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Abstract

Intensive care faces economic challenges. Therefore evidence proving both
effectiveness and efficiency, i.e. cost-effectiveness, of delivered care is needed. Today,
the quality of care is an important issue in the health care debate. How do we
measure quality of care, and how accurate and representative is this measurement?
In the following report several topics, which are used for the evaluation of ICU
performance, are discussed: (1) The use of general outcome prediction models to
assess/ quantify the risk of patients who are admitted to our ICUs in an increasing
variety in case mix for all the different intensive care units. Together with three major
limitation; (2) As critical care outcomes research becomes a more established entity
mortality is now only one of many endpoints that are of relevance. Mortality is a
limited outcome when assessing critical care performance, while patient interest in
QoL outcomes is of relevance; and (3) The Quality Indicators Committee of the
Society of Critical Care Medicine recommended that short-term readmission is a

leading performance indicator of the quality of intensive care medicine.
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Core tip: Variations in case-mix, ICU demographics, clinical and non-clinical factors
not addressed by the present severity of illness scores must be quantified to improve
the accuracy of future prediction models. A completely different benefit, in the use of
HrQoL as a performance-benchmark, could be the possibility of follow-up evaluation
of the patients’ health status after ICU or hospital discharge. The moment when
outcome research can predict the short-term (ICU discharge) QoL of a critically ill
patient during the first 24 h of ICU admission; It will give physicians and health care
policy makers an up-to-date and reliable evaluation of quality of care in the ICU

during the upcoming years.



INTRODUCTION

The intensive care unit (ICU) is a hospital unit providing continuous surveillance
and highly specialized care to critically ill patients, either medical or surgical.
Patient’s conditions are life-threatening and require comprehensive care. Established
approximately five decades ago, the ICU is now an essential part of hospital care. It
presents itself as the discipline that aims to help patients with extended needs of care
and organ support.

Intensive care faces economic challenges. Therefore, evidence proving both
effectiveness and efficiency, i.e. cost-effectiveness, of delivered care is needed. ICUs
consume a significant proportion of health care resources, accounting for up to 20%
of a hospital’s cost [1-0l. By 2005, critical care medicine (CCM) costs in the United
States were estimated to be $81.7 billion accounting for 4.1% of the national health
expenditures, 0,66% of the gross domestic product. The US spends 15% of the gross
domestic product on healthcare (9-11% in Germany, France and Canada; 7-8% in
Spain and the United Kingdom). Intensive care costs are predicted to grow all over
the developed world [257-14],

Today, quality of care is an important issue in the health care debate. All countries
struggle to optimize quality of care while minimizing costs. Evaluation of clinical
performance is a prerequisite for the assessment of both the effectiveness and
efficiency of care 1% and, therefore, several questions arise: How do we measure

quality of care, and how accurate and representative is this measurement?

The goal of intensive care medicine is to achieve the best outcome for critically ill
patients, and usually this is accompanied by the use of very complex care [16]. All
patients carry both an intrinsic risk (disease-related) and an extrinsic risk (care-
related) at the same time [1617]. There is an ever-increasing recognition of the wide
variation in the quality of care across ICUs and its effect on outcome. Indicators to

evaluate the quality of care are increasingly being used and focus on patient outcome



[18]. Finding a reliable method to quantify the performance of single ICUs has been a

difficult quest in the last 30 years.

Outcome prediction models: shall we continue in the same way?

Each new development in critical care treatment over the past 30 years has been
implemented to improve the quality of care. Therefore, the extrinsic risks that
patients carry should be as low as possible. Ideally, quality of care performance
research should give more information about the extrinsic risks rather than the
intrinsic ones. At this moment, ICU performance evaluation is becoming increasingly
difficult because of the presence of an increasing variety in patient case mix for all the
different intensive care units. Since the development of prediction mortality models
in the early 1980s, physicians have tried to normalize certain different ICU
populations through the use of severity of illness measurements. At the time that a
general outcome prediction model (GOPM) had been developed the intrinsic risk
had been adjusted in such a way that performance mainly illuminates the extrinsic
risk factors. Most published approaches, concerning the evaluation of ICU
performance, adopt more or less the same procedures: the development of a GOPM
and its calibration in a suitable database. Such models are then applied to different
cohorts of ICU patients, and the comparison of the predicted number of deaths with
the actual number is used as a reference for the clinical performance of the unit 5.
For more than 30 years, outcome research in critical care relied heavily on these risk
adjustment methods (GOPM) to assess and quantify the risk of patients who are
admitted to our ICUs. Using several GOPMs this methodology has become the ‘gold
standard” to compare ICUs across different geographical areas, or within a specific
individual nation, or other specific subgroups. Several risk adjustment systems have
been developed or have undergone an update and are used in daily practice.

In the use of general outcome prediction models, several limitations should be

considered.



1. Most systems give a single estimate, known as the standardized mortality
ratio (SMR). A single estimate considers that the performance of an ICU is constant
over the whole spectrum of the severity of illness [1°]. In other words, an ICU with a
‘good” performance (low SMR) is assumed to be uniformly good for both low-risk
and high-risk patients; likewise, an ICU with a ‘bad” performance (high SMR) is
assumed to be uniformly bad. However, since performance can vary not only
between ICUs but also within the same unit across patients and doctors, this
assumption is likely not true [15. Several studies have provided conclusive evidence
that the clinical performance of ICUs may vary over the spectrum of severity of
illness [1516,20-23]

2. It is unknown whether variations in SMR reflect quality of care or case mix
differences. Debate continues whether higher than predicted mortality (high SMR) is
a warning about the quality of care or rather reflects a difference of case mix between
hospitals [24. In the past, GOPMs have been revised or even updated to newer
versions to predict expected death more accurately. However, before a new GOPM
version is used, many years have elapsed. Although, the newer third and fourth
versions of the APACHE prognostic model were developed many years ago [25-?7], the
APACHE II score is still one of the prediction models most widely used [1228].

3. There is no consensus which GOPM must be used for which type of ICU
(general mixed unit, specialized unit, or even in different sub-populations). For
critical care physicians there are three overall GOPMs for predicting overall mortality
and used for performance evaluations: the APACHE model [?>27.29], the MPM system
[30-32] and the SAPS model [2223:33-35]. These scoring systems differ in the choice and the
relative weight given to patient characteristics and physiological parameters [18].
Quality of care performance evaluation should be done with the same - and ideally
most reliable - outcome prediction model for each intensive care unit. Because there
is no consensus which GOPM should be used, they seem to be used randomly.

Within the Netherlands, this last item has been addressed: Since the year 2008, all 61



participating ICUs in the NICE registry started using the APACHE IV prognostic

model.

The quality of intensive care performance.

Until today, one of the most used ICU performance measurements is the
standardized mortality ratio (SMR). The SMR has been developed in a period that
the evaluation of quality of care was done exclusively through primary patient
outcome (short-term mortality). Some authors have evaluated the use of SMR as an
indicator of ICU quality of care and debated its specific relevance [17.3637]. The SMR
value gives insight in the observed mortality compared with the associated predicted
mortality, but it does not gives insight in the health status of these patients.

As critical care outcomes research becomes a more established entity mortality is
now only one of many endpoints that is of relevance, and mortality is a limited
outcome evaluation method when assessing critical care performance. The health-
related quality of life (HrQoL), defined as the degree to which a patient’s health
status affects the subjective evaluation of his or her satisfaction with life, seems to be
a better indicator, especially from the patient-centred view [38l. ICU and hospital
survival will always have an important role in the evaluation of performance at the
moment different units or hospitals are being benchmarked. Consequently, in the last
decennia the quality of life (QoL) has gained great interest when not only physicians
but also the patients’ relatives mention patient outcome. Therefore, QoL clearly

challenges survival whenever we address secondary (long-term) patient outcome.

Difficulties are being foreseen when using health status as a performance-benchmark
3%, because of the great diversity in intrinsic risk that patients carry in all the
different ICUs (i.a. specialized units, general mixed units). How should we use
health status as performance-benchmark? Should we cross-section the mean health
status of a given cohort against the general population norm, or must we compare

individual outcome with individual pre-admission values? The latter will invariably



provide more patient oriented and thus clinically relevant outcome values, but also
result in an administrative burden. A third possibility is to compare such an
individual QoL value with a predicted individual health status.

The ability to predict a patient’s QoL after ICU admission could be useful in many
ways. Firstly, it could help patients and their relatives to make decisions. Secondly, it
could help families to prepare themselves to care for the patient after hospital
discharge. Thirdly, it could help critical care physicians to give useful information,
avoid unrealistic expectations, and - possibly - could help in making treatment
decisions. Fourthly, it could help society to realize in which ICUs patients have a
good chance of recovery and give health policy makers and insurance companies the
insight in the needs of ICUs [39401,

A completely different benefit, in the use of HrQoL as a performance-benchmark,
could be the possibility of follow-up evaluation of patients” health status after ICU or
hospital discharge. Post-ICU patients are known to express a reduced HrQoL
compared to the general population. It is still not clear to what extend and how long
this reduced HrQoL persists, although this effect may be long-lasting [41]. Therefore, a
continuous survey as part of regular after care for each individual patient, would be
the ideal way to investigate this, and gives the possibility to better manage patients

in which HrQoL does not increase as expected.

Readmission to the ICU: Can we predict patients at risk for readmission?

The Quality Indicators Committee of the Society of Critical Care Medicine
recommended that readmission within 48 hours is a leading performance indicator of
the quality of intensive care medicine [#2. Readmitted patients are most often the
sickest in the ICU; therefore, it is an unexpected and unfavourable event for the
patient, and is associated with a more severe outcome [#3-52. Moreover, a strategy to
reduce premature discharges in patients at high risk of in-hospital death could result
in a reduction of post-ICU mortality (Daly et al.: 39% reduction in mortality) 5254, In

times of great pressure on the ICU capacity, should we not be more careful in



deciding which patient may be discharged and who has a greater risk of
readmission? Ideally, such decisions are made on sound criteria, rather than
subjective parameters. In the last 10 years several authors have proven that it is
difficult to analyze and predict readmittance-risk for ICU patients in general 44471,
Various authors concluded that patients readmitted to the ICU had a higher severity
of illness score at the time of initial ICU discharge compared to single ICU admission
patients [454655] Ideally perhaps, severity of illness is scored on a daily base and
discharge is initiated from these values. Unfortunately, these severity of illness scores
have not been validated after the first 24 hours of ICU admission. The Sequential
(Sepsis-related) Organ Failure Assessment score (SOFA score), is used to track a
patient’s status during the admission in the ICU (also validated to be used after 24
hours). The SOFA score is a scoring system to determine the extent of a person’s
organ function or rate of failure 15-%1. This particular score has been validated to
predict ICU mortality [¢0l. Nevertheless, the possible association with readmission has
not been evaluated as yet. Currently, there are hardly any systematic studies of how
daily severity of illness score changes from admission to initial discharge predict ICU
readmission [2847]. Besides the severity of illness score there is also an association
between nursing workload and post-ICU mortality [61.62l. The Therapeutic
Intervention Scoring System (TISS) has been widely applied to assess workload and
resource allocation in intensive care, measuring treatment intensity [©3]
Consequently, attempts have been made to use TISS scores to categorize the level of
care that patients require, even to evaluate the care required after ICU discharge
[64.65]. Several authors have shown an association of the TISS value of the last ICU day
with post-ICU mortality [61.626667], and therefore, indirectly, the association with ICU-
readmission. Smith et al. concluded in their research that the mean TISS scores in
patients readmitted to the ICU were significantly higher than in patients who did not
require readmission [62].

Since a couple of years Spanish physicians have shown great interest in this topic and

developed the Sabadell score system, a modification of the McCabe score %8701, They



have validated the applicability of the Sabadell score as a system for classifying
patients” ward survival at discharge from the ICU ["ll. They even found an
association of the Sabadell score with ICU readmission. Unfortunately, the lack of
reliable predictors of ICU readmission precludes the clinical usefulness of this
variable. However, this information may improve the ability to predict the readiness
for discharge for individual patients and improve the efficiency of intensive care
units. Would critical care physicians have more information about patients’ disease-
status when they use a combination of several systems (TISS, severity of illness score
and Sabadell score) as prediction measurement for ICU discharge readiness? This
value could also give an indication if the patient could be discharged to the normal

ward or that he should first be admitted to a step-down unit (high dependency unit).

Hospital death rates would be particularly useful if patients and physicians could
use the statistics for a given diagnosis to select a hospital that offers the best prospect
of survival. If the data are only partially corrected for differences in the health status
of patients, then they must be used with caution [°l. Variations in case-mix, ICU
demographics, clinical and non-clinical factors not addressed by the present severity
of illness scores must be quantified to improve the accuracy of future prediction
models. If the variation between ICUs is important, it will impair the stability of the
equations used to compute predicted mortality and preclude the use of indirect
standardization in the evaluation of differences between ICUs. These GOPMs
consider the relation between performance and severity of illness as constant,
although performance can vary within ICUs according to the degree of severity of
illness in patients. Hypothetically, performance should be evaluated through the
combination of survival (SMR) and the health status (QoL) at the time of discharge.
As yet, this combination of both outcome measurements has not been used in a
single benchmark value. Therefore, future research should focus on predicting
quality of life together with an accuracy study of the TISS, severity of illness and the

Sabadell scores to identify and weigh the specific variables for readmission. The



moment when outcome research can predict the short-term (ICU discharge) QoL of a
critically ill patient during the first 24 hours of ICU admission; It will give physicians
and health care policy makers an up-to-date and reliable evaluation of quality of care

in the ICU during the upcoming years.



REFERENCES

1. Pronovost PJ, Angus DC, Dorman T, Robinson KA, Dremsizov TT, Young TL.
Physician staffing patterns and clinical outcomes in critically ill patients: A systematic
review. J Am Med Assoc 2002; 288: 2151-2162. [PMID: 12413375, doi: unknown].

2. Giovanni M, Scatto P, Scatto P. Economics and outcome in the intensive care unit.
Curr  Opin  Anaesthesiol.  2009; 22: 232-6. [PMID: 19390250, doi:
10.1097/AC0.0b013e328323f9a8].

3. Moerer O, Plock E, Mgbor U, Schmid A, Schneider H, Wischnewsky MB, Burchardi
H.. A German national prevalence study on the cost of intensive care: an evaluation from 51
intensive care units. Crit Care Med 2007; 11: 69-79. [PMID: 17594475, doi: unknown].

4. Chalfin DB. Cost-effectiveness analysis in health care. Hosp Cost Manag Account
1995; 7: 1-8. [PMID: 10143321, doi: unknown].
5. Zilberberg M, Luippold R. Prolonged acute mechanical ventilation, hospital resource

utilization, and mortality in the United States. Crit Care Med 2008; 36: 726-730. [PMID:
18209667, doi: 10.1097/CCM.0B013E31816536F7].

6. Halpern NA, Bettes L, Greenstein R. Federal and nationwide intensive care units and
healthcare costs: 1986-1992. Crit Care Med 1994; 22: 2001-7. [PMID: 7988140, doi:
unknown].

7. Halpern NA, Pastores SM, Greenstein RJ. Critical care medicine in the United States
1985-2000: an analysis of bed numbers, use, and costs. Crit Care Med 2004; 32: 1254-9.
[PMID: 15187502, doi: unknown].

8. Halpern NA, Pastores SM. Critical care medicine in the United States 2000-2005: an
analysis of bed numbers, occupancy rates, payer mix, and costs. Crit Care Med 2010; 38: 65-
71. [PMID: 19730257, doi: 10.1097/CCM.0b013e3181b090d0].

Q. Halpern NA. Can the costs of critical care be controlled? Curr Opin Crit Care 2009;
15: 591-6. [PMID: 19823083, doi: 10.1097/MCC.0b013e328332f54f].

10.  Cohen NH. Critical care medicine in the United States: What we know, what we do
not, and where we go from here. Crit Care Med 2010; 38: 304-306. [PMID: 20023473, doi:
10.1097/CCM.0b013e3181b4a2b6].


http://www.ncbi.nlm.nih.gov/pubmed?term=Robinson%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=12413375
http://www.ncbi.nlm.nih.gov/pubmed?term=Dremsizov%20TT%5BAuthor%5D&cauthor=true&cauthor_uid=12413375
http://www.ncbi.nlm.nih.gov/pubmed?term=Young%20TL%5BAuthor%5D&cauthor=true&cauthor_uid=12413375
javascript:AL_get(this,%20'jour',%20'Curr%20Opin%20Anaesthesiol.');
http://www.ncbi.nlm.nih.gov/pubmed?term=Plock%20E%5BAuthor%5D&cauthor=true&cauthor_uid=17594475
http://www.ncbi.nlm.nih.gov/pubmed?term=Mgbor%20U%5BAuthor%5D&cauthor=true&cauthor_uid=17594475
http://www.ncbi.nlm.nih.gov/pubmed?term=Schmid%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17594475
http://www.ncbi.nlm.nih.gov/pubmed?term=Schneider%20H%5BAuthor%5D&cauthor=true&cauthor_uid=17594475
http://www.ncbi.nlm.nih.gov/pubmed?term=Wischnewsky%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=17594475
http://www.ncbi.nlm.nih.gov/pubmed?term=Burchardi%20H%5BAuthor%5D&cauthor=true&cauthor_uid=17594475
http://www.ncbi.nlm.nih.gov/pubmed?term=Burchardi%20H%5BAuthor%5D&cauthor=true&cauthor_uid=17594475
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Halpern%20NA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pastores%20SM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Greenstein%20RJ%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Crit%20Care%20Med.');

11.  Kahn JM, Angus DC. Reducing the cost of critical care: new challenges, new
solutions. Am J Respir Crit Care Med 2006: 174: 1167-1168. [PMID: 17110650, doi:
unknown].

12.  Vincent JL, Opal SM, Marshall JC. Ten reasons why we should NOT use severity
scores as entry criteria for clinical trials or in our treatment decisions. Crit Care Med 2010
Jan; 38: 283-287. [PMID: 19730252, doi: 10.1097/CCM.0b013e3181b785a2].

13.  Organisation for Economics Co-operation and Development: Health at a Glance:
OECD indicators. 2005.

14.  Waunsch H, Angus DC, Harrison DA, Collange O, Fowler R, Hoste EA, de Keizer NF,
Kersten A, Linde-Zwirble WT, Sandiumenge A, Rowan KM. Variation in critical care
services across North America and Western Europe. Crit Care Med 2008: 36: 2787-2793.
[PMID: 18766102, doi: 10.1097/CCM.0b013e318186aec8].

15. Moreno RP, Hochrieser H, Metnitz B, Bauer P, Metnitz PGH. Characterizing the risk
profiles of intensive care units. Intensive Care Med 2010; 36: 1207-1212. [PMID: 20306015,
doi: 10.1007/s00134-010-1852-2].

16.  Metnitz PG. From risk assessment to risk management. Crit Care Med 2010; 16: 475-
476. [PMID: 20827074, doi: 10.1097/MCC.0b013e32833e81ed].

17.  Teres D, Lemeshow S. Why severity models should be used with caution. Crit Care
Clin 1994; 10: 93-115. [PMID: 8118735, doi: unknown].

18.  De Lange DW, Dusseljee J, Brinkman S, van Berkel G, van Maanen R, Bosman RJ,
Joore H, de Keizer NF, van der VVoort PHJ, de Waal R, Wesselink RMJ, de Jonge E. Severity
of illness and outcome in ICU patients in the Netherlands: results from the NICE registry
2006-2007. Nether J Crit Care 2009; 13: 16-22. [PMID: Unknown, doi: unknown].

19.  Moreno R, Apolone G. Impact of different customization strategies in the performance
of a general severity score. Crit Care Med 1997; 25: 2001-2008. [PMID: 9403750, doi:
unknown].

20.  Moreno RP, Bauer P, Metnitz PGH. Characterizing performance profiles of ICUs. Crit
Care Med 2010; 16: 477-481. [PMID: 20613499, doi: 10.1097/MCC.0b013e32833cc925].

21.  Civetta JM. Scoring systems: Do we need a different approach? Crit Care Med 1991;
19: 1460-1461. [PMID: 1959362, doi: unknown].

22.  Metnitz PG, Moreno RP, Almeida E, Jordan B, Bauer P, Campos RA, lapichino G,
Edbrooke D, Capuzzo M, Le Gall JR; SAPS 3 Investigators. SAPS 3 — From evaluation of the


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Vincent%20JL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Opal%20SM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Marshall%20JC%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Crit%20Care%20Med.');
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Teres%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lemeshow%20S%22%5BAuthor%5D
javascript:AL_get(this,%20'jour',%20'Crit%20Care%20Clin.');
javascript:AL_get(this,%20'jour',%20'Crit%20Care%20Clin.');

patient to evaluation of the intensive care unit. Part 1: Objectives, methods and cohort
description. Intensive Care Med 2005, 31: 1336-1344. [PMID: 16132893, doi: unknown].

23.  Moreno RP, Metnitz PGH, Almeida E, Jordan B, Bauer P, Campos RA, lapichino G,
Edbrooke D, Capuzzo M, Le Gall JR; SAPS 3 Investigators. SAPS 3 — From evaluation of the
patient to evaluation of the intensive care unit. Part 2: Development of a prognostic model for
hospital mortality at ICU admission. Intensive Care Med 2005, 31: 1345-1355. [PMID:
16132892, doi: unknown].

24.  Green J, Passman LJ, Wintfeld N. Analyzing hospital mortality: The consequences of
diversity in patient mix. J Am Med Assoc 1991; 265 (14): 1849-1853. [PMID: 1900894, doi:
unknown].

25.  Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE II: a severity of
disease classification system. Crit Care Med 1985, 13: 818-829. [PMID: 3928249, doi:
unknown].

26. Knaus WA, Wagner DP, Draper EA, Zimmerman JE, Bergner M, Bastos PG, Sirio
CA, Murphy DJ, Lotring T, Damiano A. The APACHE Il1 prognostic system. Risk prediction
of hospital mortality for critically ill hospitalised adults. Chest 1991; 100: 1619-1636. [PMID:
1959406, doi: unknown].

27.  Zimmerman JE, Kramer AA, McNair DS, Malila FM. Acute Physiology and Chronic
Health Evaluation (APACHE) IV: Hospital mortality assessment for today’s critically ill
patients. Crit Care Med 2006; 34: 1297-1310. [PMID: 16540951, doi: unknown].

28.  Cohen NH. The real reasons not to rely on severity scores. Crit Care Med 2010; 38:
334-335. [PMID: 20023491, doi: 10.1097/CCM.0b013e3181b9d3e4].

29. Knaus WA, Zimmerman JE, Wagner DP, Draper EA, Lawrence DE. APACHE —
Acute Physiology and Chronic Health Evaluation: A physiologically based classification
system. Crit Care Med 1981; 9: 591-597. [PMID: 7261642, doi: unknown].

30. Lemeshow S. Refining intensive care unit outcome prediction by using changing
probabilities of mortality. Crit Care Med 1988; 16: 470-477. [PMID: 3359785, doi:
unknown].

31. Lemeshow S, Teres D, Klar J, Avrunin JS, Gehlbach SH, Rapoport J. Mortality
Probability Models (MPM 11) based on an international cohort of intensive care unit patients.
J Am Med Assoc 1993, 270: 2478-2486. [PMID: 8230626, doi: unknown].


http://www.ncbi.nlm.nih.gov/pubmed?term=Wagner%20DP%5BAuthor%5D&cauthor=true&cauthor_uid=1959406
http://www.ncbi.nlm.nih.gov/pubmed?term=Draper%20EA%5BAuthor%5D&cauthor=true&cauthor_uid=1959406
http://www.ncbi.nlm.nih.gov/pubmed?term=Zimmerman%20JE%5BAuthor%5D&cauthor=true&cauthor_uid=1959406
http://www.ncbi.nlm.nih.gov/pubmed?term=Bergner%20M%5BAuthor%5D&cauthor=true&cauthor_uid=1959406
http://www.ncbi.nlm.nih.gov/pubmed?term=Bastos%20PG%5BAuthor%5D&cauthor=true&cauthor_uid=1959406
http://www.ncbi.nlm.nih.gov/pubmed?term=Sirio%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=1959406
http://www.ncbi.nlm.nih.gov/pubmed?term=Sirio%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=1959406
http://www.ncbi.nlm.nih.gov/pubmed?term=Murphy%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=1959406
http://www.ncbi.nlm.nih.gov/pubmed?term=Lotring%20T%5BAuthor%5D&cauthor=true&cauthor_uid=1959406
http://www.ncbi.nlm.nih.gov/pubmed?term=Damiano%20A%5BAuthor%5D&cauthor=true&cauthor_uid=1959406

1. Higgins TL, Teres D, Copes WS, Nathanson BR, Stark M, Kramer AA. Assessing
contemporary intensive care unit outcome: An updated Mortality Probability
Admission Model (MPMO-III). Crit Care Med 2007; 35: 827-835. [PMID:

2. Le Gall J-R, Loirat P, Alperovitch A, et al. A simplified acute physiology score for
ICU patients. Crit Care Med 1984; 12: 975-977. [PMID:

3. Le Gall J-R, Lemeshow S, Saulnier F: A new Simplified Acute Physiology Score
(SAPS 1II) based on a European/North American multi centre study. ] Am Med Assoc
1993, 270: 2957-2963. [PMID:

4. Le Gall J-R, Neumann A, Hemery F, et al. Mortality prediction using SAPS II: an
update for French intensive care units. Crit Care Med 2005, 9: 645-652. [PMID:

5. Sherck JP, Shatney CH. ICU Scoring Systems do not allow predictions of patient
outcomes or comparison of ICU performance. Crit Care Clin 1996; 12: 515-523.
[PMID:

6. Boyd O, Grounds RM. Can standardized mortality ratio be used to compare
quality of intensive care unit performance? Crit Care Med 1994; 22: 1706-1709. [PMID:
7. Capuzzo M., Moreno RP, Jordan B, Bauer P, Alvisi R, Metnitz PGH. Predictors of
early recovery of health status after intensive care. Intensive Care Med 2006; 32: 1832-8.
8. Valentin A. The importance of risk reduction in critically ill patients. Crit Care
Med 2010; 16: 482-486. [PMID:

9. Angus DC. Caring for the critically ill patient: Challenges and opportunities. ] Am
Med Assoc 2007; 298: 456-458. [PMID:

10. Timmers TK, Verhofstad MH], Moons KGM, van Beeck EF, Leenen LPH. Long-
term (>6 years) quality of life after surgical intensive care admission. Arch Surg 2011;
146: 412-418. [PMID:

11. Angus DC. Grappling with intensive care unit quality: does the readmission rate
tell us anything? Crit Care Med 1998; 26: 1779-1780. [PMID:

12. Metnitz PG, Fieux F, Jordan B, Lang T, Moreno R, Gall JR. Critically ill patients
readmitted to intensive care units - lessons to learn? Intensive Care Med 2003; 29: 241-

248. [PMID:


http://www.ncbi.nlm.nih.gov/pubmed/7924389
http://www.ncbi.nlm.nih.gov/pubmed/7924389

13. Chen LM, Martin CM, Keenan SP, Sibbald W]. Patients readmitted to the
intensive care unit during the same hospitalization: clinical features and outcomes.
Crit Care Med 1998; 26: 1834-1841. [PMID:

14. Alban RF, Nisim AA, Ho ], Nishi GK, Shabot MM. Readmission to surgical
intensive care increases severity-adjusted patient mortality. | Trauma 2006; 60: 1027-
1031. [PMID:

15. Rosenberg AL, Watts C. Patients readmitted to ICUs: A systematic review of risk
factors and outcomes. Chest 2000; 118: 492-502. [PMID:

16. Rosenberg AL, Hofer TP, Hayward RA, Strachan C, Watts CM. Who bounces
back? Physiologic and other predictors of intensive care unit readmission. Crit Care
Med 2001; 29: 511-518. [PMID:

17. Nishi GK, Suh RH, Wilson MT, Cunneen SA, Margulies R, Shabot MM. Analysis
of causes and prevention of early readmission to surgical intensive care. Am Surg
2003; 69: 913-917. [PMID:

18. Lee HF, Lin S-C, Lu C-L, Chen CF, Yen M. Revised Acute Physiology and Chronic
Health Evaluation score as a predictor of neurosurgery intensive care unit
readmission: A case-controlled study. ] Crit Care 2010; 25: 294-299. [PMID:

19. Kaben A, Correa F, Reinhart K, Settmacher U, Gummert J, Kalff R, Sakr Y.
Readmission to a surgical intensive care unit: incidence, outcome and risk factors.
Crit Care 2008; 12: R123. [PMID:

20. Chan K-S, Tan C-K, Fang C-S et al. Readmission to the intensive care unit: an
indicator that reflects the potential risks of morbidity and mortality of surgical
patients in the intensive care unit. Surg Today 2009; 39: 295-299. [PMID:

21. Afessa B, Keegan MT, Hubmayr RD et al. Evaluating the performance of an
institution using an intensive care unit benchmark. Mayo Clin Proc 2005; 80: 174-180.
[PMID:

22.Daly K, Beale R, Chang RW. Reduction in mortality after inappropriate early
discharge from intensive care unit: logistic regression triage model. BM] 2001; 322:

1274-1276. [PMID:



23. Metnitz PG, Fieux F, Jordan B, et al. Critically ill patients readmitted to intensive
care units - lessons to learn? Intensive Care Med 2003; 29: 241-248. [PMID:

24. Durbin CG, Kopel RF. A case-control study of patients readmitted to the intensive
care unit. Crit Care Med 1993; 21: 1547-1553. [PMID:

25. Vincent JL, Moreno R, Takala ], et al. The SOFA (Sepsis-related Organ Failure
Assessment) score to describe organ dysfunction/failure. On behalf of the Working
Group on Sepsis-Related Problems of the European Society of Intensive Care
Medicine. Intensive Care Med 1996; 22: 707-710. [PMID:

26. Vincent JL, de Mendonca A, Cantraine F, et al. Use of the SOFA score to assess the
incidence of organ dysfunction/failure in intensive care units: results of a
multicenter, prospective study. Working group on “sepsis-related problems” of the
European Society of Intensive Care Medicine. Crit Care Med 1998; 26: 1793-1800.
[PMID:

27. Moreno R, Vincent JL, Matos R, et al. The use of maximum SOFA score to
quantify organ dysfunction/failure in intensive care. Results of a prospective,
multicentre study. Working Group on Sepsis related Problems of the ESICM.
Intensive Care Med 1999; 25: 686-696. [PMID:

28. de Mendonca A, Vincent JL, Suter PM, et al. Acute renal failure in the ICU: risk
factors and outcome evaluated by the SOFA score. Intensive Care Med 2000; 26: 915-
921. [PMID:

29. Ferreira FL, Bota DP, Bross A, Mélot C, Vincent JL. Serial evaluation of the SOFA
score to predict outcome in critically ill patients. ] Am Med Assoc 2001; 286: 1754-1758.
[PMID:

30. Moreno R, Miranda DR, Matos R, Fevereiro T. Mortality after discharge from
intensive care: the impact of organ system failure and nursing workload use at
discharge. Intensive Care Med 2001; 27: 999-1004. [PMID:

31.Smith L, Orts CM, O’Neil I, et al. TISS and mortality after discharge from
intensive care. Intensive Care Med 1999; 25: 1061-1065. [PMID:



32. Cullen DJ, Civetta, JM, Briggs BA, Ferrara LC. Therapeutic Intervention Scoring
System: a method for quantitative comparison of patient care. Crit Care Med 1976; 2:
57-60. [PMID:

33. Keene AR, Cullen DJ. Therapeutic Intervention Scoring System: update 1983. Crit
Care Med 1983; 11: 1-3. [PMID:

34. Malstam ], Lind L. Therapeutic Intervention Scoring System (TISS) - a method for
measuring workload and calculating costs in the ICU Acta Anaesthesiol Scand 1992; 36:
758-763. [PMID:

35. Capuzzo M, Moreno RP, Alvisi R. Admission and discharge of critically ill
patients. Crit Care Med 2010; 16: 499-504. [PMID:

36. Beck DH, McQuillan P, Smith GB. Waiting for the break of dawn? The effects of
discharge time, discharge TISS scores and discharge facility on hospital mortality
after intensive care. Intensive Care Med 2002; 28: 1287-1293. [PMID:

37. Fernandez R, Baigorri F, Navarro G, Artigas A. A modified McCabe score for
stratification of patients after intensive care unit discharge: the Sabadell score. Crit
Care Med 2006; 10: R179. [PMID:

38. http:/ /www.sabadellscore.es/

39. McCabe WR, Jackson GG. Gram negative bacteremia: I. Etiology and ecology.
Arch Intern Med 1962, 110: 845-847. [PMID:

40. Fernandez R, Serrano JM, Umaran I, Abizanda R, Carrillo A, Lopez-Pueyo MJ,
Rascado P, Balerdi B, Suberviola B, Hernandez G. Ward mortality after ICU
discharge: a multicenter validation of the Sabadell score. Intensive Care Med 2010; 36:

1196-1201. [PMID:


http://www/

