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ABSTRACT
Equipment design, the environment, 
and worker interaction with the equip-
ment all factor into the effectiveness 
of healthcare delivery. It appears that 
within the medical literature, there exists 
a bias toward focusing on ergonomics 
related to the prevention of workplace 
injury. Literature that makes a direct cor-
relation between healthcare provider 
ergonomics and patient safety is sparse. 
As a result of consultation with a facil-
ity regarding a cluster of infections, 
Pennsylvania Patient Safety Authority 
analysts suspected a link between 
ergonomic design and the develop-
ment of those infections. The analysts 
then queried the Pennsylvania Patient 
Safety Reporting System for data on 
the existence of other epidemiologic 
links, specifically targeting procedural 
systems, procedural environments, 
and equipment. Analysts identified two 
specific clusters of patient exposures 
to equipment that demonstrated a link 
between ergonomics and a patient’s risk 
of acquiring an infection. Equipment, 
environment, and ergonomics can be 
combined either in a structured or hap-
hazard format. If a structured format is 
employed, then opportunities to prevent 
healthcare-associated infections can be 
identified and addressed. (Pa Patient Saf 
Advis 2015 Mar;12[1]:37-40.)

INTRODUCTION

One of the most eloquent examples that expresses the merging of equipment and 
humans is the fifth statement in the United States Marine Corps creed “My Rifle”: 

My rifle is human, even as I, because it is my life. Thus, I will learn it as a brother. I 
will learn its weaknesses, its strength, its parts, its accessories, its sights and its barrel. 
I will ever guard it against the ravages of weather and damage as I will ever guard my 
legs, my arms, my eyes and my heart against damage. I will keep my rifle clean and 
ready. We will become part of each other. We will . . . .”1

In healthcare, the workers never merge with their equipment in every aspect of its life 
cycle as a marine does with their rifle. The proceduralist may merge with an endoscope 
during a procedure, but after the procedure, the endoscope is handed off to another 
worker who merges with it for another purpose, such as cleaning and disinfection. 
Never do the workers reach the level of total care for equipment that the marine has 
with their rifle. It would be impractical for a proceduralist to assume total care of a 
piece of equipment; however, the healthcare system needs to care for its equipment, 
like the marine, because lives depend on the equipment functioning properly. 

A modern healthcare delivery system is heavily reliant on the workers, the equipment, 
and the environment, which are components of that system. Worker skill and knowl-
edge about equipment and environment will impact equipment effectiveness. Similarly, 
equipment and environmental attributes for assessment or treatment will impact the 
worker’s effectiveness. The aforementioned challenges can be magnified when equip-
ment is retrofitted or newly installed into spaces that are suboptimal with respect to 
size, flow, or access. For example, if the new patient bed will not roll flat through the 
existing room door because the opening is too small, the patient cannot be transported 
in the bed. Staff experience increased workload because of the added manual labor 
required to transfer the patient from bed to litter when transport is necessary. 

Equipment may also be inserted into a work system without assessing the direct impact 
of equipment design on the user. For example, if personal protective equipment is 
purchased in response to an infectious environmental threat but the equipment is not 
easily doffed, removal requires extensive assistance, and the available doffing space 
is suboptimal, the combination of equipment design and the environment increases 
workload and raises potential exposure risks. These two examples describe situations 
that may lead to staff dissatisfaction, variation of task performance, delays in treat-
ment, and potential patient or staff harm.

Ergonomics (or human factors) is “the scientific discipline concerned with the under-
standing of interactions among humans and other elements of a system, and the 
profession that applies theory, principles, data, and other methods to design in order 
to optimize human well-being and overall system performance.”2 It appears that within 
the medical literature on ergonomics, there exists a bias toward focusing on the pre-
vention of worker injury.3-8 Medical literature that correlates ergonomics with patient 
safety is sparse, and literature that correlates ergonomics with a patient’s infection risk 
is almost nonexistent.

METHODS

As a result of consultation with a facility regarding a cluster of infections, Pennsylvania 
Patient Safety Authority analysts suspected a link between ergonomic design and the 
development of those infections. The analysts then queried the Pennsylvania Patient 
Safety Reporting System for data on the existence of other epidemiologic links, 
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specifically targeting procedural systems, 
procedural environments, and equipment. 
Analysts identified two specific clusters of 
patient exposures that warranted further 
investigation and examined the narratives 
included in each of the event reports for 
both epidemiologic clusters. 

RESULTS

The first cluster involved patients exposed 
to a contaminated endoscope. The nar-
ratives describe that several endoscopes 
had been sent out for repair. Loaner 
endoscopes (i.e., endoscopes loaned 
by the manufacturer) were placed into 
the system to temporarily supplement 
supply until the repaired endoscopes 
could be returned to service. The loaner 
endoscopes varied in design from the 
endoscopes the technicians were used to 
cleaning, as they contained an additional 
channel. Because the technicians were 
unfamiliar with the new equipment, the 
additional channel was not manually 
brushed (i.e., debrided) as part of the 
endoscope cleaning process. 

The second cluster involved equipment 
purchased and retrofitted to an existing 
procedure room. The room was also used 
to perform other procedures and housed 
equipment related to those procedures, 
which in turn affected available space. 
The proceduralist had to change their sur-
gical approach due to the room size and 
position of the equipment. This change in 
approach resulted in a cluster of ophthal-
mic infections.

DISCUSSION

The science of ergonomics addresses the 
parts or qualities of equipment or envi-
ronmental design that facilitate easy and 
effective use. With any reusable equip-
ment (such as endoscopes), use includes 
reprocessing. In the first cluster of infec-
tions, the design of the endoscopes did 
not make reprocessing intuitive in regard 
to the reprocessing staff being made aware 
of the additional channel. Considering 

how the reprocessor uses the endoscope, 
there may be an opportunity for a  
systems fix if a facility is aware of equip-
ment changes.

For example, a facility could tag the 
loaned endoscopes with a traditional 
break lock (commonly used on code/
crash carts/medication boxes), which 
would be placed postprocedure. The 
assistant or proceduralist could write 
on the break lock the number of chan-
nels the particular scope possessed. The 
reprocessing staff would then be aware of 
differences in endoscopes. 

This concept may have particular value 
where there tends to be a lack of a critical 
control point for loaner equipment enter-
ing the system as well as in ambulatory 
surgical centers, where ancillary depart-
ments, such as biomedical engineering, 
tend to be nonexistent. The addition of 
the break locks to the endoscope is heav-
ily dependent on individual personnel’s 
knowledge of the process. This process 
would also be dependent on the facility 
knowing the loaner endoscopes varied in 
design from those that had been sent out 
for repair.

A more permanent, intuitive fix would be 
for the manufacturers of endoscopes to 
label the number of channels and any other 
pertinent reprocessing information on the 
handle or body of the endoscope. Labeling 
to guide action has been described in the 
literature for at least 35 years. A seminal 
example is the case of a data scope M/D3 
defibrillator/monitor, where there was con-
fusion related to switch activation required 
to deliver a shock to the patient. Following 
investigation, the manufacturer issued new 
labels that made the functions and opera-
tion of the defibrillator more intuitive for 
the operator.9

MMWR Case Example
In January 2014, an article in the 
Morbidity and Mortality Weekly Report 
(MMWR) highlighted a carbapenem-
resistant Enterobacteriaceae outbreak 

associated with endoscopic retrograde 
cholangiopancreatography.10 The article 
reported that “retrospective review and 
direct observation of endoscope reprocess-
ing did not identify lapses in protocol.”10 
Other studies have identified that the 
design of these particular endoscopes may 
make disinfection challenging.11-13 

In an effort to address the findings 
related to the case highlighted in MMWR, 
enhanced training of reprocessing staff 
in terms of brushing, spending extra time 
cleaning the elevator port, and detergent 
flushing is emphasized.12 The intended 
suggestion does not evade the work but 
tries to vary the process to circumvent 
design problems that impede reprocess-
ing; the variation may be effective but will 
fail if a user forgets the variation. Perhaps 
labeling could play a role in this case, 
combined with the additions to suggested 
reprocessing. The scope could be labeled 
with a simple phrase to remind the opera-
tor about the elevator channel cleaning 
step—for example, “Warning: Forceps 
Elevator Channel—refer to instructions 
for reprocessing.”

If the endoscopes from the outbreak case 
highlighted in MMWR were designed with 
all of the users in mind, they may have 
had characteristics supportive of effective 
and safe reprocessing (such as additional 
labeling). An ergonomics perspective 
includes consideration of whether the 
design of the endoscope and its parts and 
qualities, as well as instructional materials, 
consider the needs of all users. 

The Environment
The second cluster of patient infec-
tions—involving equipment purchased 
and retrofitted to an existing procedure 
room—demonstrates how the physical 
environment impacts the proper use of 
equipment. In this example, the equip-
ment was used in a space with insufficient 
clearance, and the user had to change how 
they performed the procedure. Again, 
it appears variation has been created to 
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compensate for poor ergonomic design. 
The equipment may have been designed 
properly, but the environment where the 
equipment was used was not optimal for 
the intended function. Space limitations 
impact the interaction between the user 
and equipment, resulting in preventable 
patient harm.

Design Evaluation
Usability engineering methodology that 
incorporates ergonomic principles and 
a user-driven approach can be utilized 
to optimize equipment selection and 
environmental characteristics while also 
considering other crucial operations such 
as cleaning and disinfection. There are six 
steps classically associated with the process 
of usability engineering: user studies, 
goal-setting, concept development, design 
detail, specification, and field testing.14 
Usually an institution will have little if 
any influence over the goals, concept, 
detail, or specification of the equipment 
that has been designed, though an institu-
tion may be involved in user studies and 
perhaps specification if there is a relation-
ship with the manufacturer and industry. 
Considering the examples presented 
herein, user studies would be of key 
importance when evaluating equipment 
for use or purchase. 

When evaluating equipment, user studies, 
particularly interviews following field test-
ing or simulation, have proven beneficial 
before finalizing equipment design. For 
example, Wiklund notes, “User inter-
views and [field] testing revealed that a 
thumbwheel was the best way to achieve 
single-handed control of articulation for 
the illumination catheter of [a particular 
type] of endoscope.”14 Field testing during 
the planning and evaluation phase will 
provide information about how a particu-
lar piece of equipment will affect users in 
a facility. 

At the facility level, field testing is eas-
ily accomplished through simulation 
by way of placing a prototype, the real 

equipment or mock equipment, into a 
real or simulated environment, which 
would allow equipment use and its impact 
on users to be traced during diverse 
scenarios. Simulation observations and 
user interviews can be compiled to select 
equipment that would be the most ergo-
nomic for all users and to select or design 
environments that address all aspects 
of clinical use, including cleaning and 
reprocessing. Furthermore, there needs to 
be a defined critical control point that is 
the single way equipment is evaluated and 
purchased or placed into use in a facility 
or system. Once a critical control point 
is established, only then can checklists, 
simulations, and user interviews become 
effective at mitigating device-related 
patient harm.

Medical Device Evaluation Tool
In order to provide a structured assess-
ment, the Authority has developed a 
sample tool that focuses on ergonomic fac-
tors and related patient risk. Depending 
on respondent answers, the Authority tool 

may point to the National Aeronautics 
and Space Administration’s Task Load 
Index15 assessment tool in order to gather 
further information about a device’s 
impact upon its users in their own envi-
ronment. The tool accompanying this 
article is available at http://patient 
safetyauthority.org/EducationalTools/
PatientSafetyTools/Pages/home.aspx. 

CONCLUSION

A structured format that includes con-
sideration of the entire continuum of 
processes involved in patient care provides 
opportunities to identify and address ergo-
nomic problems to minimize infection 
risk and prevent patient harm. The Figure 
is typical of the continuum of processes 
institutions face when delivering care to 
a patient. The environment encircles and 
flows through the patient, the healthcare 
workers, and the equipment. All of the 
elements are interconnected and must be 
considered individually and as part of a 
larger whole in order to fully comprehend 
efficiency or inefficiency of design.

Figure. Ergonomic Factors and the Continuum of Care Delivery
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To mitigate infection risk, it is essential 
to consider the ergonomic relationships 
involving the patient, the care providers, 
and the equipment reprocessors, as well as 
the equipment itself and the related work 
environments. The patient, healthcare 
staff, equipment, and environments may 
be combined either in a structured for-
mat or haphazardly. If the combination 

of people, processes, equipment, and 
environment is left to chance, poor deci-
sion making or ill-conceived ergonomics 
will likely lead to a game of Russian rou-
lette in terms of a patient’s infection  
risk mitigation. 
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