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INTRODUCTION

There are approximately 6000 intensive care units (ICUs) across the United States,1

caring for nearly 55,000 patients every day.2 This accounts for approximately 10%
of all hospital beds and 1.5% of US gross national product,3 numbers that will only in-
crease as the population ages.
More important, 400,000 to 500,000 patients die in ICUs each year,1 largely because

ICUs care for the sickest patients. On the other hand, factors such as workload, shift
changes, handoffs, alarm fatigue, inadequate team communication, and difficult-to-
usemedical devices contribute to the problem. For example, Donchin and colleagues4

estimate 1.7 errors per patient per day in ICUs,with 29%of theseerrors havingpotential
to cause significant harm or death. This article focuses on the human factors (HF) of
those medical devices, a significant cause of adverse events in the ICU.5

HUMAN FACTORS

The most complex part of any medical device is the person using it. Unless the de-
vice operates entirely on its own, the user’s behavior, capabilities, and limitations
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KEY POINTS

� A total of 400,000 to 500,000 patients die in intensive care units (ICUs) each year, largely
because ICUs care for the sickest patients.

� On the other hand, factors such as workload, shift changes, handoffs, alarm fatigue, inad-
equate team communication, and difficult-to-use medical devices contribute to the
problem.

� This article focuses on the human factors of those medical devices, a significant cause of
adverse events in the ICU.
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are key to its effectiveness and safety. HF applies scientific knowledge about hu-
man behavior, capabilities, and limitations to design.6 By understanding how
humans think, decide, and act under stress, we can engineer products that humans
can use safely, correctly, and reliably.7 Because people are complex and multifac-
eted, HF includes practitioners from cognitive psychology, sociology, anthropol-
ogy, industrial engineering, industrial design, medicine and related health
sciences, biomechanics, and more. The common denominator is that each focuses
on human behavior, capabilities, and limitations. This focus not only improves the
performance and satisfaction of health care providers, but also improves patient
safety.
It is also important to describe what HF is not, articulated by Lee and colleagues6

who point out that HF is not simply applying a checklist to determine if a product is
easy to use. The variability of people, situations, tasks, technologies, and environ-
ments make creation of such a checklist impossible. Second, HF is not simply using
oneself as a model of the end user. There are sizable person-to-person variations in
size, strength, reading ability, stress, exhaustion, technical sophistication, and so
on. This requires design for a wide range of users, rather than just one “type.” Unfor-
tunately, organizations may believe that good HF is easy or “common sense,” but if
that were true, the world would be chock full of easy-to-use medical devices. Personal
experiences of health care providers, as well as numerous product recalls and adverse
events, suggest quite the opposite.

USABILITY

Usability8 is a term so closely related to HF that it is often treated as a synonym. Rubin
and Chisnell9 argue that “a usable product enables users to do what they want to do,
in the way they expect to be able to do it, without hindrance or questions.” Usability is
defined along 5 dimensions.

� Learnability refers to users’ ability to begin using a new system quickly and
correctly, and to develop proficiency within a reasonable time frame.

� Efficiency refers to whether the system allows users to complete tasks more
easily than working without the product.

� Memorability refers to how easily users can return to the system after a period of
inactivity and recall important functions, features, and interactions.

� Error resistance and remediation refers to how well a system prevents errors or
handles errors when they occur.

� Satisfaction refers to how pleasant the system is to use. Users desire products
that are not merely functional, and systems that cause individuals to bemiserable
are less usable.10,11

Two approaches to improving medical device HF are described in the following sec-
tions. The first is a design philosophy called human-centered design. The second is a
set of design principles, derived from research in cognitive and biological sciences,
such as perception, attention, memory, learning, and emotion. These approaches
should be used in tandem.

USER-CENTERED DESIGN

The International Organization for Standardization states that user-centered design
involves the active involvement of users, clear understanding of user and task re-
quirements, correct allocation of functions between users and technologies, iterative
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