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Four decades of prognostic scores in intensive care
Intensive care units (ICUs) are people- and technol-
ogy-intensive environments where timely and wise use 
of advanced monitoring and life support is crucial to 
revert or avoid life-threatening conditions. From their 
inception, this highly complex environment has been 
confronted with a need to demonstrate its effectiveness 
to healthcare stakeholders [1]. In the 1970s and 80s, 
increasing costs of intensive care, associated with poor 
outcomes of patients with multi-organ failure, urged 
intensivists and healthcare managers to look for met-
rics could concisely express ‘severity of illness’ and, thus, 
allow measurement of risk-adjusted outcomes [2].

In the early 1980s, the Acute Physiology and Chronic 
Health Evaluation (APACHE) system was a milestone 
in the history of ICU outcome prediction. This scor-
ing system translated domains of pre-morbid condi-
tions (age and co-morbidities), diagnoses and early 
physiologic derangements (organ failures, laboratory 
and physiological abnormalities) into a numeric expres-
sion of illness severity. In addition to the absolute value 
of the score, the APACHE system provided an estimate 
of the risk of death for each individual patient. APACHE 
was soon followed by the development of the Mortality 
Prediction Model (MPM) in the United States and the 
Simplified Acute Physiology Score (SAPS) in Europe. As 
the technologies improved, new treatments and proto-
cols of care were applied, and the case-mix of the ICU 
changed (more elderly, co-morbidities and immunocom-
promised), scores needed to be updated to remain valid 
predictors of outcomes. The pioneering early versions of 
APACHE, SAPS and MPM were updated, with SAPS3, 

APACHE IV, and MPM0-III published, respectively, in 
2005, 2006, and 2007 [3]. One of the important differ-
ences among these scores relates to the time when they 
are calculated. SAPS3 and MPM0-III use data from the 
first hour of ICU admission; whereas, APACHE IV uses 
the “worst” measurements from the first 24 h. Therefore 
SAPS3/MPM0-III potentially reflects the early severity of 
the non-resuscitated patient. APACHE IV provides more 
time for data collection and less missing data.

Finally, dynamic scores may be applied in the ICU. 
The most commonly used is the Sequential Organ Fail-
ure Assessment (SOFA) which was developed to define 
the degree of organ failure, to stratify risk particularly in 
patients with sepsis, and to monitor response to treat-
ment. Scoring systems, although useful for individual risk 
assessment, are not as applicable for mortality prediction 
and ICU performance monitoring. They are often used to 
complement more general mortality scores in ICU.

National and international comparisons: ICU 
benchmarking
Initially, SAPS3 presented an advantage over APACHE 
as it was developed in different geographic regions with 
region-specific equations (supplementary table  1). Geo-
economic aspects play a substantial role in case-mix, 
resource availability, organizational structure, and ulti-
mately outcomes. Many national ICU registries includ-
ing those in the United Kingdom [4], Italy, Australia, and 
New Zealand (leveraging previous illness severity scores) 
developed, updated, and recalibrated their own mortal-
ity prediction models to ensure better ICU performance 
evaluation and benchmarking. While these provided bet-
ter local benchmarking when compared to currently used 
prognostic scores [5], international comparisons are still 
challenging.

Over 40  years, scoring systems have created value 
for different stakeholders. They are relevant for clinical 
researchers to assess severity of disease and to interpret 
the success of interventions; for ICU managers and staff 
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to benchmark performance, identify outliers and engage 
in quality improvement; and for healthcare managers 
and funders, to evaluate performance in intensive care, 
plan resource allocation, and design performance-based 
incentives (Fig. 1).

ICU scoring systems have given us a legacy which 
goes beyond the scores themselves. As sophisticated 
data science techniques, machine learning, and arti-
ficial intelligence bring more predictive capacity and 
algorithms into healthcare, it is important to remember 
these lessons learnt over time [6]. Application of a score 
or prediction to an individual may perpetuate biases 
inherent in the score’s development and can potentially 
influence perverse behavior. Illness severity scores were 
initially developed for individual patient application, 
but clinicians rapidly learnt that they were best used to 
compare and interpret the risk-adjusted outcomes of 
patient groups [7].

Applications of illness severity scores have also 
evolved over time. The SOFA score has been applied 
to the definition of sepsis [8]. The use of its ‘derivative’ 
the Quick-SOFA has been suggested as a screening tool 
to identify patients at risk of sepsis. Severity of illness 
scores have been combined with measures of resource 
utilization, to provide robust and reproducible metrics 
of ICU efficiency using Rapoport-Teres plots. Tech-
niques used to develop and validate illness severity 

scoring systems, have led to models to predict length 
of stay [9], readmission to ICU [10], and the develop-
ment of complications within the ICU such as pressure 
injuries [11].

Both SAPS3 and APACHE IV were published more 
than 15  years ago, it is natural that their calibration 
would worsen over time. Although scores provide a 
fixed point of reference, their derived estimates of 
mortality require iterative updating. Scores developed 
in general populations may also be inaccurate when 
applied to specific groups such as transplant or neuro-
critical patients and more recently coronavirus disease 
2019 (COVID-19) [12]. The COVID-19 pandemic has 
also highlighted the need for global comparisons of 
disease burden and outcomes. However, there are also 
potential risks in developing scores for a new condition 
where outcomes have been heavily influenced by strain 
placed on the local healthcare system.

Importantly, the development of illness severity scores 
would not have been possible without collaboration 
between individuals prepared to collate data from mul-
tiple sources, institutions and jurisdictions. Many coun-
tries including Brazil, Argentina, Uruguay, and regions 
of Africa and Asia now have well-established ICU reg-
istries which allow for comparison of ICUs both within 
and between countries, allowing better understanding of 

Fig. 1  Intensive care units scoring systems and the added value to stakeholders. ICU Intensive Care Unit
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differences and common aspects between health systems, 
access to information and limitations [13, 14].

A global ICU scoring system?
Initiatives such as the Linking of Global Intensive Care 
(LOGIC) consortium of national ICU Registries and The 
Global Open Source Severity of Illness Score (GOSSIS) 
are currently working on effective ways to provide inter-
national comparisons of ICUs by using both existing 
scoring systems and creating new ones [13, 15]. These 
novel international scoring systems should be more 
accessible, with heterogeneous case-mix representa-
tive of distinct health systems. This type of collaboration 
should improve benchmarking ICU practice worldwide. 
Yet, there is still a long way to go until a single ICU scor-
ing system meets all the necessary requisites (supplemen-
tary Fig. 1).

Take‑home message
After more than 40  years, ICU scoring systems remain 
the mainstem of ICU performance evaluation. However, 
their role has become increasingly important beyond 
the evaluation of an individual or a single ICU, to being 
more relevant to a wider variety of healthcare stakehold-
ers. Combining our experience of both their limitations 
and strengths with the rise of technology, big data, and 
machine learning techniques, we may soon see major 
changes and improvements that will ultimately allow 
broader and accurate implementation as well as interna-
tional comparisons among ICUs.
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