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René Dubois likens modern medicine to a wild west thriller:

“In the crime-ridden frontier town the hero single-handedly blasts out the desperadoes who were running rampant through the settlement.  The story ends on a happy note because it appears that peace has been restored.  But in reality the death of the villains does not solve the fundamental problem, for the rotten social conditions which had opened the town to the desperadoes will soon allow others to come in, unless something is done to correct the primary source of trouble.  The hero moves out of town without doing anything to solve this far more complex problem; in fact, he has no weapon to deal with it and is not even aware of its existence.
” (Italics added)


There are many heroes in today’s healthcare environment, and there are also severe underlying problems that are being ignored.  One manifestation of this is the exploding complexity of our systems. We are gaining ever more precise understanding of an exploding amount of knowledge.  The yardstick by which we measure the medical universe is shrinking to ever more precise dimension.


As levels of precision and specificity rise, so does complexity.  Modern society is driven by a lust for precision which in many cases outstrips its needs.  The Dow Jones Industrial Average is broadcast with a precision of seven significant digits.  Colleges calculate grade point averages to four, in spite of what students are taught about precision in their science classes.


President Clinton, in his January, 2000 State of the Union speech, said that Americans, based on their genetic sequences, were 99.9% the same.  Had he chosen to use amino acids as the yardstick of similarity, he could have claimed 100%.  Had he chosen hair color, the number may have dropped to the low teens.  Had he chosen fingerprint patterns, he could have made the case for 100% uniqueness.  The same species viewed with different yardsticks reflect wildly different comparisons.


Health and our healthcare system are subject to the same problems of scale and perspective.  The same thing, viewed with different yardsticks, can have wildly different results.


One way to address this problem is to address the notion of complexity as topic in  itself.  Like the gunfighter in Dubois’ allegory, those involved with the heroic solutions to healthcare problems may not have all the weapons or tools they need, nor even be aware of its existence.  Actions taken to cure an individual or an entire healthcare system may fix one problem but exacerbate others.  Complexity feeds on itself, each iteration contributing complications for the next.


Murray Gell-Mann, Nobel laureate in physics for his work in discovering the Quark, speaks of this problem:

“We need to overcome the idea, so prevalent in both academic and bureaucratic circles, that the only work worth taking seriously is highly detailed research in a specialty.  We need to celebrate the equally vital contribution of those who dare to take what I call “a crude look at the whole.”

The Devil’s Staircase


Mathematicians speak of a construct called the Devil’s Staircase.
  Viewed from a distance, the staircase looks like a rough set of steps.  However, it has an insidious property in that the closer we look at the curve, the more steps it has.  In fact, as we look at infinitely small sections of the staircase, we find infinitely many steps. 


This provides a rich metaphor for looking at systems.  The quest for ultra fine precision can cause us to sink into the devil’s staircase, defeating our ability to have a “crude look at the whole”.


The notion of scale took a revolutionary turn with Benoit Mandelbrot’s discovery of fractals in the 1970’s.  As a fractal object is magnified, ever finer features are revealed.  The shapes of the smaller features are similar to the shapes of the larger features.  Notions of dimension which have been taught since the time of Euclid no longer apply.


Imagine that we are trying to measure the length of the coastline of Great Britain.   If we follow the edge of the island on a map with a dividers set to 1000 km, we will find one length.  If we set the dividers to 100 km, we will measure a longer length, because the segments spanned by the dividers measure greater detail.  If we move to progressively smaller scales to 10, 1, .1, .01, .001, .0001 km, etc. we will find a progressively longer coastline.  The length of the coastline varies with the length of the yardstick we use to measure it:

“Typical coastlines do not have a meaningful length!  This statement seems to be ridiculous or at least counter-intuitive.  An object like an island with some definitive area should also have some definitive length to its boundary.”


The length of the coast is dependent on the scale with which we measure it. This is different than understanding objects according to the geometry of Euclid.

 If we were measuring a coffee cup, the smaller the scale with which we measure, the more accurately we would know its circumference.  We could take a number of measurements, then take the mean in order to get even more accuracy.  Measuring a coffee cup and measuring a coastline, it turns out, are extremely different problems.


The differences between the coffee cup and a coastline are not just a mathematical curiosity – they illustrate a fundamentally different way of understanding the world.  

There are far more fractal problems out there than first meets the eye.  However, the intellectual paraphernalia we have developed over the past centuries is based on the assumption that we are able to use the coffee-cup style of metrics.


The yardstick (and therefore, scale) with which we view a problem has profound effects on what we see.  In many cases, the smaller the yardstick, the greater the problem.  Yet we have an intellectual ethic that respects only ever-finer investigations at only a specific scale.  Like Dubois’ wild west gunmen, we are unaware of entire cascades of problems which occur outside of scope of a specific scale of thinking.

We have precious few intellectual weapons to address these multi-scale problems after the single scale gunfighters have left town.

The Notion of Intrinsics


One way to attack the concept is to imagine a system as being composed of many layers.  The bottom scale addresses the problem at the smallest scale, and each succeeding layer deals with the problem at a larger scale.  One sequence of layers for health may be:

1. Gene

2. Cell

3. Immune System

4. Organ

5. Individual

6. Family

7. Community

8. Nation

9. Race

10. Species

Rather than look at a problem at only a single layer, we drill down through all the layers simultaneously.  Things that connect through the different layers can be called intrinsics.  Intrinsics are scale-independent properties which are found at many or all of the scales at which a system operates.


For example, vitality can be viewed as an intrinsic of health.  We can speak of vitality at many different scales: of a cell, organ, person, family, community, nation, race, or species.  This perspective does not refute the biologist that studies the cell or the sociologist that studies community.  Nor does it seek to “integrate” the fields of biology and sociology.


Understanding systems through scale-independent intrinsics is fundamentally different than traditional “interdisciplinary” approaches.  Intrinsics are based on the concept of self-similarity across scale, whereas intellectual disciplines arise from examining a system at a specific scale.  The integration of mutliple, scale specific disciplines triggers a “scale crunch” where the two specialists struggle to retain their scale-specific understanding while simultaneously interacting with others.  

These specialists have already sunk into the devil’s staircase.  Attempts to make their positions more explicit only drive them deeper into the very problem they are trying to solve.


Scale-specific disciplines are often linked to notions of predictability, repeatability, objectivity, and assumptions of linearity.  They narrow their scale of examination, excluding “externalities,” “outliers,” and “non-normalized” information.  They assume Gaussian distribution for their fields of study, and seek to define causal relationships within these confines.


Intrinsics, operating simultaneously at all scales, are not easily boxed into single-scale thinking.  They create a cascade of interaction, acting at many scales simultaneously.  Like the coastline of Great Britain, any single yardstick we use to evaluate and understand a specific cascade will only deal with a partial slice of reality.


The cascade of vitality that engulfs our daily world is easily seen on a visit to a park on a spring day.  The infectious enthusiasm of children playing, the appearance of new flowers and buds, the young couples entertaining thoughts of the next generation, and the older generation watching it all are all manifestations of William Blake’s “To see the world in a grain of sand.”  

While poets and mystics revel in such observations, we have a scientific tradition that has difficulty dealing with cascades of activities at multiple scales, happening simultaneously.  

Consider, for example, the cascade of interactions between a nursing mother and her infant.  By analyzing mother’s milk at the chemical level, we can recreate it in a stable, easy-to-mix formula which can provide a large percentage of the nutrients found in mother’s milk.  We could even quantify the similarity between the two, for example, that formula contains 98% of the nutrients found in mother’s milk.  


This approach makes several assumptions:

1. That the scale at which we are analyzing mother’s milk is appropriate.  For example, we could say that the formula had exactly the same ratio of amino acids as mother’s milk.  Although this ratio could be proven exactly true, the net effect of the concoction would likely have little nutritional effect.

2. That there is some yardstick by which we can claim 98% complete.  Is this 98% by weight, volume, active ingredients, or other measure? 

3. That this yardstick is linear – we can add together components together to get 100%.

4. That we understand the missing 2% of the formulation.  Are these missing ingredients something vital to the infant, even if in trace quantities?

5. That there is an “average” mother’s milk that serves as the basis from which the 98% analysis is completed.  

Let us examine the system from another scale – the dynamic interaction between mother and infant.  Nursing is a bidirectional process, by which the baby receives nutrition, emotional support, comfort, warmth, touch, massage, cooing sounds, heartbeat sounds, love, and bonding with the mother.  Other than the specific transfer of chemical nutrients, the mother receives much of the same from the baby.  

The mother may have feelings such as reassurance that she is a worthy mother, a sense of being needed, a sense of wonder at the mysteries of childbirth, hope for the future, happiness that her labor and hard work to bring a child into being was worth it, resolution of fears and anxieties, and an array of other emotional feelings.  This cascade of interaction is far removed from the chemical process of providing nutrients to her baby.

This multi-scale perspective negates many of the assumptions of the single-scale chemical/nutritional analysis:

1. The mother and the baby are interacting with each other simultaneously at many different levels.  Communication is no longer a one-way process based on average nutritional content, as viewed by chemical/nutritional yardsticks.

2. There is no yardstick by which to measure the mother/infant nursing dialog.  We can not claim that a mother is receiving 74% of her sense of wonder or the baby 98% of its emotional support from a particular nursing session.  Even more remote is the possibility of aggregating these factors into an overall quantity, to claim that a nursing session was 74% successful.

3. There is no way to characterize an “average” nursing process.  Each mother and each infant are different, and each nursing session has its own context.

This scale of thinking is difficult to handle from a scientific, rational point of view.  Management textbooks teach, “If you can’t measure something, you can’t achieve it.”  Science demands objectivity, an observer outside the system being measured who is free of investigator bias.  It expects falsifiable hypotheses, which the objective observer could disprove according to scientific methods. 

Nature, however, is hampered neither by the limitations of analysis nor the scientific method.  Nursing has been experienced successfully by billions of mothers without any rational explanation or analysis.

The Yardsticks of Health


In the field of health, there is an intimate relationship between yardsticks and their effect on the systems we examine.  What are these yardsticks, and are they fractal in nature?


Some of the areas in which fractal dimension has been measured are:

· Pulmonary hypertension

· Surfaces of proteins

· Surface of cell membranes

· Shape of herpes simplex ulcers in the cornea

· Growth of bacteria colonies

· Islands of types of lipids in cell membranes

· Dendrites of neurons

· Blood vessels in the eye, heart, and lung

· Blood flow in the heart

· Textures of radioisotope tracer in the liver

· Action potentials from nerve fibers

· Opening and closing of ion channels

· Vibrations in proteins

· Concentration dependence of reaction rates of enzymes.

Fractals are not isolated to the dimension of space, but that of time as well:

“The fractal concept can be applied not only to irregular geometric or anatomical forms that lack a characteristic (single) scale of length, but also to complex processes that lack a single time scale.  Fractal (scale-invariant) processes generate irregular fluctuations on multiple time scales, analogous to fractal objects which have wrinkly structure on different length scale. …complex fluctuations with the statistical properties of fractals have not only been described for heart-rate variability but also for fluctuations in respiration, systemic blood pressure, human gait, and white blood cell counts.
”

Goldberger goes on to link the absence of the fractal cascade to the disease process:

“The antithesis of a scale-free (fractal) system – i.e., one with multiple scales – is one that is dominated by one frequency or scale.  A system that has only one dominant scale becomes especially easy to recognize and characterize because such a system is by definition periodic – i.e. repeats its behaviour in a highly predictable (regular) pattern..

The paradoxical appearance of highly periodic dynamics in many disease states (disorders) is one of the most compelling examples of the notion of complexity loss in disease.  Complexity here refers specifically to a multi-scale, fractal-type of variability in structure or in function.  Many disease states are marked by less complex dynamics than those seen under healthy conditions.  This decomplexification of systems with disease seems a common feature of many diseases, as well as aging. 

When physiological systems become less complex, their information content is degraded.  As a result, they are less adaptable and less able to cope with the exigencies of a constantly changing environment.  Remarkably, the output of many severely pathological systems has a nearly sinusoidal appearance.  An example is the sinus-rhythm heart-rate variability sometimes seen in patients with severe congestive heart failure, or with the fetal distress syndrome.
”

If health is a fractal concept, then our attempts to understand it using single-scale metrics rob us of our understanding of the full cascade of interactions.  In the same way that congestive heart failure can create a perfectly orderly sinus-rhythm heart waves, our attempts to control our health care system with perfectly orderly regulations and standards may indicate pathology.  The richness and the generative cascade of multi-scale understanding is a measure of robustness and vitality.  This is the weapon that our gunslingers are missing.
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