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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). 
  



Development and evaluation of a feedback strategy 

143 

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 

ICUs assessed for eligibility

Stratification 
(based on number of ventilated admissions and

involvement in pilot study)

Block randomization

Baseline measurement

Allocation to intervention A
(intervention arm)

Participation in the InFoQI program
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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 

 




