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Abstract

We propose an operational research contribution to clinical psychopharmacology ; the
key problems of drug selection and outcome prediction are tackled in a retrospective
study about Mood and Anxiety Disorders focusing on sertraline, a selective inhibitor of
serotonin reuptake. A three-step approach to data coding, clinical modeling and rule
extraction is proposed, based on topographical techniques (Kohonen’s Self-Organizing
Maps) and information theory (Shannon entropy and mutual information). Clinical data
are bitwise sampled, allowing an unbiased definition of system metrics. Uncertainty
measures are introduced for a real-world sized approach to clinical practice ; top-down
induction decision trees (TDIDT) for drug administration are proposed, and a default
logic of prescription is analyzed in the light of direct clinical experience and available
literature data.

Keywords : Sertraline ; Cybemnetics ; Operational research ; Information theory ; Self-
organization ; Neural networks.

1. Introduction

The present paper deals with the problem of predicting the outcome of a psychotropic
drug treatment, according to a cybernetic standpoint. Its main concern is therefore to
suggest some procedures for evaluating the degree of predictability inside complex
bodies of phenomenological knowledge, rooting in clinical practice ; its path runs aside
from the more traditional controlled clinical trials, which are carried out within selected
boundaries and protected conditions, according to the golden rules of positivistic
inference.

Whichever the standpoint chosen, inferential or cybernetic, the act of inquiring and the
object of such inquiry belong to distinct epistemological domains (Black, 1937 ; Aiello,
1986). Clinicians choose a given drug for treatment according to a complex conceptual
frame, which evolves out of two distinct topological fields : a default Jogic yielding
from a body of psychiatrical knowledge, which is inherited as a data structure (Reiter,
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1980 ; Cohen, 1985) ; and a procedure of casewise prototyping (scripting), based on the
sequence of events which appears from time to time the most feasible, thus exhibiting
an adaptive and context-sensitive behaviour (Abelson, 1981).

The inferential approach to prediction in clinical psychopharmacology is, in turn,
mainly concerned with the definition of a default operational logic - that is, a general
class of experimental objects, and a comparatively small set of standardized procedures
for handling such objects (Bhatnagar, 1986 ; Anderson, 1987 ; Pearl, 1988). On the
other hand, the contribution of a cybemetic approach can be expressed in terms of
prototyping and optimization.

The suitable tools for this latter approach belong to the field of parallel distributed
processing (Fu, 1983 ; Kaufmann, 1993 ; Kohonen, 1995/1997) and system modeling
paradigms (Barnett, 1981 ; Pearl, 1986 ; MacLane, 1991), these tools provide the
observer with the skill to capture and identify the real-life system by building a black
box model, usually containing one or more complex, nonlinear functions (Cheng, 1984 ;
Arthur, 1994). The first step in cybernetic system identification shall satisfy the
requirements of both efficiency and economy (Minsky, 1975 ; Collins, 1988); the
observer will be able to prototype a numeric model, featuring the highest achievable
degree in learning or self-organizing capabilities (Plotkin, 1993 ; Ito, 1994 ; Kaufmann,
1994), and exhibiting a reliably adaptive behaviour when faced with new data. Put in
other words, we could think about a real-world complex system as an analogue signal
with a high informational content (although affected by a potentially high Signal/Noise
ratio), while the cybernetic prototype is a digitally sampled model of such a system,
which enables a faithful reproduction of its main features and a precise structural
definition of the original sampling space (Chaitin, 1987 ; Dubois, 1989).

The second step that we propose deals with optimization (Wolpert, 1996). One can
think about it as a procedure of digital signal processing, where some kind of
transformation or filter is applied, in order to identify the most relevant wavelengths
(that is, the maximized information) with respect to the previsional target, and a new
generation of operational rules (scripts) is generated, according to the identified
topological properties. Scripts can be therefore revised in a cyclical fashion, according
to the many different objects, roles, scenes and starting conditions merged into the
system (Gunji, 1996). What is finally achieved is an algorithm for feeding information
back to the system agents, resulting in updated, more efficient and more specialized
scripts. In this phase of computation, a comparatively new set of coding, problem
designing and data analysis techniques can be useful in the task of working out the
desired new operational rules, namely self-organizing neural networks and top-down
induction decision tree programming (Quinlan, 1993).

The cyclical procedure proposed here can be reduced to a basic cycle of recognition-

and-action, namely a ‘7TOTE ring’ (Test-Operation-Test-Exit) ; the process (Buchanan,
1984 ; Carrier, 1989) can be described by means of a simple flowchart, as follows :
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Cybernetic prototyping therefore requires a series of three conceptual and operational
steps : .

e coding phase - where the whole available body of information is considered,
according to a relational conception of data ;

e modeling phase - where observed events and conditions are assigned to classes and
class relations are defined, in the most efficient way with respect to the target of
reducing the structural functions in the model ;

e programming phase - where an ordered organization of data is identified, so as to
build a comparatively small set of operational programs.

The structural relationships described by an efficient script supply a numerical model of
the desired condition of mutual adaptation between stimuli (action of drugs) and
responses (clinical evaluation of outcome) ; both actors, clinician and patient, gain some
knowledge about the new frame portraying the object-drug, rather than about the object
itself (Szolovits, 1978). The phenomenology of interaction between drugs and
biological/clinical actors identifies a structural coupling conceivable as an operational
script in two senses : a) development of a clinical action, b) development of resources
which are able to modify the frame of the clinical object (Sandell, 1985).

Our study is based on retrospective data, gathered from the clinical records of
psychiatric outpatients suffering from Anxiety and/or Affective Disorders, who received
a pharmacological treatment with sertraline (Murdoch, 1992). Individual reports filed in
our records often appeared remarkably complex, under a both clinical and therapeutical
standpoint, with anamnestic evidence of frequent trial-and-error psychopharmacological
search procedures, featuring several different drugs and a waxing-and-waning clinical
course over time. Moreover, data available in literature seem themselves to point to a
quite complex default logic about the clinical use of sertraline ; while showing no
particular advantage over other SSRIs in the treatment of Anxiety and Affective
Disorders altogether (Thase, 1996 ; Franchini, 1997 ; Kocsis, 1997 ; Tourigny-Rivard,
1997), sertraline is considered by several Authors as the first choice drug in a series of
highly selective pathological conditions. Such clinical experiences have produced, over
the last years, a wealth of inferential studies about this drug ; Table 1 provides a
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Table 1 : a review of sertraline literature

Author Year  Design Comparison Indication Conclusions
Goodnick et al. 1997  controlled trial  Placebo Depression in Diabetes  improvement
(NIDDM) observed
Yonkers et al. 1996  controlled trial  Placebo Premenstrual Disphoric > Placebo
Disorder
Ricca et al. 1996 controlled trial Cognitive- Obesity weight loss
behavioural therapy accelerated
Zanardi et al. 1996  controlled trial  Paroxetine Delusional Major > Paroxetine
Depression
Greist et al. 1995 controlled trial Placebo Obsessive Compulsive > Placebo
Disorder
Mendels et al. 1995 controlled trial Placebo Premature Ejaculation > Placebo
Swartz et al. 1997  uncontrolled SSRIs Frontotemporal improvement
trial Dementia observed
Constantino et al. 1997  uncontrolled SSRIs Aggressive behaviour in  no major
trial adolescents improvement
McConville et al. 1996  uncontrolled None Major Depression in improvement
follow up study Adolescents observed
Steingard et al. 1997  open label trial None Transition Anxiety in improvement
autistic children observed
Thakore et al. 1996  open label trial  Various Neuroleptics Negative symptoms in improvement
Chronic Schizofrenia observed
Hellings et al. 1996  open label trial None Mental Retardation in improvement
. Autistic Disorder observed
Brady et al. 1995  open label trial None PTSD with Alcohol improvement
Dependence observed
Scott et al. 1995 open label trial None Depression in Multiple  improvement
Sclerosis observed
Dow et al. 1997  prospective Fluoxetine, PTSD with Major SSRIs performing
- study Nortrypt., Desipr. Depression better
Kafka 1994  prospective Sequential use of Paraphilias improvement
study Fluoxetine observed
Popli et al. 1997  case series None Psychotic symptoms exacerbation
observed
Mukand et al. 1996  case series None Pathological improvement
Crying/Laughing observed
Volicer et al. 1994  case series None Alzheimer Disease with  improvement
Depression observed
Ranen et al. 1996  case report None Aggressiveness in improvement
Huntington Disease observed
Dodt et al. 1997  letter - Risperidone-induced -
OoCD -
Sprenger 1997  letter - Nocturnal Enuresis -
Young 1997  letter - Hallucinogen Perception -
Disorder
Rubenstein et al. 1996  letter - Transvestic Fetishism -
Kalivas et al. 1996  letter - Neurotic Excoriations -
El-Khatib et al. 1995  letter - Body Dysmorphic -
Disorder
Czepowicz et al. 1995  letter - Social Phobia -
Papp et al. 1995  letter - Pulmonary Disease with -
Anx./Mood Disorders
Rahman et al. 1995  letter - Trichotillomania with -
HIV Infection
Frankenburgetal. 1994  letter - ADHD and Tourette -
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summary of recently published data on sertraline, including clinical trials and case
reports focusing on specific clinical conditions and complex strategies of treatment,
featuring frequent drug associations. However, no exhaustive analysis is available to
date about the quality of this psychopharmacological knowledge of sertraline, nor about
the inner organization of such knowledge. We may think that the optimal use of
sertraline is narrowed to a few, somewhat atypical clinical conditions, but we lack an
overall conceptual frame about the drug’s ideal conditions of use.

In this scenario, a cybernetic inquiry may well candidate for a process of identification
and optimization of a practice which lies perhaps beyond the boundaries of inferential
description, however hiding some privileged information which may deserve a more
formal approach. The real-world clinical ‘signal’ can thereby be sampled and processed
with the aid of advanced numerical tools, in a way that should enable the observer to
easily test the goodness of fit of his/her hypotheses ; this represents the final step in a
process of transformation of models (reframing) into rules of production (rescripting).

2.Method
a. coding phase : gathering information

This study was developed after a base of knowledge deriving from a pool of clinical
information ; data were gathered through the case descriptions filed by six senior
psychiatrists into the clinical records of an outpatient population, being observed over a
12 month period. The sample of population included 69 outpatients, who were treated
with sertraline for a wide range of clinical conditions.

We developed a project of data encoding which would allow us to identify a consistent
base of knowledge, keeping in mind that numbers would have to encompass as much as
possible of the real-world clinical experience. A ‘molecular’ level of coding was
defined for all available data - i.e. for 65 distinct epidemiological, diagnostic, clinical
and pharmacological bits of information recorded by our clinicians ; data were thus re-
engineered into a discrete, granular and highly connected pool of information (Wyatt,
1991). The chosen bitwise binary model is fairly well known in the fields of pattern
recognizing and digital signal processing ; in summary, it features an unbiased a priori
definition of stronger and weaker cells of information, according to the assumption of
equiprobability and equipotence in the starting conditions of the universe under
observation (Dubois, 1980 ; Grosoff, 1986). Bitwise coding was also applied to
continuous variables ; for each of them, the observed range was splitted into a
convenient number of discrete classes, each gathering approximately the same number
of real observations.

Conventions and details of the adopted coding method are reported in the left side of
Table 2.
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Table 2 : variables and codes.

Entropy H (x, 1-x) is computed, according to Shannon, as (; p; log (1 / p;), where p; is the probability of event i

occurring over n possible events (7 = 2 in the case of a binary code)

For a given output, x, we assume : H (Xly;) = (; p (xly;) log (1 / .p (xily;) as the entropy (uncertainty measure) for

output x, given input y; ; in the whole set of observations,

HXY)=Gp ) HXly) =GGp (x5 v3) log (p (v) / p (%5, Vi)
is the uncertainty measure for output X, and
I(X;Y)=Gp (x) log (1/p(x)) -G Gp (% y3) log (0 (v /P (% ;) =G G p (x;, v3) log (p (x5, v3) / p () p (1)
is the mutual information between each output x and each input y, where i = 2 for each input variable and j = 4 for

distinct outcome classes ; logarithm base is 4, i.e. a complete mutual information between inputs and ouputs is
described when I (X ; Y) =2.

Bit variable class code frequency H(x,1-x) H(xly) I(x;y)
1 Sex - 0.1 0.725 0.849 0.993 0.015
2 Age 264 1111111 0.101 0.474 0.977 0.045
3 (if < 28 code 0000000) 35-63 0111111 0.203 0.728 0.968 0.065
4 50-34 0011111 0319 0.903 0.952 0.096
5 46-49 0001111 0.464 0.996 0.970 0.060
6 40-45 0000111 0.609 0.966 0.959 0.081
7 33-39 0000011 0.725 0.849 0.962 0.076
8 29-32 0000001 0.855 0.597 0.988 0.025
9 Major Affective Disorder  bipolar 0,1 0.087 0.597 0.984 0.032
10 (M.A.D) recurrent 0,1 0.478 0.99% 0.975 0.049
11 _psychotic 0,1 0.029 0.189 0.987 0.026
12 Anxiety Disorder Panic Dis. 0.1 0.377 0.956 0.998 0.603
13 A.D) Generalized A.D. 0,1 0.073 0.375 0.989 0.022
14 Social Phobia 0,1 0.014 0.109 0.965 0.071
15 Somatoform 0,1 0.029 0.189 0.980 0.039
16 Agoraphobia 0,1 0.145 0.597 0.986 0.028
17 Obsess. Compuls. Dis. 0,1 0.217 0.755 0.983 0.034
18 Other Disorders Tic Disorder 0,1 0015 0.109 0.994 0.013
19 Abuses 0,1 0.116 0.518 0.983 0.034
20 Impulse Control Dis. 0,1 0.029 0.189 0.987 0.026
21 Eating Disorder 0,1 0.058 0.319 0.988 0.023
22 | Lifetime drugs BDZ 0,1 0.898 0473 0.977 0.047
23 ca 0.1 0.536 0.996 0.972 0.056
24 Other simuls drugs __ (any) 0,1 0.739 0.828 0.962 0.676
25 Treatment (months) 222 1111111 0.058 0.319 0.977 0.045
26 (if < 1 code 0000000) 15-21 O111111 0.174 0.667 0.967 0.065
27 10-14 0011111 0.333 0918 0.949 0.103
28 §8-9 0001111 0.493 0.999 0.919 0.161
29 3-7 0000111 0.609 0.966 0.868 0.265
30 34 0000011 0.768 0.781 0.891 0.219
31 2 0000001 0.870 0.130 0.885 0.231
32 | Axis Il Disorder (any) 0.1 0.304 0.887 0.988 0.024
33 Other clinical features Depressive 0,1 0.725 0.849 0.962 0.077
34 and complains Anxious 0,1 0.696 0.887 0.986 0.029
35 Somatic 0,1 0.217 0.755 0.975 0.050
36 Age at onset =246 1111111 0.145 0.597 0.981 0.039
37 (if < 16 code 0000000) 38-45 0111111 0.275 0.849 0.981 0.039
38 32-37 0011111 0.406 0.974 0.967 0.067
39 29-31 0001111 0.507 0.999 0.974 0.052
40 24-28 0000111 0.638 0.945 0.995 0.010
41 21-23 0000011 0.768 0.781 0.980 0.040
42 17-20 0000001 0.870 0.559 0.998 0.004
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Table 2 (continued)

Bit variable class code frequency H(x,1-x) H(xly) [I(x5y)
43 Recent life events - 0.1 0.333 0.918 0.974 0.052
44 | Iliness in I* degrees MAD. 0.1 0.522 0.999 0.990 0.020
45 AD. 0.1 0.304 0.887 0.982 0.036
46 Sociopathy 0,1 0.189 0.698 0.945 0.110
47 N. visits 225 [BRRRRE 0.159 0.633 0.994 0.013
48 (if < 2 code 0000000) 15-24 0111111 0.275 0.849 0.980 0.039
49 11-14 0011111 0.377 0.956 0.976 0.049
50 9-10 0001111 0.507 0.999 0.979 0.042
51 7-8 0000111 0.638 0.945 0.980 0.039
52 3-6 0000011 0.754 0.806 0.987 0.026
53 3-4 0000001 0.942 0319 0.950 0.101
54 Sertraline side effects - 0,1 0.348 0.932 0.974 0.053
55 Other lifetime SSRIs Fluoxetine 0,1 0.232 0.781 0.956 0.083
56 and side effects s.e. 0,1 0.101 0.474 0.951 0.097
57 Fluvoxamine 0,1 0.304 0.887 0.987 0.025
58 s.e. 0,1 0.145 0.597 0.978 0.046
59 Paroxetine 0.1 0.174 0.667 0.947 0.107
60 s.e. 0,1 0.073 0.375 0.980 0.039
61 Citalopram 0,1 0.116 0.518 0.976 0.049
62 s.e. 0,1 0.087 0.426 0.961 0.078
63| Psychiatric admissi (ifetime) 0.1 0333 0,918 0.981 0.039
64 Clinical improvement - 0.1 0.725 0.849 - -
63 Long-term - 0.1 0.812 0.698 - -

As to the outcome of treatment, we defined a ‘global clinical improvement’ criterion
(bit 64 : efficacy) along with a ‘reliability over time’ criterion (bit 65 : duration), in
order to properly classify four distinct classes of outcome : responders to a full-length
sertraline treatment (code 11) ; partial responders, being described in the earlier phases
of clinical improvement, thereby not allowing for a long-term evaluation (code 10) ;
non responders, where no major improvement was achieved over a convenient time
span (code 01) ; finally dropout patients, whose assessment was untimely interrupted,
and no significant benefit had been achieved by the time of the latest available
observation (code 00). Again, respective frequencies and codes are given in Table 2.

We assumed that the pool of information obtained so far could mirror the summed
effects of the interconnected epidemiological, diagnostical, pharmacological and clinical
dominia defining the dynamic system under study. Shannon entropy (Shannon, 1949)
was computed after each variable, to yield a measure of uncertainty according to an
informational perspective. Moreover, we computed a measure of conditional entropy, H
(X[Y), between each bit of input information and the pair of bits coding for treatment
outcome (i.e. a measure of uncertainty of any given symbol transmitted from a binary
source in a finite realization), and the related measure of mutual information, I (X;Y),
defining the degree of certainty associated to the transmission of symbol x (outcome
codes) from the native source, given to receive the symbol y (input codes) over the
binary channel (Swingler, 1995). Values for informational measures are reported in the
right side of Table 2, along with the adopted formulas and conventions.
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b. modeling phase : measuring and organizing information

In synthesis, the dominion under study can be modeled by a circular space (Ehresmann,
1997) with an inscribed polygon, bearing three key elements on its vertices : causal
logic, uncertainty about the outer world, natural language as inner symbolic expression
(see Figure 1).

Figure 1 : evidence, causality and interaction.

DYNAMICS OF 4 KNOWLEDGE BASE

EPIPHENOMENON CAUSALITY OUTER WORLD

COMPUTATION UNCERTAINTY

PATTERN CREATION

The modeling phase of analysis aims at defining a topographical organization of the
sampled universe, within linear boundaries ; it is reasonable to presume that different
areas in data correspond to individual partitions of the overall pool of information,
where a specific portion of data gains relevance in view of its particular topological
status.

A topographical projection with such properties is the main feature of unsupervised
neural network architectures such as Kohonen’s Self Organizing Map (Kohonen, 1988),
which was chosen for this study (see Figure 2 for architectural details and training
parameters). Kohonen’s projection creates a reduced-dimensionality virtual space - in
our case, two dimensions in a 30*20 grid of neurons - where separate regions are
defined for each case in the training set over the whole training cycle, displaying in the
end some discrete patterns, or ‘bubbles’, of activation (Utsugi, 1996). This projective
plain is sampled at discrete intervals (neurons) and can be splitted into contiguous
portions (i.e. self-similar subspaces, corresponding in our cases to six evenly spaced,
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squared areas of 10*10 units) called neighborhoods, where self-similarity (Yin, 1995) is
guaranteed by the function of lateral inhibition adopted by the map (a variant of
‘mexican hat’ function : see Figure 2, lower section for details).

Figure 2 : Kohonen self-organizing map.

e M T T A BT s

o TS A Badic Do e«
%\\\\\‘,_,,/: 4

SRR L e T
6t 77,7 i B o i

Aa IR Reeandnni e s
14+ + 4 ’?EI{ZT}’\(BZ;;!T'Q’!T Q%S' - J J R A Sty : : 5
i N E IR RN \
12 ¢ e e [ O T R _\\3'

Tt b o R N T e o i V LCAN

10'::1111: \\\‘i\\\\\\, XX
JEFFERERG & 55NN S E v ALY
gl s F 203 AANYAY Y T r s AR
RS TR LR R NS R v
gl P2 EPANANINA YN T L 2 as \
/7770 AN\ NREPREFSIVE ATR L
al 7 7 7 FropaQtifoialeetive Qisgrder | W NN Y
///'//’\\\\s‘.-..-_._._éﬂ_ \
2!//‘!"Zv:1”r1t~> opdoras . G SEOLAL DL N

///'b’/J- . Ir
5 10 15

A view of Kohonen’s topographic projection. Arrows point to areas of successful
treatment (steady global clinical improvement). Our map consisted of a 30*20 neuron
grid, with random initial synaptic weights ( ( 0.05). Training consisted in 100
presentations of the whole sample, in a random order ; after each case, the winner
neuron was selected according to the least euclidean distance criterion from the index
vector. Synaptic weights were then updated according to the Hebbian rule :
(W=(*(*[x-w

where ( (learning rate) is linearly decreasing over training time (starting value
0.1) and ( is defined as :

(=(-d/2*O*exp(-d/2*®
where d is the euclidean distance between the winner and all other neurons in the grid,
and ( is also linearly decreasing over time (starting value = 2.5, end value = 0.75) so as
to gradually reduce the bubble of activation around the winner.
Function ( defines a neighborhood including :
a) the winner neuron
b) aring (‘bubble’) of partial activation
) an outer ring of inhibition.
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The plots below illustrate the reducing diameters of the neighborhood for values of
(corresponding to the starting and ending values used in this experiment.

Lambda->25 Lambda->0.75

2200 .20

After training was completed, the map was splitted into 6 contiguous areas of 10*10
neurons ; cases classified in each area were selected and mutual information I (x ; y)
was computed again. Results are shown in Table 3.

The next step in our analysis is the definition of the principal components in the binary
information relative to each neighborhood, with respect to : a) structural definition and
inner consistency of the neighborhoods themselves (Erwin, 1992), and b) relevance of
the selected information versus the previsional target of response to treatment. These
concepts correspond, respectively, to the Jocal definition of synaptic weights (Ritter,
1989) and to the measure of mutual information which was previously introduced over
the whole sample. Table 3 displays the results of these piecemeal computation, after the
map was divided into its six squares ; it can be noted that this topological partition
causes an increase in the previsional power of at least certain input variables, acting as a
digital filter applied to the original signal.

In short, the procedure employed so far can be summarized in two points : a) apply a
splitting algorithm on complex data being digitally sampled with a high resolution
power, b) apply a digital filter in order to sclect the locally relevant pieces of
information.
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Table 3 : the 6 areas in the map

outcome frequencies

Area (N Clinical features freq. 00 01 10 11  Outcome I(x;y)
of predictors
subjects)
1(11) Sex F 1.00 .091 182 091 636 |Treatment (10 1.302
months
Other drugs 722 Lifetime fluoxetine  1.026
M.A.D. in I* degrees .72 Age (55 years 0.517
Recurrent M.A.D. .63
2(12) Anxious area 75 .167 083 .000 750 |Treatment 1.333
(2 months
P.D. .66 Onset (37 years 1.037
Depressive area .66 Antisocial 1.037
1¥ degrees
A.D. in I" degrees 50
3 (15) Recurrent M.A.D. 1.00 .067 .133 .067 .733 |Agoraphobia 0.470
Depressive area 1.00 OCD 0.144
Sex F .93
Onset <28 years .73
4(10) Sex F .80 100 300 .000 .600 |Treatment 1.257
(2 months :
Anxious area .70 Age (32 years 0.579
P.D. .60
Depressive area .50
5(1) Depressive area 81 182 182 182 455 |Treatment 0.317
(2 months
Anxious area 81 Lifetime 0.317
admissione
oCD 72 Depressive area 0.105
Axis 1] 45 Anxious area 0.039
6 (10) Anxious area .50 .000 200 .200 .600 |Sertraline S.E. 0.892
oCD .50 Treatment 0.892
(2 months
PD 40
Somatic area .20

C. programming phase : graph construction

Once a local hierarchy has been defined, we can think of a global tree of information
pointing to the whole sampled universe. Each area in this universe has a measurable
informational definition that we could use as a membership function for projection or
representation of any given case ; as the final step, we were able to build a decision tree
that took into account the local measures of mutual information between a few selected
wavelenghts in the sample and their respective previsional targets.

131




The adopted model was a variant of Top-Down Induction Decision Tree (TDIDT),
where a minimal set of conditions was used to represent the whole set of available
information (Quinlan, 1993) ; by iteratively including input variables (starting with the
one with the highest local previsional power, and proceeding in a decreasing order, until
all cases in the sample were correctly classified), we defined a set of six local sub-trees
(direct acyclical graphs) performing a near-optimal search in the sample, based on the
described topographical euristics. It should be noted that the search space in the
unreduced binary tree - i.e., in the absence of an efficient digital filtering mechanism -
would be quite too wide for any exhaustive search algorithm ; a system with 63 binary
input variables has 2% possible solutions - a number that raises the dreaded ghost of
intractability and NP-completeness.

Besides solving the combinatorial dilemma, the TDIDT approach deals in this case with
areas of self-similarity whose topological and metric properties should make sense to
the clinician. Input variables are treated as points of accumulation in a structural and
previsional perspective (Ginberg, 1985), with the self-organization paradigm serving as
a first-order filter to enhance the originally high S/N ratio. Local graphs are shown in
Figure 3.

3.Results

Kohonen’s map builds a discrete topological landscape where a continuous
kaleidoscope of conditions is depicted, portraying a pool of clinical experience which
undergoes a process of partition, as if through the action of a potential varying across an
- electrophoretic field (Cortes, 1987). This ‘energy field” captures a continuous and
harmonic proportion of clinical conditions and diagnostic informations, with a first sight
evidence of a clear-cut separation between ‘pure’ diagnostic prototypes - falling along
the edges of the map, due to the learning algorithm which proceeds through
decreasingly wide bubbles of activation - and more complex assemblies of clinical
conditions, falling towards the center of the map (Figure 2).

The background in Figure 2 is a gradient plot of the synaptic weights corresponding to
bit 64 (clinical improvement) ; arrows are drawn away from areas of unsuccessful
treatment, moving towards subspaces with a better expectations of response. At least
two well defined basins of attraction are recognizable in the map, corresponding to a
major ‘wave front’ between panic/phobic and major affective areas (middle), and to a
smaller borderline domain between obsessive-compulsive spectrum disorders and major
depression areas (lower, right side) ; in this latter region the synaptic weights for bit 64
are rather high, while bit 65 (not shown for the sake of readability) turns out to be quite
lower, thus representing partial or short-lasting responders to sertraline.

Cases of recurrent major depression and depressive syndrome with marked bodily

complains exhibit here a better response to sertraline than bipolar disorders do ; an all-
or-nothing pattern of action is suggested by the lack of partial responders in area 2
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Figure 3 : local decision trees
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(somatoform neighborhood) and area 4 (panic disorder neighborhood). A similar
statement applies to the domain of anxiety disorders ; we can describe a prototype of
panic disorder featuring a marked processual nature, a strong agoraphobic component,
and a cognitive completion which accounts for a topographical projection falling close
to the area of generalized anxiety ; and a ‘bodily’ panic, featuring marked somatic
complains, with a stronger evidence of a dynamic or periodic behaviour, a recurrent
clinical presentation with depressive symptoms, and an overall better response to
sertraline treatment.

Anxiety with depressive features and no anancastic traits seems to denote the area of
highest expectation of response to a pharmacological treatment with sertraline. On the
other hand, areas with obsessive-compulsive features include generally younger
patients, more often men, and exhibit a fairly higher degree of uncertainty; in
particular, cases of successful treatment show a reduced reliability over time. The same
area appears to be particularly vulnerable to the drug’s side effects ; clinical records
typically mention sertraline after a wealth of other drugs, the most common being
fluvoxamine (which thereby may turn out to have an interesting default logic of its
own) ; substance abuse and personality disorders are weighting here more than
anywhere else in the map.

What has been said so far, has to do with descriptive identifiers ; the TDIDT algorithm
adds to these topics a series of cellular conditions that contribute to a linear separability
of individual outcomes, which can be only partially achieved by the map training
algorithm. Some relevant evidences stem out of the six decisional subtrees : a severity
criterion in area 5 (the one with the least expectation of success) and area 3 (where the
sum of the separate effects of agoraphobia and obsessive-compulsive symptoms, in an
apparent condition of real comorbidity, plays an adverse role upon the response) ; a high
weight of antisocial behaviours among first degrees relatives of the somatoform
neighborhood members, in area 2 ; the presence of time thresholds in the age at onset of
illness, or in present age (areas 1 and 4). Duration of treatment is also spliced by two
distinct thresholds (already suggested by the overall measure of mutual information in
Table 2), corresponding to about 2 months (a reasonable average time for dose titration
and extinction or reduction of side effects) and about 6 months, or even longer (which
may presumably be a closer esteem of the pharmacodynamic properties of sertraline).
As one would expect, time has a differential effect upon heterogeneous clinical
conditions.

4.Discussion

This paper has tried to suggest the adoption of a cybemetic standpoint and the
development of a topological method in the study of clinical psychopharmacology. It
followed two distinct, but tightly connected approaches : a) how to produce operational
scripts that can synthesize a growing body of clinical knowledge into rules that may be
immediately applied and revised, in the interest of an enhanced previsional skill (Peters,
1993) ; b) how to identify relevant topological areas that correspond to discrete
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phenotypes of drug action, which may be usefully developed in a pure research
perspective, eventually linking to clinical, molecular and genetic findings (Andreassen,
1991).

This methodological aims mark a first step towards an open, dynamical research model
that may satisfactorily address a key question in clinical psychopharmacology : what is
really relevant to know, while meeting a patient for the first time and along the later
course of treatment, and where to focus a clinician’s attention in order to capture the
ongoing process. Each drug acts in the realm of the complex events of illness as a
structure modifier - a putative catalyser of events and elements belonging to the system
under study (Arbit, 1982); at the same time, all the relevant items in this catalytic
process need to be'identified in the open structure of a knowledge base, which shall be
suitable for validation and reproduction, and able to encompass both stronger and
weaker cells of information into an open frame allowing for a thorough communication.

We used a topological tool in order to define a somewhat intermediate level of
dimensionality - one that causes information to collapse into a new frame with many
degrees of freedom (Sel, 1997), but small enough for a procedure of validation and
optimization ; the subsequent use of entropy measures aims at the computation of a
previsional esteem, implying the least possible dependence upon noisy conditions
(Clowes, 1971). Logic requires closed worlds, and order requires closed rules of
organization and a non-uniform distribution of information, while every feasible
symbolic convention must be realistically complex, in order to convey a real-world-
sized contribution to clinical knowledge (Déhlback, 1989).

Above all, this study is concerned with defining a measure of ‘drug administrability’ in
some specific conditions, belonging to a possibly selective, but not too narrow clinical
dominion. We investigated a somewhat obscure default logic for a drug with
paradoxical evidences of a first-choice status in some closed partitions and scenarios of
the clinical experience, and a last-in-the-chain status in the realm of complex or
multifaceted clinical conditions. At least in the latter case, the unspoken script for
sertraline administrability seemed to sound in the beginning like «Use sertraline when
you can’t do without it», a statement compounding a strategy of choice that may well be
considered optimal in reducing uncertainty under two respects : 1) «Use sertraline when
anything else has failed» ; and 2) «Use sertraline when nothing can be expected to work
better». The same frame was thereby investigated from within, in order to maximize the
contribution coming from clinical experience ; we only assumed that a clinical record
would enclose a great deal of information about what had been said, observed and done
by clinicians, laying the ground to the further work of rule extraction.
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