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The safe, effective and consistent use of medical devices requires that they be technically capable of achieving
their desired functions, and that they be designed to address the potential for user problems that may arise during
their use. While the issue of usability arises tﬁroughout the hospital, the intensive care unit has been shown to be
an area with unique human factors problems. The reasons for this include the multiple devices often being used,
the stress under which the staff works, and the condition of the patients that may make them more susceptible to
device mishaps. To investigate this issue we examined the ICU at a local hospital for potential causes of human
error. Our observations revealed a range of problems, including: multiple alarm use; excessive clutter; anthropo-
metric limits; and the potential for confusion in the various interfaces between devices, disposables, and patients.
Our investigation also included discussions with the nursing staff and a survey to see how they feel about the
medical equipment they use. As a result of these investigations, several recommendations for in-house and manu-

facturer improvements are given.

Index Under: human factors, ICU, system safety.

INTRODUCTION

he Intensive Care Unit (JCU) is one of the most

important places that a patient may stay during their

visit to the hospital. Their lives literally may depend
on the effectiveness of the interaction of the nurses and
the medical equipment monitoring their condition and
providing selected therapies. Any error associated with the
use of this medical equipment could directly, or indirectly,
cause serious injury or death to the patient. Observations
during routine daily activities in the ICU have demonstrat-
ed that a variety of mistakes do occur, sometimes with
severe consequences (Donchin et al, 1995). These mis-
takes, involving IV line, infusion, drug and ventilation
errors, can include direct injuries. They can also include
monitoring mishaps that lead to a failure to properly attend
to the patient as a result of a monitor not alarming as
expected, or the alarm not being perceived or properly
acted on. While the potential for errors during the use of
medical equipment is important throughout the hospital,
the ICU presents some unique situations due to the typical
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condition of the ICU patient and the simultaneous use of a
number of devices that are typically obtained from differ-
ent manufacturers and “integrated” on site. In this setting,
it is crucial to try to identify potential problems in equip-
ment use that could lead to hazardous situations. In so
doing, it must be assumed that where there is a potential
for hazardous human error, it will actually occur, at least
occasionally, if not frequently. While errors in the use of
medical equipment are often blamed directly on the user,
it is well-established that the user alone may not be the pri-
mary cause (Bogner, 1994). Other causes may include
training, working conditions and the design of the facility
and equipment. The principle that the design of equipment
is a critical component in facilitating or reducing the poten-
tial for error falls under the discipline of human factors. This
arca has seen extensive discussion in literature (e.g. AAMI,
1996) and growing interest by the Food and Drug
Administration (FDA) aimed at initial device design (FDA,
1996) and medical device reporting (Shepherd, 1996).
What is perceived as human error can result from a
multitude of human factors problems occurring singularly
or together to cause difficulties at the interface between
the operator and the machine. Some of these problems
occur as a result of the designer of the equipment not ade-
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quately considering the operator as an individual, or per-
haps more importantly, in the context of the real condi-
tions of use of the equipment.

The ICU has a history of having human factor prob-
lems, including clutter of the workspace, confusing alarms
and alarm controls, inadequate or inconsistent color cod-
ing, and the lack of standardization between similar or
interrelated devices from different manufacturers.
Historically, alarms are one of the most important compo-
nents of the medical equipment in the ICU, and are there-
fore particularly significant from a human factors stand-
point (Meredith, 1995). The importance of alarms arises
from the role of monitoring in the ICU, and the intentional
or unintentional reliance on alarms to call attention to
needs of the patient in a consistent and meaningful way.
Relevant problems arise from the design choices for the
tone and duration of the alarm, the number of alarms per
device, and the number of devices in the system. There is
also a variety of methods necessary to set alarm limits and
volume and observe these settings, inappropriate “urgency
mapping”, and a lack of standards for such features. Many
alarms have very acoustically similar sounds that can cause
them to not be heard or properly identified by the opera-
tor when one or more alarms sound at the same time.
Some of the difficulties in identifying the source of an
alarm are defined as masking. Masking is a function of rel-
ative alarm intensity and frequency, e.g. a pure tone more
effectively masks a tone higher than itself than one which
is lower (Woodson, 1981). Masking can create problems
in hearing an alarm or in determining its location. The
operator can loose valuable time searching for the source.
Furthermore, finding and fixing the alarm can divert atten-
tion from addressing the needs of the patient. Many alarms
also typically have a very loud and obnoxious sound meant
to get the attention of the operator, but the nurses have a
countervailing tendency to turn the volume down, or turn
the alarm function off, if those functions are provided. In
the absence of these functions, instances have been identi-
fied in which users have “modified” the device to make the
alarm dysfunctional or permanently disabled. The absence
of an alarm due to reduced volume, shut-off or disabling
can lead to a false sense of security for the other nurses on
staff who expect the alarm to sound to alert them if the
associated condition occurs. Excessively loud, frequent or
annoying alarms can also be a problem for the affected or
nearby patient.

Design decisions made by the manufacturer are one of
the primary causes of alarm related human factors prob-
lems in the ICU. One problem is that there are not com-
mon user interface standards for similar types of medical
equipment. For example, different companies may devel-
op different alarm tones for the same function on their
respective ventilators, while other manufacturers may use
these same tones on non-ventilator equipment that is typi-
cally used in conjunction with ventilators. This inconsis-

tency and duplication even occurs within the products of
a single manufacturer. It is also a common problem for the
nurse to have difficulty distinguishing a potentially haz-
ardous situation from one that is not as significant. This is
defined as urgency mapping. For example, the manufac-
turer of a food pump may make an alarm very loud and
urgent sounding, while the manufacturer of a ventilator
may have an alarm that has a weaker sound that signals a
more urgent situation. A further common alarm problem is
excessive sensitivity, which can cause too many false
alarms. This, in turn, can lead to the possibility of the nurs-
ing staff disconnecting or disabling the alarms. Overall, the
alarms in the ICU are an abundant source of human factors
problems that could cause human error leading to patient
injury or death.

Clutter is defined as being filled with things that get in
the way. Clutter in the ICU arises from the large number of
devices typically used to monitor and treat the patient and
the associated wires and tubes interconnecting the system.
Furthermore, most of the devices being used are designed
as if they would be used alone rather than in a conglomer-
ated system. Clutter is known to degrade human perfor-
mance due to confusion and distraction. It is curious that
the resulting complexity appears to be viewed with some
pride in the medical setting rather than as a source of seri-
ous concern. Ideally, the patient would be free of wires,
tubes, tape, and needles; and not be surrounded by numer-
ous bulky machines. The reality is that modern medicine
requires the monitoring of a wide variety of physiological
functions, and current technology requires this to be done
with a substantial patient interface. In fact, to date, tech-
nology has compounded the clutter problem far more than
it has cured it.

Reaching problems have also been observed to be com-
mon in the ICU. There is a limited, and variable, distance
over which arms can reach and perform tasks, or allow the
user to work comfortably. Effective reach is limited by
height, arm length, the angle between the arm and the
body, and the task to be performed. When this limit is
pushed beyond the user’s capability needed tasks cannot
be performed. At the edge of physical capability, perfor-
mance will be degraded and fatigue increased. In addition,
physical injury to the user may occur from being biome-
chanically compromised, either as a result of a single event,
or following cumulative or repetitive damage. Problems
with the visual field, like reach, arise from human capabili-
ties, individual user characteristics, equipment design,
equipment placement, and room lighting.

In the ICU, the variety, size and placement of equip-
ment in the limited space around the patient can cause
problems in a number of patient- and device-related tasks.
Sometimes the compact nature of the bed station causes
problems when one piece of equipment is blocking anoth-
er piece of equipment, thus making it difficult for the nurse
to obtain, use or observe the obstructed device. If unable
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to move the item out of the way, the nurse must reach over
or around the object 1o perform the necessary task. Even if
the device is movable, the nurse may choose to not move
it. or think that it shouldn't be moved. In cither case, the
required task is made more difficult and the potential s
increased for it to be performed ineffectively. The fairly
common approach of hanging monitors from the wall or
ceiling seems like an casy fix. However, it not carcfully
done, it can cause one user to be unable to casily reach the
controls or read the display, while other users repeatedly
hit their heads on the equipment.

While many of the problems addressed above have
been known for some time, they have seen relatively little
correction. The objective of this paper was to observe the
dav-to-day operation of a4 community hospital’s eighteen-
bed surgical/medical ICU, to survey the nursing staff and to
identify examples of ongoing use related problems.

Observations

In the ICU. we observed how the nurses interact with
the patients and the medical equipment. It was obvious
there were numerous human factors problems that could
lead to serious consequences. One of the most apparent
situations in the ICU was the degree of clutter around the
patients. Each bed station typically included a ventilator, a
patient monitoring system (oxygen, pulse, blood pressure
and EKG). a food pump, and an infusion pump, all fit into
an 8 X 10" area. This kind of scenario created mobility
problems for the nurses, as well as a hazard potential, espe-
cially when the patient needed urgent care. It was also
observed that having all of the medical equipment
crammed into such a small space compounded problems
in identifying and accessing the different tubes and wires
from the various pieces of equipment. We frequently
observed picces of equipment, wires, or other items get-
ting in the way of nurses performing their tasks. In one
case the hazard was to the nurse treating a patient that just
came from open-heart surgery and was connected to a
pacemaker hanging from the ceiling. Every time the nurses
came to the side of the bed to perform some task on the
patient, she would bump her head on the pacemaker.

Another problem that was readily observed was the
extended reach problem, where the nurses had to extend
their arms to obtain objects that they needed to perform
their duties. A common design problem of ICU bed sta-
tions is the effect of the placement of the built-in oxygen
supplies, suction and air ports behind the patient's bed.
While this headwall design has become a very common
ICU feature, it was seen to force the nurse to reach long dis-
tances in order to access parts of the system, especially
when there were other items on the sides of the bed. This
causes undue stress on the nurse and can lead to error and
time delay due to the inability of the hand to maintain dex-
terity while reaching,.

Another potential reaching problem that was observed

wis the placement of the patient monitoring system. The
base of the monitor was located approximately seven feet
above the floor. On the bottom of the monitor in use there
was 4 keypad the nurses could use to make changes regard-
ing the displays and patient-specific parameters. The man-
ufacturer who designed this monitor apparently thought
that the base of the monitor might be too high for all of the
nurses, so they designed a hardwired keypad that could be
removed from the side of the computer screen monitor
and brought down with a cord. However, the user still had
to be able to reach fairly high to remove and replace the
keypad. The remote keypad did not address the problem of
the monitor having to be viewed from a sharp angle due
the high mounting point.  If the user is unable to reach or
sce the monitor well, error may occur when the user
inputs or observes monitor  functions and  data.
Furthermore, steps perceived as not critical. such as reset-
ting alarm limits or other device parameters may be
skipped if the task is too difficult.

The multitude of cables and tubing that were connect-
ed to the typical patient was also seen to be a problem.
The majority of the cables in use were the same beige
color regardless of their purpose and the device to which
they were connected. It was apparent that this caused
problems in distinguishing which cables went to which
medical equipment. There were several instances
observed where the patient was nearly engulfed in cables,
and when a nurse had to check the machines or the cables,
you could see her tracing each one from patient to
machine. This is not necessarily a great problem when
there is no emergency on hand, although it can degrade
nursing performance and decrease efficiency. However,
when there is a problem. or when the nurse is trving to iso-
late what is causing an alarm to be activated. the extra task
of tracking the cables can be potentially dangerous. There
was also a problem of cables hanging down around the
patient from various monitors and equipment. and in gen-
eral getting in the way. One manufacturer has recently pro-
vided a simple hanger to go on the side of their equipment
to store unused or excessively long cables. This is a long
overdue “innovation”.

The manufacturers attempted some color coding on
the patient monitoring system. but only on the tips of the
connectors. This facilitated initial hook-up. although it
required the user to look into the connector tip to see the
color.When this type of connector is plugged into the mon-
itor. the color marking is hidden.

Mechanical aspects of plugging multi-pin connectors
into their respective ports were also a source of annoyance
and connector degradation. On the blood pressure mod-
ules of the patient monitoring system, the female connec-
tion point of the 12-pin connector had wear grooves that
were created during the many incorrect attempts at insert-
ing the connector into its socket. This could have been
caused by two things. First, nurses could have repeatedly
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attempted to install an incorrect wire into the port. For
example, they could have tried to insert the EKG connec-
tor into the blood pressure port. Nurses could also have
repeatedly attempted to connect the blood pressure cable
at an incorrect rotation. In either case, the problem was a
lack of color-coding and alignment guides provided by the
manufacturer. Obviously, if people had tried to force the
plugs into the wrong ports, they had difficulty associating
where the connectors should go. In addition to the limit-
ed use of color-coding, the cable-mounted connector does
not provide a good way to let the nurse know the correct
rotation for inserting the wire into the unit.  As with the
colored tip, some users would know to look into the con-
nector to identify the proper alignment, and then handle
the cable end in such a way as to maintain the proper ori-
entation. However, this may not be obvious, and it is
unnecessarily awkward.

During one observation session, there was an instance
in which multiple alarms went off at the same time. One
sounded like a very high-pitched telephone ring. The other
was a high-pitched whining sound. As the alarms sounded,
we walked around looking for the source of the “tele-
phone™alarm. We initially disagreed about its location, and
when the nurse turned off the alarm we found out that we
were both wrong. In this instance, the nurse on duty knew
the source of the alarm by experience. However, another
nurse who was less familiar with the specific equipment in
use and its configuration would likely have had the same
difficulty we did.

Nurses’ Survey

In order to assess nurses’ reactions and interactions
with the medical equipment and the setup of the ICU, we
undertook a survey that would give us more information
that could not be obtained from observation alone. The
survey included questions about alarms, reaching difficulty,
and clutter in the ICU. Twenty-four nurses completed the
survey.

The survey provided more extensive information on
alarm use than we were able to obtain by observation
since we were only present for a limited number of alarm
events. It also gave us the opportunity to hear directly how
the nurses felt about the alarms. The results helped to con-
firm historical and current observations.

When asked if the alarms were too obnoxious or loud,
78% of the nurses answered “sometimes”, and 17%
responded “always”. A question related to the volume of
the alarms asked how often the nurses would turn down
the alarms, if they could. The response was quite interest-
ing: 80% said they sometimes would; 13% said they never
would; and another 8% said they always would. This shows
that the nurses are disturbed by alarm sounds, and are will-
ing to turn the alarm down. This obviously could lead to
potential problems, since a decline in the nurse’s response
could result from the lowered volume of the alarm. It also

presents policy, procedure and risk management issues:
who is authorized to adjust or eliminate audible alarms,
and what are the criteria for a minimally acceptable alarm
volume or setting? Clearly, an incident in which there is an
adverse patient outcome related to a monitored condition
for which there was an alarm, but for which the alarm was
not heard because of user adjustments, would present a
risk management challenge.

The results of our survey supported the historical
observations on alarm masking, with 83% of the nurses
responding that they sometimes have trouble distinguish-
ing which alarm is sounding when several are sounding at
the same time. The nurses were also asked if they ever had
trouble distinguishing where the alarm was coming from,
due to the acoustical properties of the alarm. In their
responses, 87% of the nurses said that they sometimes had
trouble distinguishing where the alarm was coming from
versus 13% that indicated that they never had this prob-
lem.The nurses were also asked specifically which alarms
disturbed them the most. The results indicated that the
infusion pumps, food pumps, heater/humidifier on the ven-
tilators, and an external compression device created the
most bothersome alarms in this ICU. These results are
interesting because, in previous studies, ventilators have
not always been cited as being as annoying as some of the
other alarms. Given the lack of standardization of alarm
sounds, relative annoyance can be a local phenomenon,
depending on the particular variety of equipment on hand.

Our observations confirmed that clutter appeared to be
excessive, and it was therefore of interest to see if the users
shared this perception. We asked if the cables and tubing
coming from the medical equipment ever got in the way of
duties and tasks: 71% of the nurses responded “sometimes”,
while 21% said they always had a problem and 8% said they
never had a problem with it. Bumping into things was also
a common problem observed in the ICU, and when asked
how often they bumped into things while performing a
task, the response was 68% sometimes and 32% always.

When asked about being able to distinguish patient
lines, the nurses responded that the cables and tubing were
hard to distinguish from each other because of their simi-
lar color,and 83% agreed that if the equipment had better
coloring, their tasks would be easier to perform. When the
nurses were asked if they ever had trouble reaching the
equipment or other items necessary to perform a task, they
commented that they find themselves using extended
reaches often, with 74 % stating “sometimes”™ and 22% stat-
ing “always”. Another important aspect of ICU medical
equipment design is the vertical placement of the medical
equipment around each bed. From our observations in the
ICU, it appeared that the height of the patient monitoring
system caused problems for the shorter nurses. When
asked if the nurses felt that the equipment was made for
their size, 48% of the nurses said that the equipment was
made for someone taller than them. When asked if they
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thought this made pertorming their task harder, 74 %
agreed that it did impede their work.

Less structured  conversations with the nurses also
helped us understand the problems that are inherent in
this ICU. Fortunately, they were very open about the
cquipment-related problems that they experienced in the
1CU. This helped to give us more of an understanding of
their needs and where human fictors could be improved.
One arca in particular that they mentioned was that man-
ufacturers of medical equipment do not come to the ICU
to observe what their particular needs are or see what the
interaction is between nurse and machine. Whether or not
this occurs elsewhere during the design cycle, the nurses
never saw it and didn't know about it. Thus, their percep-
tion reintorced an old stereotype that medical device
designers do not understand the clinical environment and
the needs of the user,

While talking to the head nurse on duty one night, we
learned how she felt about a number of things in the ICU.
She said that not only do the alarms of similar devices of
the same general type sound different, but the sound for a
newer model of the same machine will sometimes have a
different sounding alarm than the previous year's model
for similar functions. As a result, in this ICU, different
sounds meant the same thing. She also described a prob-
lem in which the alarms on an older ventilator had the
same warning sound for different conditions, such as high
pressure. low pressure, apnea, and disconnect. This is con-
fusing when trying to isolate the problem after the alarm
sounds. and determining whether the problem is with the
patient or the machine. She said she would like the patient
monitoring system to be more user-friendly, wished that
the printout could be in real time. and that more than two
functions would be available. When sitting at the nurses’
station, she said that the monitor above the patient's bed is
just far enough away that the baseline is difficult to sce.
She also noted that she would like to have five or more
functions displaying the status of the patient, but the
installed monitoring equipment was limited to only four
simultaneous functions. She also said that she wished that
the manufacturers could have a unit that could be cus-
tomized to the needs of each particular ICU unit, because
different hospitals have different needs. This observation is
interesting in that customization may in fact be available,
but this nurse had never been involved in any decisions in
this regard, and didn't know such capability existed. A
number of these complaints scemed to reflect inadequate
or ineffective nursing input during equipment selection.

Hardware Approaches to ICU Problems

The underlying principle of human factors analysis and
engineering is that equipment must be designed to meet
the needs and expectations of the user if consistent and
effective performance is to be obtained. Specific standards
and guidelines have been developed to aid in this effort

(ANSI/AAMI, 1993; FDA, 1996). In this regard we looked at
a number of hardware issues to identify design approaches
to their correction. For the most part these issues have
been addressed in the general standards and guidelines, yet
they have not been adequately dealt with in actual equip-
ment design and utilization.

Alarms: The issuc of alarms and the sounds that they
make has received so much attention that it is surprising
that the same problems continue to exist. It is clear that
during design more attention must be paid to the nature of
sounds produced with respect to audibility, annoyance, the
ability of users to locate the sound, and the correlation of
the significance of the sound with the significance of the
event. This must be done in the context of the real condi-
tions of use. including other equipment that is likely to also
be present.  In addition. the meaning of an alarm with
respect to the condition causing it must be made to be
immediately and easily identifiable. Standardization is also
needed so that similar events make similar sounds. regard-
less of the manufacturer, and also within the product lines
of a single manufacturer. One approach might be to pro-
vide user selectable tones so that the user could configure
all of the equipment to a locally consistent and effective
series of outputs.

Alarm functions must be made a distinct part of pre-
purchase evaluation, and checked for effectiveness upon
installation and during ongoing conditions of use. The
addition of new equipment requires a reevaluation in the
clinical setting to assess the impact of the new device's
alarms on those alreadv in place. User training must
include the nature of existing alarms along with policies
and procedures for their use.

We suggest an approach to alleviate the stress caused
by the sound of the alarms in a children’s hospital. To make
the alarms less obtrusive to the children, and make the
environment better for them. the alarms could be integrat-
ed with the interior design — a jungle, for example. The
alarms could make sounds related to different nature
sounds in the jungle. This would create a wide variety of
sounds for the nurses to use to distinguish the different
functions of the different picces of equipment. Sounds
could also be grouped to help define the location, type or
urgency of the alarm. For example, bird sounds could be
unique to the ventilator, using a mild chirping sound for an
alarm that occurs more often but is not a serious priority,
as compared to a more forcetul call to signify a more seri-
ous alarm. A less fancitul approach would be to have cen-
trulized display stations that provide a labeled visual indi-
cator for every alarm function for every piece of equip-
ment in use. This would, of course, require a communica-
tion standard and system so that all of the devices could be
casily interfaced with the display station. While these sug-
gestions may have some practical limitations, they perhaps
represent the types of integrative approaches necessary to
solve the multiple alarm problem.
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Monitor mounting: For the equipment observed in this
study, the patient monitor key pad, which is currently
mounted on the side of the unit, could be moved down to
a level easily accessible to all of the nursing sttt This
could be done by mounting the unit on the wall beside the
bed. or on an casily adjustable hanger This would allow the
shorter nursing staft to casily reach the controls. A wireless
kevpad would also be a nice option, subject to concerns
about its potential for disappearance and clectronagnetic
interference. Mounting contigurations should be consid-
ered during pre-purchase evaluations, with specific refer-
ence to the design of the specitic 1CU. These aspects of
workplace design are not adequately addressed in the
AAMI standard (ANSIZAAML 1993) which has an unrealis-
tic emphasis on the scated worker.

Lead Identitication:  The ditficulty in distinguishing
patient lines from cach other and attaching them to the
correct point on the hardware requires an integrated
approach. The use of the same-color lead for various func-
tions should no longer exist in our hospitals. Since the
functions and connectors are unique anyway, there is no
reason for them not to be colorcoded. In the absence of
manufacturer support in this area. in-house coding could
casily be done that would signify the machine and port
that they belong to. Even marking just the ends of the
wires would be a substantial improvement. A related in-
house fix would be to mark the rotational orientation of
the connectors and ports in order to reduce ditficulty with
obtaining the correct rotation required to match pins to
sockets. This would clearly make the equipment easier and
quicker to use.and may extend connector life. This issue is
addressed in general terms in the AAMI standard
(ANSI/AAMIL 1993).

User interface: Another common design problem that
should be taken care of is the user interface with the
machine.There should be no question as to how a function
should work. and the nurse should feel comfortable using
the equipment. regardless of its complexity. Again, this
issue is addressed in general terms in the AAMI standard
(ANSI/AAMI, 1993). However, as with many standards and
guidelines. knowledgeable and thoughtful designers still
must translate statements of principle, and even some
detailed specifications, into actual hardware.

Accessibility: The reach problem can be remedied by
placing the equipment in a manner that doesn’t make the
nurses have to stretch to do their tasks. Some of the roll-in
equipment could be integrated into permanent fixtures
that would make them more accessible, while keeping
them from surrounding the bed. This would leave the arca
surrounding the bed free for the nurse to get into a good
position to do work on the patient without straining and risk-
ing injury to both parties. The key to doing this successfully is
effective integration based on realistic task analysis. Hanging
things from the ceiling or installing them in the wall doces
not automatically result in a more usable system.

Risk Management Consideration

Human factors issues present a very real risk-manage-
ment concern since they have received a great deal of
recent attention. Problems that are known, or should be
known, are the ones that most clearly demand corrective
action so that they do not lead 1o patient or staff injury and
subscquent economic and public relations risks to the hos-
pital.
identified by outside investigators, or those that have been
the subject of published  articles, present the greatest

Similarly, cquipment problems that can be readily

potential for embarrassment after an incident. The opin-
ions of the hospital’'s own staff on such matters are also a
possible source of difficulty from the risk-management per-
spective, especially if a nurse were to be questioned about
aspects of equipment that he or she had know for some
time were problematic.

The required approach to these problems is multi-faceted.
At a minimum it must include ¢ffective human factors analy-
sis in the pre-purchase evaluation and installation of equip-
ment, in-house human factors surveys using direct observa-
tion and staft consultation to identify use-related problems.
There must also be a corrective action program to address
identified problems, and site specific staff training to address
residual problems that the staff will have to confront.

CONCLUSION

The observations and survey results obtained in this
study are more anecdotal than they are well-designed sci-
entific research. However, they clearly illustrate that rela-
tively simple and well-known problems continue to exist
and plague nurses. and potentially put patients at risk.

Overall, the results were very useful in determining and
distinguishing some of the human factors problems in this
ICU and confirming that these problems fall into well-
known areas. While equipment use problems in the ICU
have been known for many vears, our results showed that
there are ongoing issues with alarm design and standards,
reaching problems, clutter, lead identification and the lack
of consistently user-friendly interfaces. It is clear that man-
ufacturers must continue to address  these  issues.and
acquire a more widespread understanding of the need for
realistic human factors considerations, including continued
work with 1CU nursing staffs. In the interim, these prob-
lems must be rigorously addressed at the hospital level,
through cquipment sclection and integration, user triining
and onssite observation. In the Latter regard, the techniques
used here can be casily applicd within any hospital to iden-
tify and address local problems and user perceptions.
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