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Editorials

The Chaos Theory and Medicine
In the second half of this century, science was heading towards increasing speciali-
zation. Scientists had been pigeonholed into tinier and tinier subspecialties, till one
could no longer comprehend each other's jargon. Dramatically, this has started
reversing due to the birth of a new idea, chaos. The theory of chaos is being invoked
to explain problems as disparate as the changes in weather, swings in the stock market,
the nature of turbulence, the origin of psychosis and evolution of life on earth itself.
Similar patterns of behaviour are being noticed in systems traditionally considered
very complex in widely differing fields. The study of complex systems is the study
of chaos.

Physicians deal with one of the most complicated organisms, i.e. man himself.
Hence an understanding of the chaos theory will soon become increasingly important
for them. One of the earliest thinkers in this field, Lorenz, an American meteorologist,
made a simplistic mathematical model of weather based on only 12 relationships
between temperature, pressure, wind speed, etc.' His serendipitous discovery that
very minuscule changes of initial parameters led to absolutely different weather
conditions was named 'the butterfly effect' . This principle implies that end results of
complex systems have an exquisitely sensitive dependence on initial conditions. The
term is based on the picturesque metaphor, 'the delicate fluttering of the wings of a
butterfly over the Amazon can trigger off a hurricane near Hong Kong'.

The searing bone pain, chronic anaemia, stroke, renal and retinal damage in sickle
cell anaemia is simply because of the substitution of one amino acid, namely glutamic
acid by valine, in the beta-globin chain of haemoglobin, in a person who would have
been normal but for this aberration. Of the hundreds of people from a similar genetic
pool and similar environmental exposures, why does one per chance develop cancer?
Or going to a more microscopic level, of all the cells exposed to a similar internal
milieu and with similar genetic material, why does one turn malignant." The key point
is that though conditions are similar, they are not identical. These apparently minor
differences result in grossly variable end results.

Limited variables may produce infinite permutations and combinations. Perhaps
this is an essential part of the evolutionary process and underlies the creation of
differing species. The chaos theory argues that the evolution oflife on earth has been
achieved economically by random mutation and not in any formal deterministic
predetermined pattern.

There has been a fair amount of work done to explain the pathogenesis of psychosis
based on the chaos theory. According to Lindsay, 15 years of randomly occurring
daily interpersonal family relationships of varying degrees of complexity creates a
unique individual in the context of interpersonal relationships in that society and
culture. Some of the random untoward outcomes that may occur in relationships with
others are labelled psychoses.'

The next concept in chaos is that of fractals. Fractal is a way of creating intricate
structures by small self-repeating units. Theoretical biologists have found fractal
organizations controlling structures all over the body. For example, the lung is
composed of an elaborate organization of branching airways and vessels and alveoli.
Our genetic material may not dictate the formation of each subdivision but specifies
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repetitive bifurcation. It simplifies encoding and reduces the required surface area.
Self-similarity on different scales epitomizes fractals. In our body, the urinary collect-
ing system, the bile ducts and the His Purkinje fibres also obey the laws of fractal
geometry.

The next breakthrough in chaos was when ecologists started using simple math-
ematical equations to study fluctuations of populations of various species in a given
ecosystem. A population's growth rate increases with increasing fertility and avail-
ability of resources and decreases as these resources become limiting or other
predators increase. This can be simplistically written in a mathematical equation:
xnext=rx(I-x), where 'xnext'is next year's population, 'r' is the growth rate and 'x' is
the current population. Put simply, this means next year's population depends on the
population of the year preceding it: xnextoc x. However, it is kept in check by other
factors. As 'x' rises, (I-x) falls and this keeps the rise in population under check. This
simple equation has helped in unfolding many of the secrets of chaos.

For a particular growth rate 'r', if one calculates yearly populations serially,
succeeding populations will alternately rise and fall, till finally a steady value say 'v'
is reached. Then, ecologists experimented with increasing growth rates. With in-
crease in growth rates, the steady state achieved slowly increased, but only up to a
particular growth rate. Once the growth rate was higher than this critical rate, instead
of reaching a steady state, populations start oscillating between two values. With
further increase in 'r', populations started alternating between sometimes A, some-
times 8, sometimes 16 values and so on. However, beyond a particular 'r' the values
of succeeding yearly populations varied randomly and chaotically, though with bursts
of apparent order in between.'

This landmark discovery meant simple equations could define apparently random
behaviour-a major paradigm shift in our understanding of the laws which govern
complex systems.

Though simple equations controlled complex systems, once they lost their perio-
dicity and entered chaotic cycles it became impossible to predict their future course.
Large computers involved in weather computations are fed with millions of variables
related to weather from all over the world whose analysis produces a fore-cast which
beyond 2-3 days is speculative and beyond a week is worthless. Chaos theory,
therefore, puts a limit to the predictability of a given complex system.

Complex systems may be locally unpredictable (it is very difficult to predict whe-
ther it will rain on a particular day at a particular time) but are globally predictable (one
knows that the monsoons will arri ve in India around June). So the next question was-
can the degree of unpredictability be measured? This mathematical taming of unpre-
dictability is better known as the Lyapunov exponent. It gives an idea of the propen-
sity of the system to degenerate into chaos.

In medicine, a beautiful arena to demonstrate these elegant concepts is the study
of arrhythmias. Like all relatively new fields, biology and medicine are largely
descriptive and therapy has often been essentially empirical, based on experience,
educated guesses and large doses of luck. The descriptive classification of various
ectopics as bigeminy, trigeminy, Torsades de pointes, WPW syndrome, etc. was
tough enough for most physicians to remember. Experience had taught us which
arrhythmias were likely to degenerate in ventricular fibrillation or cardiac chaos. But
the underlying secrets about why some did and some did not, were yet to be
unravelled. Innovative thinkers who dared to venture into this mathematically virgin
soil of medicine have shown that if one could write a non-linear equation to define a
particular arrhythmia, then one could calculate whether it would degenerate into
chaos or not. Further, the timing of an external force, such as done in cardioversion
which could cause the arrhythmia to revert, could also be calculated.'

A number of control mechanisms regulate blood pressure, ranging from events at
the cellular level, to circulating hormones. Despite their vast number, blood pressure
fluctuations occur preferably within a certain range (under physiological conditions).
Intriguingly, systemic blood pressure revealed a change in fractal dimensions and
Lyapunov exponents, when the major short term control mechanism-the arterial
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baroreflex-is disrupted. Babies more than 35 weeks of gestation have been found to
have a marked rise in the complexity of the electrocardiogram with maturation. This
is lacking in preterm babies in whom the parasympathetic-sympathetic interactions
are presumably underdeveloped. The mature ECG pattern may be defined by non-
linear equations. This is not so for the preterm baby or neonate with brain death or
atropine pretreatment. This supports the view that non-linearity due to the autonomic
system underlies the chaos of heart rhythms.'

Insomnia and jet lag, basically disruptions of normal periodic phenomena such as
our diurnal rhythms, are other areas which beckoned chaos-inclined biologists. The
circadian rhythm in humans is dependent to some extent on the regular periodic
exposure to light. Exposing a person to bright light at differing times can lengthen or
shorten the diurnal cycle. Similar is the situation with mosquitoes. Experiments on
them have shown that the whole diurnal cycle can be made to break down, so that they
become insomniacs if lights are trained upon them at a previously calculated time.'

Another phenomenon whose theoretical basis has been explained by the chaos
theory is the pattern of epidemics of chicken pox and measles. It depends on the
prevalence of un immunized children entering school, the percentage of children
having immunity, the infectivity, etc. If one year the incidence is high, the next year
it is very low; the year following very low incidence, there is maximum unpredictability.
The incidence may not change much in the year following moderate levels of disease.
After an external jolt such as mass immunization there may be wild fluctuations for
a while, which may be misinterpreted as failure of the programme in the short term.
Traditional epidemiologists have spent fruitless hours grappling with the inexplicable
yearly variations in measles cases. An enterprising ecologist William Schaffer has
built a model using principles of the chaos theory which accurately predicts the
pattern that outbreaks of chicken pox and measles follow. 1

This unusual marriage of mathematics and medicine promises to hold the answer
for several problems which have long beset the biological sciences. The mysteries are
all around us in everyday life-in the pattern of water dripping from a faucet, in the
swings of blood sugar, in the cycles of ovulation, in the waxing and waning of
complex emotions in the seething cauldron of neurotransmitters which forms our
mind. It is up to us to solve them.

REFERENCES
1 Gleik J. Chaos-Making a new science. Cardinal:London, 1987.
2 Schwab ED, Pienta KJ. Cancer as a complex adaptive system. Med Hypotheses 1996;47:235-41.
3 Lindsay JS. Psychiatry and chaos. Med Hypotheses 1997;48:149-59.
4 Wagner CD. Nafz B, Persson PB. Chaos in blood pressure control. Cardiovasc Res 1996;31:380-7.
5 Sugihara G, Allan W, Sobel D, Allan KD. Non linear control of heart rate variability in human infants. Proc Natl Acad

Sci USA 1996;93:2608-13.

GOURI RAO PASSI
Department of Paediatrics

Choithram Hospital and Research Centre
Indore

Madhya Pradesh


