intensive care.17 

 
Tailoring a multifaceted registry-based feedback strategy to identified 
barriers 
As suggested by others18;19 we translated the prospectively identified barriers into a tailored 
multifaceted feedback strategy using expert knowledge, evidence from literature, and input from 
future users. The latter was mainly obtained during a three-hour focus group with five 
intensivists, three ICU nurses, and one ICU manager. We discussed (1) the previously identified 
barriers, and ensured that none were missed, (2) participants’ preferences regarding content and 
lay-out of the feedback reports, and (3) their opinion on feasibility and sustainability of the 
strategy in daily practice. The NICE registry board–consisting of ICU clinicians and registry 
experts- approved the final design of the feedback strategy. 
 
The InFoQI program 
Table 1 contains all barriers identified and how they are targeted by the strategy. We named the 
resulting QI program InFoQI (Information Feedback on Quality Indicators). 
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By targeting the potential barriers to using performance feedback as input for systematic QI 
activities at ICUs, the InFoQI program ultimately aims to improve the quality of intensive care. 
 
FEEDBACK REPORTS 
From the prospective barriers analysis it appeared that many barriers concerned the basic NICE 
feedback reports. To target the lack of case-mix correction and lack of information to initiate QI 
actions, the basic quarterly report will be replaced by an extended, comprehensive quarterly 
report that facilitates comparison of an ICU’s performance with that of other ICUs, e.g., by 
providing the median length of ICU stay for elective surgery admissions in similar-sized ICUs 
as a benchmark.  
 To increase the timeliness and intensity of reporting, we also developed a monthly report 
focusing on monitoring an ICUs’ own performance over time to facilitate local evaluation of QI 
initiatives, e.g., by providing Statistical Process Control (SPC) charts.20 To decrease the level of 
data aggregation, both the monthly and quarterly reports contain data at the level of individual 
patients, e.g., a list of unexpected non-survivors (i.e., patients who died despite their low risk of 
mortality). Appendix A summarizes the content of the reports. 
 
ESTABLISHING A LOCAL, MULTIDISCIPLINARY QI TEAM 
ICUs participating in the InFoQI program are asked to establish a local, multidisciplinary QI 
team to create a formal infrastructure at their department for systematic QI. This team must 
consist of at least one intensivist and one nurse; a management representative and a data 
manager are suggested as additional members. To target the lack of motivation to change, team 
members should be selected based on their affinity and experience with measuring and 
improving quality of care and their capability to convince their colleagues to be involved in QI 
activities. The team’s main tasks are described in a protocol and include formulating a QI action 
plan, monitoring of performance using the feedback reports, and initiating and evaluating QI 
activities. We estimate the minimum time investment per team member to be four hours on 
average per month. This estimation comprises all activities prescribed by the InFoQI program 
except for the execution of the QI plan. The actual time spent will depend on the type and 
number of QI actions in the plan. 
 
EDUCATIONAL OUTREACH VISITS 
Each participating ICU receives two on-site educational outreach visits that are aimed at 
increasing trust in data quality, supporting the QI team members with interpreting performance 
data, identifying opportunities for improvement, and translating them into a QI action plan. The 
structure of the visits and the template for the action plan are standardized. All visits are 
facilitated by the same investigators who have a non-medical background; they have been 
involved in the development of the extended NVIC indicator set and have several years of 
experience with optimization of organizational processes at the ICU. Having non-clinicians 
supporting the QI team will make the strategy less intrusive, and therefore less threatening to 
participating units. It also increases the feasibility of the strategy as clinical human resources are 
scarce in intensive care. 
 
 



 

 

Table 1: The prospectively identified barriers to using performance feedback and how they are targeted by the strategy 
Barrier identified Statement to illustrate the barrier How the barrier is targeted by the feedback strategy 
Lack of knowledge on 
how to interpret the data 

“Another obstacle is that people are not being 
taught how to handle the results, how to 
interpret them.” 

During educational outreach visits the facilitators support the 
QI team in interpreting their performance data in the reports 
and in formulating a QI action plan  

Lack of information to 
initiate QI actions 

“You want to improve the quality, but you 
don’t know where to start or where the real 
problems lie....The current set of [outcome] 
indicators doesn’t give enough information.” 

The feedback reports contain extended information on six of 
the indicators; During educational outreach visits the 
facilitators support the QI team in further exploration of data 
in the NICE registry 

Lack of trust in data “The data are often regarded as unreliable. If 
you put rubbish in, you will only get rubbish 
out. Trust in the data is essential.”  
“Monitoring of quality indicators does not lead 
to reliable benchmark data for ICUs.” 

During educational outreach visits the facilitators discuss with 
the QI team completeness and correctness of the data sent to 
the NICE registry and -if necessary- support them in 
formulating actions to improve their data quality. 

Lack of statistical power 
for small ICUs 

“If your ICU is small, how reliable can your 
data ever get?” 

Not targeted by the strategy 

Lack of case-mix 
correction 

“…what are the characteristics of my 
ventilated population? That can be a cause of 
prolonged ventilation duration.”  
“the ‘my patients are sicker’ syndrome.” 

Besides already available case-mix corrected hospital 
mortality data, data are stratified based on admission type or 
on APACHE IV diagnosis. During educational outreach visits 
the facilitators support the QI team in formulating additional 
case-mix related analyses on data in the NICE registry 

Level of aggregation too 
high 

“For partnership practices, the [care providers] 
were shown prescribing data at practice level, 
not at the level of the individual prescriber.”  

Besides data aggregated on ICU level, the feedback reports 
contain data on patient or shift level for six of the indicators.  

Insufficient timeliness “…the information might not have been 
presented close enough to the time of decision 
making.” 

As the monthly reports do not contain comparisons with other 
ICUs, it is possible to decrease the time between the end of a 
period and reporting data on this period from ten (for quarterly 
reports ) to six weeks (for monthly reports). 

Lack of intensity  “…the [care providers] received prescriber 
feedback letters only once.” 

In addition to the quarterly reports, the QI team receives 
monthly feedback reports containing their performance data 
presented in a different way. 

 
  



 

 

Table 1 (continued) 
Barrier identified Statement to illustrate the barrier How the barrier is targeted by the feedback strategy 
Lack of outcome 
expectancy 

“…the current rates were not considered a 
problem.” 

During educational outreach visits the facilitators discuss with 
the QI team the opportunities for improvement 

Lack of trust in QI 
principles 

“It is difficult to convince staff to use 
continuous quality improvement principles.”  

The facilitators discuss with the QI team members the 
principles of systematic QI during the educational outreach 
visits. 

Lack of dissemination 
of information 

“…inadequate dissemination within the 
hospitals.”  

Each QI team member receives the feedback reports by e-
mail. During educational outreach visits and in monthly 
reminders they are encouraged to share their findings with the 
rest of the staff 

Lack of motivation “As the intervention was unsolicited, the 
participants had not agreed to review their 
practice.”  

The members of the QI team should be selected based on their 
affinity and experience with measuring and improving quality 
of care and their capability to convince staff to be involved in 
QI activities 

Organizational 
constraints 

“Monitoring of quality indicators does not fit 
into the daily routines in the hospital setting.” 
“Patient care is the main task and [QI activities 
are] just an extra”  
“You will need a change of organizational 
culture…That will take some time to achieve.”  
 “Most of the participating [care] facilities did 
not have well-developed quality improvement 
programs with systems to support 
implementing changes needed in care 
delivery.”  

The QI team forms the organizational basis for monitoring 
performance and initiating QI activities. One of their tasks is 
formulating a QI action plan corresponding with the 
opportunities for improvement within their own organization. 
They are also asked to discuss their performance during 
monthly QI team meetings, using the available reports and 
their QI plan as a basis. They are encouraged to report their 
findings during regular existing staff meetings. 

Lack of resources “Monitoring of quality indicators takes too 
much time.”  
 “Money is a huge obstacle. Hospitals are 
forced to seriously cut back their expenses in 
the coming few years.”    

Not targeted by the strategy 

External barriers “…there is [a lack of] public awareness now of 
the need to [improve the quality of care]” 

Not targeted by the strategy 
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Study protocol for evaluating the impact of the feedback strategy 
Study objectives 
The study as proposed in this protocol aims to evaluate the effect of the tailored multifaceted 
feedback strategy on the use of performance indicator data for systematic QI at ICUs. Specific 
objectives include: 
1. To assess the impact of the InFoQI program on patient outcome and organizational process 

measures of ICU care. 
2. To gain insight into the barriers and success factors that affected the program’s impact.  
We hypothesize that ICUs participating in the InFoQI program will improve the quality of their 
care significantly more than ICUs receiving basic feedback from the NICE registry.  
 
Study design 
We will execute a cluster randomized controlled trial to compare facilities participating in the 
InFoQI program (intervention arm) to facilities receiving basic feedback from the NICE registry 
(control arm). As the InFoQI program will be implemented at the facility rather than individual 
level, a cluster randomized trial is the preferred design for the evaluation of the program’s 
effectiveness.21 Like most trials aimed at evaluating organizational interventions, our study is 
pragmatic.22 To apply to current standards, the study has been designed and will be reported in 
accordance with the CONSORT statement23 and the appropriate extensions.24;25 
 
Setting 
The setting of our study is Dutch intensive care. In the Netherlands, virtually all 94 ICUs are 
mixed medical-surgical closed-format units, i.e., units with the intensivist as the patient’s 
primary attending physician. The units are a mixture of academic, teaching, and nonteaching 
settings in urban and nonurban hospitals. In 2005, 8.4 adult ICU beds per 100000 population 
were available and 466 patients per 100000 population were admitted to the ICU that year.26 
Currently, a representative sample of 80 ICUs –covering 85% of all Dutch ICUs– voluntarily 
submit the limited core data set to the NICE registry, and 46 of them collect the complete, 
extended quality indicator data set. 
 At the NICE coordination center, dedicated data managers, software engineers and a 
coordinator are responsible for routine processing, storing, checking and reporting of the data. 
Also, for the duration of the study two researchers will be available to provide the InFoQI 
program to ICUs in the intervention arm. The availability of these resources is essential for the 
feasibility of our study. 
 
Selection of participants 
All 46 ICUs that participate in NICE and (are preparing to) submit data to the registry on the 
extended quality indicator set will be invited to participate in our study. They should be willing 
and able to allocate at least two staff members for an average of four hours per month to be 
involved in the study. The medical manager of the ICU must sign a consent form to formalize 
the organization’s commitment.  
 All patients admitted to participating ICUs during the study period will be included in the 
analyses. However, when evaluating the impact on patient outcomes, we will exclude 
admissions based on the APACHE IV exclusion criteria,27 as well as admissions following 
cardiac surgery, patients who were dead on admission, and admissions with any of the case mix 
variables missing. 
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Control arm: basic feedback from the NICE registry 
The ICUs allocated to the control arm will be treated as ´regular´ NICE participants. This 
implies they will receive basic quarterly and annual feedback reports on the registry’s core 
outcome indicators case-mix adjusted hospital mortality and length of ICU stay. In addition, 
they will be sent similar, but separate basic quarterly and annual feedback reports containing 
data on the extended indicator set. Also, support by the NICE data managers is available and 
includes data quality audits, support with data collection and additional data analyses on request. 
Furthermore, they are invited to a yearly discussion meeting where they can share experiences 
with other NICE participants.  
 
Intervention arm: the InFoQI program  
ICUs assigned to the intervention arm, i.e. participating in the InFoQI program, will receive the 
same intervention as the control arm, but extended with (1) more frequent and more 
comprehensive feedback, (2) a local, multidisciplinary QI team, and (3) two educational 
outreach visits (Table 2).  
 
Outcome measures 
We used previously collected NICE data (regarding the year 2008) to select outcome measures 
from the extended quality indicator set to evaluate the effectiveness of our intervention. To 
decrease the probability of finding positive results by chance as a result of multiple hypothesis 
testing,28 we limited our primary endpoints to a combination of one patient outcome and one 
organizational process measure.  
 We selected the indicators that showed the largest room for improvement, i.e., the largest 
difference between the average of top-performing centers and the average of the remaining 
centers.29 Primary outcome measures will be: 
 Length of ICU stay (ICU LOS); this will be calculated as the difference in days between the 

time of ICU discharge and time of ICU admission. To account for patients being discharged 
too early, the length of stay of the first ICU admission will be prolonged with the length of 
stay of subsequent ICU readmissions within the same hospital admission.  

 Proportion of shifts with a bed occupancy rate above 80%; this threshold is set by the NVIC  
in their national organizational guideline for ICUs.30 We will calculate the bed occupancy 
rate as the maximum number of patients admitted simultaneously during a 8-hour nursing 
shift divided by the number of operational beds in that same shift. A bed will be defined as 
‘operational’ when it is fitted with monitoring and ventilation equipment and scheduled 
nursing staff.  

 
Secondary outcome measures will be all-cause, in-hospital mortality of ICU patients, duration of 
mechanical ventilation, proportion of glucose measurements outside the range of 2.2 to 8.0 
mmol/L, and the proportion of shifts with a nurse-to-patient ratio below 0.5. 
 
Data collection 
We will use the existing data collection methods as currently applied by the NICE registry.31 
Most ICUs participating in NICE combine manual entry of data using dedicated software with 
automated data extractions from electronic patient records available in e.g. their patient data 
management system. Each month, participants upload their data from the local, electronic 
database to the central, electronic registry database. ICUs in the intervention arm that have not 
submitted their data at the end of a month will be reminded by phone, and assisted if necessary.  
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Table 2: Components of the intervention (InFoQI program) 
Component Description  
Feedback reports  12 monthly reports for monitoring ICU’s performance over time 

 4 comprehensive quarterly report for benchmarking ICU’s 
performance to other ICUs 

 sent to and monthly discussed by QI team members 
Local QI team  multidisciplinary; minimum of 1intensivist and 1 ICU nurse 

 responsible for formulating and executing a QI action plan 
 12 monthly QI meetings to monitor their performance using 

feedback reports 
 sharing main findings with rest of ICU staff 

Educational 
outreach visits 

 on-site  
 at start of study period, and after six months 
 all QI team members are invited; visits facilitated by researchers 
 promoting use of Plan-Do-Study-Act cycle for systematic quality 

improvement 
 formulating and evaluating QI action plan based on performance 

feedback 
Abbreviations: ICU, intensive care unit; QI, quality improvement 

 
Quarterly reports are provided within ten weeks after the end of a period, and monthly reports 
within six weeks. The NICE registry uses a framework for data quality assurance,32 including 
elements like periodical on-site data quality audits and automated data range and consistency 
checks. For each ICU, additional data checks for completeness and accuracy will be performed 
before, during and after the study period using descriptive statistics.  
 
Sample size calculations 
The minimally required number of ICUs participating in the trial was based on analysis of the 
NICE registry 2008 data. First, ICUs were ranked by average ICU LOS of their patients. The 
anticipated improvement was defined as the difference in average ICU LOS of the 33% top 
ranked ICUs (1.28 days) and average ICU LOS among the remaining ICUs (2.11 days), and 
amounted to a reduction of 0.58 days per patient. A senior intensivist confirmed that this 
reduction is considered clinically relevant. Assuming an average number of 343 admissions per 
ICU per year, calculations based on the Normal distribution showed that we will need at least 26 
ICUs completing the trial to detect this difference with 80% power at a type I error risk (α) of 
5%, taking an estimated intra-cluster correlation of 0.036 into account. With this number of 
ICUs, the study will also be sufficiently powered to detect a reduction in mechanical ventilation 
duration of 0.75 days per patient (from 2.96 to 1.75 days). We do not expect to be able to detect 
an effect of the intervention on ICU or hospital mortality. 
 To determine the required sample size for bed occupancy, shifts with an occupancy 
exceeding 80% were counted. This occurred in 44% of all shifts in 2008. Following the same 
ranking procedure as described above, a reduction of 24% was anticipated, and considered 
clinically relevant. Power calculations based on the Binomial distribution showed that we will 
need a minimum of 16 ICUs completing the trial to detect this difference, taking an estimated 
intra-cluster correlation of 0.278 into account. 
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Randomization 
We will randomly allocate ICUs (clusters) to one of both study arms, stratified by (1) the 
number of ventilated, non-cardiac surgery admissions (less than the national median vs. more 
than the national median) and (2) involvement in a previous pilot study to evaluate feasibility of 
data collection of the NVIC indicator set7 (involved vs. not involved). Each stratum will consist 
of blocks with a randomly assigned size of either two or four ICUs (Figure 1). A researcher –not 
involved in the study and blinded to the identity of the units– will use dedicated software to 
generate a randomization scheme with an equal number of interventions and controls for each 
block. The size and the randomization scheme of the blocks will be concealed to the 
investigators enrolling and assigning the ICUs. In an email to the ICU confirming the arm to 
which they have been allocated, the researcher that executed the randomization process will be 
sent this information in copy as an additional check on the assignment process. Due to the 
character of the intervention, it will not be possible to blind participants or the investigators 
providing the InFoQI program.  
 
Statistical Analysis 
For ICUs in the intervention group, the time from randomization to the first outreach visit – with 
an expected duration of six to eight weeks – will be regarded as a baseline period. Follow-up 
will end three months after the last report has been sent, assuming this is the average time 
required for an ICU to read, discuss and act on a feedback report. The expected duration for 
intervention ICUs will, therefore, be approximately fourteen months. Control ICUs will have a 
fixed baseline period of two months, and a follow-up of fourteen months.  
 To assess the effect of the InFoQI program, the outcome values measured during the 
follow-up period will be compared between both study arms. To assess the effect of the program 
on length of stay, we will perform a survival analysis of time to alive ICU discharge with dying 
at the ICU as a competing risk,33 and adjusting for patient demographics, severity of illness 
during first 24 hours of admission, and admission type.  
 To account for potential correlation of outcomes within ICUs, we will use generalized 
estimation equations with exchangeable correlation.34-36 The same procedure will be used to 
analyze duration of mechanical ventilation. For all-cause mortality, logistic regression analysis 
will be used, adjusting for severity of illness at ICU admission by using the Acute Physiology 
and Chronic Health Evaluation (APACHE) IV risk prediction model.27 
 To assess the effect of the intervention on the proportion of shifts with a bed occupancy 
rate above 80%, shift-level occupancy data (0 for an occupancy rate below or equal to 80%, 1 
for a rate above 80%) will be analyzed with logistic regression analysis. In this case, generalized 
estimation equations with an autoregressive correlation structure will be used to account for the 
longitudinal nature of shift occupancy observations. The same procedure will be followed to 
analyze the proportion of shifts with a nurse-to-patient ratio below 0.5. 
 To assess the effect on the proportion of out-of-range glucose measurements, multi-level 
logistic regression analysis will be performed where subsequent glucose measurements on the 
same patient are treated as time series data, and both patient-level and ICU-level intercept 
estimates are used to account for potential correlation of measurements within patients and 
within ICUs. 
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Figure 1: Study flow 
 
Process evaluation 
We will complement the quantitative trial results with the results from a process evaluation to 
gain insight into the barriers and success factors that affected the program’s impact.37 We will 
determine the actual exposure to the InFoQI program by asking all members of the local QI 
teams to record the time they have invested in the different study activities. We will also 
investigate the experiences of those exposed and evaluate which of the barriers identified before 
the start of the program were actually solved, and if any other unknown barriers affected the 
program’s impact; this might include barriers at the facility level as well as at the individual 
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level. Data will be collected by sending an electronic questionnaire to all QI team members at 
the end of the study period. They will be asked to rate on a 5-point Likert scale to what extent 
they perceived certain barriers to using the InFoQI program for quality improvement at their 
ICU. In addition, we will invite delegates of the local QI teams for a focus group to discuss in 
more detail their experiences with the InFoQI program and the barriers they perceived. 
 
Ethics 
The Institutional Review Board (IRB) of the Academic Medical Center (Amsterdam, the 
Netherlands) informed us that formal IRB approval and patient consent was not deemed 
necessary due to the focus of the InFoQI program on improving organizational processes; 
individual patients will not be directly involved. Additionally, in the Netherlands there is no 
need to obtain consent to use data from registries that do not contain patient-identifying 
information, as is the case in the NICE registry. The NICE foundation is officially registered 
according to the Dutch Personal Data Protection Act.  

  
Discussion 
This paper describes the development of a multifaceted feedback strategy, and our plan for 
evaluating its impact on the quality of ICU care. We expect the strategy to improve the quality 
of intensive care by enabling ICUs to overcome known barriers to using performance data as 
input for local QI activities.  
 
Barriers not targeted by the feedback strategy 
Three out of fifteen identified barriers were not targeted by the feedback strategy. One barrier 
regarded the lack of statistical power for facilities with a paucity of data due to limited patient 
volumes. This issue has received some attention in the methodological literature, but no 
consensus exists about the appropriate method to solve this problem.38 For this reason we 
decided to leave the issue unresolved. This will potentially decrease the usefulness of the reports 
for smaller ICUs. Nonetheless, part of the feedback–such as the information reported on the 
patient level- will not be affected by this decision. Another barrier regarded the lack of resources 
at the ICUs. Apart from the support of the two facilitators, NICE does not have the means to 
provide additional resources to enable participation in InFoQI. To manage expectations before 
entering the program, we will provide ICUs with an estimate of the minimum time needed to 
participate in InFoQI. The last untargeted barrier concerned the lack of public awareness of the 
need to improve the quality of care. Taking into account that 85% of all Dutch ICUs participate 
in the NICE quality registry, we do not expect this to be a genuine barrier within the context of 
our study. 
 
Strengths and weaknesses of the study design 
In our study, we used the previously developed NVIC extended indicator set as the basis for our 
feedback strategy. Although the NVIC is the national organization representing the Dutch 
intensive care profession, some ICUs might still disagree with the relevancy of some of the 
indicators in the set. This would hinder the use of the feedback as input for local QI activities, 
potentially decreasing the effectiveness of the intervention. However, disagreement with the 
content of the indicator set was not identified as a barrier in our prospective barriers analysis. 
We will reassess this during the process evaluation. 
 Building on an existing indicator set also results in a clear strength of our study because we 
are able to use the data collection methods as currently applied by the NICE registry. This will 
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increase the feasibility of the InFoQI program, because eligible ICUs already routinely collect 
the necessary data items as a result of their participation in NICE; participation in the InFoQI 
program does not require additional data collection activities. Furthermore, the data quality 
assurance framework as applied by NICE increases the reliability of the data31;39 and all 
recommended data quality control methods for QI projects40 are being accounted for in our 
study. This will minimize the probability of missing and erroneous data. 
 Unfortunately, the design of the study will not allow us to quantitatively evaluate the 
relative effectiveness of the individual components of the InFoQI program. We considered a 
factorial design41 for a separate evaluation of the impact of the comprehensive feedback reports 
and the outreach visits. However, the strong interconnectedness between the two elements made 
this difficult. Furthermore, the program aims to successfully overcome known barriers to using 
performance feedback for improving practice. During the development process of the InFoQI 
program it became apparent that in order to achieve this, a combination of strategies would be 
required. Also, previous reviews of the literature reported that multifaceted interventions seem 
to be more effective than single interventions.15;16;42 Therefore, we will primarily focus on 
evaluating the effectiveness of the program as a whole; yet the process evaluation will provide 
us with qualitative information on how and to what extent each program element might have 
contributed to this effectiveness.  
 As for the participants in our study, only ICUs that (a) participate in the NICE registry (b) 
are capable of submitting indicator data and (c) agree to allocate resources to establish a local QI 
team will be eligible for inclusion. These criteria might lead to the selection of a non-
representative sample of ICUs, because eligible facilities are less likely to be understaffed and 
more likely to have (information technology) support to facilitate routine collection of NICE 
data. This will not affect the internal validity of our results, as both study arms will consist of 
these early adopters. Moreover, the 'earliest adopters' –i.e., the ICUs involved in the indicator 
pilot study7– should be equally distributed between intervention and control group as a result of 
our stratification method. However, the generalizability of our findings will be limited to ICUs 
that are motivated and equipped to systematically monitor and improve the quality of the care 
they deliver. Nevertheless, as the number of ICUs participating in NICE is rapidly increasing, 
information technology in hospitals is expanding, and applying QI principles is becoming more 
common in health care, we believe that this requirement will not reduce the relevancy of our 
results for future ICU practice. 
 
Relation to other studies 
The effectiveness of feedback as a QI strategy has often been evaluated, as indicated by the large 
number of included studies in systematic reviews on this subject.14;15 However, the number of 
studies comparing the effect of feedback alone with the effect of feedback combined with other 
strategies was limited and relatively few evaluations regarded the ICU domain.14;43 
 Previous before-after studies found a moderate effect of performance feedback44 and of 
multidisciplinary QI teams45 on the quality and costs of ICU care. However, many have 
advocated the need for rigorous evaluations using an external control group to evaluate the 
effect of QI initiatives,46-48 with the cluster randomized trial usually being the preferred 
method.49;50 There have been cluster RCTs in the ICU domain that evaluated a multifaceted 
intervention with audit and feedback as a basic element.51-53 Some of them were highly 
successful in increasing adherence to a specific evidence-based treatment, such as the delivery 
of surfactant therapy to neonates52 and semirecumbent positioning to prevent ventilator-
associated pneumonia.51 Our study will adopt a similar approach, combining feedback with other 
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strategies to establish change. Nevertheless, the InFoQI program will not focus on promoting the 
uptake of one specific type of practice. Instead, we assume that (1) an ICU will be prompted to 
modify practice when they receive feedback on their performance being low or inconsistent with 
that of other ICUs, (2) the members of the QI team are capable –with support of the facilitators– 
to formulate effective actions based on this feedback, and (3) the resulting customized QI plan 
will contain QI activities that are considered important and feasible within the local context of 
the ICU. With the process evaluation, we will learn if these assumptions were correct. 
 
Expected meaning of the study 
The results of this study will inform ICU care providers and managers on the feasibility of a 
tailored multifaceted performance feedback intervention and its ability to accelerate systematic, 
local QI activities. In addition, our results may be of interest to clinicians and organizations in 
any setting that use a quality registry including performance indicators to continuously monitor 
and improve the quality of care. Furthermore, the quantitative effect measurement together with 
the qualitative data from the process evaluation will contribute to the knowledge on existing 
barriers to using indicators for improving the quality of care and how they can be effectively 
overcome. 
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Appendix A: Summary of the content of the InFoQI feedback reports  
Indicator a Presented as  

Quarterly InFoQI  report 

 Patient-to-nurse ratio 

 Bed occupancy 

Box plots displaying three months of data, with one-week 
periods on x-axis. Boxes based on aggregated data from 
ICUs with similar number of admissions are provided as 
benchmark. Target value as set by NVICb is made visible in 
plot. Separate plots for day-, evening- and night shifts and 
for all shifts together. 

Bar charts displaying the ICU‘s mean benchmarked against 
means of ICUs with similar number of admissions and of 
same and other levels. 

 Length of ICU stayc 

 Mechanical ventilation 
durationc 

 Glucose regulation  

 

Text or tables with ICU’s mean or mediand benchmarked 
against mean or median of ICUs with similar number of 
admissions and national mean or median 

Table with ICU’s own top five APACHE IV diagnoses, 
based on the highest value of the indicatore. Benchmarked 
against ICUs with similar number of admissions and 
national value. 

Table with national top ten of most frequent APACHE IV 
admission diagnoses. For each diagnosis the value for the 
indicator is presentede. Benchmarked against ICUs with 
similar number of admissions and national value. 

 Length of ICU stayc 

 Mechanical ventilation 
durationc 

Bar charts displaying ICU’s median benchmarked against 
median of ICUs of same and other levels. 

Tables with ICU’s percentage of outliers benchmarked 
against mean percentage of ICUs with similar number of 
admissions and national mean. 

Tables with patient-specific information. No benchmarks 
presented. E.g. admissions with an ICU length of stay 
longer than national 90th percentilef 

 Number of unplanned 
extubations 

 Incidence of decubitus 

Text or tables with ICU’s incidence of events and incidence 
of events relative to total number of admissions or 
ventilation days benchmarked against national mean, e.g., 
the number of unplanned extubations per 100 ventilation 
days 

 Availability of intensivist (on 
week days and in weekends) 

 Strategy to prevent medication 
errors 

 Measurement of patient/family 
satisfaction 

Text or table displaying the values that ICUs submit 
quarterly to NICE; benchmarked against national mean, 
e.g., the number of hours per week day that an intensivist 
was present at the ICU 
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Appendix A (continued) 
Indicatora Presented as  

Monthly InFoQI report 

 Patient-to-nurse ratio 

 Bed occupancy 

Run charts displaying one month of data, with days of the 
month on x-axis. Target value as set by NVICb is made 
visible in chart. Separate charts for day-, evening- and night 
shifts and for all shifts together.  

Table with monthly top 10 of shifts with lowest patient-to-
nurse ratio (at least below 0.5) or highest bed occupancy (at 
least above 80%) 

 Length of ICU stay 

 Mechanical ventilation duration 

 Glucose regulation  

 

Statistical Process Control (SPC) charts displaying one year 
of data, with two-week periods on x-axis. Any identified 
special cause variationg is shown in an accompanying table. 
For length of ICU stay and mechanical ventilation duration 
there are separate charts for different types of admissions 
(e.g. cardiac surgery, elective non-cardiac surgery, 
emergency non-cardiac surgery, non-surgical, etc.). Glucose 
regulation is expressed in four separate charts, displaying 
the mean glucose value, time between two subsequent 
glucose measurements and the number of hypo- and 
hyperglycemic events c. 

 Glucose regulation 

 Mortality 

Tables with patient-specific information, such as all patients 
that were admitted with an APACHE IV adjusted mortality 
risk <20%, but died; all hypoglycemic eventsd 

a) Information on case-mix corrected hospital mortality and additional bar charts on length of ICU stay are fed back in 
separate, already existing quarterly reports, available to intervention ICUs as well as ICUs in the control group 

b) For patient-to-nurse ratio the target value is between 0.5-1.0 (i.e. minimum of one and maximum of two patients per nurse); 
For bed occupancy the target value is 80% 

c)  Most data on length of stay and ventilation duration are reported separately for different types of admissions (e.g. cardiac 
surgery, elective non-cardiac surgery, emergency non-cardiac surgery, non-surgical, etc). 

d) Glucose regulation is expressed using mean glucose value, median time between two subsequent measurements and median 
duration of hypo- and hyperglycemic events (i.e. one or more subsequent measurements with a value <2.2. mmol/l or >8.0 
mmol/l resp.) 

e) For glucose regulation both the percentage of measurements with a value <2.2. mmol/l and the percentage of measurements 
with a value of  >8.0 mmol/l relative to the total number of glucose measurements are used as values. 

f) The national 90th percentile is calculated using all data of the previous year of all ICUs in the NICE registry 

g) Special cause variation in SPC charts expresses a significant change in the process 
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Abstract 
Context 
Intensive care units (ICUs) worldwide invest valuable resources in national registries to 
continuously monitor clinical performance based on periodical feedback reports. Studies in other 
medical domains showed that feedback is more likely to affect healthcare when complemented 
with other strategies. 
Objective 
To assess the impact of a multifaceted performance feedback intervention on ICU length of stay 
(ICU LOS) compared to only sending standard registry benchmark reports.  
Design, Setting, and Participants 
The InFoQI (Information Feedback on Quality Indicators) study was a cluster randomized trial 
from February 2009 to May 2011 among 30 Dutch closed-format ICUs that participated in the 
national registry; all completed the study. Study duration per ICU was sixteen months. Cardiac 
surgery admissions were excluded. Finally, we analyzed data on 26077 admissions. 
Intervention 
Intervention ICUs received more frequent and comprehensive feedback reports, established a 
local, multidisciplinary quality improvement team, and received two educational outreach visits. 
Control ICUs received standard benchmark reports. 
Outcome Measures and results 
The extent to which the InFoQI program was implemented in daily practice varied considerably 
between intervention ICUs. The program had no statistically significant impact on any of the 
patient outcome measures. Our primary endpoint, ICU LOS, reduced by 3% in intervention units 
compared to controls (95% confidence interval [CI] -14% to +6%).  Regarding the secondary 
measures, duration of mechanical ventilation increased by 4% (95% CI, -18% to +22%),  out-of-
range glucose measurements decreased 11% (95% CI, -33% to +19%), and all-cause hospital 
mortality decreased by 4% (95% CI, -25% to +22%). 
Conclusions 
Multifaceted performance feedback did not lead to better patient outcomes than only sending 
feedback reports. Our study underlines the difficulty of further improving ICU performance with 
this type of intervention within the context of well-organized healthcare systems, where levels of 
care are already high. 
Trial-Registration  
Current Controlled Trials ISRCTN50542146 www.controlled-trials.com 
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Introduction 
The intensive care unit (ICU) provides complex multidisciplinary and expensive care to a 
heterogeneous patient population with relatively high mortality and morbidity rates. 
Performance monitoring and systematic quality improvement (QI) have become increasingly 
common tools in the field of intensive care medicine.1-5 These tools rely on indicator sets6-9 and 
collection of indicator data by national registries,10-14 and they require substantial investments of 
scarce healthcare resources. To facilitate local QI activities, ICUs participating in national 
registries receive periodical feedback reports on a broad range of performance indicators, 
benchmarked against their own historical performance or that of other units. The underlying 
assumption is that inferior or inconsistent care presented in these reports prompts providers to 
change their practice.15  
 Two systematic reviews showed that in order to increase the impact of feedback reports on 
healthcare quality, they should be complemented with other strategies.16;17 However, of the total 
of 130 randomized studies included in16;17, only one pertained to adult intensive care18. Since 
contextual factors are known to influence the success of QI interventions,19 it was not self-
evident that the results of these reviews could be extrapolated to the intensive care setting. This 
indicated a paucity in high-level evidence on the effect of multifaceted feedback interventions 
on the quality of ICU care. More recently, three randomized studies showed that such 
interventions can positively affect ICU practice.20-22  
 In order to augment this body of knowledge, we developed a multifaceted performance 
feedback strategy including benchmark reports on a wide spectrum of quality indicators6 as 
collected by the Dutch national ICU registry.13 The resulting program was named InFoQI 
(Information Feedback on Quality Indicators).23 Although the context of InFoQI resembles that 
of ICUs worldwide receiving registry benchmark reports to monitor and improve their care, we 
are not aware of previous randomized studies evaluating a multifaceted feedback intervention 
within this specific registry context. If the program would be successful, those receiving and 
providing registry benchmark reports should consider complementing the reports with additional 
strategies to effectively support and accelerate systematic, local QI at ICUs. 
 The aim of the current study was to evaluate in intensive care the impact of the InFoQI 
program on ICU length of stay (ICU LOS), mechanical ventilation duration, mortality, and 
glucose regulation after one year of receiving the intervention compared to only sending 
quarterly standard benchmark reports. Therefore, we conducted a cluster randomized trial 
among ICUs in the Netherlands. 

 
Methods 
The National Intensive Care Evaluation registry 
The Dutch National Intensive Care Evaluation (NICE) registry aims to systematically and 
continuously monitor and improve ICU performance by reporting and benchmarking quality 
indicators. They started in 1996 with the outcome indicators case-mix adjusted hospital 
mortality and ICU LOS;13 at the time of the current study, a sample of 80 ICUs –covering 85% 
of all Dutch ICUs– voluntarily submitted these core data to the NICE registry. Recently, the 
core set was extended to a total of eleven structure-, process- and outcome indicators.6  
 Regular NICE services include standard quarterly and annual benchmark reports on the 
core set, complemented with similar, but separate reports on the extended indicator set. Also, the 
NICE team of data managers/researchers and software engineers supports registry participants 
with additional data analyses. 



Effect of registry-based feedback on ICU patient outcomes 

163 

Study design 
We randomized ICUs (i.e., clusters), because the intervention was targeted at the facility rather 
than patient level.24 Our study was also pragmatic.25 A detailed description of our design was 
published elsewhere.23 
 
Participating ICUs 
All ICUs in the Netherlands are closed-format,26 and the large majority has an intensivist on call 
around the clock. We regarded the intensivists being responsible for the clinical process a 
facilitator for systematic, local QI activities.27 ICUs were eligible for the InFoQI study if they 
participated in the NICE registry and were preparing to submit data to the registry on the 
extended indicator set. They had to be able to allocate at least two staff members for a minimum 
of four hours per month for InFoQI activities.  
 All patients admitted to the participating ICUs during the study period were included in the 
analysis, except for admissions following cardiac surgery, and patients admitted to prepare for 
organ donation. 
 
Multifaceted performance feedback intervention 
For ICUs assigned to the intervention arm, the regular NICE services were extended with: 
 twelve monthly reports focusing on monitoring local performance over time, and four 

comprehensive quarterly benchmark reports on the extended indicator set facilitating 
comparison with other ICUs;  

 establishment of a local, multidisciplinary QI team that had to consist of at least one 
intensivist and one nurse. The team’s main tasks included formulating a QI action plan, 
monthly monitoring and discussing of performance using the feedback reports, and 
initiating QI activities. 

 two educational outreach visits by the investigators to support the QI team with interpreting 
performance data, and identifying opportunities for improvement. 

Feedback reports based on indicator data combined with an educational component, and the 
development of a QI plan had been reported to potentially improve care.28 We further tailored 
the intervention to prospectively identified barriers29;30 to using performance data for QI 
activities, e.g., lack of trust in data quality, and having difficulties to interpret the feedback. A 
detailed description of the intervention and identified barriers was published elsewhere.23  
Units allocated to the control arm received regular NICE services. 
 
Outcome measures 
We selected the quality indicator ICU LOS as the primary endpoint of our study. Firstly, 
because we expected successful QI actions aimed at other indicators to contribute to an 
improvement of ICU LOS. Secondly, NICE data from 2008 showed that ICU LOS was the 
indicator showing the largest variation among ICUs, when corrected for admission type. The 
indicators mechanical ventilation duration, proportion of glucose measurements outside the 
range of 40 to 144 mg/dl, and all-cause hospital mortality were selected as secondary endpoints. 
 
Cluster randomization and allocation 
Randomization of ICUs was stratified by size (more/less than the national median number of 
ventilated, non-cardiac surgery admissions) and involvement (yes/no) in a previous indicator 
development pilot to evaluate feasibility of data collection.6 Per stratum, we generated a 
randomization scheme with variable block sizes using dedicated software. This scheme was 
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concealed to those enrolling and assigning ICUs. Due to the character of the intervention, it was 
not possible to blind participants or those involved in providing the InFoQI program. 
 
Data collection and validation 
We used the available information infrastructure of the NICE registry,31 in which participants 
either manually entered data using dedicated software, or automatically extracted data from 
electronic patient records. They uploaded their local data monthly to the central NICE registry 
database. The registry’s infrastructure routinely provides data quality assurance.31;32 
 To evaluate the extent to which the InFoQI program was implemented as planned we 
asked individual QI team members twice during the study period to record their activities, 
including the estimated time they invested. 
 
Statistical analysis 
The total study period for intervention ICUs lasted sixteen months, starting at randomization and 
ending three months after the last report was sent. The period between randomization and the 
first outreach visit was approximately two months and marked as pre-InFoQI, directly followed 
by the InFoQI period. The pre-InFoQI period for control ICUs was defined as the first two 
months after randomization, followed by a fixed InFoQI period of fourteen months (Figure 1).  
 

 
Figure 1: The pre-InFoQI and InFoQI period for intervention and control ICUs. 
The duration of the pre-InFoQI and InFoQI period in the intervention arm varied between units because this depended on, for 
example, how soon the first outreach visit could be scheduled so that all QI team members were able to attend. The months in the 
upper panel, therefore, reflect the mean values of all intervention ICUs. For units in the control arm the duration of both periods 
was fixed. 

 
In all analyses, we tested for the effect of arm (intervention versus control), time since start 
InFoQI period (with value ‘0’ for all admissions during the pre-InFoQI period), and the 
interaction between arm and time. We focused on the interaction term to assess the difference in 
change at the end of the InFoQI period between the two arms, because we expected intervention 
ICUs to improve gradually. 
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 For ICU LOS we performed a Cox proportional hazard regression analysis to the 
subdistribution hazard33 of the time to ICU discharge, with ICU death as competing risk.34;35 The 
length of stay of the first ICU admission was prolonged with the length of stay of subsequent 
ICU readmissions within the same hospital admission. Furthermore, we analyzed the time to 
ICU death, with ICU discharge as the competing risk. For duration of mechanical ventilation, 
we applied the same procedure analyzing the time to extubation, with death within six hours 
after extubation as the competing event. To analyze the proportion of out-of-range glucose 
measurements we used binomial regression with a logistic link function, including only 
admissions with an ICU LOS >72 hours because we expected the benefit of improved glucose 
regulation to be most pronounced in this group.36 Logistic regression analyses were used to 
verify that the intervention did not increase all-cause hospital mortality or readmission rates. 
 To adjust for differences in case mix between the study arms, we used four patient-level 
variables (age; sex; Acute Physiology and Chronic Health Evaluation (APACHE) IV score; 
admission type) and two ICU-level variables (academic/teaching or non-teaching unit; 
participation in indicator development pilot) as covariates in each regression analysis. We used 
natural splines to model non-linear effects of continuous variables (age, APACHE IV score). We 
chose a marginal modeling approach in all analyses to account for potential correlation of 
outcomes within ICUs;37 in the Cox regression we followed the method of Lin and Wei,38 while 
in the binomial and logistic regression analyses we used generalized estimating equations, with 
exchangeable working correlation.39 
 To further explore the impact of our intervention, we conducted a post-hoc as-treated 
analysis of ICU LOS, comparing all ICUs from the original control arm to the intervention ICUs 
that reported a monthly time investment exceeding four hours per QI team member.  
 Our sample size calculation23 showed that we needed a sample of 26 ICUs to detect a 
relative reduction in ICU LOS of 27% –corresponding to an absolute reduction of 0.5 days– 
with 80% power at a type I error risk of 5%, taking an estimated intra-cluster correlation of 
0.036 into account. 
We used R version 2.13.1 for statistical analyses.  

 
Results 
Participants 
Of the 80 ICUs submitting core data to NICE, 46 were preparing data collection on the extended 
set; 30 accepted our invitation to participate in the trial (Figure 2). The main reason to refuse 
was a lack of resources to establish a local QI team (n=7). Fifteen units were assigned to the 
intervention arm, and an equal number to the control arm; all completed the study. ICUs were 
enrolled in the study between February and December 2009. All were mixed medical-surgical 
units. 
 In total, there were 35196 admissions during the study period. We excluded 4996 
admissions following cardiac surgery (14.2%), and 24 admissions for organ donation (<0.1%). 
We also excluded 3460 admissions for which –according to the APACHE IV criteria–40 we 
could not calculate a severity of illness score (9.8%), and 639 admissions with one of the other 
case mix variables missing (1.8%).  Finally, we included 30 ICUs and 26077 admissions in our 
analysis. Table 1 displays the baseline characteristics of both arms at the level of ICUs and 
admissions.  
 For glucose regulation, four intervention ICUs failed to submit data due to technical 
problems with their local laboratory system interface, and were excluded from this part of the 
analysis.  
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 Figure 2 Flow diagram of ICUs and patients through the trial  

  

Total ICUs in Netherlands (n=94)

Total ICUs participating in NICE registry (n=80)

Total ICUs preparing to submit data on the extended quality indicator set (n=46)

Reasons to refuse (n=16)
• Insufficient resources to form QI team (n=7)
• No commitment to participate (n=4)
• Unable to timely submit data (n=3)
• Involved in reorganization (n=2)

15 ICUs included in analyses (13800 total 
admissions)

Admissions excluded from analyses
2037    cardiac surgery
11        patients admitted for organ donation
1427    no APACHE IV score calculated
167      missing casemix variables

15 ICUs included in analyses (12277 total 
admissions)

Admissions excluded from analyses
2959    cardiac surgery
13        patients admitted for organ donation
2033    no APACHE IV score calculated
472      missing casemix variables

15 ICUs allocated to control arm; 
all received allocated intervention (median
[range] admissions per ICU, 1045 [675-1615];
total numbers of admissions, 17754)

15 ICUs allocated to intervention arm; 
all received allocated intervention (median
[range] admissions per ICU, 725 [530-2014];
total numbers of admissions, 17442)

Randomized (n=30)

No ICUs lost to follow up
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Table 1 Baseline characteristics of participating ICUs (clusters) and admissions 
 Intervention Control 

ICU level characteristics   
No. included in analysis 15 15 
Median (IQR) number of admissions 725 (530-2014) 1045 (675-1615) 
Academic or teaching hospital 9 7 
> 150 ventilated, non-surgical admissions per year 8 9 
Participated in indicator development pilot a) 6 4 

Admission level characteristics   
No. included in analysis 13800 12277 
Mean (SD) age (years) 61.2 (16.8) 62.3 (17.1) 
Male sex 7763 (56.3) 6856 (55.8) 
Admission type   
 medical 6573 (47.6) 6167 (50.2) 
 elective surgery  5177 (37.5) 3641 (29.7) 
 emergency surgery  2050 (14.9) 2469 (20.1) 
Mechanical ventilation 5745 (41.6) 5791 (47.2) 
Mean (SD) APACHE IV score 57.4 (31.5) 59.8 (33.2) 
Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation; CI, Confidence Interval; ICU, Intensive Care Unit; 
IQR, Interquartile range; QI, Quality improvement; SD, Standard deviation. 
Values are numbers (percentages), unless indicated otherwise. 
a) Previous pilot to evaluate the feasibility of indicator data collection6 
 
Implementation of the InFoQI program in daily practice 
All fifteen intervention units established a local QI team in which intensivists and ICU nurses 
were represented; thirteen ICUs complemented this team with other representatives, e.g. an 
operational manager. All ICUs received both educational outreach visits. The average monthly 
time investment per member was 4.1 hours (standard deviation [SD], 2.3; range, 0.6 to 8.1). As 
planned, all intervention ICUs received 4 quarterly and 12 monthly reports. The average number 
of reports reviewed by at least one team member was 10.6 (SD, 2.8; range, 3 to 16), while the 
average number of monthly QI team meetings to discuss the reports was 5.7 (SD, 1.4; range, 0 
to 12). For units that spent at least 4 hours per month per team member (n=8) this was 13.2 
reports (SD, 2.8; range, 8 to 16), and 9.1 meetings (SD, 2.3; range, 5 to 12). None of the ICUs 
were able to review and discuss all reports.  
 The QI action plans formulated during the outreach visits consisted of a mean of 12.2 
planned actions (SD, 3.5; range, 6-17). Of all quality indicators, glucose regulation was the most 
actionable with an average of 2.5 actions (SD, 1.5; range, 1 to 5). Table 2 contains the type of 
actions and examples for each outcome measure.  
 
Effect of the intervention 
Table 3 shows that ICUs that received the multifaceted feedback intervention did not improve 
their patient outcome measures more than ICUs only receiving standard benchmark reports. ICU 
LOS reduced 3% after one year in intervention units compared to controls (95% confidence 
interval [CI], -14% to +6%) (Figure 3). This reduction supplemented an already existing, non-
significant difference in ICU LOS in the pre-InFoQI period between intervention and control 
units of 9% (95% CI, -29% to +8%). 



 

 

 
 
Table 2 Examples of planned QI actions as formulated during outreach visits 
Type of action ICU LOS Duration of 

mechanical ventilation 
Out-of-range glucose 
measurements 

Hospital mortality 

Investigate low 
performance for patient 
subgroups 

Investigate effect of 
delayed ICU discharge 
of surgery patients due 
to unavailability of ward 
beds 

Investigate effect of 
case mix of ventilated 
surgical patients using a 
group of similar ICUs 
as comparison 

Analyze high % 
hyperglycemiaa) in 
patients admitted after 
‘surgery for cranial 
neoplasm’ 

Analyze standardized 
mortality ratio >1 for 
medical admissions 

Investigate individual 
cases within QI team 

Discuss patients who were admitted /  ventilated 
longer than the national 90th percentile 

Review episodes of 
hypoglycemiab) 

Investigate records of 
patients who died despite 
a low mortality risk 

Share QI team findings 
in ICU staff meetingsc) 

Organize 6-weekly multidisciplinary meetings to 
discuss individual admissions with long ICU LOS / 
duration of mechanical ventilation 

Organize monthly 
meetings with ICU nurses 
to discuss causes of 
episodes of 
hypoglycemiab) 

Organize monthly 
mortality conferences with 
intensivists and 
anesthesiologists 

Education [No actions formulated] 
Organize sessions to 
refresh knowledge on 
sedation protocol 

Formalize instructions on 
glucose regulation for 
temporary ICU nurses 

[No actions formulated] 

Adjust protocols or care 
processes 

Appoint lead nurse for 
admissions with 
expected ICU LOS >7 
days 

Develop wean protocol 

Clarify glucose protocol 
with regards to regulation 
of values exceeding 216 
mg/dl 

[No actions formulated] 

Abbreviations: ICU, Intensive Care Unit; LOS, Length of stay; QI, Quality improvement.  
a) value below 40 mg/dl  
b) value exceeding 144 mg/dl. 
c) includes newly established as well as existing meetings 
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Figure 3: Time to alive discharge from the ICU for both arms after receiving the intervention 
for one year 
 
The time to ICU death was not affected by the intervention (-3%; 95% CI, -40% to +25%). The 
number of hospital deaths in the intervention arm compared to controls decreased 4% after an 
InFoQI period of one year (95% CI, -25% to +22%), and the proportion of glucose 
measurements outside the range of 40 to 144 mg/dl decreased 11% (95% CI, -33% to +19%). 
The duration of mechanical ventilation increased 4% in intervention ICUs compared to controls 
(95% CI, -18% to +22%). InFoQI did not significantly affect the readmission rate (-13%; 95% 
CI, -34% to +13%).  
 The results of the post-hoc as-treated analysis resembled those of our primary analysis: 
after receiving the intervention for one year, ICU LOS in as-treated units reduced by 4% 
compared to controls, but without reaching statistical significance (95% CI, -14% to +5%). 

 
Discussion 
We randomized 30 closed-format ICUs that participated in the Dutch national registry, and 
analyzed data on over 26000 admissions to evaluate the effect on patient outcome measures of a 
multifaceted performance feedback program –including local, multidisciplinary QI teams, and 
educational outreach visits– compared to only sending standard benchmark reports. The extent 
to which the InFoQI program was implemented in daily practice varied substantially between 
ICUs in the intervention arm. The program had no impact on ICU LOS, or on any of the 
secondary outcome measures. 
 
Strengths and limitations 
A strength of our study was that we built on the established infrastructure of the Dutch national 
registry which enabled ICUs participating in InFoQI to rely on routine registry procedures 
without requiring any additional data collection activities. This decreased the risk of 
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demotivated control ICUs –potentially leading to a Hawthorne effect–41 or control units 
discontinuing their participation due to an increased workload without the advantage of 
receiving the intervention. Also, the registry’s quality assurance framework32 accounted for all  
recommended data quality control methods for evaluating QI programs,42 which increased the 
completeness and reliability of our data.43 
 The cluster randomized design is another strength of our study, because it helped avoiding 
bias in the estimates of ICU performance resulting from confounding with known and unknown 
unit-level characteristics.24 Despite stratified randomization, more intervention than control 
ICUs participated in the indicator development pilot.6 To correct for the potential influence of 
this baseline imbalance, we added this as a covariate in our analyses. Furthermore, our analysis 
strategy prevented us from falsely interpreting a decrease in ICU LOS as a positive effect of the 
intervention, while in fact this may have been caused by more ICU deaths, and more premature 
discharges leading to readmissions.  
 We analyzed data on over 26000 admissions, which –to our knowledge– is the largest 
number of patients included in a randomized trial evaluating a QI strategy in intensive care so 
far. Although the adjustment for potential correlation of outcomes within ICUs decreased the 
effective sample size, repeating the power analysis using trial data showed that 23 centers would 
have been sufficient to detect the reduction in ICU LOS that we considered relevant beforehand. 
Also, the actual intra-cluster correlation coefficient of 0.021 was lower than anticipated. This 
implies that the study was not underpowered.  
 One limitation was that the InFoQI program aimed to intervene at the organizational level, 
where it might take longer to effectuate change than at the individual physician or patient level.44 
For example, an intervention ICU that identified the hospital ward responsible for the majority 
of the delayed discharges, and thus for increasing ICU LOS, was still working on a solution with 
the ward’s management at the end of the study period. Hence, it is possible that prolonging the 
intervention and follow-up period would have increased the probability of finding a statistically 
significant effect of the program.   
 Another limitation is that we had mainly outcome of care measure available as the basis 
for our feedback. Indicators like hospital mortality and ICU LOS are influenced by several 
providers and practices, and factors other than ICU care. This impedes feedback interpretation, 
assignment of accountability, and identification of effective actions. By contrast, process of care 
measures directly assess provider action, making them more actionable.45;46 This was confirmed 
by our finding that the proportion of out-of-range glucose measurements was the indicator with 
most QI actions.  
 
Relation to other studies 
Other cluster randomized trials within the ICU domain evaluated the effect of a multifaceted QI 
intervention including performance feedback.20-22 In contrast to our study, the control ICUs in 
these trials received no feedback, increasing the difference between both arms. Moreover, they 
focused on improving a specific part of ICU care, e.g. by preventing accidental extubations.22 
All were successful in increasing adherence to best practice, but only few also evaluated the 
effect of their intervention on outcome of care measures. One study that improved adherence to 
feeding guidelines, reported a non-significant impact on ICU LOS.21 Likewise, a non-
randomized study that reported a decrease in catheter-related bloodstream infections and a 
reduction in hospital mortality in ICU patients,47 did not show a significant difference in hospital 
LOS.44 This illustrates the difficulty to define process of care measures with a sufficiently strong 
link to length of stay. 
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Table 3 Results of primary analyses of effect over time of the intervention on primary and secondary outcome measures. 
No of clusters / admissions 
included in analysis 

Crude outcome (median (IQR), 
unless indicated otherwise) 

Crude difference in 
change over time 
between arms 

Adjusted a) difference 
in change over time 
between arms 

ICC 

Intervention Control Intervention Control Main effect  
(95% CI) 

P Main effect 
(95% CI) 

P  

ICU Length of stay (days) 

15 / 13800 15 / 12277 1.1 (0.8-3.5) 1.5 (0.8-4.2) 1.03 (0.96-1.11) b) .36 1.03 (0.94-1.14) b) .49 0.021 

Duration of mechanical ventilation (days) 

15 / 5745 15 / 5791 1.6 (0.4-5.7) 1.8 (0.5-6.0) 0.94 (0.84-1.04) b) .23 0.96 (0.78-1.18) b) .67 0.032 

Proportion of out-of-range c) glucose measurementsd) 

11 / 2608 15 / 3807 0.29 (0.15-0.46) 0.30 (0.17-0.45) 0.86 (0.64-1.15) e) .31 0.89 (0.67-1.19) e) .44 0.072 

All-cause hospital mortality 

15 / 13800 15 / 12277 2021 (14.6)f) 2128 (17.3)f) 0.95 (0.80-1.14) e) .61 0.96 (0.75-1.22) e) .73 0.003 

Abbreviations: CI, Confidence Interval; ICC, Intracluster correlation coefficient; ICU, Intensive Care Unit; IQR, Interquartile range; P, probability. 
a) Adjusted for age, sex, APACHE IV score, admission type, academic/teaching or non-teaching unit, and participation in previous indicator development pilot 
b) Hazard ratio for the interaction term between arm and time, reflecting the difference in change between the two arms after one year of exposure to the intervention; a value >1 

means that patients in the intervention arm reached the event of interest (e.g. alive ICU discharge) sooner than controls (i.e., had a shorter ICU length of stay).  
c) Values below 40 mg/dl or exceeding 144 mg/dl. 
d) Only admissions with ICU length of stay > 72 hours were originally included in the analysis (n=7617); of these, we excluded admissions (number, percentage) (i) with missing 

glucose measurements due to technical problems with the automated laboratory system interface (1148; 15.1); this implied excluding four intervention ICUs from the analysis, and 
(ii) without any glucose measurements (54; 0.7). 

e) Odds ratio for the interaction term between arm and time, reflecting the difference in change between the two arms after one year of exposure to the intervention. 
f) Values are numbers (percentage) 
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Meaning of the study 
All ICUs in our study were Dutch closed-format units, with an infrastructure to routinely submit 
data to a national registry, and sufficient, motivated staff and supportive management to 
establish a QI team. Although this optimized the environment for successful implementation of 
the InFoQI program, the feasibility of the intervention in daily practice appeared not to be self-
evident. A possible explanation is an underestimation of the required time investment for team 
members resulting in an unanticipated lack of local resources to perform study activities and 
execute the QI action plan.  
 Although ICUs that invested more time achieved a more complete implementation of 
InFoQI, our as-treated analysis suggested that this is not the only ingredient for success. We 
expect opportunities to lie in providing teams with additional tools to translate feedback into 
potentially more effective, evidence-based QI actions. For example, cause-and-effect diagrams 
for systematic problem analysis,48 or evidence-based input on how to change daily practice in 
order to improve performance, e.g., using a daily goals form during patient care rounds.49 
 The generalizability of our findings is limited to high-level healthcare systems, in which a 
national registry has been available for some time. These contextual factors are likely to have 
contributed to ICU patient outcomes steadily improving over the last decade50, increasing levels 
of care, and possibly causing a ceiling effect. Yet, areas of intensive care that are optimized in 
the Dutch situation might still show room for improvement elsewhere. Our intervention could, 
therefore, be effective in the context of less well organized systems, or in countries that only 
recently established a national registry to monitor ICU performance. However, in such contexts 
we expect the issue of feasibility to be even more tenacious.  
 Our study underlines the difficulty of showing benefits to patient outcomes even with 
motivated participants and an intervention founded on an extensive barrier analysis. Based on 
our results, those receiving and providing registry reports should only consider adding local QI 
teams and outreach visits if they have data available on actionable process measures linked to 
patient outcome, and are able to provide additional tools to support the translation of feedback 
into effective actions.  
 
Future research 
We tailored the InFoQI program to overcome barriers to using performance feedback for local 
QI activities. In a future qualitative study, we will evaluate which prospectively identified 
barriers remained untargeted, and if any other factors affected the impact, in order to find a more 
detailed explanation for the program’s ineffectiveness.  
 Future research might aim to identify actionable process of care measures. Besides a solid 
evidence-base link between the measures and ICU patient outcome, routine collection of reliable 
data on the process measures should be feasible.  
 Lastly, more knowledge is needed on effective and useful tools to facilitate ICU clinicians 
to translate performance feedback into QI actions. 
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Abstract 
Objective 
To investigate the exposure to and experiences with a multifaceted performance feedback 
program, and explore potential explanations for why the intervention was effective or not. 
Methods 
We conducted a process evaluation as part of a cluster randomized trial investigating the effect 
of the feedback program on the quality of intensive care. Data were collected among participants 
receiving the intervention, which consisted of periodical feedback reports, establishment of a 
local quality improvement (QI) team, and educational outreach visits. We used standardized 
forms to record time investment, and a questionnaire and focus group to collect data on 
perceived barriers and satisfaction. 
Results 
The monthly time invested per QI team member ranged from 0.6 to 8.1 hours. Persistent 
problems (in order of importance) were: not sharing feedback with other staff; lack of normative 
standards and benchmarks; inadequate case-mix adjustment; lack of knowledge on how to apply 
the intervention for QI; and insufficient allocated time and staff. The feedback intervention 
effectively targeted the lack of trust in data quality, and was reported to motivate participants to 
use performance indicators for QI activities. With regard to each of the elements of the feedback 
program, at least half of the respondents reported to have a satisfactory experience. 
Conclusions 
Time and resource constraints, difficulties to translate feedback into effective actions, and 
insufficient involvement of other staff members hampered the impact of the intervention. 
However, our study suggests that a tailored multifaceted feedback program stimulates clinicians 
to use performance indicators as input for quality improvement, and is a potential first step to 
integrating systematic QI in daily care. 
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Introduction 
In healthcare, there is a large variety of initiatives developing and reporting performance 
indicators.1-3 By providing care providers insight into their performance, these initiatives 
ultimately aim to improve patient outcomes. However, it is still much debated how to use 
indicators in order to achieve this.4-7 
 In 2006, the Dutch National Society of Intensive Care Medicine (NVIC) developed a set of 
quality indicators in order to evaluate and improve the quality at Dutch Intensive Care Units 
(ICUs).8 The Dutch National Intensive Care Evaluation (NICE) registry facilitates the indicator 
data collection and analyses. As a regular NICE service, participants of the registry receive 
standard quarterly feedback reports on these indicators. Although structured feedback on 
analyzed health care data is potentially effective in improving the quality of care,9-11 studies 
showed that multifaceted interventions are usually more effective than those consisting of a 
single element, in this case sending feedback reports only.9;11 Furthermore, interventions tailored 
to prospectively identified barriers are more likely to improve professional practice as compared 
to non-tailored interventions.12-14 As this had not been done with regard to the standard NICE 
feedback reports, it was decided to perform a barrier analysis. This analysis showed that Dutch 
ICU healthcare professionals perceived several barriers to using performance data for 
systematical quality improvement (QI).15;16 Based on these results, we developed the 
Information Feedback on Quality Indicators (InFoQI) program, which is described in the 
Methods section. The effectiveness of this program was evaluated in a cluster randomized trial.15 
 In multi-site trials evaluating a complex QI strategy the ‘same’ intervention may be 
implemented and adopted in different ways, and the exposure to this intervention may vary 
considerably. Process evaluations can then be used to provide insights into to what extent the 
trial intervention was actually implemented and how it was experienced by the study 
participants.17;18 Such insights facilitate the interpretation of quantitative results of trials, and 
may be crucial in explaining why a QI strategy was effective or not. In addition, a process 
evaluation assesses the feasibility of the intervention in daily practice, and increases its 
reproducibility.17;19 However, publications on the results of formal process evaluations have 
been scarce.17;20;21 
 Therefore, besides assessing the effectiveness of the InFoQI program, we conducted a 
process evaluation as a fundamental part of our trial. With the current study we aimed to 
contribute to a better understanding of the implementation process of a multifaceted indicator 
feedback intervention, and its impact on the quality of ICU care. 

 
Methods 
The InFoQI program 
The InFoQI program is a multifaceted intervention for the ICU setting, tailored to barriers 
identified prospectively, and developed using evidence from literature, input by future users, and 
expert knowledge.15 InFoQI aimed to promote the use of performance indicator data for 
systematic QI at ICUs. The main components of the InFoQI program included (a) provision of 
comprehensive monthly and quarterly feedback reports, (b) establishment of a local 
multidisciplinary QI team, and (c) two educational outreach visits (Table 1). During these visits, 
the QI team was supported with formulating a QI action plan based on the performance data 
presented in the feedback reports. The main tasks of the QI team were to discuss their 
performance in monthly meetings and to communicate the main finding to the rest of the ICU 
staff. 
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Table 1: Main components of the InFoQI program according to protocol 
Component Description  
Feedback reports  12 monthly reports for monitoring ICU’s performance over time 

 4 comprehensive quarterly report for benchmarking ICU’s 
performance to other ICUs 

 sent to and monthly discussed by QI team members 

Local QI team  multidisciplinary; minimum of 1intensivist and 1 ICU nurse 
 responsible for formulating and executing a QI action plan 
 12 monthly QI meetings to monitor their performance using 

feedback reports 
 sharing main findings with rest of ICU staff 

Educational 
outreach visits 

 on-site  
 at start of study period, and after six months 
 all QI team members are invited; visits facilitated by researchers 
 promoting use of Plan-Do-Study-Act cycle for systematic quality 

improvement 
 formulating and evaluating QI action plan based on performance 

feedback 
Abbreviations: ICU, intensive care unit; QI, quality improvement 

 
To evaluate the impact of the InFoQI program on the quality of ICU care, we conducted a 
cluster randomized trial in the Netherlands from January 2009 until January 2011.15 ICUs were 
eligible for InFoQI if they participated in the NICE registry (n=80), were preparing to submit 
performance indicator data to the registry (n=46), and were able to allocate at least two staff 
members to form the QI team. We estimated that the average time investment per QI team 
member would be four hours per month for implementing the intervention only, i.e., excluding 
the time needed for executing QI initiatives. Finally, 30 ICUs fulfilled the inclusion criteria and 
gave informed consent. Fifteen ICUs were randomly assigned to the control arm receiving basic 
quarterly feedback reports, and fifteen were allocated to participating in the InFoQI program. 
The trial did not show a significant effect of the InFoQI program on the endpoints, which were 
nurse-patient-ratio, bed occupancy rate, ICU length of stay, duration of mechanical ventilation, 
glucose regulation, and hospital mortality.  
 
Measurement and variables  
We used the process evaluation framework described by Hulscher et al.18 to evaluate ‘the actual 
exposure to’ and ‘the experience with’ the InFoQI program. The information presented in this 
paper was collected among those exposed, i.e., members of the multidisciplinary QI teams in the 
intervention ICUs. Both qualitative and quantitative methods were used. 
 
ACTUAL EXPOSURE TO THE INFOQI PROGRAM 
During the study period, all QI team members were asked to record the estimated time they 
invested in the various study activities. Each member received a time registration form –at six 
and twelve months after inclusion– for recording the time spent per activity, e.g., reviewing and 
discussing a specific quarterly report. We distinguished hours invested in implementing the 
InFoQI program (e.g., reviewing reports, local QI meetings) from hours spent on executing QI 
initiatives from the local QI plan. 
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EXPERIENCE WITH THE INFOQI PROGRAM 
In this paper, the experience with the InFoQI program refers to the barriers perceived by those 
exposed, as well as their satisfaction with the program. Between April 2010 and June 2011, 
electronic questionnaires were sent to all QI team members at the end of their follow-up period. 
The first part of the questionnaire addressed perceived barriers to using the InFoQI program for 
systematic quality improvement at their ICU. We formulated 47 statements based on barriers 
identified beforehand,15 and based on factors influencing QI success mentioned in other 
studies.16;22;23 The majority of the statements asked for the respondent’s opinion (e.g., the 
definitions of the indicators are clear); some statements enquired after more factual 
circumstances (e.g., at our ICU, someone is responsible for collecting and submitting the 
indicator data). 
 Based on the framework of Fleuren at al.22 the barriers were grouped into four categories: 
characteristics of the indicators, characteristics of professionals, characteristics of the 
environment, and characteristics of the intervention. The second part of the questionnaire 
consisted of nine statements concerning satisfaction with the different components of the InFoQI 
program. Answers to all statements could be given on a 5-point Likert scale ranging from ’1= 
strongly disagree’ to ‘5= strongly agree’. The questionnaire was pilot-tested by one ICU nurse 
and two intensivists with special interest in implementation to check the questionnaire for 
relevance and completeness. 
 In addition, we invited delegates of the local QI teams to a two-hour focus group session in 
December 2010, to elaborate on the preliminary results of the questionnaire. Five intensivists, 
two ICU nurses, and two managers from eight different ICUs participated; five worked in 
teaching or academic hospitals. The session was chaired and co-chaired by two health services 
researchers (MdV and SvdV). A topic guide with open-ended questions was used to structure 
the discussion. The session was audio-taped and transcribed verbatim by an independent 
research assistant. 
 
Data analysis  
We used descriptive analysis to analyze the data regarding time investment, and the response to 
the questionnaire. Responses to negatively formulated statements in the questionnaire were 
recoded to match those positively formulated. A score of more than three on the 5-point scale 
was indicated as positive, less than three as negative, and a score of three was indicated as 
neutral. We considered a statement to reflect a barrier if less than 50% of the respondents scored 
the statement as positive. 
Regarding the analysis of the focus group session, two researchers (MdV and SvdV) 
independently studied the transcripts, identified all barriers, and classified them into one of the 
four abovementioned barrier categories. Results were compared, and discrepancies were 
discussed until consensus was reached. 

  
Results 
Actual exposure to the InFoQI program 
Table 2 shows the frequencies and time investments regarding the main components of the 
InFoQI program: monthly and quarterly feedback reports, the local multidisciplinary QI team, 
and the educational outreach visits.  
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Table 2: Frequencies and time investment regarding the main components of the intervention 
(exposure to the InFoQI program) 
Components of the InFoQI program Mean (SD) Range 

Multidisciplinary QI team   

Number of members per QI team 4 (1.2)  2 to 7 

Hours spent per team member per month on 4.1 (2.3)  0.6 to 8.1 

 Total   

 Activities pertaining to the InFoQI intervention  2.5 (1.3)  0.6 to 4.8 

 Execution of QI initiatives from the local QI plan 1.6 (1.5)  0 to 5.6 

QI team meetings   

 Number of meetings with >=2 team members present 5.7 (4.5)  0 to 12 

 Hours spent per meeting per attending team member 1.4 (1.0)  0 to 3.3 

Feedback reports   
Reviewing of monthly reports 

 Number of reports reviewed a)  8.3 (3.7)  3 to 12 

 Hours spent per report per reviewing team member 1.0 (0.6)  0.4 to 2.5 

Reviewing of quarterly reports   

 Number of reports reviewed a) 2.6 (1.4)  0 to 4 

 Hours spent per report per reviewing team member 1.1 (0.7)  0 to 1.9 

Educational outreach visits   

Number of visits with all QI members attending 26 b) n.a. 

Duration (hours)   

 First educational visit (median, range) 3.3 (0.9)  1.5 to 4 

 Second educational visit (median, range) 2.3 (0.6)  1.5 to 3 
Abbreviations used: n.a., not applicable; QI, quality improvement; SD, standard deviation 
a) reports were marked as ‘reviewed’ if at least one QI team member reported time invested 
b) reported for all intervention ICUs together; the total number of visits organized was 30 (i.e., two per ICUs) 

 
FEEDBACK REPORTS 
As planned, all intervention ICUs received four quarterly and twelve monthly feedback reports. 
The average number of monthly reports monitored per team was 8.3 (standard deviation [SD], 
3.7; range, 3 to 12), and the average number of quarterly reports was 2.6 (SD, 1.4; range, 0 to 4). 
For ICUs that spent at least four hours per month per team member (n=8) this was 10.4 (SD, 2.3; 
range, 6 to 12) monthly, and 3.5 (SD, 0.8; range, 2 to 4) quarterly reports. The average time 
spent to review one monthly report per team member was 1.0 hour (SD, 0.6; range, 0.4 to 2.5), 
and for a quarterly report this was 1.1 (SD, 0.7; range, 0 to 1.9).  
 
MULTIDISCIPLINARY QI TEAM 
As prescribed by the InFoQI program, all fifteen ICUs established a QI team with a minimum of 
two and a maximum of seven members. Most of the teams (53%) consisted of four members, 
including at least one intensivist and one ICU nurse. Most of these teams (n=11) added a 
(quality) manager as an additional member. The total average monthly time investment per team 
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member for the study was 4.1 hours (SD, 2.3; range 0.6 to 8.1). On average, QI teams spent 62% 
of their time on activities pertaining to the InFoQI intervention itself (e.g., reviewing feedback 
reports, QI team meetings) (mean, 2.5; SD, 1.3 hours; range, 0.6 to 4.8), and 38% on the 
execution of the QI initiatives as formulated in the local QI plan (mean, 1.6; SD, 1.5 hours; 
range, 0 to 5.6). The average number of monthly QI team meetings was 5.7 (SD, 1.4; range, 0 
to12). Only one ICU organized the maximum number of twelve monthly meetings; three ICUs 
did not organize any QI meeting.  
 
EDUCATIONAL OUTREACH VISITS 
All ICUs received both educational outreach visits. Most of the visits (87%) were attended by all 
the members of the QI team. The average duration of the first outreach visit was 3.3 hours (SD, 
0.9; range, 1.5 to 4), and for the second outreach visit this was 2.3 hours (SD, 0.6; range, 1.5 to 
3). 
 
Experience with the InFoQI program  
Of the 56 questionnaires, 43 (77%) were completed. Minimal one QI team member of each ICU 
responded. Most of the respondents were intensivists (33%) and ICU nurses (33%), followed by 
other health care professionals, e.g., quality managers (9%). The majority of the 43 respondents 
were between 46 and 55 years of age (56%), and affiliated to teaching hospitals (56%).  
Below we describe for each of the four categories the most important barriers identified, the 
barriers that were solved by the InFoQI program, and a summary of the responses regarding 
satisfaction with the different components of the intervention. All results from the questionnaire 
discussed below were confirmed in the focus group, unless indicated otherwise. 
 
BARRIERS 
Twenty-two of the 47 statements (47%) were considered to be barriers. The top ten of 
statements with the lowest and highest % respondents that (strongly) agreed, are presented in 
Table 3 and 4. The lower the percentage, the more a statement reflected a perceived barrier.  
 
Of the four categories, most perceived barriers were related to characteristics of the quality 
indicators. The most reported barrier was ´lack of normative standards´ to determine whether 
improvements were needed (21%). In the focus group, participants stated that indicators that 
incorporate an normative standard are more often subject to discussion and to changes over time. 
For example, for the indicator ‘proportion out-of-range glucose measurements’ the upper 
threshold of 8.0 mmol/l was much disputed during our study. At first, ICUs considered this too 
high based on the study of Van den Berghe et al.,24 while after the publication of the NICE-
SUGAR study in 200925 many Dutch ICUs increased their local glucose target to exceed our 
threshold of 8.0 mmol/l. 
 Other important barriers in this category were: indicators not being up-to-date (26%); the 
lack of useful benchmark data (30%); and the positive impact of the indicators not outweighing 
the required effort (31%). Also, 32% of the respondents stated that there was insufficient case-
mix adjustment to facilitate determining the need for QI actions.  
 Focus group participants mentioned the example of the benchmark for the indicator 
‘duration of mechanical ventilation’ being difficult to interpret without adequate adjustment for 
case-mix. Regarding the indicator ‘nurse-to-patient-ratio’, 74% of the respondents (strongly) 
agreed with the national guideline that one qualified ICU nurse should care for a maximum of  
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Table 3: Top 10 of most important barriers to using the InFoQI program for local, systematic 
quality improvement 

Statement 
Barrier 
category 

% (strongly) 
agreed a) 

Other staff members have access to and know where to find 
the InFoQI feedback reports b) 

intervention 7 

A normative standard for ‘ICU Length of Stay’ and 
‘duration of mechanical ventilation’ is not required for 
deciding if improvement is needed b) 

indicators 21 

I know how to use the InFoQI program to improve the 
quality of care intervention 22 

Implementation of the InFoQI program in daily practice 
was feasible due to sufficient allocated time b) 

environment 25 

The indicators are up-to-date and do not need revision indicators 26 

The collection of indicator data does not increase the 
probability of interference of third parties outside the ICU 

environment 28 

Implementation of the InFoQI program in daily practice 
was feasible due to sufficient staff environment 30 

The definition of the indicators contributes to useful 
benchmark data 

indicators 30 

The positive impact of using indicators outweighs the 
required efforts  indicators 31 

Data are sufficiently adjusted for case mix to facilitate 
determining the need for QI actions b) 

indicators 32 

Abbreviations: ICU, intensive care unit; QI, quality improvement 
a) the lower the percentage, the more important the barrier 
b) barriers were also identified in the barrier analysis prior to the implementation of the program 

 
two patients simultaneously.26 Prior to the development of the InFoQI program, one perceived 
barrier was the lack of reliable indicator data.15 At the end of the study, almost all respondents 
(91%) agreed that their confidence in the submitted data had improved, and that using structure 
and process indicators has resulted in improved quality of care (63%) (Table 4).  
 It was also stated in the focus group that participating in the study had improved data 
quality and increased awareness of data management processes. The participants emphasized 
that professionals will only act on data if they feel the data are reliable.  
 
In general, only few barriers concerned the characteristics of professionals. Respondents 
reported to be familiar with the indicators and their definitions (75%), although some lacked 
knowledge and skills on how to use the InFoQI intervention for quality improvement at their 
ICU (22%). Some commented in the focus group that a list of potentially successful actions to 
improve their practice would have been useful. 
 Most health care professionals were motivated to apply the InFoQI intervention to improve 
the quality of care at their ICU (83%), which was prospectively identified as a barrier. Focus 
group participants confirmed that that their QI team was very motivated to use quality indicators 
for performance improvement efforts. The respondents of the questionnaire further stated that  
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Table 4: Top 10 of barriers that were successfully targeted by the InFoQI program 

Statement 
Barrier 
category 

% (strongly) 
agreed a) 

I trust the quality of our own indicator data b) indicators 91 

I am motivated to use indicator data for quality 
improvement b) 

professional 83 

The definitions of the indicators are clear professional 80 

At our ICU, someone is responsible for collecting and 
submitting the indicator data 

environment 79 

The frequency of the InFoQI feedback reports was 
sufficiently high b) 

intervention 77 

I agree with the NVIC guideline that one qualified  ICU 
nurse should care for a maximum of two patients 
simultaneously

indicator 74 

I am well informed with regard to the definitions of the 
indicators  professional 70 

I find it easy to adapt my existing routines to implement 
indicators b) 

environment 66 

The use of the InFoQI program leads to improved quality 
of patient care 

intervention 63 

Using structure- and process indicators has resulted in 
better quality at my ICU 

indicators 63 

Abbreviations: NVIC, Netherlands Society of Intensive care; ICU, intensive care unit; QI, quality improvement 
a) the higher the percentage, the less important the barrier 
b) barriers were also identified in the barrier analysis prior to the implementation of the program 

 
they were well informed regarding the definitions of the indicators (70%), and that they 
considered the definitions of the indicators to be clear (79%). 
 
The most prominent barrier in the category of characteristics of the environment was related to 
insufficient allocated time to implement the InFoQI program in daily practice (25%). Other 
barriers were related to insufficient staff for implementing the InFoQI program in daily practice 
(30%), and probability of interference of third parties outside the ICU (28%). 
 Focus group participants mentioned that it was difficult to allocate time to review the 
reports since delivery of routine patient care always had the highest priority. Implementation of 
the InFoQI intervention was further hampered by the presence of temporary health care workers 
not being familiar with on-going QI activities. Furthermore, 50% of the respondents reported 
that there was good communication and cooperation within the ICU, and 62% felt that other 
staff members were willing to participate in the program. Most of the respondents reported that 
the responsibility to collect and submit indicator data was appointed to a specific person at their 
ICU (79%), and that incorporating the implementation in daily routines was no longer perceived 
a barrier (66%).  
 
Overall, the statement with the lowest percentage respondents agreeing (7%) was ’access to the 
feedback reports by other staff members’ (from the category of characteristics of the InFoQI 
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intervention), despite of encouragement during the outreach visits to share findings with the rest 
of the staff. In the focus group, participants stated that the reports were available, e.g., put- 
online, but not actively discussed with other staff members.  
 Most of the potential barriers identified in the prospective barrier analysis concerned 
aspects of the standard NICE feedback reports, e.g. insufficient timeliness, the high level of data 
aggregation, and a lack of intensity (i.e., how much and how often information is sent).15 At the 
end of the study, results from the questionnaire showed that lack of intensity was no longer a 
barrier (77%), and respondents reported that the InFoQI program led to improved quality of care 
(63%). Also, the insufficient level of aggregation (51%) and applicability (58%) were no longer 
a prominent barrier. In the focus group, some participants even stated that the intensity was too 
high, as they did not have enough time to discuss each monthly feedback report. Also, the 
improved applicability of the indicators was mentioned in the focus group. For example, one 
ICU had adjusted their protocols at the operating room based on analyzing unexpected ICU 
deaths. Some participants mentioned that they would like to receive feedback about the 
relationships between indicators instead of looking at indicators separately because one can 
draw better conclusions when taking into account the interaction between structure, process and 
outcome indicator data. For example, the association between a high nurse-to-patient ratio and a 
lower mortality rate. Another barrier reported in the focus group was that participating in the 
InFoQI program was very time-consuming, especially the collection of valid and reliable 
indicator data. The QI team meetings were difficult to organize, and often only part of the QI 
team attended. 
 
SATISFACTION 
All statements regarding satisfaction with the different components of the InFoQI program were 
indicated as positive by more than 50% of the respondents. The monthly feedback reports were 
rated least positive (58%). This was consistent with the abovementioned finding regarding the 
time investment to discuss each monthly feedback report. Respondents were most satisfied with 
the educational outreach visits (78%), and the local QI team meetings (71%) because it 
supported and stimulated them to use indicators for quality improvement. During the focus 
group, participants stated that the educational outreach visits helped them to look at their data 
and processes differently, and encouraged them to critically assess their practice. In addition, 
some participants mentioned that the establishment of a QI team was a good organizational 
structure to discuss the feedback reports and data within the team. 

 
Discussion 
Our study results showed considerable variation among ICUs regarding the exposure to the 
InFoQI program. Most perceived barriers to using performance indicators for QI activities 
regarded characteristics of the indicators themselves. Clinicians’ trust in indicator data quality, 
and their motivation to use indicators for quality improvement were no longer perceived as 
problems. Respondents reported to be satisfied with all components of the InFoQI program. 
 
Barriers successfully targeted by the feedback program 
We found that the InFoQI program effectively targeted part of the prospectively identified 
barriers.15 After implementation of InFoQI, ’lack of trust in data’ and ‘lack of motivation’ were 
no longer perceived a problem. This implies that a tailored multifaceted feedback intervention 
potentially removes concerns regarding data accuracy, and positively affects clinicians’ attitudes 
towards using performance indicator data to improve their practice. In addition, participants 
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reported to be very satisfied with the InFoQI program, especially with the outreach visits. This is 
consistent with findings in other studies showing that health care professionals prefer 
educational interventions that are practice-based.27 However, social desirability bias might have 
resulted in an overestimation of the satisfaction with the visits since the researchers that 
facilitated the visits were also involved in the process evaluation. 
 
Persisting barriers 
This study also reveals persisting barriers, which might explain why the InFoQI program was 
not effective. Firstly, many unsolved barriers were related to the characteristics of the indicators, 
e.g., ‘lack of normative standards for deciding if improvement is needed’, ‘lack of case mix 
adjustment’, and ‘lack of useful benchmark data’. These barriers potentially decreased the 
interpretability and actionability of the performance feedback.28-30 Our results warrant ongoing 
focus by organizations involved in the development of performance indicators on adequate case-
mix adjustment of outcome measures, and providing benchmarks against a meaningful standard 
or comparison group. 
 Secondly, only very few participants reported that other staff members had access to the 
feedback reports. On one hand, sharing the feedback more actively may have increased the 
involvement of the rest of the staff,31 which is pivotal to expedite actual changes in daily care. 
On the other hand, participants reported other staff members to be cooperative and positive with 
regard to the InFoQI program. This suggests that access to the feedback reports was not crucial 
in convincing colleagues to contribute. Unfortunately, we did not have data available on the 
exposure and experiences of other staff, impeding investigating this in more detail. In order to 
ensure broad participation within an organization, however, we suggest that those involved in 
the development of feedback programs include explicit strategies to support QI teams in 
involving their organization in the quality improvement endeavor. 
 Thirdly, characteristics of the environment were the second most reported category of 
barriers; they mainly referred to time and resource constraints to apply the InFoQI program in 
practice. This provides a plausible explanation for the fact that none of the participating ICUs 
implemented the intervention entirely as planned, hampering the impact of the program.32 On 
one hand, our study confirms that targeting the lack of allocated time and resources for activities 
other than direct patient care is complicated. On the other hand, the InFoQI program was 
perceived to facilitate the use of performance indicators as part of daily routines. This suggests 
that a multifaceted feedback intervention may partly –but not entirely– solve this problem. 
 Lastly, although most participants felt that the InFoQI program resulted in improved 
patient care at their ICU, our trial showed no significant impact of the intervention on the quality 
of care. This discrepancy between the perceived and the actual impact of their QI activities 
might partly be explained by the ’lack of information to initiate QI actions’, which was reported 
as a barrier. In addition, Davies and colleagues suggested that clinicians might have a limited 
understanding of the concepts and methods underlying quality improvement.33 Based on our 
study, we suggest providing QI teams with additional tools to translate performance feedback 
into effective actions. For example, cause-and-effect diagrams for systematic problem analysis34, 
or evidence-based strategies to change daily practice;35 The effectiveness of such tools should be 
investigated in future research. 
 
Strengths and weaknesses of the study 
The main strength of our study is that we used a combination of qualitative and quantitative data 
collection methods, which is increasingly used in health services research and evaluation.36 This 
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enabled the triangulation of results, and assisted the process of exploring apparent discrepancies 
between findings.21  
A limitation of our study is that one quarter of the participants did not complete the 
questionnaire. Because non-responders might have perceived more or different barriers than 
responders, some factors that hampered the implementation of the InFoQI program might have 
been missed. However, since all participating ICUs were represented by at least one QI team 
member, we believe that we identified the most salient barriers. Furthermore, the ICUs in our 
study volunteered to participate in the InFoQI program. This implies that they were motivated to 
change their practice based on performance feedback, and felt their organizational structure 
would facilitate this. Therefore, extrapolation of our results to settings with less motivated 
participants should be done with caution. Lastly, our study results do not allow the drawing of 
conclusions with regard to the causal relationship between identified barriers and the lack of 
impact of our intervention; this is a limitation inherent to process evaluations.  

 
Conclusion 
In conclusion, our study suggests that a tailored multifaceted feedback intervention potentially 
stimulates healthcare providers to use performance indicators as input for QI activities, and is a 
potential first step to integrating systematic QI in daily care delivery. However, time and 
resource constraints hampered the implementation of the intervention. Additionally, to further 
facilitate the translation of the feedback into effective actions, adequate case-mix adjustment, 
meaningful benchmarks, and additional QI tools are required to successfully change healthcare 
practice. Also, promoting the active involvement of all staff members merits attention. We 
believe that our results contribute to a better understanding of how performance indicators result 
in quality improvement in ICU care, as well as in other clinical domains. 



Chapter 8 

190 

Reference List 
 

(1)  Berg M, Meijerink Y, Gras M et al. Feasibility first: developing public performance indicators on patient safety and clinical 

effectiveness for Dutch hospitals. Health Policy 2005; 75:59-73. 

(2)  Roski J, Kim MG. Current efforts of regional and national performance measurement initiatives around the United States. 

Am J Med Qual 2010; 25:249-254. 

(3)  Groene O, Skau JK, Frolich A. An international review of projects on hospital performance assessment. Int J Qual Health 

Care 2008; 20:162-171. 

(4)  Freeman T. Using performance indicators to improve health care quality in the public sector: a review of the literature. 

Health Serv Manage Res 2002; 15:126-137. 

(5)  Lilford R, Mohammed MA, Spiegelhalter D, Thomson R. Use and misuse of process and outcome data in managing 

performance of acute medical care: avoiding institutional stigma. The Lancet 2004; 363:1147-1154. 

(6)  Chassin MR, Loeb JM, Schmaltz SP, Wachter RM. Accountability measures--using measurement to promote quality 

improvement. N Engl J Med 2010; 363:683-688. 

(7)  Pronovost PJ, Lilford R. Analysis & commentary: A road map for improving the performance of performance measures. 

Health Aff (Millwood ) 2011; 30:569-573. 

(8)  De Vos M, Graafmans W, Keesman E, Westert G, Van der Voort P. Quality measurement at intensive care units: which 

indicators should we use? J Crit Care 2007; 22:267-74. 

(9)  De Vos M, Graafmans W, Kooistra M, Meijboom B, Van der Voort P, Westert G. Using quality indicators to improve 

hospital care: a review of the literature. International Journal for Quality in Health Care 2009; 21:119-29. 

(10)  Jamtvedt G, Young JM, Kristoffersen DT, O'Brien MA, Oxman AD. Audit and feedback: effects on professional practice 

and health care outcomes. Cochrane Database Syst Rev 2006; (2):CD000259. 

(11)  Van der Veer SN, De Keizer NF, Ravelli ACJ, Tenkink S, Jager KJ. Improving quality of care. A systematic review on 

how medical registries provide information feedback to health care providers. Int J Med Inform 2010; 79:305-23. 

(12)  Cheater F, Baker R, Gillies C et al. Tailored interventions to overcome barriers to change: effects on professional practice 

and health care outcomes. Cochrane Database Syst Rev 2005; Issue 3. 

(13)  Bosch M, Weijden T van der, Wensing M, Grol R. Tailoring quality improvement interventions to identified barriers: a 

multiple case analysis. J Eval Clin Pract 2007; 13:161-168. 

(14)  Wensing M, Grol R. Single and combined strategies for implementing changes in primary care: a literature review. Int J 

Qual Health Care 1994; 6:115-132. 

(15)  Van der Veer SN, De Vos MLG, Jager KJ et al. Evaluating the effectiveness of a tailored multifaceted performance 

feedback intervention to improve the quality of care: protocol for a cluster randomized trial in intensive care. 

Implementation Science 2011; 6:119. 

(16)  De Vos M, Van der Veer SN, Graafmans W et al. Implementing quality indicators in ICUs: exploring barriers to and 

facilitators of behaviour change. Implementation Science 2010; July; 5:52. 

(17)  Ellard DR, Taylor SJ, Parsons S, Thorogood M. The OPERA trial: a protocol for the process evaluation of a randomised 

trial of an exercise intervention for older people in residential and nursing accommodation. Trials 2011; 12:28. 

(18)  Hulscher M, Laurant M, Grol R. Process evaluation of change interventions. In: Grol R, Wensing M, Eccles M, eds. 

Improving patient care. The implementation of change in clinical practice. London: Elsevier Butterworth Heinemann; 

2005;256-272. 

(19)  Glasziou P, Chalmers I, Altman DG et al. Taking healthcare interventions from trial to practice. BMJ 2010; 341:c3852. 

(20)  Dane AV, Schneider BH. Program integrity in primary and early secondary prevention: are implementation effects out of 

control? Clin Psychol Rev 1998; 18:23-45. 

(21)  Oakley A, Strange V, Bonell C, Allen E, Stephenson J. Process evaluation in randomised controlled trials of complex 

interventions. BMJ 2006; 332:413-416. 

(22)  Fleuren M, Wiefferink K, Paulussen T. Determinants of innovation within health care organizations. Literature review and 

Delphi study. International Journal for Quality in Health Care 2004; 16:107-23. 



Factors influencing the impact of registry-based feedback 

191 

(23)  Francke AL, Smit MC, de Veer AJ, Mistiaen P. Factors influencing the implementation of clinical guidelines for health 

care professionals: a systematic meta-review. BMC Med Inform Decis Mak 2008; 8:38. 

(24)  Van den Berghe G, Wouters P, Weekers F et al. Intensive insulin therapy in the critically ill patients. N Engl J Med 2001; 

345:1359-1367. 

(25)  Finfer S, Chittock DR, Su SY et al. Intensive versus conventional glucose control in critically ill patients. N Engl J Med 

2009; 360:1283-1297. 

(26)  Netherlands Society of Intensive Care (NVIC) guidelines. http://www.nvic.nl/richtlijnen_geaccordeerd.php  Accessed on 

28-January-2012. 

(27)  Soumerai SB, Avorn J. Principles of educational outreach ('academic detailing') to improve clinical decision making. JAMA 

1990; 263:549-556. 

(28)  Grando VT, Rantz MJ, Maas M. Nursing home staff's views on quality improvement interventions: a follow-up study. J 

Gerontol Nurs 2007; 33:40-47. 

(29)  Bradley EH, Holmboe ES, Mattera JA, Roumanis SA, Radford MJ, Krumholz HM. A qualitative study of increasing beta-

blocker use after myocardial infarction: Why do some hospitals succeed? JAMA 2001; 285:2604-2611. 

(30)  Kiefe CI, Allison JJ, Williams OD, Person SD, Weaver MT, Weissman NW. Improving quality improvement using 

achievable benchmarks for physician feedback: a randomized controlled trial. JAMA 2001; 285:2871-2879. 

(31)  Hysong SJ, Best RG, Pugh JA. Audit and feedback and clinical practice guideline adherence: making feedback actionable. 

Implement Sci 2006; 1:9. 

(32)  Kaplan HC, Brady PW, Dritz MC et al. The influence of context on quality improvement success in health care: a 

systematic review of the literature. Milbank Q 2010; 88:500-559. 

(33)  Davies HTO, Powell AE, and Rushmer RK. Healthcare professionals' views on clinician engagement in quality 

improvement: a literature review. 2007; The health foundation, London.  

(34)  Plsek PE. Quality improvement methods in clinical medicine. Pediatrics 1999; 103:203-14. 

(35)  van der Veer SN, Jager KJ, Nache AM et al. Translating knowledge on best practice into improving quality of RRT care: a 

systematic review of implementation strategies. Kidney Int 2011; 80(10): 1021-34. 

(36)  Pope C, van RP, Baker R. Qualitative methods in research on healthcare quality. Qual Saf Health Care 2002; 11:148-152. 

  



Chapter 8 

192 

 



 

 

 
 
 
 

Chapter 9 
 

General discussion 
 
 

 

  



 



General discussion 

195 

In this thesis, we addressed the following three research topics regarding the subject of 
systematic quality improvement in healthcare: 
1. quality improvement strategies (explored within the domain of renal replacement therapy); 
2. patient experience as a clinical performance indicator (for dialysis centers); 
3. the impact of registry-based feedback (examined within the context of the NICE registry). 
In this final chapter, we summarize and discuss the main findings per research topic, and provide 
recommendations for future research. 

 
Quality improvement strategies in RRT care 
 
Research question 1 
Which quality improvement strategies have been reported within the domain of RRT care, and 
what was their impact on the quality of care? 
 
Summary of main findings 
A large variety of quality improvement (QI) strategies and systematic QI techniques have been 
reported within the domain of renal replacement therapy (RRT), but due to the heterogeneity of 
the initiatives and the lack of rigorous evaluations no firm conclusions can be drawn with regard 
to their impact on RRT care.  
 Chapter 2 describes the results of a systematic literature review in which we identified 93 
different QI initiatives that aimed to increase the uptake of best RRT practice in routine care. 
The majority of the initiatives combined multiple QI strategies, and used at least one systematic 
QI technique. Overall, patient-oriented strategies were most frequently reported. However, the 
number and type of strategies and techniques varied markedly between subdomains. In vascular 
access, almost all initiatives were multifaceted and incorporated systematic QI techniques, 
whereas initiatives in the domain of nutritional management mostly consisted of one element 
and used no QI techniques. Of the 93 initiatives, 22 were evaluated using a robust study design. 
Initiatives using a combination of multiple QI strategies tended to be more effective than those 
comprising one strategy. Initiatives using at least one systematic QI technique were not found to 
be more effective than those using no QI techniques at all. 
 
Discussing main findings – The challenge of building an evidence base for effective QI 
strategies 
The considerable number of publications included in the systematic reviews in Chapter 2 and 
Chapter 5 (on feedback by medical registries) illustrate the substantial efforts made by 
healthcare organizations to improve their practice. Identifying and synthesizing evidence on the 
effectiveness of such efforts is essential to expedite the science of successfully changing care; in 
the next section we discuss why this is challenging.  
 First of all, electronic searches of databases, such as MEDLINE, identifying evaluations of 
QI strategies were shown to perform suboptimally:1 aside from not identifying all relevant 
publications (lack of sensitivity), the searches yielded many irrelevant titles (lack of specificity). 
In both systematic reviews we applied a broad search strategy, resulting in the electronic 
searches identifying almost 80% of the publications we finally included; the remaining 20% 
were retrieved by hand searching reference lists. However, only 1-3% of all titles retrieved 
electronically adhered to our inclusion criteria. This low specificity may partly be due to the 
limited agreement on how to define and apply a common label that accurately captures QI 
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strategies:2;3 the terms by which they are described tend to be fuzzier than terms referring to 
clinical interventions.  
The relative lack of rigorous studies on the impact of QI strategies is a second issue. This was 
illustrated by the limited number of robust studies in Chapter 2, where only 25% of all 
evaluations were considered adequately protected against bias; in Chapter 5 half of the 
initiatives did not even include a baseline and follow-up measurement. Although some 
suggested to ease traditional evidence based medicine standards when it comes to QI 
publications,4;5 others advocated controlled studies as a prerequisite for separating the wheat 
from the chaff.6;7 
 Still, a robust design does not guarantee that firm conclusions on the strategy’s impact can 
be drawn. Most QI strategies are multifaceted, and their recipients are not single individuals but 
organizational units. This often makes the implementation process complicated, and 
implementation failures are not always obvious.8;9 This was also observed in the quantitative and 
qualitative evaluation of the multifaceted feedback strategy (presented in Chapters 7 and 8, 
respectively): the extent to which the intervention was implemented as planned varied greatly 
between ICUs, which formed part of our explanation for the lack of its effectiveness. Moreover, 
the impact and feasibility of QI strategies is influenced by context.10 Although variation in 
context is explicitly dealt with within systematic QI,11 it does affect generalizability of results 
from QI studies, especially since it remains unclear which contextual elements are most 
influential.12;13 In Chapter 7, for example, we suggested the fact of all ICUs being closed-format 
units, and the presence of the NICE data collection infrastructure as important contextual factors 
that contributed to the feasibility of the multifaceted feedback strategy.  
 Finally, in spite of a robust design, it may be difficult to make inferences on causality 
when evaluating the impact of QI strategies on patient outcomes. The causal link between a 
strategy and an outcome of care measure is often less straightforward than the link with process 
of care measures. This was also the case in Chapter 7, where the relationship between the 
feedback strategy and ICU length of stay as the primary endpoint was complex and potentially 
influenced by many (unknown) factors. 
 A third factor slowing the pace of QI science is that –in contrast to most clinical 
interventions– QI strategies are rarely grounded in a firm theory explaining how and why they 
are expected to work. This often leads to evaluations without a clear hypothesis, which in turn 
makes it difficult to synthesize results, and place them in the context of previous knowledge. 
12;14-16 For example, the evaluation of the feedback strategy in Chapters 7 and 8 may have 
yielded additional clear-cut knowledge on why performance feedback leads to change if our 
basic assumption would have been established in more extensive theory.17;18 Also, systematic 
reviews of QI strategies, such as conducted in Chapter 5, may yield more meaningful results if 
theory instead of clinical context is used to group strategies into conceptually coherent 
categories.15;19 
 
Recommendations to accelerate the science of systematic quality improvement 
Based on the abovementioned challenges, we suggest the following directions for future 
research to accelerate the construction of a strong evidence base for effective QI strategies: 
 Identification of relevant QI publications in future systematic reviews could be optimized 

by using validated, empirical filters as a basis for electronic searches.20 The recently added  
Medical Subject Heading (MeSH) term ‘quality improvement’ might further facilitate 
efficient retrieval. However, determining whether an article concerns a QI study will not be 
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a easy task,2;21 and accurate assignment of the new MeSH term warrants close monitoring in 
the coming years. 

 Studies evaluating the impact of QI strategies should select a primary endpoint that reflects 
the strategy’s ability to change practice in addition to a (secondary) endpoint reflecting the 
subsequent outcome of that change. For example, a QI strategy promoting the uptake of a 
clinical practice guideline should be judged on its merits to increase guideline adherence 
rates. If patient outcomes remain unaffected despite increased adherence rates, one should 
first question the potential of the guideline to improve care rather than that of the QI 
strategy. 

 Promote the use of reporting standards22-24 to ensure that QI publications contain 
information on the implementation process and influencing contextual factors. This will 
increase reproducibility and generalizability of the QI strategy to other settings.9;12 
However, it is hardly possible to comply to all available reporting standards25 and stay 
within the word count limit of most peer-reviewed journals. Therefore, to facilitate concise 
reporting of QI studies, future research should aim to develop instruments to operationalize 
specific contextual factors, e.g., the Fidelity of Implementation (FOI) measure,8 or the 
Organizational Readiness to Change Assessment (ORCA) instrument.26 Also, there should 
be a focus on identifying which contextual factors are important for which QI strategies.13 
This can be done by conducting process evaluations as an inherent part of randomized 
controlled QI trials27 (like our study described Chapter 8), synthesizing expert knowledge,28 
or by systematically reviewing the literature.10  

 In addition to reporting on implementation and context, QI researchers should specify their 
assumption on how they expect a strategy to bring about the desired outcomes,16 including 
the theory on which it is based.29 As part of QI evaluations, data on intermediate measures 
of the implementation process, and participants’ experiences should be analyzed to check 
the assumption.30 This will contribute to further refinement of the theoretical basis for 
quality improvement science. 

 
Patient experience as an indicator of the clinical performance of dialysis 
centers 
 
Research question 2 
How to use patient experience as an indicator of the clinical performance of dialysis centers? 
 
Summary of main findings 
The CQ index as developed in Chapter 3 is a valid and reliable instrument to measure dialysis 
patient experience. However, Chapter 4 shows that to correctly interpret patient experience as an 
indicator of dialysis center performance, one needs to adjust for several patient characteristics. 
 We developed two CQ index instruments (Chapter 3): one to measure patient experience 
with in-center hemodialysis (CHD), and one for peritoneal dialysis and home-hemodialysis 
(PHHD) care. The CHD instrument consisted of 42 core experience items in ten scales, of which 
five were reliable. For the PHHD instrument these were 31 items in nine scales; five scales were 
reliable. When also taking into account the priority that respondents assigned to the core 
experience items, the overall room for improvement appeared limited for both types of dialysis 
care, mainly because patients rated the experience with their dialysis care to be optimal.  
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Chapter 4 showed that higher ratings of dialysis centers were associated with older age, non-
European ethnicity, lower educational level, no past diagnosis of malignancies, no co-
morbidities, lower albumin values, and better self-rated health. Presence of a past myocardial 
infarction, and better self-rated health were found to be determinants of a more positive 
experience with the nephrologist’s care; for nurses’ care these were higher age, native Dutch 
ethnicity, lower educational level, lower albumin levels, and better self-rated health. 
 
Discussing main findings – How measurable is patient experience with dialysis care? 
The CQ index method used in Chapter 3 aims to capture patient experience, rather than patient 
satisfaction. When measuring satisfaction, patients are presumed to evaluate their treatment by 
comparing their personal standard with their perception of the care provided. Therefore, 
satisfaction is considered a subjective measure.31 The concept of patient experience is regarded 
more objective since it isolates actual care experience from the expectations, needs and desires 
patients may have before receiving treatment. This objectivity is best achieved in CQ index 
items referring to factual aspects of care, e.g. “did you receive information on the center’s fire 
procedure?”. Yet, many other items incorporated some degree of subjectivity (e.g., “how often 
did the nephrologist listen to you attentively?”), or even fully depended on the patient’s 
judgment (e.g., “how would you rate your center on scale from 0 to 10?”).  
 Besides restrictions on the attainable degree of objectivity, another limitation of 
instruments that measure patient experience is that pre-emptive assumptions are made about 
which aspects of care contribute to satisfaction.32 Within the CQ index methodology these 
assumptions on relevant care aspects are made by the stakeholders, and subsequently assessed 
by asking respondents to assign a priority to each item. However, the assigned priority does not 
play a formal role in selecting the core experience items to be included in the exploratory factor 
analysis, which forms the basis of our validation process.33 Almost half of the items originally 
identified as relevant aspects of care by the stakeholders were eventually excluded from this 
validation process either because insufficient respondents reported to have experience with those 
aspects, or because almost all patients reported an optimal experience. This resulted in excluding 
items with high priority as well as including items that may not have been rated as very 
important. Applying these criteria –and the fact that we did not have information on the 
experience of non-respondents– might have resulted in some stakeholders considering the CQ 
index instruments an inadequate reflection of the dialysis patient perspective. The CQ index 
methodology does allow for additional (high priority) aspects to be added after the validation 
process, but consequently these items will not pertain to any of the identified reliable scales. 
Hence, we can conclude from Chapter 3 that the face validity of patient experience measures is 
inherently jeopardized by the need for sufficient(ly variable) experience data to guarantee the 
reliability of such measures. 
 Previous research in the field of patient satisfaction showed that respondents tended to rate 
their care as positive, even if they did not consider their care optimal.34;35 This might be 
explained by people not admitting to dissatisfaction with care they chose to use, because that 
would suggest an inconsistency in their behavior.32 One would expect dialysis patient ratings 
and experience to be less susceptible to this tendency since –due to the frequent visits to the 
dialysis center– traveling distance will be one of the decisive factors in choosing a specific 
center. Still, the results from Chapters 3 and 4 show that also dialysis patients are positive about 
their care: only very few core experience items had more than half of the respondents reporting a 
suboptimal experience. Moreover, the majority of the center’s global ratings, as well as the 
experiences with nephrologist’s and nurses’ care, belonged to the most positive side of the 
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scales. Besides partly explaining the relatively small effects of patient characteristics on ratings 
and experience (Chapter 4), the limited variation in outcome measures also negatively affected 
the ability of the CQ index instruments to detect differences in patient ratings and experience 
between dialysis centers. A study exploring the discriminative power of the instruments 
concluded that –except for some scales and items– no reliable inter-center comparisons could be 
made based on the CQ index results.36 On the one hand, this might be explained by the 
instrument being insufficiently sensitive to existing differences. On the other hand, patients may 
consider the overall quality of delivered care to be already optimal. A larger sample size could 
lead to statistically significant differences, but their clinical relevance might be questionable. 
 
Recommendations to improve the patient perspective on dialysis care 
We have the following suggestions for future research to address the limitations regarding the 
objectivity, face validity, and discriminative power of the CQ index for dialysis: 
 Instead of further objectifying the patient perspective, future research should focus on 

formalizing and incorporating the concept of patient expectation, and explore its 
relationship with patient characteristics and patient experience.32 This would, for example, 
enable investigation of the effect of improving the skills of clinicians to manage patient 
expectation on patient experience.37  

 To capture a more comprehensive picture of the patient perspective, quantitative methods 
could be complemented with qualitative methods. This would compensate for the 
reductionism inherent to the quantitative approach, provide more in-depth information, and 
facilitate the participation of groups who were missed when using a self-completion 
questionnaire.32 For example, the high priority aspects of dialysis care that we had to 
exclude due to lack of experience data can be addressed during group interviews with 
patients that had experience with those aspects. Future research should explore if this 
complementary approach yields additional opportunities for improvement. 

 Although the lack of discriminative power disqualifies the CQ index as a tool within 
summative systems comparing Dutch dialysis centers,36 information on patient experience 
might still be valuable within a formative system. However, until now multifaceted 
feedback strategies based on patient experience data were found to be ineffective.38;39 
Future research should focus on how to increase the impact of such QI strategies, e.g., by 
applying more sophisticated reporting tools.40 Also, more evidence is needed on which 
actions actually result in improved patient experience; this would provide guidance to 
healthcare professionals aiming to make their practice more responsive to the preferences, 
needs, and values of patients.  

 
The impact of the NICE registry feedback reports on ICU performance  
 
Research question 3 
How can the impact of the NICE registry feedback reports on the quality of intensive care be 
increased? 
 
Summary of main findings 
Extending regular NICE services with more frequent and more comprehensive reports, the 
establishment of local QI teams, and educational outreach visits (Chapter 6) did not increase its 
impact on ICU patient outcomes (Chapter 7). Based on the process evaluation described in 
Chapter 8 we suggested that this might be partly explained by lack of meaningful benchmarks, 
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lack of knowledge on how to change routine practice, and insufficient allocated time and staff. 
Aside from this lack of effect, the feedback strategy was also shown to motivate clinicians to use 
performance indicators as input for quality improvement, and to form a potential first step to 
integrating systematic QI in daily care. 
In Chapter 5 we systematically reviewed the literature and identified 50 registry feedback 
initiatives, covering a variety of clinical domains, and showing a large diversity in reporting 
formats; 22 initiatives were evaluated in a before-after study. The majority of the initiatives 
combined feedback reports with additional QI strategies, such as educational activities. We did 
not find a clear association between complementing the feedback with additional QI strategies 
and the impact of initiatives. Process of care measures were more often positively affected by 
registry-based feedback than outcome of care measures. Characteristics of the feedback itself –
such as quality of the reported data, and timeliness of reporting–were most frequently suggested 
as factors moderating initiatives’ effectiveness. 
 
Discussing main findings – Difficulties in translating feedback into successful QI actions 
Extending the standard NICE registry reports into a multifaceted QI strategy effectively targeted 
part of the prospectively identified barriers to using performance feedback as a basis for 
systematic QI. Besides providing a stimulus and a local structure for formulating and initiating 
QI activities, it also increased clinicians’ trust in their own data, which they considered a 
prerequisite for acting on the feedback. The multifaceted strategy failed nevertheless to affect 
patient outcomes beyond the standard NICE registry reports. The basic underlying assumption 
when developing the QI strategy in Chapter 6 was that reports of inferior or inconsistent care 
would prompt providers to change their practice. From the results presented in Chapter 7 and 
Chapter 8, we learned two things with regard to this assumption: (1) healthcare providers need 
more sophisticated benchmarks than an unadjusted group average to determine whether their 
care is inconsistent; and (2) being prompted to change practice is no guarantee for knowing how 
to achieve this.  
 Previously, the national average was the only benchmark provided in the standard NICE 
reports. In the new feedback, ICUs could also compare their performance to the group average 
of similar-sized ICUs. Although it was seen as an enhancement upon the reports, QI teams often 
still considered it an insufficiently solid ground for deciding whether improvement was needed; 
this was especially true for the indicators length of ICU stay (ICU LOS) and duration of 
mechanical ventilation (DMV). As these measures are strongly affected by case-mix, most QI 
teams being confronted with a seemingly worse performance than their peers asked as a first and 
pertinent question: “Is our performance inconsistent because our patients are different?”. This 
resulted in teams spending a substantial amount of their time on investigating the characteristics 
of their population, but many times without being able to judge to what extent a deviant case-
mix indeed accounted for the differences in performance. An additional observed effect of 
benchmarking based on group average was that performing close to the level of the benchmark 
was a reason for QI teams not to act, while in fact the average might not have corresponded to a 
standard of excellence.  
 Another limitation of the feedback reports when used as input for QI initiatives was that 
for a considerable part they contained information on outcome indicators, such as ICU LOS, 
mortality, and –to a lesser extent– DMV. In contrast to measures more closely reflecting 
processes of care, they were not attributable to one clinical discipline, not captured within a 
single care protocol, and also influenced by factors other than ICU care. This resulted in the 
outcome indicators often concealing the detail required to identify what went wrong, and further 
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drilling down was required in order to understand properly what happened, why, and what could 
be done to achieve improvement.41;42 This was in line with the results presented in Chapter 5. So, 
even when QI teams identified inconsistencies in their performance, it was often still unclear 
which changes were appropriate. It can be considered a weakness of the QI strategy that we did 
not support teams with tools for systematic problem analysis, or with suggestions for (evidence-
based) actions to change practice. This line of reasoning was confirmed by the fact that the 
feedback on out-of-range glucose measurements –being a process of care measure– prompted 
most QI initiatives (Chapter 7). In all ICUs in our study glucose regulation was mainly the 
responsibility of nurses, was formalized in a glucose protocol, and was largely attributable to the 
care delivered during the ICU admission. Hence, it was often relatively clear that –once 
inconsistent performance for this indicator had been established– actions such as educational 
activities aimed at nurses, and revising the glucose protocol were potentially effective in 
achieving improvement. 
 
Recommendations to increase the impact of registry-based feedback on the quality of intensive 
care 
To further increase the impact of the performance feedback provided by the NICE registry we 
suggest the following directions for future activities: 
 To facilitate better comparison of ICUs based on the indicator feedback, the NICE registry 

should consider enhancing its registry reports with achievable benchmarks of care (ABCs)43 
in addition to group and national averages. In a randomized controlled trial it was shown 
that feedback including ABCs had more impact on adherence rates to several best practices 
than feedback reporting only mean performance of peers.44 However, like previously 
discussed, adequate case-mix adjustment will be a sine qua none, especially when aiming to 
create meaningful achievable benchmarks for outcome indicators. This problem could be 
addressed by using models for case-mix adjustment. This is already the case for hospital 
mortality,45 but not yet for ICU LOS. Some attempts have been undertaken to adjust this 
outcome measure for case-mix factors.46 In turn, such attempts might facilitate, for 
example, prediction of a prolonged ICU stay to give clinicians a timely opportunity to 
explore alternatives aimed at reducing the length of the admission.47 Yet, no suitable 
models are currently available for the Dutch ICU population. This should be investigated in 
future research. 

 Although outcome indicators like mortality and ICU LOS are undisputed elements of the 
quality of ICU care, they did not qualify as the best basis for actionable performance 
feedback. Out-of-range glucose measurements, incidence of severe decubitus, and the 
number of unplanned extubations are indicators in the current set that are much more 
promising in that sense. The latter two were not taken into account in our study due to data 
collection problems at the time of study initiation. The NICE registry should consider 
focusing on further improving the data quality of these indicators, and subsequently extend 
the feedback provided in order to facilitate formulation of appropriate actions by ICUs. 
Adding process indicators to the present set would be valuable, but this decision cannot be 
taken lightly since the road from selecting an indicator to providing feedback that is trusted 
by the recipients has proven to be long and winding. What might be considered is adding 
more structure indicators based on organizational characteristics that have an evidence-
based link to improved ICU patient outcomes; the upcoming new organizational guideline 
from the Netherlands Society of Intensive Care (NVIC) may offer a good opportunity. The 
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difficulty to change such characteristics within a short time period notwithstanding, they 
often are actionable and easy to record. 

 To support ICUs with changing their practice, the feedback reports could be enriched with 
suggestions for potentially effective QI actions. These suggestions can be derived from the 
available NVIC clinical practice guidelines,48 by investigating policies and practices 
employed by high performing ICUs,49 or by identifying evidence-based strategies from 
literature.50 In addition, future educational activities might include teaching the concepts 
and methods underlying systematic quality improvement to individual clinicians or local QI 
teams.51 

 
Conclusion 
The work in this thesis shows that some aspects of care quality cannot be fully captured by one 
measure, that the positive impact of multifaceted registry-based feedback on clinical 
performance is not self-evident, and that it is difficult to extend our knowledge on how this 
impact can be increased. This might cause some to be disposed to conservatism about the 
potential of these tools to systematically improve healthcare, especially when considering that 
performance measurement systems add new costs to the healthcare equation. Yet, based on our 
work we can also conclude that it is feasible to validly measure part of a complex concept like 
patient experience, and that extending a registry-based feedback strategy can motivate and 
support clinicians to systematically improve their practice. These promising results merit further 
research on how to apply these tools more effectively. In addition, when looking at the myriad 
of performance measurement initiatives worldwide, it seems inevitable that measuring and 
reporting clinical performance will be increasingly institutionalized in healthcare systems, the 
(un)availability of evidence on their impact regardless. This further underlines the importance of 
rigorous investigations on how clinical performance measurement and feedback can become 
reliable approaches to improve the quality of healthcare. 
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There is persistent room for improving the quality of healthcare. This thesis addresses the 
subject of systematic quality improvement (QI) as a way to approach this issue. Specifically, we 
investigated the following three research topics: quality improvement strategies, patient 
experience as a clinical performance indicator, and the impact of registry-based feedback on the 
quality of care. The first two topics were explored within the clinical domain of renal 
replacement therapy (RRT); the Dutch National Intensive Care Evaluation (NICE) registry was 
used as a practical context to examine the impact of registry-based feedback. Below, we 
summarize per topic the background and the research question, the main findings, and our 
recommendations for future research as stated in Chapter 9. 

 
Quality improvement strategies in RRT care 
An important activity within systematic QI is identifying potentially effective QI strategies. In 
this thesis, we defined a QI strategy as a systematic attempt to improve the way care delivery is 
organized. Many healthcare professionals may be unaware of which strategies apply to their 
particular setting, which could explain part of the persisting room for improvement. We 
expected this to also concern the domain of RRT care, especially because an overview of QI 
strategies for this domain care was lacking. We, therefore, formulated the first research question: 
Which quality improvement strategies have been reported within the domain of RRT care, and 
what was their impact on the quality of care? 
 
Chapter 2 describes the results of a systematic literature review in which we identified a large 
variety of QI initiatives that aimed to increase the uptake of knowledge on best RRT practice in 
routine care. The majority of the 93 initiatives combined multiple QI strategies, and used at least 
one technique pertaining to systematic QI; patient-oriented strategies were the most frequently 
reported strategy type. However, the number and type of strategies and techniques varied 
markedly between subdomains: in vascular access, almost all initiatives were multifaceted and 
incorporated systematic QI techniques, whereas initiatives concerning nutritional management 
mostly consisted of one patient-oriented strategy and used no QI techniques. Twenty-two of the 
initiatives were evaluated using a robust study design. It appeared that initiatives using a 
combination of QI strategies tended to be more effective than those comprising a single strategy. 
Initiatives using at least one systematic QI technique were not found to be more effective than 
those using no QI techniques at all. However, due to the heterogeneity of the initiatives and the 
lack of rigorous evaluations, no further conclusions could be drawn with regard the impact of 
specific (combinations of) QI strategies on RRT care. 
 
These and other results in this thesis illustrate the difficulty of building a strong evidence base 
for effective QI strategies. To expedite the science of systematic quality improvement within the 
domain of RRT care, as well as in other clinical settings, we suggest the following directions for 
future research: 
 Use validated, empirical filters as a basis for electronic literature searches; 
 Evaluate a QI strategy using endpoints that reflect the strategy’s ability to change practice, 

complemented with endpoints reflecting the subsequent outcome of that change; 
 Promote the use of reporting standards for QI studies and the development of instruments to 

operationalize contextual factors that may influence the impact of QI strategies; 
 Specify the assumption on how a QI strategy is expected to bring about the desired 

outcomes, including the theory on which it is based. 
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Patient experience as an indicator of the clinical performance of dialysis 
centers 
Continuous measurement of clinical performance is another essential element of systematic QI 
in healthcare, and performance indicators form the core of such measurements. Patient 
experience is considered an important outcome indicator, but requires a validated instrument to 
be measured accurately. The Consumer Quality (CQ) index initiative in the Netherlands 
provides a standardized method to measure and report patient experience with a broad range of 
healthcare services. The fact that a CQ index instrument was not yet available for chronic 
dialysis care led to our second research question: How to use patient experience as an indicator 
of the clinical performance of dialysis centers? 
 
In Chapter 3 we analyzed cross-sectional multicenter data of a cohort of Dutch dialysis patients 
to develop and validate two CQ index instruments: one for in-center hemodialysis (CHD), and 
one for peritoneal dialysis and home hemodialysis care (PHHD). The pilot version of the CHD 
instrument consisted of 71 items. Using an exploratory factor analysis, we identified 42 items as 
pertaining to core experience; they formed ten scales, of which five were reliable. For the PHHD 
instrument, the factor analysis yielded 31 of 56 core experience items, which formed nine scales; 
five scales were reliable. When also taking into account the priority that respondents assigned to 
the core experience items, the overall room for improvement appeared limited for both types of 
dialysis care, mainly because patients rated the experience with their dialysis care to be optimal. 
 
To enable correct interpretation of patient experience as an indicator of dialysis center 
performance, knowledge is required on influencing factors that are not attributable to healthcare. 
Therefore, in Chapter 4 we explored the relationship between the characteristics of dialysis 
patients and the experience they have with their care. To this end, we constructed multivariable 
linear regression models based on the same cohort of Dutch dialysis patients as in Chapter 3. 
Our analyses showed that higher ratings of dialysis centers were associated with older age, non-
European ethnicity, lower educational level, no past diagnosis of malignancies, no co-
morbidities, lower albumin values, and better self-rated health. Presence of a past myocardial 
infarction, and better self-rated health were found to be determinants of a more positive 
experience with the nephrologist’s care; for nurses’ care these were higher age, native Dutch 
ethnicity, lower educational level, lower albumin values, and better self-rated health. 
 
Although the CQ indexes for dialysis as developed in this thesis proved to be valid and reliable 
instruments to measure patient experience, they have some limitations with regard to their 
objectivity, face validity, and discriminative power. We formulated the following 
recommendations for future research to address these limitations: 
 Formalize the concept of patient expectation, and explore its relationship with patient 

characteristics and patient experience; 
 Explore the value of qualitative methods as a complementary approach to the quantification 

of patient experience; 
 Identify QI strategies that positively affect patient experience. 
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The impact of the NICE registry  feedback reports on ICU performance 
Performance feedback is a commonly used QI strategy and a regular service provided by 
medical quality registries. The underlying assumption is that reports of inferior or inconsistent 
care are an incentive for healthcare providers to change their routine practice. Yet, in general, 
the impact of feedback on clinical performance was shown to be small to moderate, and it 
remained unclear how this impact could be further optimized. The NICE registry systematically 
and continuously collects and reports data on the quality of care delivered at Dutch intensive 
care units (ICUs). To investigate the potential of the NICE registry reports to prompt ICU 
clinicians to change their care delivery, and to explore how the impact of these reports could be 
optimized, we formulated the third research question: How can the impact of the NICE registry 
feedback reports on the quality of intensive care be increased? 
 
In Chapter 5 we systematically reviewed the literature on how medical quality registries in 
general provide performance feedback to healthcare professionals. We identified 50 registry 
feedback initiatives, covering a variety of clinical domains, and showing a large diversity in 
reporting formats. The majority of initiatives combined feedback reports with additional QI 
strategies, such as educational activities. However, based on the 22 before-after studies included 
in our review, we did not find a clear association between complementing the feedback with 
additional QI strategies and an increased impact. We did find that process of care measures were 
more often positively affected by registry-based feedback than outcome of care measures. 
Characteristics of the feedback itself –such as quality of the reported data, and timeliness of 
reporting–were most frequently suggested as factors influencing initiatives’ effectiveness. 
 
Chapter 6 describes the development of a new multifaceted feedback strategy within the 
context of the NICE registry. Based on evidence from literature, input from future users, and 
expert knowledge we extended regular NICE services to overcome prospectively identified 
barriers to using performance data for systematic QI in healthcare. The resulting feedback 
strategy consisted of sending more frequent and comprehensive reports, establishing a local 
multidisciplinary QI team, and providing educational outreach visits. This chapter also contains 
the study protocol for a quantitative evaluation of the strategy’s impact on the quality of ICU 
care, as well as for a qualitative study to gain insight into why the strategy was effective or not. 
The results of these evaluations are presented in Chapter 7 and Chapter 8, respectively. 
 
Chapter 7 describes the results of a trial in which thirty Dutch ICUs –all participating in the 
NICE registry– were randomly assigned to receiving either the multifaceted feedback strategy 
(intervention) or regular NICE services (control). ICU length of stay was our primary endpoint; 
secondary endpoints were duration of mechanical ventilation, out-of-range glucose 
measurements, and all-cause hospital mortality. We found that the intervention group did not 
achieve more improvement on any of the endpoints than controls. The extent to which the 
feedback strategy was implemented in daily practice varied considerably between intervention 
ICUs. However, a post-hoc as-treated analysis –excluding intervention units with a low 
implementation level– showed results similar to those of the primary analysis. Of all 
performance indicators, glucose regulation was the most actionable with the highest average 
number of planned QI actions.  
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Subsequently to the randomized study presented in Chapter 7, we conducted a process 
evaluation in Chapter 8 to investigate the exposure to and experiences with the multifaceted 
feedback strategy. Data were collected within the intervention group among all members of the 
QI teams. We found large differences between QI team members in the monthly time 
investment; overall respondents reported to have a satisfactory experience with the feedback 
strategy. In addition, the intervention effectively targeted the lack of trust in data quality, and 
was reported to motivate participants to use performance indicators as input for QI initiatives. 
However, persisting problems were (in order of importance): not sharing feedback with other 
staff; lack of normative standards and benchmarks; inadequate case-mix adjustment; lack of 
knowledge on how to apply the intervention for QI; and insufficient allocated time and staff. 
These barriers hampered the impact of the intervention, and might partly explain its inability to 
affect patient outcomes.  
 
So, although the multifaceted feedback strategy developed and evaluated in this thesis appeared 
to support clinicians with using performance indicators, and to form a potential first step to 
integrating systematic QI in daily ICU care, it failed to affect patient outcomes beyond the 
standard NICE registry reports. To further increase the impact of registry-based feedback we 
recommend the following future activities within the context of the NICE registry: 
 Enhance the registry reports with achievable benchmarks of care in addition to group and 

national averages. In addition, develop models for case-mix adjustment of ICU length of 
stay; 

 Focus on improving data quality of and extending feedback on the process indicators in the 
current indicator set, and consider additional structure indicators based on organizational 
characteristics that have an evidence-based link to improved ICU patient outcomes; 

 Enrich the feedback reports with suggestions for potentially effective QI actions; teach ICU 
clinicians the concepts and methods underlying systematic QI.  

 
Conclusion 
The work in this thesis showed that some aspects of care quality cannot be fully captured by one 
measure, that the positive impact of registry-based feedback on clinical performance is not self-
evident, and that it is difficult to build a strong evidence base on how this impact can be 
increased. Yet, based on our work, we can also conclude that it is feasible to validly measure 
part of a complex concept like patient experience, and that extending a registry-based feedback 
strategy can motivate and support clinicians to systematically improve their practice. These 
promising results merit further investigation on how to apply these tools more effectively, so 
that clinical performance measurement and feedback can become reliable approaches to improve 
the quality of healthcare. 
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De kwaliteit van de gezondheidzorg biedt voortdurend ruimte voor verbetering. Systematische 
kwaliteitsverbetering (in deze samenvatting systematische QI genoemd) is een manier om deze 
kwestie aan te pakken, en vormt het overkoepelende onderwerp van dit proefschrift. We hebben 
ons hierbij in het bijzonder gericht op de volgende drie thema’s: kwaliteitsverbeterstrategieën, 
patiëntervaring als uitkomstindicator van klinisch handelen, en de impact van 
registratiefeedback op de kwaliteit van zorg. Nierfunctievervangende therapie vormde de 
klinische context voor de twee eerstgenoemde thema’s, terwijl voor de laatstgenoemde de 
Nederlandse Nationale Intensive Care Evaluatie (NICE) registratie als praktische context diende. 
Hieronder vindt u voor elk van de drie thema’s een samenvatting van de achtergrond en de 
onderzoeksvraag, de belangrijkste bevindingen, en onze aanbevelingen voor toekomstig 
onderzoek zoals geformuleerd in Hoofdstuk 9. 

 
Kwaliteitsverbeterstrategieën binnen de nierfunctievervangende 
therapie 
Een belangrijk onderdeel van systematische QI is het selecteren van mogelijk effectieve 
kwaliteitsverbeterstrategieën (hier aangeduid als QI strategieën). Binnen dit proefschrift is een 
QI strategie gedefinieerd als een systematische poging om de manier waarop zorgverlening is 
georganiseerd te verbeteren. Als slechts een minderheid van de zorgverleners op de hoogte is 
van welke strategieën toepasbaar en effectief zijn in hun eigen klinische domein, dan zou dit 
kunnen verklaren waarom de eerdergenoemde ruimte voor verbetering zo hardnekkig is. Het 
was niet onaannemelijk dat dit ook gold voor het domein van de nierfunctievervangende 
therapie, mede doordat hiervoor een overzicht van QI strategieën tot dan toe ontbrak. Daarom 
formuleerden we de volgende onderzoeksvraag: Welke kwaliteitsverbeterstrategieën zijn 
gerapporteerd binnen het domein van de nierfunctievervangende therapie, en wat was hun 
impact op de kwaliteit van zorg? 
 
Hoofdstuk 2 beschrijft de resultaten van een systematische literatuurstudie, waarin we een grote 
verscheidenheid aan QI initiatieven identificeerden. Alle 93 initiatieven hadden tot doel de 
opname van kennis over best practice in de dagelijkse praktijk van de nierfunctievervangende 
therapie te bevorderen. De meerderheid van de initiatieven bestond uit een combinatie van QI 
strategieën, en gebruikte ten minste één techniek afkomstig uit de systematische QI. Strategieën 
gericht op patiënten kwamen het vaakst voor. Het aantal en soort strategieën en technieken per 
initiatief varieerden echter aanzienlijk tussen subdomeinen: op het gebied van vasculaire 
toegang werden veelal meerdere strategieën ingezet in combinatie met systematische QI 
technieken, terwijl initiatieven met betrekking tot voedingsbeleid vaak alleen een patiëntgerichte 
strategie omvatten zonder gebruik van QI technieken. Van alle initiatieven werden er 22 
geëvalueerd middels een robuuste studie. Die lieten zien dat initiatieven die strategieën 
combineerden over het algemeen effectiever waren dan degenen die uit een enkele strategie 
bestonden. Er was geen verschil in effectiviteit tussen initiatieven die minstens één 
systematische QI techniek gebruikten en degenen die geen enkele QI techniek toepasten. Door 
de heterogeniteit van de initiatieven en het beperkte aantal robuuste studies was het niet 
mogelijk conclusies te trekken ten aanzien van de impact van specifieke (combinaties van) 
strategieën op de kwaliteit van nierfunctievervangende therapie.  
 
Deze en andere resultaten in dit proefschrift illustreren hoe lastig het is om solide kennis op te 
bouwen met betrekking tot effectieve QI strategieën. Om de groei van wetenschappelijke kennis 
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over systematische QI een impuls te geven, zowel binnen de nierfunctievervangende therapie als 
binnen andere klinische domeinen, hebben we de volgende suggesties voor toekomstig 
onderzoek:  
 Gebruik gevalideerde, empirische filters voor het systematisch doorzoeken van 

elektronische literatuurbestanden; 
 Evalueer een QI strategie primair op basis van eindpunten die iets zeggen over in hoeverre 

de strategie een verandering teweeg heeft gebracht in de organisatie van de zorgverlening, 
met als aanvulling (secundaire) maten die de uitkomst van die verandering tot uitdrukking 
brengen; 

 Stimuleer het gebruik van standaarden om over de effectiviteit van QI strategieën te 
rapporteren. Ontwikkel daarnaast instrumenten voor het operationaliseren van contextuele 
factoren die de impact van QI strategieën mogelijk beïnvloeden; 

 Vermeld expliciet wat de aannames zijn over hoe een bepaalde QI strategie zal leiden tot de 
gewenste uitkomst, inclusief de theorie die aan deze aanname ten grondslag ligt. 

 
Patiëntervaring als een indicator van de kwaliteit van dialysezorg 
Een ander essentieel onderdeel van systematische QI binnen de gezondheidszorg is het continu 
meten van de kwaliteit van zorg; kwaliteitsindicatoren vormen van dit meten de kern. 
Patiëntervaring wordt gezien als een belangrijke uitkomstindicator, maar om dit accuraat te 
kunnen meten is een gevalideerd instrument noodzakelijk. Het Nederlandse Consumer Quality 
(CQ) index initiatief voorziet in een gestandaardiseerde methode om patiëntervaring te meten en 
te rapporteren. Er was reeds voor vele typen zorg een CQ index beschikbaar, maar voor 
chronische dialysezorg ontbrak deze nog. Dit leidde tot onze tweede onderzoeksvraag: Hoe kan 
patiëntervaring gebruikt worden als een indicator van de kwaliteit van dialysezorg? 
 
In Hoofdstuk 3 ontwikkelden we twee CQ index instrumenten: één voor centrum hemodialyse 
(CHD), en één voor peritoneaal dialyse en thuis hemodialyse (PHHD). Hiervoor gebruikten we 
cross-sectionele multicenter data van een Nederlands cohort dialysepatiënten. De pilot versie 
van het CHD instrument bestond uit 71 items. Middels een exploratieve factoranalyse 
identificeerden we 42 items als behorend tot de kern van patiëntervaring met CHD zorg; deze 
items vormden tien schalen, waarvan er vijf betrouwbaar waren. Voor het PHHD instrument 
leverde de factoranalyse 31 uit 56 kernervaringsitems op, die negen schalen vormden; vijf 
schalen waren betrouwbaar. Wanneer we ook het belang meenamen dat patiënten hadden 
toegekend aan kernervaringsitems, bleek voor beide typen dialysezorg over het algemeen de 
ruimte voor verbetering beperkt te zijn. Dit kwam voornamelijk doordat patiënten hun ervaring 
met dialysezorg als optimaal hadden beoordeeld. 
 
Om patiëntervaring correct te kunnen interpreteren als kwaliteitsindicator voor dialysezorg, is 
het nodig om te weten in hoeverre deze indicator beïnvloed wordt door factoren die 
onafhankelijk zijn van de geleverde zorg. Daarom keken we in Hoofdstuk 4 naar de relatie 
tussen karakteristieken van dialysepatiënten en hun zorgervaring. Hiervoor construeerden we 
multivariabele lineaire regressiemodellen, waarbij we gebruikmaakten van hetzelfde 
patiëntencohort als in Hoofdstuk 3. Onze analyses lieten zien dat een positievere 
patiëntbeoordeling van het dialysecentrum geassocieerd was met hogere leeftijd, niet-Europese 
etniciteit, een lager opleidingsniveau, geen eerdere diagnose van maligniteiten, geen co-
morbiditeiten, lagere albuminewaarden, en betere zelfgerapporteerde gezondheid. Een eerder 
myocard infarct, en betere zelfgerapporteerde gezondheid bleken determinanten van een 
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positievere ervaring met de zorg door de nefroloog, terwijl dit voor zorg door verpleegkundigen 
hogere leeftijd, Nederlandse etniciteit, een lager opleidingsniveau, lagere albuminewaarden, en 
betere zelfgerapporteerde gezondheid waren. 
 
Ondanks de validiteit en betrouwbaarheid van de CQ indexen voor dialyse zoals ontwikkeld in 
dit proefschrift, is er ook een aantal beperkingen te noemen wat betreft de objectiviteit, de 
indruksvaliditeit (oftewel, face validity), en het onderscheidend vermogen van de instrumenten. 
Hiervoor hebben we de volgende aanbevelingen voor toekomstig onderzoek geformuleerd: 
 Formaliseer het concept van patiëntverwachting, en onderzoek de relatie hiervan met 

patiëntkarakteristieken en patiëntervaring; 
 Onderzoek in hoeverre kwalitatieve methoden complementair kunnen zijn aan de 

kwantitatieve benadering om patiëntervaring te conceptualiseren; 
 Identificeer QI strategieën die een positief effect hebben op patiëntervaring.  

 
De impact van de NICE registratie feedbackrapporten op de kwaliteit 
van IC zorg 
Performance feedback is een veelgebruikte QI strategie. De onderliggende aanname hierbij is 
dat zorgverleners geprikkeld worden hun zorgverlening anders te organiseren wanneer ze 
teruggekoppeld krijgen dat de kwaliteit van hun zorg ondermaats of inconsistent is. Over het 
algemeen bleek de impact van feedback op de kwaliteit van zorg echter beperkt, en het was nog 
niet duidelijk hoe deze impact vergroot kon worden. Het aanbieden van performance feedback is 
een reguliere service geleverd door medische kwaliteitsregistraties. De NICE registratie 
verzamelt en rapporteert systematisch en continu gegevens over de kwaliteit van zorg geleverd 
door Nederlandse intensive cares (ICs). We wilden onderzoeken in hoeverre de NICE registratie 
feedbackrapporten IC clinici stimuleerden tot en ondersteunden bij het ondernemen van lokale 
verbeterinitiatieven, en vervolgens hoe we de impact hiervan op de kwaliteit van IC zorg konden 
optimaliseren. Hiervoor formuleerden we de derde onderzoeksvraag: Hoe kan de impact van de 
NICE registratie feedbackrapporten op de kwaliteit van intensive care zorg worden vergroot? 
 
Hoofdstuk 5 beschrijft hoe we door middel van een systematische literatuurstudie 50 
initiatieven identificeerden waarin zorgprofessionals performance feedback ontvingen van 
medische kwaliteitsregistraties. De initiatieven hadden betrekking op diverse klinische 
domeinen, en omvatten een grote verscheidenheid aan manieren om de feedback te presenteren 
en te verstrekken. De meerderheid van de initiatieven combineerde feedbackrapporten met 
aanvullende QI strategieën, zoals educatieve bijeenkomsten. Uit de 22 voor-na evaluaties, 
geïncludeerd in onze literatuurstudie, kwam echter niet eenduidig naar voren of het gebruik van 
aanvullende strategieën gerelateerd was aan een verhoogde impact van initiatieven. Wel was 
duidelijk dat eindpunten gerelateerd aan zorgprocessen vaker positief werden beïnvloed door 
registratiefeedback dan eindpunten gerelateerd aan zorguitkomsten. Karakteristieken van de 
feedback zelf –bijvoorbeeld de kwaliteit van de gerapporteerde data, en de tijdigheid van 
rapporteren– werden het vaakst gesuggereerd als factoren die de effectiviteit van een initiatief 
hadden beïnvloed. 
 
In Hoofdstuk 6 ontwikkelden we een nieuwe, multicomponenten feedbackstrategie voor de 
NICE registratie. De nieuwe strategie was gericht op het ondervangen van vooraf vastgestelde 
barrières ten aanzien van het gebruik van kwaliteitsindicatoren voor systematische QI in de 
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gezondheidszorg. Op basis van informatie uit wetenschappelijke publicaties, input van 
toekomstige gebruikers, en kennis van experts werden de volgende elementen aan de reguliere 
NICE diensten toegevoegd: frequentere en uitgebreidere rapporten; het opzetten van een lokaal, 
multidisciplinair kwaliteitsverbeterteam; en het instrueren en begeleiden van ICs door middel 
van on-site bezoeken. Vervolgens beschrijven we in Hoofdstuk 6 het studieprotocol voor de 
evaluatie van de nieuwe strategie. Het betrof zowel een kwantitatieve studie naar óf de strategie 
effect had op de kwaliteit van IC zorg, als een kwalitatieve studie naar waaróm de strategie al 
dan niet effectief was. De resultaten van deze evaluaties zijn uiteengezet in respectievelijk 
Hoofdstuk 7 en Hoofdstuk 8. 
 
In Hoofdstuk 7 presenteren we de resultaten van een gerandomiseerde trial waarin dertig 
Nederlandse ICs –allemaal deelnemers aan de NICE registratie– de nieuwe multicomponenten 
feedbackstrategie ontvingen (interventiegroep) of de reguliere NICE diensten (controlegroep). 
IC behandelduur was ons primaire eindpunt; secundaire eindpunten waren beademingsduur, out-
of-range glucosemetingen, en ziekenhuissterfte. De trial liet zien dat ICs in de interventiegroep 
op geen van de eindpunten een grotere verbetering hadden bewerkstelligd dan de controle ICs. 
De mate waarin de feedbackstrategie lokaal was geïmplementeerd varieerde sterk tussen 
interventie ICs. Om die reden deden we een post-hoc as-treated analyse, waarbij interventie ICs 
met een lage implementatiegraad werden geëxcludeerd; de resultaten waren vergelijkbaar met 
die van de oorspronkelijke analyse. Van alle kwaliteitsindicatoren bleek glucoseregulatie het 
meest actionable met het hoogste gemiddeld aantal geplande acties. 
 
Aansluitend op de gerandomiseerde studie van Hoofdstuk 7 hebben we een procesevaluatie 
gedaan, die beschreven wordt in Hoofdstuk 8. In deze kwalitatieve studie onderzochten we de 
tijdsinvestering in en ervaringen met de multicomponenten feedbackstrategie. Data werden 
verzameld binnen de interventiegroep onder leden van de kwaliteitsverbeterteams. De 
maandelijkse tijdsinvestering bleek aanzienlijk te verschillen tussen teams, maar teamleden 
rapporteerden over het algemeen tevreden te zijn met de feedbackstrategie. Daarnaast bleek de 
interventie een positief effect te hebben op het vertrouwen in de datakwaliteit, als wel op de 
motivatie van deelnemers om kwaliteitsindicatoren te gebruiken als input voor 
verbeterinitiatieven. Aanhoudende problemen waren echter (in volgorde van belangrijkheid): het 
niet delen van de feedback met andere stafleden; gebrek aan normatieve standaarden en 
benchmarks; ontoereikende case-mix correctie; gebrek aan kennis over hoe kwaliteitsverbetering 
te bewerkstelligen; en onvoldoende gereserveerde tijd en mankracht voor 
kwaliteitsverbeterinitiatieven. Deze barrières verklaren mogelijk deels waarom er geen effect op 
de gekozen eindpunten gevonden werd. 
 
De multicomponenten feedbackstrategie zoals ontwikkeld en geëvalueerd in dit proefschrift 
bleek IC clinici te ondersteunen bij het gebruik van kwaliteitsindicatoren voor systematische QI. 
Desondanks hebben we moeten concluderen dat het effect van de strategie op de kwaliteit van 
zorg niet verschilde ten opzichte van de reguliere NICE diensten. We hebben de onderstaande 
aanbevelingen om de impact van de NICE registratiefeedback in de toekomst positief te 
beïnvloeden:  
 Voeg achievable benchmarks of care toe aan de feedbackrapporten als aanvulling op de 

groeps- en nationale gemiddelden. Ontwikkel daarnaast modellen voor case-mix correctie 
van IC behandelduur als uitkomstindicator; 



Samenvatting 

219 

 Focus voor de reeds aanwezige procesindicatoren op het verbeteren van de datakwaliteit en 
het uitbreiden van de feedback. Overweeg tevens de huidige set aan te vullen met 
structuurindicatoren die organisatorische karakteristieken vertegenwoordigen waarvan is 
aangetoond dat ze kunnen leiden tot verbeterde IC patiëntuitkomsten; 

 Breid de feedbackrapporten uit met suggesties voor mogelijk effectieve 
kwaliteitsverbeteracties. Instrueer in aanvulling daarop IC clinici ten aanzien van de 
concepten en methoden van systematische QI. 

 
Conclusie 
Het onderzoek in dit proefschrift laat zien dat sommige aspecten van kwaliteit van zorg niet 
volledig gevat kunnen worden in één enkele maat, dat de positieve impact van 
multicomponenten registratiefeedback op de kwaliteit van zorg niet voor zich spreekt, en dat het 
niet eenvoudig is om wetenschappelijke kennis op te bouwen over hoe we deze impact kunnen 
vergroten. Tegelijkertijd hebben we laten zien dat het mogelijk is om een deel van een complex 
concept als patiëntervaring op valide wijze te meten, en dat het uitbreiden van 
registratiefeedback clinici kan motiveren tot en ondersteunen bij het systematisch verbeteren van 
hun zorg. Deze veelbelovende resultaten zijn een goede reden om deze aspecten van 
systematische QI nader te onderzoeken. Dat zal ertoe bijdragen dat het meten van kwaliteit van 
zorg en het geven van performance feedback aan zorgverleners betrouwbare manieren worden 
om de gezondheidszorg te verbeteren.  
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