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ABSTRACT

Clinicians who care for patients infected with coronavirus disease 2019
(COVID-19) must wear a full suite of personal protective equipment, including
an N95 mask or powered air purifying respirator, eye protection, a fluid-im-
permeable gown, and gloves. This combination of personal protective equip-
ment may cause increased work of breathing, reduced field of vision, muffled
speech, difficulty hearing, and heat stress. These effects are not caused by
individual weakness; they are normal and expected reactions that any per-
son will have when exposed to an unusual environment. The physiologic and
psychologic challenges imposed by personal protective equipment may have
multiple causes, but immediate countermeasures and long-term mitigation §
strategies can help to improve a clinician’s ability to provide care. Ultimately, 5
a systematic approach to the design and integration of personal protective
equipment is needed to improve the safety of patients and clinicians.
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linicians around the world use personal protec-
tive equipment while caring for patients affected
by the coronavirus disease 2019 (COVID-19) pandemic.
Physicians of all specialties perform aerosol-generating

make continuous use of personal protective equipment for
longer periods of time, exacerbating its effects on human
performance. There is a paucity of information on the
effects of prolonged use of the personal protective equip-
ment required to care for COVID-19 patients, but at least
one study has concluded that personal protective equip-

procedures (including tracheal intubation and extubation),
administer treatments that generate aerosols (e.g., bilevel
positive airway pressure ventilation and high-flow nasal
cannulas), or must simply stand within two meters of an . .
. . ) . Py . . . ment produces negative effects on both the physical and
infectious patient. Personal protective equipment required eal health of health Lers !
. . . mental health of healthcare workers.

for the care of these patients includes an N95 mask with a . . .
The diverse array of personal protective equipment worn

by healthcare workers varies by location and availability and

may also change over time. This lack of standardization can

face shield or powered air-purifying respirator, a gown, and
gloves. This combination of personal protective equipment

causes increased work of breathing, reduced field of vision, ., . . .
prevent clinicians from developing proficiency in its use

and may negatively affect their ability to provide care.® One
possible advancement would be for health care systems, the
government (e.¢., National Institute for Occupational Safety

reduced tactile sensation, and heat stress.'™ Additional prob-
lems include ill-fitting equipment and shortages that result
in constant changes in the type and availability of equip-
ment that healthcare professionals must use. Each of these

. . . L, and Health), and organizations with expertise to align and

challenges has the potential to impair a clinician’s ability to . ; .

. . insist on higher and universal manufacturer standards for

care for his or her patients. . .

. . . . design, fit, and performance, which would allow for pre-

In the past, medical equipment was designed with the . . .. . . .

) ) : emptive universal training, possibly translating to improved
expectation that the user will adapt his or her workflow

to the device. Instead, the device should be designed to
accommodate the needs of the user. Advances in human

clinician safety and performance. This review will discuss
how personal protective equipment can impair perfor-

. . . . ) mance and propose immediate and long-term solutions for
factors engineering lead to equipment design that will

20z I1dy || uo 3senb Aq Jpd 60000-0"00+0120Z/FEETLS/BLS/P/E L/Pd-BloIIE/ABOjOISaY)SBUE/LIOY JIeUDIOA|IS ZES.//: )Y WOl papeo)

. . . wearable, functional, and comfortable personal protective
enhance, rather than impair performance. Although a single . . . . P P

. . equipment in the patient care environment.
piece of equipment (e.g., an N95 mask) may cause only a

minor degradation in performance, multiple items used in

Human Performance: Impact and

combination have additive effects which may significantly Countermeasures

impair a clinician’s ability to provide care.’ The authors have
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personally experienced this effect before the current pan-
demic but dismissed it as a mildly unpleasant, short-term
problem.The COVID-19 pandemic requires that clinicians

When wearing personal protective equipment, factors such
as thermal stress, limitations on hearing and vision, and
restriction of movement exacerbate physical and attentional
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fatigue. The stressors placed on healthcare professionals
through their work environment and the added burden of
wearing personal protective equipment are cumulative.’
The “Task-Taxon-Task” method can be used to develop
a predictive model of how physiologic and psychologic
stressors can interact to impair a practitioner’s ability to
function in the clinical environment.” This model assumes
that each task uses a measurable set of skills taxons, and
environmental stressors cause a decrement in each skill by
a measurable amount.” The decrease in performance can
be predicted by rating the impact of the stressor on each
skill, assigning each skill a proportion related to its impor-
tance to the task, then summing the total.” For example, the
Task-Taxon-Task method can be used to show that physical
fatigue, impacting motor skills, is additive to sleep depriva-
tion, impairing cognition. Figure 1 uses this methodology
to illustrate how impairment caused by wearing personal
protective equipment is cumulative.

Respiratory Effects

The N95 mask protects the wearer from droplets or aero-
sol that contains infectious agents (e.g., Mycobacterium
tuberculosis, severe acute respiratory syndrome coronavirus
2). It is defined as a negative pressure respirator because the
pressure inside the mask is lower than ambient pressure
during inspiration, which increases work of breathing. An
NO95 mask increases inspiratory flow resistance by 126%,
increases expiratory flow resistance by 122%, and decreases
the volume of air exchanged by 37%.! Dead-space carbon

Fig. 1. To accomplish an intubation, a clinician needs cognitive,
visual, and motor skills. Wearing personal protective equipment
may additively impair all three of these skills. Mitigating impair-
ment in any domain may therefore improve performance. Based
on the Task-Taxon-Task (T3) Method.”

dioxide is increased and dead-space oxygen is decreased.®
Interim guidance from U.S. Centers for Disease Control
and Prevention currently recommends that if exposure to
bodily fluids is anticipated, a face shield should be worn
and the respirator should be covered with a surgical mask
to facilitate extended use. This technique increases the resis-
tance to inhalation and exhalation.” Humidity from exhaled
air accumulates in an N95 mask over time, further increas-
ing the work of breathing. The effect of full-face respirators
is similar to that of N95 masks."” Increased resistance to
breathing is a physiologic stressor” and can cause dyspnea,
fatigue of the respiratory muscles, and changes in lung vol-
umes and ventilation."" A person who is unfamiliar with
this sensation may respond with either hypo- or hyper-
ventilation.'”? These physiologic stressors, even in phys-
ically fit individuals, can lead to “‘hypoxia-like’ incidents
characterized by short periods of confusion and cognitive
impairment.”"?

Ml-fitting or uncomfortable industrial respirators have
been shown to cause psychologic stress, especially in work-
ers with claustrophobia or anxiety.'* The increased work of
breathing from an N95 mask may cause anxiety in some
individuals. Clinicians with asthma may experience an
anxiety related dyspnea.'® This same anxiety can trigger
a positive feedback cycle of hyperventilation and hyper-
ventilation that causes an increased sensation of dyspnea.'®
Half-facepiece respirators can cause more anxiety than
N95 respirators in some healthcare workers."” In spite of
this, many practitioners prefer half-facepiece respirators for
prolonged wear, because they have an expiratory valve that
mitigates the associated increased work of breathing.'®

All clinicians should be aware of the potential for hyper-
ventilation or hypoventilation while wearing a respirator
and may need to consciously control the depth or rate
of breathing. Clinicians should be aware of the common
symptoms of hypoventilation, which include anxiety and
shortness of breath, and of hyperventilation, which include
light-headedness and tingling fingers. U.S. Air Force
Acrospace Physiologists teach high altitude operators to
regulate breathing rate and depth by deliberately speaking
out loud in long sentences. This forces a person to breathe
at a normalized rate and depth, as hyperventilation is nearly
impossible when talking. Teaching healthcare workers to
focus on taking slow, regular breaths using their diaphragm
as the predominant respiratory muscle can also help to alle-
viate dysfunctional breathing."” Anecdotal reports from our
colleagues suggest that powered air-purifying respirators
may be more comfortable, particularly if a clinician is per-
forming a physically demanding task.

Tight-fitting respirators can deform and stretch the skin,
causing discomfort and eventually pressure injury. Absorbent
foam wound dressing material (e.g., Mepilex Lite, Molnlycke
Corp., Sweden) has been reported to reduce the risk of
injury and to improve comfort in patients who are required
to wear tight-fitting masks for noninvasive ventilation.?
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After applying this material and before entering a patient
care environment, the clinician should undergo a fit check
to ensure that the respirator maintains a proper seal.

Vision Restrictions

Personal protective equipment can impair vision by reduc-
ing field of view and field of regard. Field of view is the
width of the visual angle that can be viewed instantaneously
within the visual field. Field of regard is the total area that
can be seen when moving the head, eyes, and body.?' Field
of view is reduced by the way that the head is positioned
in the protective equipment and field of regard is reduced
by the limited range of motion from side to side. In one
study, the field of view was reduced in all of the 12 military
combat eye protection devices evaluated.” Similar vision
restrictions are almost certainly created by much of the
personal protective equipment employed in healthcare, and
especially by powered air-purifying respirators. People use
peripheral vision to orient themselves in space relative to
the view they are focusing on. A person who has impaired
peripheral vision may compensate with an altered posture
and gait, increasing the likelihood of falls. Plastic face shields
can become fogged or scratched and may also distort vision,
further decreasing visual acuity and making procedures
more difficult.”

The most effective countermeasures for restricted vision
include changes to the environment that facilitate situation
awareness. Personal protective equipment does not appear
to affect a clinician’s ability to intubate using direct laryn-
goscopy or through a laryngeal mask airway. If, however, a
fiberoptic bronchoscope is required and a video monitor
is unavailable, it may be difficult use an optical eyepiece.*
Some countermeasures that improve a pilot’s ability to
function in restricted vision situations may also be applica-
ble to the clinician. When possible, the most critical equip-
ment should be arranged so that it is in the clinician’s field
of view. Clinicians should remember to turn their heads
and look left and right periodically to monitor objects that
are not seen due to reduced peripheral vision. Because the
field of regard is reduced, clinicians should be trained to
understand that their vision will be limited. Clinicians may
need to turn their head slowly, however, to avoid becom-
ing dizzy, especially because they also may be experiencing
heat retention. Moving the head in only one axis at a time
(e.g., up and down or left and right) may help to avoid dis-
orientation. Smooth, deliberate movements will help the
clinician to maintain balance using the vestibular system of
the inner ear when visual cues are decreased.

As new personal protective equipment is developed, its
impact on breathing, vision, hearing, physical movement,
and anxiety should be considered during design and cer-
tification, particularly if the device is to be widely used.
Readily available, inexpensive respirators may be developed
that allow delivery of oxygen to the clinician® and mea-
surements of inspired and expired Po, and partial pressure
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of carbon dioxide that could be monitored by a safety
officer.” Personnel who chronically hyperventilate while
wearing a respirator, such as those individuals with asthma,
may benefit from a mask that can be adjusted to allow for
partial rebreathing when necessary.®

Impaired Communication

Respirators such as N95 face masks and powered air puri-
fying respirators can muffle speech, making communica-
tion difficult or impossible.””* Clinicians should therefore
look directly at the person to whom they are speaking,
speak slowly and distinctly, and plan to repeat critical infor-
mation.”” Using a colleague’s name at the beginning of a
conversation may help to attract his or her attention. It is
essential to verify critical communication (e.g., drug doses).
Closed loop communication with verbal readbacks are
therefore especially important in this environment. Because
of the aforementioned vision restrictions, it may be diffi-
cult or impossible to see a coworker’s gestures or nonver-
bal communication, further emphasizing the importance of

closed-loop communication.*

The suite of personal pro-
tective equipment used during the current pandemic has
also made it difficult to identify or distinguish healthcare
professionals from each other. One potential solution is for
each clinician to write his or her name and title in bold
letters on 3-inch tape placed over the front and back of the
uniform; others have taped a photograph onto a visible part

of his or her gown.”

Decreased Manual Dexterity

Clinicians will experience a decrease in manual dexterity
caused by movement restrictions or the decreased tactile
feedback provided by multiple layers of gloves.” One study
comparing intravenous with intraosseous vascular access
with the provider wearing personal protective equipment
and a mannequin with or without personal protective equip-
ment concluded that vascular access was established more
rapidly by the intraosseous route (14 vs. 465).% Intravenous
access took 90s longer than intraosseous access in a simu-
lated disaster scenario in which participants wore personal
protective equipment.® Data from the military corroborate
that when wearing chemical protective clothing, it takes
more time to finish a task.* These studies highlight the fact
that some procedures requiring a high degree of manual
dexterity can take longer and might be more difficult when
wearing personal protective equipment.

Clinicians should expect that procedures such as endo-
tracheal intubation and vascular access may take longer
than expected. If help is needed, assistants will need to don
personal protective equipment before entering the patient
care area, so clinicians should call for help earlier, especially
if a patient is developing respiratory failure and may need
an emergency intubation. For intraoperative procedures,
clinicians should also set a lower threshold for establishing
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vascular access, securing the airway, or calling for extra
equipment that may be needed during surgery. Although
this does not appear to have been studied in healthcare pro-
fessionals, practicing procedures using double gloves before
performing them on an infected patient may help clinicians
to compensate for any reduction in manual dexterity.

Physical and Mental Fatigue

Personal protective equipment imposes restrictions on
movement and increases the difficulty of tasks requiring
physical exertion, such as chest compressions during car-
diopulmonary resuscitation. In addition to a decrease in the
percentage of adequate compressions, rescuers exhibited an
increase in heart rate, arterial blood pressure, and subjective
fatigue.” Tolerance to aerobic exercise is decreased when
a person is not adequately hydrated; this effect exacerbates
the progressive dehydration that occurs during exercise.”
Full-face, negative pressure respirators can impair per-
7 and it seems reasonable to
assume that other respirators (such as half-face respirators)

formance on cognitive tasks,

may have similar effects. Mental fatigue is also exacerbated
by personal protective equipment, and the task-taxon-task
model suggests that aggregate effects of stress can worsen
cognitive impairment.” This mental fatigue can present as
anxiety, which impairs working memory as a result of pro-
cessing of extraneous information.™

Specific countermeasures to mitigate physical and men-
tal stress include adequate hydration and personal protective
equipment that minimizes heat accumulation and enables
physiologic regulation of body temperature. Healthcare
professionals who wear impermeable protective equip-
ment should drink at least 0.7 1 per hour to mitigate the
effects of dehydration® and remove sweaters or warm-up
jackets to prevent overheating. When clinically feasible,
dividing strenuous tasks may decrease the fatigue associated
with wearing protective equipment. Powered air purify-
ing respirators do not seem to offer a significant improve-
ment in respiratory function over N95 masks but may be
more comfortable, particularly if a clinician is performing a
physically demanding task for an extended period of time.
Team leaders should ensure that clinicians receive adequate
breaks, nutrition, and sleep whenever feasible. Clinicians can
reduce the strain on prospective memory by making a list
of critical tasks that must be performed in the future (e.g.,
antibiotic administration, redosing heparin during vascular
procedures) and by using a cognitive aid during critical and

off-nominal events.*

Thermoregulation

Surgical masks, N95 masks, and powered air-purify-
ing respirators must comply with National Institute for
Occupational Safety and Health regulations. Similar reg-
ulations apply to head covers, isolation gowns, fluid
impermeable gowns, and gloves. Each of these regulations

focuses primarily on how the personal protective equip-
ment is used. Personal protective equipment is designed to
be impermeable to fluids such as sweat, trapping hot air
between the clinician’s clothing and body, and limits heat
transfer by radiation and convection. Obstructions to air-
flow, such as fitted arm or leg cufs, can reduce or eliminate
a path for hot air to escape or cool air to enter. This results
in a micro-climate of hot, humid air that inhibits the evapo-
ration of moisture such as sweat. Wearing extensive personal
protective equipment, particularly in a warm environment
(such as a pediatric operating room), may therefore cause
heat stress in healthcare workers.*!

Clinicians can mitigate some of the effects of heat stress
by minimizing layers of clothing (e.g., surgical scrubs) under
the personal protective equipment. Prescription eyeglasses
can be secured to the face so that they do not slip as a result
of perspiration,* possibly with an elastic band. A clinician
who is sweating should resist the temptation to adjust his
or her eyeglasses while wearing personal protective equip-
ment. If the patient is not at risk for hypothermia, the room
should be cooled. Loose-fitting and tight-fitting half-face
powered air purifying respirators ameliorate exercise-in-
duced increases in facial skin temperature when compared
to an N95 mask. This can lead to a hazardous situation in
which the wearer may feel a normal face and head tem-
perature while his or her core temperature is increasing.*
Clinicians should consider measuring their temperature
regularly and ensure that they are well hydrated if required
to wear personal protective equipment for an extended
period of time.*

Difficulty of Donning and Doffing Personal Protective
Equipment

Donning and doffing personal protective equipment is
more difficult to perform than many clinicians expect,
and failure to remove personal protective equipment cor-
rectly represents a significant safety hazard. Self-assessment
of proficiency is a poor predictor of a clinician’s ability to
correctly don and doff personal protective equipment.*
Self-contamination can be common for clinicians who are
unfamiliar with this task. In one study, for example, protocol
deviations prior to training occurred in 27% of healthcare
workers doffing personal protective equipment.* Another
study found that 79% of healthcare workers contaminated
themselves in at least one area while doffing personal pro-
tective equipment.® The authors of this study concluded
that the errors with the highest risk were those related
to hand hygiene and mishandled or compromised per-
sonal protective equipment (especially exposed hands and
wrists).* In less experienced personnel, the potential for
contamination is even greater. Only 41% of medical stu-
dents reported receiving personal protective equipment
training, and none had received training to a demonstrated
level of proficiency.” The same study showed that 93%

of trainees had one or more lapses in technique during
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Table 1. A Summary of Countermeasures That May Help
Clinicians Who Wear Personal Protective Equipment

Stressor Countermeasure
Donningand  Seek recurrent, just-in-time training (focus on error-prone
doffing steps)
Be alert for compromised personal protective equipment
Develop visual cognitive aids
Use a safety coach to supervise donning, doffing
Breathing Develop awareness
restrictions  Use a correctly fitted mask

Asthmatics: use medication as prescribed
Conscious control of breathing (consider long sentences)

Vision Develop awareness

restrictions  Place critical objects into field of view

Use caution when moving (reduced peripheral vision)
Turn head left and right slowly to monitor the environment
Move head in one axis at a time

Impaired com-  Speak slowly and distinctly; make eye contact

munication  Use colleague’s name at beginning of conversation
Use closed loop communication to ensure information transfer
Consider using hand gestures
Write name and role on visible part of gown
Decreased Set a lower threshold when calling for help
manual Add extra time when planning to do a procedure
dexterity Set a lower threshold for vascular access, airway management
Consider videolaryngoscopy instead of direct laryngoscopy
Physical and Drink water and use the restroom before donning personal

mental protective equipment

fatigue Plan ahead to eat nutrient-dense foods for meals and snacks
Divide physically strenuous tasks into smaller chunks
Consider more comfortable equipment if available
Thermoregu-  Safety officers should monitor personnel for heat stress

lation Cool the room if feasible

Secure eyeglasses to face

Wear personal protective equipment during training exer-
cises (e.g., simulation)

Develop new habit patterns while wearing personal protec-
tive equipment

Learn mindfulness training to decrease stress response

Psychologic
stressors

simulation and 44% contaminated their skin with a fluores-
cent lotion.”” This suggests that strategies to improve don-
ning and doffing of personal protective equipment should
be implemented before the need for use. Potential strategies
include procedural changes, optimization of the environ-
ment, and training.

Improved procedures and workspace design can improve
the safety of personal protective equipment and reduce the
risk of contamination. Clear, detailed instructions and the
use of visual cognitive aids can help to improve the safety
of donning and doffing personal protective equipment.*
Personnel who are developing donning and doffing pro-
cedures should evaluate potential failure modes and design
procedures to include an extra margin of safety.* Workspace
design should include mirrors (to allow the clinician to see
possible contamination sites), handrails, prominent disposal
bins, readily available gloves and hand sanitizer, and clear
demarcation of “clean” and “dirty” zones.” A trained safety
coach instructing the clinician step by step how to don and

Anesthesiology 2021; 134:518-25

doft the equipment has been shown to help ease healthcare
worker anxiety and decrease errors resulting in self contam-
ination. A checklist may assist the safety coach.*’

Training personnel in the setting in which they will
work may be of benefit. Subjects can recall information
more effectively in the environment in which it was origi-

nally learned,”

especially if that workspace contains signage
and design cues to facilitate high level performance.’' It
may also be beneficial to train healthcare workers to per-
form procedures and manage critical events while wear-
ing personal protective equipment. This could be done, for
example, outside an empty operating room or in the ante-
room to an intensive care unit room. A simulation center
can also be configured to emulate these spaces. This physi-
cal space would not only give environmental cues but also
emulate the restricted space in these areas. Another mea-
sure to improve donning and doffing of personal protective
equipment is to focus on error-prone steps*® and to practice
multiple times. The philosophy to repeat training “not until
you get it right, but until you never get it wrong” may be
applicable in this setting and should be employed by clinical
leaders who are responsible for reserving time to train for
what may be perceived as infrequently used skills.

Psychologic Issues: Interpreting Physical Discomfort as
Stress

Extended use of personal protective equipment may cause
discomfort from restricted movement, weight, and heat.
This can increase anxiety and stress and lower tolerance
for pain and discomfort.”*> Anxiety has been shown to
decrease working memory and impair performance across a
wide variety of tasks® and could conceivably exacerbate the
errors that a clinician might make while donning or doffing
personal protective equipment. Setting the expectation that
some amount of discomfort is normal when wearing per-
sonal protective equipment may improve healthcare work-
ers’ tolerance to it. One study found that that participants
had increased tolerance to pain after reading a positive state-
ment and concluded that the subjective threat associated
with pain was mediated by the participants’ viewpoints.*
Clinicians who are required to wear personal protective
equipment may benefit from counseling as to its safety and
the fact that some amount of discomfort is normal (e.g., a
slightly increased work of breathing while wearing an N95
mask indicates a proper seal).

Teaching clinicians coping skills can also help to improve
their tolerance to discomfort. A mindfulness training pro-
gram developed for the United States military is designed
to mitigate the stress caused by training and subsequent
deployment and teaches personnel to develop attentional
control and tolerance to challenging experiences such as
harsh environmental conditions, anxiety, and discomfort.
The program teaches specific skills that use concepts from
psychotherapy to enhance resilience and enable complex
decision making. United States Marines who participated
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in this program were found to have significantly lower
physiologic markers associated with stress and an improved
response to stress.” A game-based educational program
teaches deployed service members how to conduct brief
interventions for their colleagues, including cognitive
restructuring, breathing exercises, and muscle relaxation
techniques.> This technology has been demonstrated in the
clinical environment: A mindfulness program developed to
help surgeons manage burnout and fatigue was shown to
improve wellbeing and executive function.’” Programs such
as these are readily adaptable to the current clinical environ-
ment and could be introduced rapidly.

Conclusions

The COVID-19 pandemic reinforces the critical role that
clinicians play in caring for patients and managing resources
during local, regional, and global disasters. Clinicians are fre-
quently on the front line of the response and are thus at an
increased risk for infection. The personal protective equip-
ment that is routinely used to protect clinicians imposes a
variety of physiologic and psychologic stressors that may
impair their performance. Modern medical personal pro-
tective equipment protects healthcare professionals but is
often difficult to don and doff, is uncomfortable, and may
impair a clinician’s ability to care for his or her patients. This
article offers immediate countermeasures that can help to
mitigate these effects and provide some relief to clinicians
who must wear personal protective equipment (table 1).

Improving the design of personal protective equipment
can help to preserve a clinician’s performance, especially
in circumstances where this equipment will be worn for a
prolonged period of time. Health care systems, government
agencies, and experts in human performance should there-
fore work together to set universal standards for equipment
quality, requirements, fit, and training. Although this article
has described physiologic and psychologic stressors in the
context of the current pandemic, the principles described
are similar whenever clinicians work in an environment
to which they are not accustomed. Healthcare profession-
als can improve patient safety and protect themselves by
understanding how they are affected by physiologic and
psychologic stressors and then implementing the appropri-
ate countermeasures.
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