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Abstract 

Chronic shortage of ITU beds makes decisions on admission difficult and responsible. The use of 
computer-based mortality scoring should help in decision-making and for this purpose, a number 
of different scoring systems have been created; in principle, they should be easy to use, adaptable 
to all populations of patients and suitable for predicting the risk of mortality during both ITU and 
hospital stay. 
Most of existing scales and scoring systems were included in this review. They are frequently used 
in ITUs and become a necessary tool to describe ITU populations and to explain differences in 
mortality. As there are several pitfalls related to the interpretation of the numbers supplied by the 
systems, they should be used with the knowledge on the severity scoring science. Moreover, the 
cost and significant workload limit the use of scoring systems; in many cases an extra person has to 
be employed for collection and analysis of data only. 
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Permanent shortage of ITU beds makes decisions 
on admission difficult and responsible, not to mention 
strong emotions that accompany them. Therefore, high 
hopes are placed in computer-based methods that should 
aid in decision-making. 

Due to rapid development of ITUs in the 60s and 70s 
of the previous century, new tools to asses the efficacy 
of intensive therapeutic methods used in severely ill 
patients were required [1]. At the beginning of the 80s 
of the 20th century, three scales were designed, i.e. Acute 
Physiology and Chronic Health Evaluation Score (APACHE) 
[2], Simplified Acute Physiology Score (SAPS) [3] and 
Mortality Probability Model (MPM) [4]. The second 
version of APACHE, APACHE II, is of interest, as it 
is the most commonly used and cited method in the 
medical literature [5]. A decade later, the new, improved 
versions of the scales discussed were prepared − APACHE 
III [6], SAPS II [7] and MPM II [8], based on analysis 
of thousands of cases of patients hospitalized in many 
counties; as a result the reliability of these tools was 
remarkably higher. [9, 10]. In recent years, some newer 
versions were introduced − APACHE IV, SAPS III and 
MPM III.

An ideal scale should be characterised by simplicity 
of use (data obtained during ITU admission should 

be enough to fill it), universality (should be suitable to 
assess all populations of patients), good discrimination 
and calibration, as well as capability to estimate ITU and 
hospital death risk [11]. 

The results obtained using the scales are mainly used 
to assess the efficacy of treatment and unit organization. 
Thanks to them the effectiveness and quality of treatment 
in different ITUs can be compared; moreover, they are 
useful tools facilitating therapeutic decisions at various 
stages and levels of therapy.

The use of scales in intensive therapy requires thorough 
knowledge of data collection and great caution in drawing 
conclusions.

A universal scoring system enabling the assessment of 
patients in all ITUs is extremely difficult, if not impossible, 
to design. ITUs are frequently specialised care units; thus, 
patients hospitalised at various centres have different 
characteristics. The entire issue is very complex. On the 
one hand, the organisation-related factors are decisive, 
such as the location of ITUs in the health care systems of 
various countries; on the other hand, the characteristic 
features of the population are relevant, e.g. behavioural 
and nutritional habits, addictions, professions, genetic 
differences. Such variations can be overcome by increasing 
the sizes of patients` populations in the scoring model. 
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The scale design should be based on the meticulously 
planned database, recruiting patients from many ITUs 
in various countries and subsequently assessed [11]. The 
objective of this process is to determine the capacity of 
a given scale to predict the risk of death; therefore, the 
process should be carried out based on another group of 
patients (assessment group) than the one used for data 
collection. The newest versions of scales, published in the 
recent five years and based of the analysis of thousands of 
patients, have not been thoroughly assessed. Therefore, 
there are some doubts whether their designs are correct 
and the results they provide are reliable [12]. 

The long-term collection of the data needed to 
structure and assess a scale model may also generate 
errors associated with the changes in the population 
examined, the organisation of ITUs and hospitals as 
well as treatment methods. Unfortunately, the size of 
the population considered has not been defined [11].

The scoring system model should be created based 
on the real population of ITU patients; hence we cannot 
expect that the population examined during designing 
the model will be representative for a larger group of 
patients. This may not be so important in Poland, where 
ITUs mainly differ in terms of the available equipment 
rather than the types of patients, yet it does matter in 
the United States and many European countries, where 
ITUs have different profiles, e.g. general, trauma, cardiac 
or neurosurgical. Moreover, since the scales based on 
diagnostic variables do not always provide better assessment 
than the scales based on physiological variables, their 
most recent versions include larger groups of patients 
and use more advanced statistical models [13].

Another relevant issue is the lack of prognostic nature 
of scales. In many cases, the risk of mortality of low-death 
risk patients is underestimated whereas the mortality 
in the highest death risk patients is overestimated. For 
these reasons, the actions were undertaken to change the 
formula calculating the risk of death or to restructure 
the relevance of the factors affecting the formula. In 
some cases, the recalibrating actions taken improved the 
accuracy of prognosis [14, 15], yet the pivotal model-, 
physician- or patient-related problems were not eliminated. 
The problems related to a physician or a person entering 
the data resulted from the differences in interpretation 
of the same definitions, patients` conditions, etc [16, 
17]. The patient-related problems regarded the changes 
in characteristics of the examined population [18]: age 
distribution, disease severity, new methods of therapy. 
The model-related problems resulted from the lack 
of diagnostically important information [6], e.g. data 
concerning infections (their aetiology and location) [19, 
20]; moreover, they were associated with the errors during 
entering and statistical analysis of data [1, 21].  

The scales have to be periodically remodelled due to 
ongoing advances in medicine. Their reliability decreases 
with time because of increasingly better therapeutic and 
organisational methods as well as availability of novel 
medical devices [22]. Furthermore, the profile of patients 
undergoes changes. As a result, the statistical relevance 

of the analysed factors alters and new parameters are 
introduced to mathematical models. Therefore, the scales 
have to be continuously widened and become increasingly 
complex (e.g. APACHE IV, in which about 37 min are 
needed to fill its electronic form) [23]. It is depressing that 
even such a monstrously widened scale does not consider 
many important factors affecting the treatment outcomes, 
e.g. wishes of patients and their families, malnutrition, 
past bedridden periods, lifestyle (obesity, alcoholism, 
nicotinism), lost will to live, genetic differences among the 
populations, equipment and organisational structure of 
a particular ITU or hospital and skills of the therapeutic 
personnel [24, 25]. 

The major potential danger while using the scoring 
scales is their incorrect interpretation. The scales should 
not be used to assess the risk of death of a particular 
patient. The calculated probability of death should regard 
the entire population of patients, as the scale will never 
show who is going to survive or die in a particular group 
[24]. It is emphasized that prognosis for a given patient is 
based on clinical and not statistical assessment [26]. The 
prognostic scales used in intensive therapy should be thus 
considered the tools helping the clinicians [11, 24] as they 
enable the objective assessment of the patient’s condition 
(severity of a disease) and reflect only the probability 
of death in a similar group of patients. To calculate the 
probability of death based on APACHE IV, it is necessary to 
establish the diagnosis on admission to ITU. The diagnosis 
is subjectively chosen out of four hundred and twenty-
six diagnoses collected in 20 groups. The choice may be 
extremely difficult and troublesome in cases of multiple 
organ failure. The optimal choice requires experience and 
knowledge of all details of scales. It should be remembered 
that the diagnosis decides about the coefficient, based on 
which the risk of death is determined.

Other causes of incorrect prognoses of death involve 
imprecise definitions or non-uniform interpretation of 
definitions by researchers. Some studies demonstrated 
possible different interpretations of data introduced to 
APACHE II, which leads to 15% differences in the final 
scoring [27]. In this respect, the MPM II model is much 
less sensitive, as even marked differences in the data 
introduced do not reduce high consistency of predicting 
the risk of death [28].

Paradoxically, the scales predicting the risk of death 
in patients admitted to ITUs based on “physiological vital 
parameters” are likely to lead to serious bias. The values 
of these parameters can change due to resuscitations 
preceding the ITU hospitalization. As a result, the scoring 
of risk of death is lower, although the patient’s condition 
on admission is still critical. This phenomenon is called 
“lead-time bias”. The study carried out in the group of 76 
patients revealed that the assessment of death risk based 
on the data preceding the ITU admission improved its 
accuracy. Moreover, it was demonstrated that incorrect 
assessment of death risk is particularly dependent on the 
pre-admission correction of the following parameters: heart 
rate, arterial blood pressure, breathing rate, oxygenation, 
pH and blood glucose concentration [29]. 
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A similar source of bias distorting the final prognosis 
of death is the Boud and Ground effect [30]. This results 
from the fact that the data about the general patient 
condition are gathered during the first hours of ITU 
stay, when the physiological parameters may reach their 
extreme values due to numerous procedures performed. 
Furthermore, it is stressed that the systems monitoring 
vital parameters tend to record the extreme values, which 
is also likely to lead to the Boud and Ground efect [31]. 
Consequently, the risk of death is artificially overestimated. 

In cases of inter-hospital transport of patients, the 
hospital mortality as a target point should be accepted 
with great caution, as it is difficult to follow what was 
going on with the patient. The longer the ITU stay, the 
less predictive the scales concerning the risk of death 
based on ITU admission data are [32]. Therefore, the risk 
of death for such patients should be assessed using the 
scales based on parameters calculated in the successive 
days of hospitalisation [33]. 

The main cause of death of ITU patients is multiple 
organ failure [34]. The majority of scales do not consider 
progressive multiple organ failure developing since the 
first day of hospitalisation. The only exception is the MPM 
scale involving the second and/or third day of ITU stay. 

The interpretation of the risk of death based on 
general scales is difficult and unsuccessful, therefore 
the multiple organ failure scales were prepared, i.e. the 
Sepsis–related Organ Failure Score (SOFA), Multiple 
Organ Dysfunction Score (MODS), Logistic Organ 
Dysfunction System (LODS). Everyday assessment of 
multiple organ failure provides many interesting details, 
which may be of a prognostic value [35]. However, the 
prognostic capacities of these three scales were not found 
to be markedly clinically different [36]. Moreover, the 
usefulness of LODS to estimate the risk of death of ITU 
patients was not confirmed [37]; the scales assessing 
multiple organ failure were not designed to determine 
the severity of the patient’s condition. Their everyday 
use is grounded only when they reflect the changes in 
the insufficiency of a particular organ [38]. 

It should be remembered that the scales might 
overestimate the risk of death prognosis  in some 
clinical conditions. For instance, in cases of diabetic 
ketoacidosis or prolonged action of general anaesthetics, 
the score on ITU admission is high, even though the 
conditions are potentially reversible and their effect on 
the mortality is low. This shortcoming was corrected 
in the new versions of scoring scales [11]. Moreover, 
the prognosis concerning mortality should consider 
the fact that the function determining the scale values 
is not linear, thus claiming that the risk of death at the 
score of 20 is doubled compared to the score of 10 is a 
misconception [11]. Furthermore, each scale has its time 
window, during which the patient admitted to ITU is 
assessed. The assessment carried out beyond the time 
window, e.g. on the second day of ITU stay, is likely to 
lead to misguided conclusions [25]. 

The common use of prognostic scales is profoundly 
limited by high costs of data collection.

Irrespective of the complexity of scoring forms, their 
use facilitates the clinical decision-making. Moreover, the 
scoring assessment of the severity of patients` conditions 
enables the control of the quality of ITU treatment and 
its effective management.   
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