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The study of ergonomics and its relation
to medicine has gained importance over
the past decade in various medical and
surgical specialties. Ergonomics is defined
as the study of the interaction and
efficiency between a person and their
workplace (1). With the increase in
technological advances in medicine,
including the more frequent use of
robotics and growing need for procedures,
it is more important now than ever to
emphasize ergonomics in the medical
workplace (1, 2). Although the ergonomic

relationship between procedures in

surgical specialties and gastroenterology
have been explored, there is a paucity
of data outlining ways to improve

ergonomics in bronchoscopy (3-6).

The need for ergonomic advancement in
bronchoscopy has been defined before.
In 2011, an online survey was sent to
pulmonologists regarding pain during
bronchoscopy, with 39% of respondents
experiencing pain (7). In 2012, an
editorial was published identifying either
the need for improved bronchoscope
design or further efforts toward an

improved work environment for
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pulmonologists performing bronchoscopy
(8). Finally, in 2013, another survey was
distributed to members of the American
Association for Bronchology and
Interventional Pulmonology, which
revealed that musculoskeletal pain was
present in 51% of respondents, of which
49% were interventional pulmonary (IP)
trained (9). Despite these findings, further
research in the education of bronchoscopy

ergonomics 1s lacking.

Here, we present the results from a survey
of IP fellows and program directors (PDs)
to assess the need for ergonomics
education early in bronchoscopy training.

METHODS
Survey Design

Two preliminary surveys were developed by
C.D.,, P.S., and M. M. The survey
instruments were constructed using
Research Electronic Data Capture
(REDCap) and approved by our local
nstitutional review board (10). The IP
fellow survey was conceptualized based

on the principles of physical ergonomics,

a domain of ergonomics focused on
mitigating work-related injuries through
workplace design and evaluation (11). Three
primary ergonomic risk factors known to
cause work-related injuries, including high
force, awkward posture, and high or long
frequency, were emphasized in the survey
design. The survey framework was further
supported by prior ergonomic question-
naires in the bronchoscopic and endoscopic
literature (9, 12). A separate two-item ques-
tionnaire was designed for fellowship PDs.
The PD was considered a highly experi-
enced operator, for whom prior survey-
based studies have already established the
prevalence and practice implications of
bronchoscopy-related injuries (7, 9). The pri-
mary focus of the PD survey was to deter-
mine whether or not ergonomics was

perceived as important or applicable in
bronchoscopy and if fellowship programs
were formally incorporating training in
bronchoscopy ergonomics.

An initial survey draft was reviewed by
multiple faculty members and fellows within
the Department of Pulmonary and Critical
Care Medicine at University Hospitals
Cleveland Medical Center. Iterative changes
in question flow, content, and length were
made based on their feedback. The survey
was then reviewed by members of the
Association of Interventional Pulmonary
Program Directors. The feedback of all
mvestigators including junior and senior IP
faculty, Pulmonary and Critical Care
Medicine and IP PDs, and fellows, was
incorporated into a final version of the survey.
At the conclusion of the 2022 fellowship
appointment year, the Association of
Interventional Pulmonary Program Directors
e-mailed surveys to 51 IP fellows and 63 PDs
across North America. Two reminder e-mails
were sent | week apart.

Statistical Analysis

All participant responses were collected
anonymously. Descriptive statistics were
performed using R software version
4.1.3 (13).

RESULTS

Demographics, Procedure Volume,
and Training Techniques

Sixteen trainees (31.3%) completed the

IP fellow survey. Most fellows (68.8%)
reported spending between 31 and 50 hours
per week performing bronchoscopy. In
addition, most fellows (62.5%) estimated
spending >90% of their time using robotic
bronchoscopy during peripheral lung
biopsy. Nearly all trainees (87.5%) reported
not having a designated break period. Half
of fellows indicated receiving training in

posture awareness (Table 1).
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Table 1. Fellow survey responses

Participant demographics and procedure volume

Characteristic

Male 13 (81.2)
Female 3 (18.8)
Height, cm 175.44 + 8.40
Weight, pounds 172.27 £+26.12
Glove size 712+0.43

Hours per week performing bronchoscopy

10-20 2 (12.5)
21-30 3(18.8)
31-40 5 (31.2)
41-50 3 (18.8)
>50 3(18.8)

Number of flexible bronchoscopies per week

10-20 7 (43.8)
21-30 4 (25)
31-40 4 (25)
>50 1(6.2)

Number of EBUS per week

<10 3(18.8)
10-20 11 (68.8)
21-30 2 (12.5)

Number of navigational bronchoscopies per week

<10 11 (68.8)
10-20 4(25.0)
21-30 1(6.2)

Number of rigid bronchoscopies per month

<5 5 (31.2)
6-10 7 (43.8)
10-15 4 (25)
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Table 1. Continued.

Preferred navigational bronchoscopy platform in fellowship training, %

Robotic bronchoscopy

10-30 1(6.2)
30-50 2 (12.5)
50-70 2 (12.5)
70-90 1(6.2)
>90 10 (62.5)

Electromagnetic navigation
<10 13 (81.2)
10-30 2 (12.5)
30-50 1(6.2)
Extended working channel without EMN
<10 15 (93.8)
10-30 1(6.2)
Thin or ultrathin bronchoscope
<10 9 (56.2)
10-30 5 (31.2)
30-50 1(6.2)
70-90 1(6.2)
Techniques taught during bronchoscopy training
Posture awareness 8 (50)
Adjustment of bed height 12 (75)
Adjustment of monitor height and/or position 10 (62.5)
Special maneuvers to reduce the risk of musculoskeletal pain or injury 3 (18.8)
Stretching or strengthening activities to reduce the risk of 1(6.2)
musculoskeletal pain or injury
Design of bronchoscopy suite or workspace
Bed height
At waist level 9 (56.2)
Below waist level 7 (43.8)
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Table 1. Continued.

Monitor height

Above eye level 6 (37.5)

At eye level 9 (56.2)

Below eye level 1(6.2)
Monitor location

Centered 5(31.2)

Off-center right or left 6 (37.5)

Not applicable because of multiple monitors 5 (31.2)

Fellow-driven interventions fo improve workplace efficiency

Adjustment of bed height 15 (93.8)
Adjustment of monitor height and/or position 9 (56.2)
Use of rotational head during flexible bronchoscopy 12 (75)
Use of bronchoscope holder/stabilization system 1(6.2)
Sitting when performing rigid bronchoscopy 2 (12.5)
Stretching or strengthening exercises 5 (31.2)
Cushioned floor mats 3 (18.8)
Use of orthopedic or soft insole shoe 6 (37.5)
Use of brace or supportive prosthetic device 1(6.2)
Use of compression stockings 4 (25)
No adjustment 1(6.2)

Definition of abbreviations: EBUS = endobronchial ultrasound; EMN = electromagnetic navigation.
N =16 respondents. Summary statistics are presented as mean + standard deviation or n (%), as appropriate.

Assessment of Bronchoscopy-related
Injuries, Workspace Design, and
Fellow-Driven Interventions to Improve
Workplace Efficiency

Twelve fellows (75%) reported
experiencing pain related to performing
bronchoscopy (Figure 1). The most
common sites of pain were the left thumb
(37.5%) and lower back (31.2%). The
median number of pain sites was 2.5
(interquartile range, 0.75—4). Two fellows
(12.5%) reported taking time off or
reducing the number of bronchoscopies
performed because of pain. Most fellows
reported adjusting the bed height (93.8%)
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and/or monitor location (56.2%) and use
of the rotational head (75%) during flexi-
ble bronchoscopy (Table 1).

Fellows’ and PDs’ Perceptions of
Ergonomics Training in Bronchoscopy

Twenty-five PDs (39.6%) completed the
PD survey. All fellows, together with 96%
of PDs, agreed or strongly agreed with the
question, “Do you think ergonomics is
important or applicable in bronchoscopy
training?” Five PDs (20%) reported
incorporating ergonomics training for
bronchoscopy in their fellowship

programs.
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Figure 1. Fellow-reported sites of bronchoscopy-related pain.

DISCUSSION

This cross-sectional survey is the first to
describe the high prevalence of
bronchoscopy-related injuries among IP
trainees. The percentage of respondents
endorsing procedure-related pain surpasses
that of other survey-based studies in bron-
choscopy ergonomics, a finding likely
attributed to the experience level of our
cohort (7, 9). Gilbert and colleagues iden-
tified younger age and fewer years in
practice as risk factors for bronchoscopy-
related musculoskeletal pain (9). The same
group illustrated in a feasibility study of
ergonomic strain that beginner-level
bronchoscopists demonstrated greater
muscle usage and worse ergonomic
positioning (14). The results of our survey
support the observation that novice
bronchoscopists appear more susceptible

to procedure-related injuries.

How Do We Prevent
Bronchoscopy-related Injuries?

A systematic approach to mitigating the
risk of work-related injuries is recom-
mended by the National Institute for
Occupational Safety and Health (15). The
“hierarchy of ergonomic controls” outlines
the most- to least-effective methods of
reducing or eliminating hazards in the
workplace. The least-effective strategy
involves personal protective equipment or
modifying the bronchoscopist’s technique.
Eliminating or substituting the hazard
from the process, in this case the broncho-
scope, 1is the preferred method of reducing
risk to the operator. The following lists
each ergonomic control, in order of
effectiveness, applied to bronchoscopy

(3-6, 16):

1. Elimination: Redesigns the bronchoscope
to fit all users
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2. Substitution: Replaces the technology (e.g.,
robotic bronchoscopy)

3. Engineering controls: Isolates the hazard
through changes in the workplace (e.g., adjust-
able monitors and beds) or work process (e.g.,
bronchoscope stabilization system)

4. Administrative controls: Modifies the dura-
tion, intensity, or frequency of the hazard-
ous exposure (e.g., scheduled breaks,
equipment maintenance)

5. Personal protective equipment: Protects the
worker from the hazard (e.g., anti-fatigue
floor mats, insoles, two-piece lead apron)

Limitations

There are some limitations to our work.
The small sample size limited our analysis
of factors that might increase or reduce
the risk of procedure-related pain. In addi-
tion, inherent to the design of any survey-
based study, there is the potential for
biases, including participation bias (17);
however, even if we considered a scenario
where all nonresponders denied pain,
there is still nearly one-quarter of IP fel-
lows who are experiencing injuries related
to performing bronchoscopy. Finally,
because participants are not followed over
time, we cannot estimate the incidence of

developing long-term injuries.

Conclusions

These survey data provide further
evidence that procedure-related musculo-
skeletal pain is common among bronchos-
copists and occurs as early as fellowship
training. The practice of interventional
pulmonology is physically demanding,
underscoring the importance of instilling
proper ergonomic technique early in bron-
choscopy training. It is incumbent on
program educators to standardize the
teaching of ergonomics in bronchoscopy
to trainees. By adopting these principles,
the program will cultivate a culture of
safety and prevention that is likely to span

the bronchoscopist’s career.
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