Special topics in anesthesia
relaxant reduces the muscle pain after succinylcholine. However, it also prolongs the onset of NMB. The duration of action
is slightly decreased following gallamine and d-tubocurarine,
and increased when pancuronium is used. The exact mechanisms are unknown, but the nondepolarizing relaxant may bind
to the cholinergic receptor and prevent succinylcholine from
acting on the receptor. Pancuronium, and to a lesser degree vecuronium, are known to inhibit plasma cholinesterase.

Drugs interacting with plasma
cholinesterase
Drugs that change plasma cholinsterase activity aggravate or
unmask myasthenia gravis and affect NMB by succinylcholine,
mivacurium and maybe ciastracurium, because these muscle relaxants are hydrolyzed by plasma cholinesterase.

ministered phenytoin on vecuronium-induced neuromuscular blockade. Anesthesia 1989: 44: 379-381.
14. Nishizawa M, Goto H et al. Effect of prior administration of
succinylcholine on duration of action of vecuronium during
enflurane anesthesia. Acta Anaesth Scand 1994 38: 380-383.
15. Gyermek L, Cantley EM and Lee C. Antagonism of pancuronium- and pipecuronium-induced NMB. Br J Anaesth 1995:
74: 410414.
16. Kambam JR, Dymond R, Krestow M. Effect of cimetidine on
duration of action of succinylcholine. Anesthesia and Analgesia 1987 66: 191-192.
17. Valdrighi JB, Fleming NW, BK Smith, Baker GL, White DA.
Effects of cholinesterase inhibitors on the neuromuscular
blocking action of suxamethonium. Br J Anaesth 1994: 7 2
237-239.

References
1. Ostergaard D, Engbaek J, Viby-Mogensen J. Adverse reactions and interactions of the neuromuscular blocking drugs.
Med Toxicol Adverse Drug Exp 1989: 4: 351-368.
2. Kansanaho M, Olkkola KT. Quantifylng the effect of enflurane on atracurium infusion requirements. Canadian J Anesthesia 1995: 4 2 103-108.
3. Wright PMC, Hart P, Lau M, Brown R, Sharma ML, Gruenke
L, Fisher DM. The magnitude and time course of vecuronium potentiation by desflurane versus isoflurane. Anesthesiology 1995: 82: 404411.
4. Bradshaw EG, Maddison S. Effect of diazepam at the neuromuscular junction. Br J Anaesth 1979: 51:955-960.
5. Olkkola KT, Tammisto T. Quantifying the interaction of rocuronium (Org 9426) with etomidate, fentanyl, midazolam,
propofol, thiopental and isoflurane using closed-loop feedback control of rocuronium infusion. Anesth Analg 1994: 78:
691-696.
6. Dupuis JY, Martin R, Tetrault J-P. Atracurium and vecuronium interaction with gentamicin and tobramycin. Canadian J
of Anesthesia 1989: 3 6 407-411.
7. Loan PB, Connolly FM, Mirakhur RK, Kumar N, Farling P.
neuromuscular effects of rocuronium in patients receiving
beta-adrenoreceptor blocking, calcium entry blocking and
anticonvulsant drugs. British Journal of Anesthesia 1997: 78:
90-91.
8. Jones RM, Cashman JN, Casson WR, Broadbent MP. Verapamil potentiation of neuromuscular blockade: failure of reversal with neostigmine but prompt reversal with edrophonium. Anesthesia and Analgesia 1985: 64: 1021-1025.
9. Fuchs-Buder T, Wilder-Smith OHG, Borgeat A, Tassonyi E.
Interaction of magnesium sulphate with vecuronium-induced neuromuscular block. British J Anaesth 1995: 74: 405409.
10. Ornstein E, Matteo RS, Schwartz AE, Silverberg PA, Young
WL, Diaz J. The effect of phenytoin on the magnitude and
duration of neuromuscular block following atracurium or
vecuronium. Anesthesiology 1987 6 7 191-196.
11. Spacek A, Neiger FX, Spiss CK, Kress H.G Chronic carbamazepine therapy does not influence the mivacurium-induced
neuromuscular block. Br J Anaesth 1996: 7 7 500-502.
12. Alloul K, Whalley DG, Shutway F, Ebrahim Z, Varin F.
Pharmacokinetic origin of carbamazepine-induced resistance to vecuronium neuromuscular blockade in anesthetized patients. Anesthesiology 1996: 84: 330-339.
13. Gray HSTJ, Slater RM, Pollard BJ. The effect of acutely ad-

238

M123
Knowledge-based definition of
criteria
A R B therapy
wing fuzzy set theory
B. Trummerl, H. Steltze$/ G . Kolousek',
K. I? Adlassnigl and A. F. Hammerle2
'Department of Medical Computer Sciences, University of
Vienna; 2Department of Anesthesia and General Intensive Care
Medicine, Vienna General Hospital

Introduction
Treatment of patients suffering from ARDS is a time-consuming
and complex task because of the lack of a uniform and broadly
accepted definitions of the syndrome on one hand and various
forms of therapy on the other. There are no clear guidelines
based on the patients conditions on which form of therapy to
apply. Therefore, a knowledge-based computer system has been
implemented to develop a uniform set of therapy entry criteria.
If those criteria are fulfilled, the expensive and risk ECC02-R
(extra corporal carbone-dioxid removal) has to be applied. If the
criteria are not fulfilled, the patient may be treated by cheaper
forms of therapy.

Methods
In a first step, parameters of 23 patients from three centers were
collected and stored in a database called MedFramel
FuzzyARDS. The parameters of the patients were gathered at
four phases: 24 h before bypass (phase I), 24 h after bypass
(phase 11), on day seven of the procedure (phase 111) and at the
end of the procedure (phase IV). The reason for this data collection over four times is necessary to evaluate not only the Mfillment at one point of time but even the dynamic behaviour of
the parameters, too, because the dynamic in the patients condition may reflect the success or the failure of the therapy.
In the next step, the different therapy entry criteria from the
centers were collected. Those therapy entry criteria of each center were originally defined as a simple list of conditions - one
list per center. The definition of the criteria as provided by the
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different centers is informal by nature, and thus not suited for
direct implementation in an exact evaluation system. To overcome this inherent problem, we suggest to replace the classical
logic employing operators such as AND and OR that treat all
operand equally by a general scoring system which allows to
give weight to certain criteria to refelct their importance, enabling compensation of diverging parameters at the same time.
As already mentioned above, the therapy entry criteria of each
center are defined by a list of conditions, each of which has to
be fulfilled for the whole to work. In a precise environment,
therapy entry criteria are bound to cause problems when they
are interpreted literally: Pa02/Fi0,<150 and PEEP>lO for example, is certainly fulfilled for a patient with Pa02/Fi02=149
and PEEP=ll, however it is not for one with Pa02/Fi02=50
and PEEP=9, although these parameters indicate a much more
critical status. While the physicians will recognize the problem
and act accordingly, any objective evaluation system that interprets AND as logical AND will answer yes in the first and no
in the second case. The fact that 50 is much less than 150 and 9
deviates only little from 10 requires some kind of compensation
in the evaluation of criteria which cannot be found in conventional logic. Instead, it is achieved by two means: a scoring system and the introduction of fuzzy set theory.
A score is defined as the sum of weights as obtained by evaluation of a list of criteria. Each criterion consists of a condition (as
already defined by the differnet centers) followed by a weight. A
weight is any positive number that specifies the importance of
the criterion in case it is fulfilled. Weights are interpreted in realtion to each other, for example, a weight of two defines a condition to be twice as significant as another one weighted by one.
To normalize the score, it is divided by the sum of all weights
in the list. Requiring a score of one equals the logical AND,
while requiring a score to be greater than zero is equivalent to
a logical OR. Changing the weights allows to adapt the criteria
so they can account for the significance of certain criteria.
The usage of a scoring system cannot account for the case
where one criterion is a near miss, rather than a clear deviation
from the definition. For this purpose, the concept of fuzzy limits
is introduced. Fuzzy limits may be regarded as a blurred boundary defined by two thresholds, one seperating clear fulfillment
from indecision/nonfulfillmet and the other seperating nunfulfillment from indecision/fulfillment. Fuzzy boundaries are denoted by a pair of numbers, the first representing the value below the condition is fully fulfilled, the second one denotes the
bound at which it is certainly not fulfilled. The space inbetween
is called the range of smooth transition. Instead of a clear yes/
no answer, it rather yields a degree of fulfillment represented
by a number between zero and 1.
The evaluation of the score starts with the evaluation of the
degrees of fulfillment using fuzzy limits. This evaluation is done
for each criterion for each patient at the four phases. Next, the
score of the four phases are evaluated using the scoring system.
The result of these two steps is a table for each patient consisting
of four coloumns and a number of rows that is equal to the
number of criteria. In the latter the mean value of each field of
the table over all patients is evaluated. Parameters with a difference between phase I and phase four is higher than 30, are possible candidates for a uniform set of therapy entry criteria.

Dtyerence between fuzzy limits and binary logic.
both sets of criteria, a set of possible candidates for a minimal
list of therapy entry criteria was evaluated seperatly. For the first
set, the list of possible candidates consists of PEEP, PIP, PaC02
and PaOz/Fi02, for the second one the list consists of PEEP, PIP,
Pa02Fi02 and SV02. Parameters like Qs/Qt, AMV and Morel
do not seem to be adequate candidates for a minimal set of
therapy entry criteria.
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Results
The patient's database consists of 23 patients from three different centers. Two different sets of therpy entry critera are used,
the first one consisting of eight, the other one of six criteria. For
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