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Abstract During the last years we collected data of abdominal septic
shock patients from clinics all over Germany. The mortality of septic
shock is about 50%. Septic shock is related to immune system reactions
and unusual measurements. Septic shock patients are intensely medi-
cated during their stay at the intensive care unit. To help physicians
recognizing the critical states of their patients as early as possible, we
built a rule based alarm system based on a neuro-fuzzy inference machine.
Analysing the patient data in a time window, we show the time depen-
dency of the classification results. We give detailed classification results
and explanation by rules. The results are compared to results obtained
by using the most common scores in intensive care medicine. We discuss
the advantages of the paradigms “neural networks” and “scores”, and
we answer the important question: Is a neural network more performant
than scores for abdominal septic shock patient data?

1 Introduction

Septic shock is of prime importance in intensive care medicine. Epidemiologic
investigations of septic shock patients show the high risk potential and the ex-
tensive therapy situation in intensive care units (ICU) [1]. Variables are often
investigated as isolated variables, not as a multidimensional whole, e.g. a recent
study inspects the role of thrombocytes [2].

Our approach to reduce mortality of septic shock patients is the automated,
intelligent retrospective search of information in documented patient records.
We analysed the data of 138 patients by using most of the usually documented
metric variables (e.g. blood pressure, leukocytes, medicament doses). Data was
collected in German hospitals from 1998 to 2001. Up to now we have digitized
138 collected handwritten patient records. 70 of the 138 patients are deceased



(50.7%). Our analysis of metric data carries on the analyses already done with
another data base and other methods, e.g. [3]. The scores that are often used in
the ICU are described in Sect. 2. To find interesting rules within the high number
of all the rules coming from subsets of all the variables we used a neuro-fuzzy
algorithm based on [4, 5] which is described in Sect. 3. Subsequently, in Sect. 4
achieved results are presented. We compare the scoring results to the neuro-fuzzy
results, and we give some meaningful rule examples. The results culminate in an
alarm system whose performance is analysed.

2 Scores in Intensive Care Medicine

How could physicians assess the patient’s health status as objectively as possible?
An easy practiced method is to model expert opinions by using a score, i.e. a
sum of points. This action is not fully objective, but it represents joint expert
opinions. By defining a threshold the score can be utilized as a classifier for
outcome prediction. We present shortly the most common scores used in intensive
care medicine. Classification results of applied scores are given in Sect. 4.4.

a) SOFA (Sepsis-Related Organ Failure Assessment) [7]: the SOFA score
assesses organ malfunctions by whole-numbered values. The sum of these values
for the single organs is called SOFA score.

b) APA (Acute hysiological and Chronic Health valuation) [ ]:
A ACH 1I is a score for outcome prognosis of ICU patients with respect
to acute disorders, age and the overall health status (0 to 7 whole-numbered
points).

c) SAPS  (Simplified Acute hysiology Score) [ ]: The SA S II score is a
variable reduced A ACH 1II score. Only 3 instead of 34 variables are used.

d) O S( wultiple Organ ysfunction Score)[ 0]: The O S score assesses
organ states (lungs, liver, idney, haemogram, heart, neurological system) by
whole-numbered points.

In the SOFA and O S score we do not include the lasgow Coma Scale
( CS) for assessing the neurological state because of its impreciseness and its
high subjectivity.

e e ro S ste

The supervised neuro-fuzzy algorithm [4] uses the class information of the data
within its adaptation process. Here, we use the outcome labels survived and
deceased for the classes. The main advantages of the algorithm are:

The training uses a simple heuristic geometric adaptation process that soft-
ens the combinatorical explosion (exponential growth) during the rule gen-
eration process due to multiple dimensions.

Irrelevant attributes for every rule are detected. This is the case if a part of
arule has the format var ( ) class
... . Then, the value of variable is not relevant and so the variable could
be omitted, leading to a shorter rule
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