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8.1 Introduction 

 

It is important to monitor quality of care at Intensive Care Units (ICUs) as this can initiate 

projects to improve it and therewith reduce the mortality among ICU patients. Mortality is 

a frequently used indicator of quality care, but because the observed mortality is strongly 

related to the type of admitted patients the observed mortality should be adjusted for 

case-mix. Currently different prognostic models are used to predict case-mix adjusted 

mortality. The standardized mortality ratio (SMR, i.e. the observed mortality divided by 

the predicted case-mix adjusted mortality) is used as quality indicator to monitor and 

compare quality of care among ICUs (i.e. benchmarking) or with a reference value. With a 

well customized prognostic model an SMR of 1 serves as a reference point for “average” 

quality among the ICUs, an SMR below 1 implies less observed deaths than expected by 

the prognostic model (and hence better quality of care than average) and an SMR above 1 

implies more observed deaths than expected by the prognostic model.  

The data needed to calculate the case-mix adjusted mortality is often available in quality 

registries. In this thesis we used several registries, namely the clinical quality registry 

National Intensive Care Evaluation (NICE) (1), the administrative National Medical 

Registration (LMR) (2), and the administrative insurance claims database of Vektis (3). 

These data registries have all been set-up for different purposes, respectively: to monitor 

quality of ICU care, to support the policies of hospitals, and to enable decision making and 

implementation within the healthcare market. However, due to overlapping variables 

between these registries it is possible to link the different registries. Linking these 

different registries enabled us to compare prognostic models of which the required 

variables were recorded in different registries and enabled us to predict not only the 

ubiquitously used in-hospital mortality but also the long-term mortality of ICU patients.  

Before prognostic models can be used for mortality prediction and quality of care 

assessment, the performance of the prognostic models should be sufficiently validated. 

Furthermore, the prognostic models should be applied correctly with the right 

interpretation corresponding to their merits and limitations. In this thesis we have 

validated, compared, and applied different prognostic models to the Dutch ICU population 

in several settings. This chapter provides an overall discussion of the research described in 

this thesis by addressing the following research questions: 

 

1. How do prognostic models perform in the Dutch ICU population? 

2. Is there an association between ICU admission time and the case-mix adjusted 

mortality? 

3. What is the long-term mortality of ICU patients and does the choice of follow-up 

end-point (i.e. in-hospital mortality or long-term mortality) affect the quality 

indicator SMR? 
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For each research question the main findings are summarized and discussed. 

Furthermore, the strengths and limitations of the studies are described. In conclusion we 

discussed the merits and limitations of using the SMR to assess the quality of ICU care.  

 

8.2 Performance of prognostic models 

The first research question was “How do prognostic models perform in the Dutch ICU 

population?” This research question was addressed in Chapter 2 and Chapter 3 in which 

the performance of different prognostic models was assessed using different statistics and 

performance measures.  

 

Chapter 2 focused on the difference in the performance of a clinical and an administrative 

prognostic model (i.e. the customized Simplified Acute Physiology Score (SAPS) II model 

(4) and the customized Hospital Standardized Mortality Ratio model (HSMR) (5)). The SAPS 

II model used clinical data of ICU patients to adjust for case-mix differences which were 

more time consuming to collect than the administrative data which were used in the 

HSMR model. This study showed that the customized SAPS II model, specifically developed 

for ICU patients, outperformed the customized HSMR model, originally developed for the 

general hospital population. Furthermore, the performance of the customized SAPS II 

model was less influenced by the mean severity of illness of the ICU population than the 

customized HSMR model. In conclusion of this study we advised to use a clinical 

prognostic model for the assessment of the quality of care of ICUs especially when the 

quality of care is used for ICU benchmarking purposes. In this study we were not able to 

compare the more recently developed clinical APACHE IV model (6) with the 

administrative HSMR model as the clinical data used in the APACHE IV prognostic model 

was not yet collected in the period of this study. In Chapter 3, however, we evaluated the 

prognostic reliability of the APACHE IV model in the Dutch ICU population and compared 

its performance to the performance of the older APACHE II (7) and SAPS II prognostic 

models in different subgroups of the ICU population. The overall discrimination and 

accuracy of the customized APACHE IV model were statistically significantly better and the 

overall calibration was inferior compared to the customized APACHE II and SAPS II models, 

although the found differences were small and probably not very relevant in clinical 

practice. As the performance of the APACHE IV was equivalent to the SAPS II model, the 

APACHE IV model will most likely also outperform the HSMR model. According to the 

conclusions of Chapter 3 the customized APACHE II, SAPS II and APACHE IV model could 

equally be used for quality assessment purposes in view of prognostic performance. 

However, the  APACHE IV model may be preferred as this model incorporates a large 
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number of reasons for ICU admission which enables analysis in specific diagnostic 

subgroups. 

  

8.3 Variation in the quality of care  

The second research question was: “Is there an association between ICU admission time 

and the case-mix adjusted mortality?” This research question was addressed in Chapter 4 

in which we assessed whether there is variation in the in-hospital mortality of patients 

admitted during office hours and off hours while adjusting for the severity of illness. 

 

It has been postulated that the quality of care varies during the day and that patients 

admitted to the ICU outside office hours are more likely to die. In Chapter 4 we used the 

APACHE II prognostic model to calculate the physiological dysfunction (APACHE II score) 

for case-mix correction. We analyzed the possible relationship between ICU admission 

time and in-hospital mortality in the Dutch ICU population. We calculated the relative risk 

for in-hospital mortality of patients admitted outside office hours while adjusting for the 

severity of illness (i.e. age, gender, APACHE II score, admission type and reason for ICU 

admission). We showed that the in-hospital mortality varied with time but was 

consistently higher outside office hours and lower during office hours. If further 

investigation would show that the increased in-hospital mortality outside office hours was 

caused by organizational factors then this could have great implication for health care 

institutions as organizational rules might be sharpened by the Dutch Health Care 

Inspectorate.  

It is likely that the patients admitted during off hours are on average more severely ill than 

the patients admitted during office hours. Although we corrected for several case-mix 

factors it is still possible that there were some important differences between the patients 

admitted during office hours and off hours not accounted for in our analyses. This also 

means that it is possible that the prognostic model had a lower performance in the 

patients admitted during off hours.  

In general it can be stated that if prognostic models are sufficiently validated and showed 

evidently good performance, then they can be reliably used for obtaining the quality 

indicator SMR (i.e. the observed mortality divided by the predicted case-mix adjusted 

mortality). However, reporting the SMR of different ICUs may still lead to 

misinterpretations as the SMR of an ICU is significantly influenced by the prognostic model 

that is used due to the existing differences in the in- and exclusion criteria of the models. 

For example the APACHE IV model excludes patients that are admitted from another ICU 

while the SAPS II model excludes patients that are transferred to an ICU in another 

hospital. This means that the SMR of an ICU can vary when different prognostic models 

are used. This has also consequences for the so called SMR ranking lists which are often 
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consulted by payers and consumers of health care to gain information on quality of care. 

The best performer in these SMR ranking lists depends among others on the prognostic 

model that is used. The absence of a gold standard prognostic model makes it impossible 

to identify the ICU with best or worst quality of care. Furthermore, prognostic models only 

adjust for the included covariates and therewith miss factors that might have a 

considerable influence on mortality (for instance Down syndrome and low vitality etc.). 

Therefore it has been suggested that SMRs should only be used to signal when 

performance might be poor, triggering further investigations, and not as an absolute 

indicator of quality of care (8).  

 

8.4 Long-term mortality of ICU patients 

The third research question was: “What is the long-term mortality of ICU patients and 

does the choice of follow-up end-point (i.e. in-hospital mortality or long-term mortality) 

affect the quality indicator SMR?” This research question was addressed in Chapters 5, 6 

and 7. 

 

It can be argued that assessing the long-term mortality is more important than the in-

hospital mortality as little has been achieved when patients die soon after hospital 

discharge. In Chapter 5 we first performed a literature review on the long-term outcome 

of ICU patients in which we extracted the determinants which were used for case-mix 

adjustment of the long-term mortality. This study showed that the long-term mortality 

found in the existing literature was difficult to compare among the studies due to 

differences in study design, case-mix, and case-mix adjustment. In Chapter 6 we assessed 

the unadjusted and adjusted long-term mortality of the Dutch ICU population. Case-mix 

adjustment was done with the determinants of the long-term mortality of the Dutch ICU 

population identified in Chapter 5. We showed that the comparison of the crude mortality 

among different diagnostic subgroups may lead to wrong conclusions. Some diagnostic 

subgroups have a high crude mortality while after case-mix adjustment this increased 

mortality was not statistically significant and probably caused by pre-existing co-

morbidities or higher age. Furthermore, we showed that the mortality in the first months 

after hospital discharge was substantial (5.4%). To which extent the additional mortality 

after hospital discharge was attributable to the preceding ICU admission should be further 

investigated. However, presumably this additional mortality could partly be explained by 

existing discharge policies. For instance if patients were discharges to a hospice for 

palliative care the long-term mortality will by definition increase considerably compared 

to the in-hospital mortality. In Chapter 7 we investigated the influence of using the in-

hospital mortality versus long-term mortality on SMR and SMR rank position. This study 

showed that benchmarking on the in-hospital mortality or the mortality at 3, 6, or 12 
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months after ICU admission has influence on the SMR and SMR rank position of ICUs. 

Which SMR should be used when comparing or monitoring the quality of care depends of 

the setting. If an ICU wishes to monitor its own performance to set-up quality 

improvement projects, the in-hospital mortality might be sufficient. Small ICUs are often 

required (e.g. if the expected duration of treatment is longer than 72 hours) (9) to transfer 

very severely ill patients to larger, more equipped ICUs. Hence they are not able to 

improve their quality of care regarding these patients. Therefore information on the long-

term mortality of the transferred patients is not needed for intern quality improvement 

projects. However, if an ICU has a low in-hospital mortality due to relatively many patients 

discharged to a hospice for palliative care or to another better equipped ICU, 

benchmarking on the in-hospital mortality might be unfair. The transferred patients can 

have different influences on the SMR based on the mortality 3 months after hospital 

discharge. For instance if an ICU transfers patients who die in the receiving ICU despite the 

good quality of care, the SMR based on the  mortality 3 months after hospital discharge 

increases, and justly so. However, if the transferred patients die due to inadequate quality 

of care in the receiving ICU this increase of the long-term SMR is unjustified. Ideally, a 

combination of the in-hospital SMR and the long-term SMR would be used. If the in-

hospital SMR is low and for instance the 3 month mortality is high then this might indicate 

that a relatively high percentage of the patients are discharged to another ICU or to 

another hospice for palliative care, or that the patients were discharged too early from the 

hospital.  

 

8.5 Strengths and limitations 

In this thesis the performance of different prognostic models was described using 

measures of discrimination, accuracy, and calibration. We used the area under the 

Receiver Operating Characteristic curve (AUC) to describe the discrimination, the Brier 

score to describe the accuracy, and the Hosmer-Lemeshow Ĉ-statistic along with 

calibration plots to describe the calibration of the models. The values of these measures 

should be interpreted with caution as they all have some limitations. The AUC as well as 

the Brier score are dependent on the prevalence of mortality. If the observed mortality of 

the ICU population is very high or very low, the AUC and the Brier score values tend to 

improve (10). The Hosmer-Lemeshow Ĉ-statistic is very sensitive to the sample size of the 

ICU population, if the sample size is very large the calibration according to the Hosmer-

Lemeshow Ĉ-statistic tends to be worse (11). These limitations should be considered when 

comparing the performance of prognostic models across different ICU populations. This 

means that comparing performance measures across different studies is difficult as the 

differences found can be caused by differences in case-mix and sample size of the 

population and not necessarily by the difference in the performance of the used models. 
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In this thesis, we therefore only compared the performance of prognostic models when 

applied to the same ICU population included according to the same inclusion criteria. 

Another reason why comparison of performance measures between different studies is 

complex is the difference in the time of model development and model validation. Several  

studies showed that prognostic models are not stable over time (12-14), causing a 

performance decrease in the years after model development. This means that direct 

comparison of newly developed models to older ones is not feasible. A solution for 

comparison of models with a different year of development is model customization on the 

data in which the model is validated, which is applied in Chapters 2 and 3.   

In Chapter 5 we performed a literature review in which we extracted determinants of the 

long-term outcome. Subsequently we assessed the importance of these determinants on 

the long-term outcome of Dutch ICU patients by using the clinical database of the NICE 

registry. This implies that we could only use the identified determinants that were 

available in the NICE registration and currently used to predict the in-hospital mortality. 

This is a limitation as it is possible that there were other important determinants 

influencing the long-term mortality but that were not registered in the NICE registry. 

However, the most commonly used determinants in the literature corresponded to the 

determinants registered in the NICE. To assess the long-term outcome of the Dutch ICU 

patients the NICE registry was linked to the administrative insurance claims database of 

Vektis. In Chapters 5 and 6 we used NICE data of 2007 to 2010 of which approximately 

29% could not be linked with the insurance claims database and in Chapter 7 we used 

NICE data of 2008 to 2011 of which 4% could not be linked with the insurance claims 

database. This could lead to some bias in the selection of included patients. We used 

deterministic linkage which overall produces a low number of false positive links (15) 

meaning that the linked data is reliable. Vice versa, it also explains the rather high 

percentage non-linked records as the deterministic linkage approach that we used can 

miss matches due to errors in the linking variables (false negative links). In the future it 

should be investigated how this linkage can be improved for instance by using probabilistic 

linkage (15) or by extending quality registries with a social security code. In Chapter 7 we 

only included the ICUs of which at least 80% of the admissions could be linked to the 

assurance claims database to minimize selection bias.  

In this thesis we focused on the mortality of the ICU patients to assess the quality 

indicator SMR. However, besides mortality there are also other important quality 

indicators not presented in this thesis (e.g. length of ICU or hospital stay, the number of 

readmissions, and the quality of life of ICU patients after hospital discharge). It is 

questionable whether a low mortality at the expense of the quality of life is desired. 

However the quality indicator SMR gives important insights and can be used to further 

investigate the reason for mortality and thereby facilitate quality improvements projects. 

An important strength of this thesis is that in each chapter the used sample size is very 
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large and representative for the total Dutch ICU population. Furthermore, we were able to 

adjust the outcome of ICU patients and the perform analyses in several ICU subgroups.  

 

8.6 Implications for using mortality to benchmark ICUs  

In the Netherlands hospitals are increasingly forced by the Dutch government and 

insurance companies to report their mortality figures publically due to the increased 

interest in the transparency of hospital mortality. In other countries such as the UK the 

hospital mortality figures are already publically available and the chance that this will be 

implemented in the Netherlands is increasing although there is much discussion about this 

approach. An important benefit of making the mortality numbers publically available is 

that hospitals are legally required to actively monitor their quality of care and if necessary 

improve their performance. In general it can be said that the public has the right to know 

what happens in the Dutch hospitals. However, the public should be informed correctly 

which is hard due to the complexity of the quality indicator SMR. Furthermore, in case of 

the intensive care, most patients require an emergency admission and the nearest 

hospital will be designated. This implies that the patient has no influence on the choice of 

hospital and this might diminish the importance of making the mortality rates of Dutch 

ICUs publically available.  

We showed that the quality indicator SMR is influenced by the data that are used for case-

mix adjustment (i.e. administrative or clinical data), the choice of prognostic model used 

for case-mix adjustment, and the choice of end-point of follow-up. Furthermore, the SMR 

of a hospital is also influenced by the quality of the data in the used quality registries. This 

means that the mortality ranking lists based on the SMR can identify different best 

performers depending on the method used for quality assessment. As long as the results 

of quality assessment is interpreted with caution and understanding of possible biases this 

is no problem. However, if the results are interpreted without insight in the used methods 

and the merits and limitations of each different method, this might be a large problem 

especially when there are political consequences and unjustified reputation damage. 

Publically presenting the raw mortality of hospitals does not hold meaningful information 

as these mortality rates are strongly related to the case-mix of the admitted patients. 

However, with the absence of a gold standard of the best prognostic model it is difficult to 

choose which prognostic model should be used for this purpose, and also the choice of 

follow-up end-point for this purpose is difficult. Even if the SMR is publically available 

under the right circumstances there are still some drawbacks. Hospitals can manipulate 

their data to create a better SMR, patients might develop a strong preference for a 

specific  hospital of admission which could lead to waiting lists (in case of elective 

admissions) and in the most extreme case hospitals may refuse very severely ill patients 
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with a low survival chance. For all the above mentioned reasons the mortality data of 

hospitals can only be made publically available very cautiously.  

 

8.7 Conclusions  

In this thesis we showed that clinical prognostic models outperform administrative 

prognostic models. The clinical APACHE IV model might be preferable for benchmarking 

purposes as it enables analysis in specific diagnostic subgroups. We showed that the post 

hospital mortality of ICU patients is substantial which should be considered when 

benchmarking ICUs. Taking the long-term mortality instead of the in-hospital mortality as 

the outcome measure can achieve this. We have shown that not only the choice of 

prognostic model but also the end-point of follow-up influence the SMR. This renders the 

interpretation of the SMR as a quality indicator a very complex task with its merits and 

limitations. 

In conclusion of my thesis I would say that quality assessment and monitoring are of great 

importance, but the results of the quality assessment is only worthwhile when interpreted 

correctly. 

 
References 

 
 1.  Dutch National Intensive Care Evaluation (NICE) foundation: Available online at: http://www.stichting-

nice.nl, last access at 12-12-2012. 
 2.  National Medical Registration (LMR): Available online at: http://www.swov.nl/uk/research/ 

kennisbank/inhoud/90_gegevensbronnen/inhoud/lmr.htm, last access at 12-12-2012. 
 3.  Vektis: Available online at: http://www.vektis.nl, last access at 12-12-2012. 
 4.  Le Gall JR, Lemeshow S, Saulnier F: A new Simplified Acute Physiology Score (SAPS II) based on a 

European/North American multicenter study. JAMA 1993; 270:2957-2963 
 5.  HSMR: Available online at: http://www.hsmr.nl/index.php/hsmr, last access at 12-12-2012. 
 6.  Zimmerman JE, Kramer AA, McNair DS, et al: Acute Physiology and Chronic Health Evaluation 

(APACHE) IV: hospital mortality assessment for today's critically ill patients. Crit Care Med 2006; 
34:1297-1310 

 7.  Knaus WA, Draper EA, Wagner DP, et al: APACHE II: a severity of disease classification system. Crit 
Care Med 1985; 13:818-829 

 8.  Lilford R, Pronovost P: Using hospital mortality rates to judge hospital performance: a bad idea that 
just won't go away. BMJ 2010; 340:c2016 

 9.  Netherlands Society of Intensive Care (NVIC) guidelines: Available online at: http://www.nvic.nl/ 
richtlijnen_geaccordeerd.php, last access at 12-12-2012. 

 10.  Steyerberg EW: Clinical Prediction Models A Practical Approach to Development, Validation, and 
Updating. New York, Springer, 2009 

 11.  Zhu BP, Lemeshow S, Hosmer DW, et al: Factors affecting the performance of the models in the 
Mortality Probability Model II system and strategies of customization: a simulation study. Crit Care 
Med 1996; 24:57-63 

 12.  Minne L, Eslami S, de Keizer N, et al: Effect of changes over time in the performance of a customized 
SAPS-II model on the quality of care assessment. Intensive Care Med 2012; 38:40-46 

http://www.stichting-nice.nl/
http://www.stichting-nice.nl/
http://www.swov.nl/uk/research/%20kennisbank/inhoud/90_gegevensbronnen/inhoud/lmr.htm
http://www.swov.nl/uk/research/%20kennisbank/inhoud/90_gegevensbronnen/inhoud/lmr.htm
http://www.nvic.nl/


Chapter 8  
 

 

116 

 13.  Harrison DA, Brady AR, Parry GJ, et al: Recalibration of risk prediction models in a large multicenter 
cohort of admissions to adult, general critical care units in the United Kingdom. Crit Care Med 2006; 
34:1378-1388 

 14.  Le Gall Jr, Neumann A, Hemery F, et al: Mortality prediction using SAPS II: an update for French 
intensive care units. Crit Care 2005; 9:R645-R652 

 15. Tromp M, Ravelli AC, Bonsel GJ, et al: Results from simulated data sets: probabilistic record linkage 
outperforms deterministic record linkage. J Clin Epidemiol 2011; 64:565-572 

 
 


