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This article contrasts the application of preventive and predictive
technologies in industry to those in healthcare. For years, risk
managers have been discussing the rationing of care. This article
presents the perspective of an engineering professional from the
manufacturing industry who now consults with healthcare risk
managers. The human being is often referred to as an “asset” in
our society. Do we actually treat people as assets or liabilities?
When preventive maintenance is routinely performed on a piece
of equipment, the benefits are more reliable operations, increased
productivity, and lower life cycle costs. If these proactive concepts
are applied to the human body within our current healthcare sys-
tems, will we see these same benefits?

INTRODUCTION

The healthcare reform debate has forced a deeper look into humanity itself and
its contribution to society and raises a rhetorical question: Are humans assets?

Merriam-Webster’s defines asset as follows:

1 plural a: the property of a deceased person subject by law to the payment of his
or her debts and legacies b: the entire property of a person, association, corporation,
or estate applicable or subject to the payment of debts 2 a: an item of value owned
b plural: the items on a balance sheet showing the book value of property owned.

Merriam-Webster’s defines /iability as

1: the quality or state of being liable 2: something for which one is liable;
especially: pecuniary obligation: debt—usually used in plural 3: one that acts as
a disadvantage: drawback.

Experience tells us that someone who says, “Our people are our greatest assets,”
is not being truthful in a literal sense. How many times do CEOs make this
statement during speeches to shareholders? How many times has this kind of
statement been published in the opening paragraph of annual 10K reports?
Ironically, in these reports where the CEO opens with a tribute to “our people
[as] our greatest assets,” the balance sheet shows that people are listed as a
liability and equipment is an asset.
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What is the moral perspective? Does society truly view
people as assets? The debate on healthcare has challenged
that premise.

Preventive and predictive maintenance

Those who have worked in manufacturing are familiar
with the concepts of preventive and predictive mainte-
nance (P/PM). These technologies (e.g., vibration monitor-
ing) can assess the condition of a piece of equipment with-
out stopping the equipment or the process. Application of
these technologies results in overall higher operational
reliability of the manufacturing process, higher-quality
products (due to fewer stops and starts of the process),
lower per unit costs, and thus higher margins.

After all, if a business can accurately predict which equip-
ment will fail and estimate when it will likely do so, staff can
better plan and schedule the needed repair in a cost-effective
manner. Under these conditions, they do not unexpect-

edly interrupt operations and can ensure the least amount
of time to make the repair. In the manufacturing industry,
this is called mean time to repair, which can be defined as a
measure of the average maintenance performance, obtained
by dividing the cumulative time for a number of consecutive
repairs on a given repairable item by the cumulative number
of failures of the item. The term repair means the time the
defect was reported to the time the equipment was ready to
restart and operate satisfactorily.(1)

Waiting for failure to occur

The alternative to this proactive approach is to wait for
the failure to occur unexpectedly. When this happens, the
impact on production is adverse (the operation is down
for a longer period of time) and the repairs take longer
because the appropriate people have to be assembled to
perform the repair; they also must have the materials
available to make the repair.

The result of the proactive approach of preventive and
predictive maintenance is that the equipment (the asset) is
more reliable and productive and lasts longer, increasing
its value for the money originally invested for its purchase
and maintenance. In industry this is referred to as /ife
cycle costing. It takes into account not only the original
purchase cost but also the cost to maintain the equipment
properly over its expected lifetime.

Contrast this with the healthcare debate. Start with the
understanding that equipment and people are very differ-
ent in almost all respects but are treated in a similar way.
People, unlike equipment, are unique: no two are the
same. While two people may be diagnosed with the same
disease, how they respond to treatments may vastly differ.
Two people who live the exact same lifestyle may not
exhibit the same diseases in their lifetime because they are
genetically different and predisposed to certain diseases.
For this reason, there are no canned solutions for each
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human as there would be for similar equipment in similar
service that fails for the same reason.

When patients come to a hospital, the services they will
require are not often known ahead of time, and their
medical history may be vague at best. Compare this with
a manufacturing plant, where specifications are available
for each piece of equipment, and the product being proc-
essed is well known. A hospital does not have this luxury
with patients who come to the emergency department
(ED). They do not know who or how many patients are
coming, at what time, and in what condition.

Similarities in processes

In spite of these distinct differences between manufactur-
ing and healthcare environments, their overall processes
also show similarities.

The product of a hospital is the maintenance and length-
ening of productive life as well as the enhancement of

the quality of life for its human patient. Raw material is

to a manufacturing plant what a patient is to a hospital.

A manufacturing plant processes the raw material using
various types of equipment and produces some type of fin-
ished product. A hospital processes a patient with an illness
or someone who exhibits certain symptoms; the hospital
may not know when the patient presents why these symp-
toms exist. The hospital as a system is focused on diagnos-
ing and treating the illness or symptoms. This description,
which may be couched in macroterms, points out the
similarities in and differences between the two systems.

The bathtub curve (Exhibit 1) reflects similarities between
equipment and humans as well. The curve is a commonly
used conditional probability curve that represents the
age-reliability relationship of certain items, characterized

Exhibit 1:
The Bathtub Curve
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by an infant mortality region, a region of relatively con-
stant hazard rate, and an identifiable wear-out region.(2)

In the early life of a product, according to the bath-

tub curve, the failure rate is high but rapidly decreases

as defective products are identified and discarded and early
sources of potential failure (such as handling and installa-
tion error, generally quality-related issues) are overcome.
In the middle of the life cycle of a product—generally
once it reaches consumers—the failure rate is low and
constant. This is often referred to as the built-in failure
rate. In the late life cycle of the product, the failure rate
increases as age and wear take their toll on the product.

When this curve is overlaid on a human being’s
lifetime, it is equally applicable. In the early stages of
life, one experiences “infant mortality failures”: illnesses
prone to occur in children as the human body adapts
to its new environment and the growth process. Over
the person’s lifetime, these failures start to become pre-
dictable from a health standpoint. For
example, most adults suffer from sea-
sonal allergies, the usual coughs and
colds, and occasionally the flu. These
types of chronic illnesses become
expected and accepted as part of the
annual routine. As they age, bodies
require more servicing (i.e., more fre-
quent monitoring and testing).

concepts to healthcare

So the question at hand is whether

all sides in the healthcare debate are
regarding the human being as an asset
and therefore acknowledging that the
first and last decades of life (or peri-
ods of life) will not be as productive
as the “constant period.”

Applying principles to healthcare
What would the result be of applying the principles of

preventive and predictive technologies to patients as

part of overall healthcare reform? These technologies in
healthcare certainly exist today in the form of CT scans,
MRIs, X-rays, and an array of other diagnostic and imag-
ing technologies. These technologies allow the condition
of the human body to be assessed without shutting it
down. Currently one may get blood tests annually during
a physical, a colonoscopy after age 50, dental checkups
annually, and eye exams every six months while the body’s
physiological processes continue.

People do the same thing with cars when they change
the oil every 3,000 miles and the transmission fluid every
30,000 or so miles. These acts of “maintenance” are
similar to the preventive and predictive tools for rotating
stationary equipment in a manufacturing plant. What
would be the result of applying these proactive concepts
to healthcare across the board?
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What would be the result of

applying these proactive

across the board?

The initial costs would be extremely high due to the
proposed number of new insureds (perhaps as many as

47 million) enrolled in insurance plans, added to the costs
of accommodating the current enrollees in their respective
insurance plans. While many of these new insureds are
already using the ED as their entry point to the healthcare
system without insurance, the preventive care described is
currently not readily available to them as a result of their
uninsured status. In addition, the potential cost to quality
of care must be factored in as a flood of new patients
enters an existing hospital infrastructure that is already
lean and short-staffed. When added to the large numbers
of aging baby boomers seeking services, there could well be
a recipe for a quality nightmare in the healthcare system.

Many believe that complex systems would be fine if it
were not for the erratic behavior of some unreliable peo-
ple, often referred to as the bad apple theory.(3) However,
the new view of human error sees such quality-related fail-
ures not as the fault of individuals but as the result of poor
systems and their effect on the decision
making of the human beings work-
ing within. When a complex system is
stressed, any gaps are exposed and will
contribute to poor decision making at
a time when precision is needed most.

Currently patients typically get MRIs
only when symptoms arise to require
such technology to identify the par-
ticular problem. Similarly patients do
not go to a surgeon annually and say,
“Go ahead and cut me open, and see
what you find. While you are in there,
just fix what needs fixing.” They do
not do this because, as the bathtub
curve indicates, of the increased chance of human error in
the infant mortality phase of the curve. This means that
if surgeons do not have to go into the human body, they
should not because there is a higher likelihood of human
error and the overall risks outweigh the potential benefits.

Overusing prevention

In the past when physicians attempted to apply P/PM
concepts, many overused them, believing that more test-
ing would prevent lawsuits. This choice raised healthcare
costs for the wrong reasons and put such P/PM concepts
out of favor because they were abused. The overuse of
these types of diagnostic tests should take into consid-
eration such technical factors as patient overexposure to
radiation. Just as within industry, no one is advocating
that these tests be implemented annually across the board
in a generic and constant fashion.

In manufacturing, tools such as reliability-centered main-
tenance (RCM) techniques are designed to prioritize the
criticality of equipment and their components to the
overall ability to operate at full capacity at each different
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manufacturing facility. RCM is defined as a disciplined
logic or methodology used to identify preventive mainte-
nance tasks to realize the inherent reliability of equipment
at a minimum expenditure of resources.(4) Based on that
quantifiable criticality, appropriate frequency of testing is
put in place. This means that the more critical the equip-
ment may be to the operation, the more frequently it is
checked when compared to the less critical.

The same methodology can be envisioned for the health-
care setting. The organs and functions of the body that
are more critical to the ability to function productively
would be tested more frequently than the less critical
organs and functions.

Toward a more productive life

The upfront costs of rolling out such proactive approaches
nationwide would be staggering. However, if one looks

at the life cycle of human beings and the increased pro-
ductivity that could be achieved with
“preventive maintenance” during the
extended life period, we might expect
to see fewer unexpected, catastrophic
illnesses.

In 2004 the elderly, who account for
12% of the population, used 34%

of Centers for Medicare & Medicaid
Services (CMS) expenditures.(5) In a
proactive healthcare lifestyle, this would
prove to be an investment in extended
human productivity. People would live
longer and be more productive dur-
ing that extended period: they would
use their skills, innovation, knowledge,
creativity, and intellectual capital more fully; absenteeism
would fall; and they would have increased productivity

per hour. Of course, the generally accepted accounting
principles cannot capture such soft costs, so it is difficult to
quantify such important metrics for the finance people.

Relating this to the bathtub curve, the proactive approach
would extend the steady-state or random-failure period of
life (phase 2) and would also lower the curve at that point to
reflect fewer failures (illnesses) and better quality of life. The
costs per year of life would then be lower due to amortizing
them over a long life span and encountering lower health-
care costs due to employing proactive healthcare practices.

Over the long term, there would not be as many signifi-
cant costs related to treating these unexpected catastrophic
illnesses and diseases. All of the associated ongoing costs
would be for increased quality of life (e.g., rehabilitation,
ongoing medications, at-home care, long-term care).

As a practical example, consider one of the CMS Never
Events: stages 3 and 4 decubitus ulcers (DU) not present
on admission (NPOA), that is, bedsores or pressure ulcers.
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Long term, there would not
be as many significant costs

related to treating these

unexpected catastrophic

illnesses and diseases.

The average cost nationally to treat these ulcers is reported
to be around $50,976 each.(6) The most recent preva-
lence study found that 10.8% (standard deviation 5.84) of
the hospitalized patients at a given time are afflicted with
bedsores.(7) Several preventive measures and protocols

can economically be put in place to prevent these ulcers
from occurring in the first place,(8) but these protocols
have not been vigorously pursued in the past because until
recently, associated costs for decubiti care have been reim-

bursed by CMS.

This has not been the case since October 2008, and
when such an event occurs, the hospital bears the costs

of treatment.(9) Of course, the most important factor
that sometimes gets overlooked is that if the ulcer could
be prevented, the patient would not have to endure the
extreme pain and suffering associated with ulcers. This is
the real cost that is never calculated in dollars but surfaces
in human pain and suffering.

Longer life economically
feasible?

The end result here is that if invoking
the proaction paradigm is aggressively
pursued across the U.S. healthcare
system, it could increase the length
of productive human life. From a
financial and a moral standpoint, is
that what is being sought? Should it
be? Those just interested in enjoying
their short time on earth would likely
be offended by someone even asking
about whether the effects of lengthen-
ing life were economically feasible.

If humans (liabilities) were to be provided the courtesy
that equipment (assets) is provided in manufacturing
processes where reliability engineering principles are
applied, they would be entitled to proactive treatment
(preventive maintenance) in order to ensure they

were productive for longer periods of time with fewer
unexpected illnesses (failures).

From a strictly fiscal standpoint, applying the reliability
principle of proaction would present a staggering
upfront cost, while the average annual life cycle cost
per patient would be less for each year that the patient’s
life was extended (using average life span as the bench-
mark). Also, each additional year longer that the patient
lived would also extend the number of productive and
quality years of life (versus being in decline during the
same period if not living a proactive lifestyle). This

is because the upfront costs are amortized over more

years of life.

However, if viewed from the reactive perspective, the
healthcare system will continue to treat illnesses and
symptoms as they occur and patients will die at the
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current average life span or earlier. When a “reactive”
patient dies, all costs associated with treating that person
end. During the person’s decline, he or she is not as pro-
ductive to society in the literal sense.

Also, end-of-life costs are generally higher for “reactive”
patients because they have more critical illnesses, which
require more expensive interventions. If they live another
10 years, they are actually more expensive to the health-
care system.

CONCLUSION

From the moral standpoint, the argument is, “Should
the healthcare system do whatever it takes to increase the
length and quality of productive human life?”

Analogies have been made contrasting equipment to
human life and the manner in which they are maintained.
In the end, would applying the preventive and predictive
approaches described in this article be applicable, morally
acceptable, and fiscally responsible?

From a financial standpoint, extending human life
(proaction) costs society more overall during a human

life span even though the costs per year of life would likely
be lower. Contrast this to the reactive healthcare approach
or paradigm: “If it ain’t broke, don’t fix it.” The reactive
approach would likely cost less over the human life span
because length of life would not be maximized. Does this
additional investment in the extension of human life pro-
vide increased value to society?

This becomes the dilemma in the big picture of life as
finding an acceptable middle ground is debated. All par-
ties have a vested and personal interest in this debate and
should work together to arrive at a consensus. This can
occur only if perspectives are voiced constructively.
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Definitions

Bad apple theory: Complex systems would be fine
if it were not for the erratic behavior of some

unreliable people (bad apples).(4)

Mean time to repair (MTTR): A measure of the average
maintenance petformance, obtained by dividing the
cumulative time for a number of consecutive repairs
on a given repairable items by the cumulative number
of failures of the item. The term restore means the time
the defect was reported to the time the equipment was
ready to restart and operate satisfactorily.(11)

Reliability: The characteristic of an item expressed by
the probability that it will perform a required function
under a stated condition for a stated period of time.(2)

Bathtub curve: A conditional probability curve
representing the age-reliability relationship of certain
items, characterized by an infant mortality region,

a region of relatively constant hazard rate, and an
identifiable wear-out region.(2)
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