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Abstract Objective." To explore 
translation, conversion and defini- 
tion ambiguities, when using severi- 
ty scoring systems in patients ad- 
mitted to intensive care units 
(ICUs). 
Design: A prospective study of the 
prognosis of  acute renal failure in 
ICUs. 
Setting." The study was conducted 
in 20 French ICUs. 
Patients." 360 patients presenting 
with severe acute renal failure were 
studied during their ICU stay. 
Measurements and results." The in- 
ter-observer variability of Apache II 
(acute physiology and chronic 
health evaluation), SAPS (simplified 
acute physiology score), and OSF 
(organ-system failure) was consid- 
ered. For Apache II, we explored 
the uncertainty of measurements 
arising from conversion into SI 
units, the rounding procedures used 
for the non-inclusive intervals de- 
fined for quantitative parameters 
such as age, mean arterial pressure 
(MAP) or serum creatinine, the ab- 
sence of  definition of acute renal 
failure (ARF) and its consequence 

on doubling serum creatinine val- 
ues, and the absence of  guidelines 
in the case of spontaneous ventila- 
tion when arterial blood gases 
(ABG) and forced inspiratory oxy- 
gen (FIO2) were not measured. The 
resulting variability was evaluated, 
calculating the lowest and the high- 
est value of the scoring system for 
each patient. The mean difference 
by patient was greater than 1.5 
(p < 0.0001). Other examples were 
presented and discussed for SAPS 
and OSF. 
Conclusions: Translation, conver- 
sion and definition ambiguities are 
a source of inter-observer variability 
and increase the risk of classifica- 
tion and/or  selection biases. This 
gives rise to particular concern in 
the design and analysis of 
multicenter trials or meta-analysis, 
and improvement of these scoring 
systems should be envisaged in the 
future. 
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Introduction 

Since the early 1980s, evaluation in ICUs has been direct- 
ed towards new technologies, new therapeutic strategies, 
evaluation of activities and services, cost analysis [1], and 
clinical decision making. The most important goal of 

ICU activity is to decrease mortality. Identification of pa- 
tients with a high risk of mortality in ICUs is generally 
based on the use of scoring systems. Patients are classi- 
fied according to prognostic factors defined by clinical ex- 
perts or by Sibecific statistical analysis. The higher the 
score on admission, the higher the risk of  mortality. This 
predictive approach is supposed to improve the choice of  
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diagnostic tests and treatments, and according to some 
authors, to enable decisions to be made in accordance 
with the expected severity of the critically ill patient [2, 3]. 
Estimation of the expected evolution of patients admitted 
to ICUs is also possible, although individual prediction 
remains controversial [4, 5]. Finally, it allows clinical tri- 
als to be planned using prognositc factors as criteria for 
inclusion, stratification or adjustment, and is thus of ma- 
jor interest for multicenter studies with patient recruit- 
ment varying from one ICU to another. 

The main prognostic factors are age, health status pri- 
or to admission to the ICU, and factors related either to 
the acute status of the disease leading to ICU admission 
or to the severity of the resulting physiological disorders 
[ 6 -  9]. The scoring systems consist of  several of the above 
prognostic factors, with a mortality probability scale. 

Apache II, SAPS and OSF were studied in 360 patients 
admitted to an ICU and presenting with ARF [10, 11]. 
Prognostic values of the scores were analyzed using re- 
ceiver operating curves (ROC) and logistic regression, the 
results of  which are presented elsewhere [10, 11]. The dif- 
ficulties encountered in applying these scoring systems, 
which are widely used in France, are described herein. 
These difficulties were related to the looseness of  several 
definitions, together with ambiguities arising from trans- 
lation into French, and unexpected problems of conver- 
sion from traditional units to SI units. 

Materials and methods 

A prospective study was conducted over a 6-month period in 20 
multidisciplinary ICUs to assess the prognosis of patients hospital- 
ized with severe ARE Inclusion criteria were blood urea greater 
than 36mmol/1 and/or serum creatinine levels greater than 
310 ~tmol/1 [4]. In patients with previous chronic renal insufficiency 
(serum creatinine levels between 150 and 300 gmol/1), the criterion 
for ARF was a 100% increase in blood urea and/or serum 
creatinine levels above baseline values. Physiological variables were 
measured on ICU admission, on inclusion (when ARF occurred 
during the ICU stay), and on days 2, 4, and 7. The raw data were 
taken from the medical questionnaires, and Apache II, SAPS, and 
OSF were then calculated automatically. 

The Apache II physiological score included 12 items [12]. The 
weighting system was based on a scale of 0-4. Sixteen biological 
variables were in fact necessary so as to calculate the Apache II 
score, and FIO2, PaO2, and PaCO2 were required in order to calcu- 
late oxygenation. Fifteen variables were required in order to calcu- 
late the SAPS score on the basis of 14 items, weighted from 0-4  
[13, 14]. The five OSFs were defined by 15 items [4, 15], and 17 
physiological criteria had to be collected for the diagnosis of OSF. 
Three criteria (FIO2, PaCO2, PaO2 were necessary for calculation 
of AaDO 2. Results are expressed as mean+SD for quantitative 
variables. A paired t-test was used to evaluate intragroup variability. 

Results 

Three hundred and sixty patients aged 60_+ 18 years (240 
male and 120 female) were enrolled in the study. ARF was 

present in 217 cases on admission (death rate = 49.7%), 
and occurred in 143 patients during the ICU stay (death 
ra te=  71.3%). The mean scores on admission were: 
SAPS 16.8_+0.3, Apache I I  24.4_+0.4, and OSF 
1.47_+0.05. The descriptive and analytical results are de- 
scribed elsewhere [10, 111. The presentation of  the results 
reflects the inter-observer variability arising when estab- 
lishing the scores. 

Apache II 

Age is not an integer when calculated from the date of 
birth. For a patient aged 44.5 years, either 0 or 2 points 
might be added to the score, depending upon the choice 
of the physician as presented in Table 1. 

After calculation, several variables are obtained with 
one or two decimals (MAP, PaO2 or AaDO2). However, 
the limits of each Apache II category are integers. An ex- 
ample is given in terms of MAP in Table I. An MAP of 
69.5 mmHg does not correspond to any predefined cate- 
gory for this variable; it may be rounded to either 69 or 
70. We interpreted the limit values in terms of strict non- 
equivalence: for example, the class of MAP _> 50 mmHg 
and _< 69 mmHg, was changed to MAP _> 50 mmHg and 
< 70 mmHg. However, rounding to the upper unit rather 
than to the lower leads to a variation of 1 or 2 points per 
variable, and of several points per patient. 

SI units are widely used in France. Serum creatinine 
concentration is given in gmol/1. For Apache II, serum 
creatinine is given in mg/dl, 1 mg/dl corresponding to 
88.4 gmol/1 and 1.13 mg/dl to 100 gmol/1. For classifica- 
tion purposes we could choose to convert the values of se- 
rum creatinine obtained into mg/dl, or the original classi- 
fication into SI units (Table 2). If  we convert the values of 
serum creatinine into SI units for a range of 
125-132 gmol/1, the resulting values, ranging between 
1.41 and 1.49 mg/dl, do not definitively-fit in either the 
third or the fourth category of Table 2. Conversely, when 
the original limits are converted into SI units, it can be 
noted that there are gaps between the categories. Thus, a 
serum creatinine value of 125 ~tmol/1 does not fit into any 
category. We defined new limits in accordance with our 
experts; however, generally accepted limits are required in 
SI units so as to avoid such classification ambiguities. 

Table 1 Apache II, limits and decimals: age and mean arterial 
pressure (MAP) 

Points 0 + 2 + 3 + 4 + 5 + 6 

Age -<44 45-54 55-64 - 65-74 _>75 
(years) 
MAP 109-70 69-50 - -<49 - - 
(mmHg) 
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Table 2 Apache II, limits and conversion into SI units: serum creatinine values 

Limits 
Points + 4 + 3 + 2 0 + 2 

Knaus original (mg/dl) > 3.5 3.4 - 2 1.9 - 1.5 1.4 - 0.6 < 0.6 
Knaus converted (gmol/1) _> 309 30l - 177 168 - 133 124- 53 < 53 
Bedock [1] (gmot/1) -> 318 317 - 180 179 - 136 135 - 54 < 54 
Present work (~tmol/l) >_ 309 < 309 >_ 177 < 177 >_ 133 < 133 >_ 53 < 53 

Serum creatinine scoring doubles in patients present- 
ing with A R E  However, ARF definition is not generally 
recommended nor is it specified in Knaus '  classification 
system. We chose the pragmatic definition provided by 
our protocol. 

Measurement of  an 12 physiological values is manda-  
tory when using Apache II. Missing data results in the pa- 
tient record being excluded. ABG were not measured in 14 
patients. According to clinical judgement,  we considered 
that the results for patients breathing spontaneously ven- 
tilation should be in the normal range (7 cases); this 
choice is clearly physician dependent. FIO 2 was not re- 
corded in 71 patients. No guidelines are provided for this 
parameter particularly as regards spontaneous ventila- 
tion. We allocated a value of FIO 2 < 50070 to all patients 
under spontaneous ventilation (59 cases). 

The variability of  Apache II arising from these inac- 
curate results was evaluated by calculating two scores for 
each patient. One was calculated from the lowest value of 
the three variables presented above (MAP, serum 
creatinine, definition of ARF) and the other, from the 
highest values. The mean difference by patient between 
the lowest and highest values was greater than 1.5 points 
(p < 0.0001). The impact of  these inaccurate results on 
Apache II  is not therefore negligible. 

Assignment of  chronic health points depends on the 
circumstances of  patient admission (non-operative or 
emergency postoperative patients versus elective postop- 
erative patients). A history of severe OSF or an immuno- 
compromised state requires approximately 15 additional 
criteria to be assessed. Several of  these variables are un- 
clear (secondary polycythemia, recent high dose cortico- 
therapy, etc.) and are not easy to characterize a posteriori. 

Simplified acute physiological score 

No written guidelines are provided for missing data. In 
the original article, only 50~ of  patient records were 
complete and 3 variables maximum were missing from 
each of the incomplete patient records [13]. 

The Glasgow Coma Score is defined in the absence of  
sedation; nevertheless, sedation policy for ventilated pa- 
tients may vary from one center to another; hence a, Glas- 
gow Coma  Score may well not be given. In our study, 30 

patients of  whom 28 were ventilated had a Glasgow Co- 
ma Score lower than 6 on admission. Thus, when the 
score is not evaluated at the patient 's  bedside, it is advis- 
able to assess an additional variable indicating sedation in 
ventilated patients. 

In the case of  cardiac arrest four points are added to 
heart rate, systolic blood pressure, respiratory rate and the 
Glasgow Coma Score [14]. It is difficult to identify cardi- 
ac arrest a posteriori or on the basis of  raw data. Blood 
pressure equal to zero does not necessarily correspond to 
cardiac arrest since most sphygmomanometers lack the 
precision necessary to record blood pressure levels lower 
than 20 mmHg,  and respiratory rate is of  little use if a pa- 
tient is ventilated. We therefore suggest the creation of a 
specific item, namely cardiac arrest, if SAPS in not re- 
corded at the patients bedside. 

Diuresis had to be extrapolated to a 24-h period for pa- 
tients staying in an ICU for less than 24 h [14]. As regards 
ARF, the results might then be biased if this parameter is 
considered a factor of  disease severity. 

Organ-system failure (OSF) 

In the original article defining OSF, no guidelines are pro- 
vided for missing data [4]. There were no missing values 
in our group; however, if there were, it seems that the pa- 
tients should be excluded from analysis. We would pre- 
sume that both Apache II and OSF would adopt a similar 
policy regarding missing data since they have the same au- 
thors. However, not being clearly stipulated, but is left to 
the physician to decide, thus increasing variability. 

Day 1 of OSF is not the first day of  ICU stay, but that 
of  the first OSE Hence, the date of  admission to the ICU 
does not necessarily represent day 1 of  OSE The origin 
of  OSF is not fixed but variable on the temporal axis; 
hence, the physiological variables need to be assessed on 
a daily basis, even before the occurrence of the first OSE 
In the original paper only 38~ of patients presented with 
one or more OSF on admission [4]. 

The definition of respiratory failure seemed ambigu- 
ous. One of  the criteria for respiratory OSF is the pres- 
ence of  assisted ventilation 72 h after the onset of  OSF (or 
24 h according to a recent article [15]). It is not specified 
whether this refers to the 72 h after the onset of  respirato- 
ry. OSF, defined by one of the other criteria, or after the 
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onset of  another OSE Knaus et al. (text to Table 4 [4]) 
states that the patient "was dependent on a ventilator af- 
ter the initial 3 days (72 h) in the ICU" Thus, whether or 
not OSF is recorded (highly prevalent in our group, 52070 
of patients being ventilated on admission) might depend 
on the interpretation of the original criteria. In our group, 
when we considered the first 24 h in the ICU, we could 
not attribute respiratory OSF in every case of  assisted 
ventilation, despite the evidence of  multiple-organ failure 
in these ARF patients. 

In the article by Rauss et al. [15], MAP was replaced 
by systolic blood pressure (SBP), without taking diastolic 
blood pressure (DBP) into account. However, in our 
group DBP was a significant prognostic variable of hos- 
pital mortality (p < 10 -4) using a logistic regression mod- 
el. Fifty patients in our group fulfilled the American cri- 
terion (i.e., MAP_<49 mmHg), as opposed to only 24 pa- 
tients who fulfilled the French criterion (SBP 
< 60 mmHg). Finally, as stated earlier, the definition of  
respiratory failure is different in the American and the 
French articles, the 4th day and the 2nd day of OSF being 
chosen, respectively [4, 15]. 

Discussion 

Severity scoring systems are now widely used in intensive 
care medicine. Many publications have aimed to design, 
improve and analyze the contribution of severity scoring 
systems in intensive care practice. However, few have fo- 
cused on the problems raised by translation of severity 
scoring systems into foreign languages. We have drawn at- 
tention to several practical problems concerning this sub- 
ject, that arose during a multicenter study on ARF in 
ICUs conducted in France. The problems encountered 
when using Apache II, SAPS and OSF were loose defini- 
tion of  medical terms, and translation and classification 
ambiguities arising from conversion into SI units, roun- 
ding procedures, missing data or procedures for grading 
clinical abnormalities. 

Appropriate assigment of ARF or chronic health 
points is difficult since standardized definitions are not 
clearly stated. Standardization of  medical terminology is 
crucial, and particularly so for international classifica- 
tions. The lack of  definition with regard to medical termi- 
nology also affects international classifications such as 
SNOMED (Systematized Nomenclature of Medicine) 
used by clinicians, or MeSH (Medical Subject Headings) 
used for classification of medical literature. Unambigu- 
ous definitions of  syndromes or diseases are necessary so 
as to avoid classification biases. 

When the values of decimals and limits are not strictly 
defined, rounding procedures become necessary. Varia- 
tion in the values of  the score is thus introduced, illustrat- 
ed by two examples concerning age and MAP for 
Apache II. The consequence of choosing the lower limit 
resulted in allocating two points to these items, as op- 
posed to zero points when the upper limit was considered. 
Such variability is physician-dependent, and decision 
making varies from one observer to another. A decision- 
making process common to all physicians, is thus neces- 
sary. 

Conversion procedures give rise to a similar problem: 
the conversion of Apache II serum creatinine limits into 
the SI units used in France may result in different values 
being obtained for the converted limits. Limits should 
therefore be defined in SI units for international use. 

Assignment of  normal results in the case of  missing 
data is clearly physician-dependent, as we demonstrated 
for the missing ABG results. In calculation of each pa- 
tient's score, the personal nature of  the physician's deci- 
sion must be borne in mind. We showed that the impact 
of these decisions for Apache II may result in significant 
score variability. The time of onset of OSF is not identical 
to the beginning of  Apache II or SAPS, since the date of  
admission to the ICU does not necessarily represent day 
1 of OSF. Day 1 of OSF is the day the first OSF occurred, 
which thus varies in terms of time. This must be kept in 
mind when comparing OSF with Apache II or SAPS, 
since the last two scoring systems are validated on admis- 
sion only. 

These examples, taken from our own experience, out- 
line potential biases encountered when using severity 
scoring systems. It appeared that definition, translation 
and conversion ambiguities are potential sources of inter- 
observer variability, and may be of important concern in 
the design and analysis of  multicenter trials or meta-anal- 
ysis. Further recommendations are necessary to reduce in- 
ter-observer variability and the risk of  erroneous classifi- 
cation. 
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