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The air transportation industry has made great progress concerning safety – it is our safest form of transportation.  However, the difference between airplanes and patients is greater than is immediately apparent, particularly in light of the spectrum of scales discussed above.

There are many comparisons between health care patient safety and airline safety.   While we have made great progress in airline safety over the past century, we should be wary of applying lessons learned without critical review of the fundamental differences between the two domains.  

This paper discusses these differences from two perspectives.  One perspective deals with obvious differences between living and mechanical systems.  The other, however, is subtler.  It involves the notion of scale in our systems thinking.  Health care operates in a much larger range of scales of behavior than the airline industry.  The difference between on the tiny gene and the biomass of humanity represents a difference of about 25 orders of magnitude.  Whereas we can pinpoint specific causes airplane accidents, the wide range of scale in health care causes us to deal with cascades of effects, happening at many levels simultaneously.  The paper suggests some tools for examining a spectrum of scales.

Scale and Patient Safety

Patient safety is a critical problem in our healthcare system today:

Preventable adverse effects are a leading cause of death in the United States…at least 44,000 and perhaps as many as 98,000 Americans die each year as a result of medical errors…even when using the lower estimate, deaths in hospitals due to preventable adverse events exceed the number attributable to the 8th leading cause of death.  Deaths due to preventable adverse events exceed the deaths attributable to motor vehicle accidents (43,458), breast cancer (42,297) or AIDS (16,516).

The Science and Engineering of Airplanes

We understand exactly how an airplane operates.  Its behavior is predictable according to analytical solutions. Engineers can use formulas into which they plug in the variables to get their answers.  The more precisely they know lift, drag, and thrust, the more accurately we can predict the behavior of the plane.  Using fast computers and finite element analysis techniques, they can analyze ever-smaller pieces of the plane, and understand the forces acting on every portion.  The smaller the pieces, the more they understand about the plane. 

Engineers can put pieces of the plane in a wind tunnel to test one particular piece.  The whole airplane is the sum of all of its parts.  The mathematics that they use to understand airplane behavior has been understood and taught for hundreds of years.

Aircraft are of a certain scale.  The Boeing 747 (870,000 pounds) is about 725 times heavier than a two-seat Piper Cub (1220 pounds). 

Airplanes are machines.  We can take them apart and put them together again and have the same machine.  Each part of the plane is predictable and understandable, and putting them together is a predictable and testable process.  We can repeat the process of construction an arbitrary number of times, producing identical machines with identical characteristics.  They exhibit a limited number of behaviors and emergency conditions, and we can train crews to diagnose and correct these conditions.  Over time, we can create standards and operating procedures which become every safer and more efficient.  Lessons learned from problems discovered decades earlier are still applicable today.

A popular aircraft designer’s maxim is, “simplicate and add lightness.”   The simpler, lighter solution to a given problem is usually the preferred alternative.  There is a clear understanding of the what is good for the overall design, and what is bad.

Philosophically, an airplane is a system that can be understood a priori.  From the specific details of the plane, physics, atmosphere, and other sciences, we can predict the plane’s behavior.  Each behavior of the plane can be attached to a cause.  In case of a crash, we are usually able to identify the specific causes.

Health deals with living systems that are continuously adapting to their environment.  We do not understand exactly how the human body and mind operate.  Human behavior is not as predictable as a machine’s performance.  Greater precision when measuring human systems does not necessarily mean greater understanding – knowing a baby’s temperature to a thousandth of a degree does not convey much more information than knowing it to a tenth of a degree.  Health care often operates in an environment of ambiguity and unpredictability.

Unlike the airplane, we cannot in general dissemble the body and put it back together again.  We do not have the specifications for a human in the same way that we have specifications for airplane parts.  Some of these differences can be summarized below:

Comparing Airplanes and Patients

Airplane
Patient

Mechanical
Living

Designed
Evolved

Objective
Subjective

Can be disassembled and put back together again
Cannot be reassembled after dissection

Whole is equal to sum of parts
Whole is greater than sum of parts

Well defined specifications for performance
Is able to adapt to wide variety of “out of spec” conditions.

Can be understood by understanding parts
Cannot be understood simply by understanding parts

Internal operation independent of other airplanes
Is influenced by family, community, genetics, environment, epidemics, culture.

Has no sense of self
Sense of self is critical component of immune system, cellular interaction, psychology, culture, and personal psychology.

Operates in predictable environment
Environment is constantly changing, and can be influenced by the patient.

Based on understood properties of aerodynamics, mathematics, applicable across all aircraft
Many facets of human health remain mysteries.

Airplane may be preserved or rebuilt 
Aging is an irreversible  process – well defined “arrow of time”

Static
Self-organizing

Designed  for equilibrium
Is in state of non-equilibrium.

Operates within limited range of scales
Operates simultaneously at many different scales, from the genes to the evolution of the species.

Hierarchical notion of scale (e.g. system, subsystem, components, units, parts)
Simultaneously affected by many different scales, not necessarily within a hierarchy.

A Spectrum of Scales


One of the major differences between airline safety and health safety is that of scale, or rather, multiplicity of scales.  Airplanes operate in, and are affected by, only a limited scale.  Although an 800,000 pound 747 may depend on tiny nuts and bolts, this dependency is limited to simple and specific performance.  Within health, there are intimate relationships between the tiniest cell and communities of hundreds of millions of people.  Health is a cascade of interactions at many different scales, all happening at the same time.  One way to think of health is to consider it a spectrum of scales, ranging from the gene, cell, organ, body, family, community, nation, to the species.  This is a continuum of metrics ranging from the very small to the very large.


Nuclear safety experts have noticed surprises when examining nuclear power plants, even when the scale change is only 2.5 times:

the small plants of around 400 Mws are different in many respects from larger ones of around 1,000 Mws; changes of scale produce surprising results.  For example, the larger plants appear to be less reliable; there is more downtime after the first two or three years.” (italics added) 

What is the Proper Scale of Health?


If we think of our health care system as the “island” being measured above, the question becomes, what is the appropriate scale at which to look at health?  Do we deal with health on the level of the whole person or a nation?  On the cellular level, or a specific organ?  On the level of an individual gene, or the evolution of the species?


There are many different characteristic scales that deal with the concept of health, a sample of which can be diagrammed as follows:
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This perspective introduces a spectrum of scales, much in the way we think of the electromagnetic spectrum.  Analogous to the way that our eyes, radios, televisions, and radars perceive only a limited range of the electromagnetic forces surrounding them, our approach to health is divided into disciplines, each perceiving only a limited range of the continuum of health scales.  Biologists studying the cell do not normally deal with issues of community health.


An epidemic, for example, is not constrained by such analytical boundaries.  It is not “caused” by any particular slice in the continuum, but rather is a cascade of effects across many scales simultaneously.  Scientific disciplines that seek to establish laws and experimental results do so by limiting the scale of thinking to a restricted characteristic range.


As the number of disciplines and specialties proliferate, the number of independent characteristic scales increases.  It becomes ever more difficult to understand things which happen across the scale.  An alternative is to imagine events as being the result of a cascade of processes, simultaneously occurring at all scales:
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Hierarchical decomposition.  

The notion of a system in safety engineering is based on classical notions of hierarchical decomposition:

Consider a nuclear plant as a system.  A part will be the first level – say a valve.  This is the smallest component of the system that is likely to be identified in analyzing an accident.  A functionally related collection of parts, as, for example, those that make up the steam generator, will be called a unit, the second level.  An array of units, such as the steam generator and the water return system that includes the condensate polishers and associated motors, pumps, and piping, will make up a subsystem, in this case the secondary cooling system.  This is the third level.  A nuclear plant has around two dozen subsystems under this rough scheme.  They all come together in the fourth level, the nuclear plant or system.  Beyond this is the environment.”


Perrow goes on to define accidents in terms of this scale-specific decomposition: 

An accident is a failure in a subsystem, or the system as a whole, that damages more than one unit and in doing so disrupts the ongoing or future output of the system.  An incident involves damage that is limited to parts or a unit, whether the failure disrupts the system or not.

Intrinsics – an Alternative to Hierarchical Decomposition


This paper presents intrinsics as an alternative to hierarchical decomposition.  An intrinsic can be defined as a property that remains constant across multiple scales.  
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The intrinsic is thus a generalized characteristic, a self-similar property that is manifest across scales.


Let us assume that trust is an intrinsic to health.  Trust, or the lack of it, can be a major contributor at several scales in the health care system.  The following example shows interaction between the national level, physician-patient interaction, and scientific evidence at the cellular level:

“The excisional biopsy has an associated probability of cancer:  The chance of a palpable mass that is examined by biopsy being cancerous was estimated by the subject matter expert (SME) as between .20 and .30.  This latter probability is affected by nonmedical considerations, such as the threat of malpractice suits.  The SME indicated that in litigious areas of the country, the probability of a biopsy turning up carcinoma is less than .10, whereas in countries such as Sweden, with socialized medicine and no malpractice suits, the probability approaches .40.  Presumably, the reason is that physicians with a strong prospect of being sued are more likely to order biopsies when there is relatively little probability that cancer is present.”


The probability of malpractice affects the probability of a biopsy being benign.  The erosion of trust in our health care system can have many cascading affects that are not immediately visible to a single-scale perspective.

Summary


The value of our experience in applying safety practices of the airline industry to health care is limited to a limited range of the problems of health care.  The health care industry has additional levels of complexity in which multiple scales simultaneously cascade to cause an effect.  Our understanding of this process is in the very early stages of understanding.
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