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ABSTRACT

Background: Flexible bronchoscopy is an essential tool in diagnosing and managing
pulmonary diseases. However, there is limited capacity for bronchoscopy in low and
middle income countries (LMICs). In 2019, a pilot program for flexible bronchoscopy
training was launched for local physicians in Kampala, Uganda. We then conducted a
follow up multimodal bronchoscopy course after 2 years.

Objective: The aim of this study is to assess a longitudinal multimodal bronchoscopy
training in an LMIC setting.

Methods: A multimodal follow up curriculum was developed with pulmonologists
from Uganda and the United States. The training was delivered to Ugandan providers
who attended previous bronchoscopy training and new participants. The training

included a prepared curriculum consisting of lectures, simulations, and deliberate
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practice-based proctoring. A 12-question multiple-choice exam was administered at

the beginning and end of the course, assessing knowledge. Procedural competency was

measured using a validated assessment tool called the BSTAT (Bronchoscopic Skills

and Tasks Assessment Tool). Results were analyzed to evaluate the retention of

knowledge among those who took part in previous training and the efficacy of the

follow-up curriculum for participants without previous training.

Results: Among the participants who attended didactic training in 2022 (11), mean

exam scores were improved after training, from 43.9 (standard deviation [SD], 11.3) to
59.8 (SD, 16.1) (mean difference [MD], +15.9; SD, 13.9; P=0.008), but were lower
compared with post didactic scores in 2019: 90.8 (SD, 6.1; MD, —31; P<<0.0001).
Participants who completed BSTAT assessments (8) had mean scores similar in 2019
and 2022, at 72.1 and 75.2, respectively (MD, 3.1; P=0.38).

Conclusion: This study provides an example of how a longitudinal multimodal

bronchoscopy curriculum can improve competency and proficiency for local physicians

in an LMIC.

Keywords:

global health education; low—middle-income countries; coronavirus disease (COVID-19)

Flexible bronchoscopy is considered an
essential diagnostic tool for identifying
infectious and noninfectious respiratory
diseases (1). Furthermore, advanced
bronchoscopy techniques are now able to
provide therapeutic interventions for some
endobronchial diseases. Despite the
importance of bronchoscopy, in many low-
and middle-income countries (LMICis) set-
tings, there is limited or no bronchoscopic
capability because of a lack of training and

access to technical equipment (2).

Uganda 1s an LMIC in East Africa with

a high burden of chronic respiratory
diseases, including chronic obstructive
pulmonary disease, and pulmonary
infections, such as pneumonia and
tuberculosis (I'B) (3, 4). Uganda has a higher
prevalence of human immunodeficiency
virus (HIV) (5.4%) than neighboring East
African countries, a high TB burden with an
incidence of 199 in 100,000 people, and is
ranked within the top 20 countries globally
in HIV-TB co-infection prevalence (5, 6).

Given the frequency of pulmonary
complications in immunocompromised
individuals and challenges with obtaining a
diagnosis from sputum testing or other
conventional methods, bronchoscopy has
emerged as a commonly used tool in high-
income countries and has numerous poten-
tial applications within Uganda and other
LMIC:s (7).

Several studies have already demonstrated
the usefulness of flexible bronchoscopy to
identify pulmonary infections in Uganda,
particularly in immunocompromised patients
in which sputum studies are inconclusive or
unable to be obtained. Bronchoscopy in
Uganda has been associated with potential
cost savings when diagnosing pulmonary TB
in patients with Acid-Fast Bacilli Smear
(AFB)-negative sputum (8). In another study
examining bronchoscopy to characterize the
prevalence of localized pulmonary
cryptococcosis in Ugandan patients with
HIV infection, the authors found meaningful

benefits of the procedure (9). In addition,
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bronchoscopy has been shown to identify
concomitant pulmonary infections, including
Preumocystis carinii, Kaposi’s sarcoma, or
Cryptococcus negformans, in Ugandan patients
with HIV infection (10). These studies align
with current guidelines, which suggest
performing flexible bronchoscopy and
obtaining bronchial alveolar lavage (BAL)
or bronchial washing samples to diagnose
pulmonary infections in
immunocompromised individuals when
noninvasive samples cannot be obtained or
if an alternative diagnosis is being

considered (1, 11).

Building capacity for bronchoscopy in
LMIC:s involves training local physicians
with a curriculum focused on simulation
training, high procedure volume, and
spaced education to increase proficiency
and competency among bronchoscopy
learners (12). Procedure simulation and
observed cases have been shown to
improve performance and technical skills
among bronchoscopy trainees (13-15).
Spaced education is defined as an
important learning tool that delivers
knowledge over time via repetition
(spacing effect) and uses question-and-
answer formatted assessments to measure
knowledge gain and retention (testing
effect) (16-18). In addition, spaced educa-
tion has been shown to improve skill
acquisition and long-term skill retention
among learners (19). Therefore, organizing
more frequent, longitudinal training sessions
can contribute to establishing sustainable

bronchoscopy programs.

We have previously demonstrated the
efficacy of a multimodal pilot program for
bronchoscopy training in Kampala,
Uganda, in 2019. During this training,
simulation and didactic instruction were
provided in concert with the development
of a bronchoscopy suite and the donation of

equipment and materials. The curriculum
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showed significant improvements in
bronchoscopy knowledge and technical skills
among a selected group of superusers (20).
In accordance with the Working Group
on Ethics Guidelines for Global Health
Training guidelines, the team developed
this curriculum as a longitudinal program
that provided clinical learning for trainees
locally and in neighboring cities
throughout Uganda. In addition, by using a
sliding payment system for patients and
organizing donations of consumables, the
program seeks to improve global health
disparities among the patient population (8,
16, 21). The initial implementation plan
called for future studies to increase
bronchoscopy training capacity and provide
simulations for larger physician groups.
However, the coronavirus disease
(COVID-19) pandemic interrupted future
training plans because of travel restrictions,
limited personal protective equipment (PPE)
and COVID-19 testing within Uganda, and
the need to prioritize oxygen for the clinical
setting, thereby precluding its use for bron-
choscopy. This study describes a delayed
follow-up multimodal training program for

bronchoscopy in an LMIC setting.

METHODS

The MLI (Makerere Lung Institute)
bronchoscopy training program was
developed in collaboration with the
Association of Interventional Pulmonary
Program Directors and the MLI in
Kampala, Uganda (8, 20). To assess
knowledge retention and promote the
sustainability of the bronchoscopy
program, this longitudinal follow-up study
was developed. The study sought to evalu-
ate the efficacy of follow-up training,
including didactic and simulation-based
instruction, delivered in April of 2022,
and measure the durability of prior train-
ing among participants in the 2019 course.
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Participants completed knowledge exams
before and after training and simulation-
based testing after training. Participants
who attended the 2019 training were ana-
lyzed to measure retention of skills and
knowledge, and others were assessed to
understand the impact of this curriculum
on bronchoscopy knowledge and technical
skills for new participants.

Participants

In 2022, 11 participants from various
regions of Uganda, consisting of
pulmonologists, anesthesiologists, and
general surgeons with varying
bronchoscopy experiences, attended a
2-day session of didactic learning and
simulation training and completed knowl-
edge assessment tools. Eight of these
participants completed posttraining
simulation-based assessments. Four parti-
cipants were considered experienced
providers because they had completed a
bronchoscopy training course; three of’
these participants completed the 2019
program and were considered superusers,
as defined below. All participants had
completed advanced medical training
(U.S. residency equivalent) (Table 1).

Ten participants in the 2019 pilot program
who completed pre and post knowledge

Table 1. Number of participants in 2019
and 2022 who completed phases of the
bronchoscopy course

Completed Phase 2019, n 2022, n
Pre didactic exam 10 1
Post didactic exam 10 1
BSTAT assessment 3 8*
Patient bronchoscopy 3 3

Definition of abbreviation: BSTAT = Bronchoscopic
Skills and Tasks Assessment Tool.

*Remaining participants were unable fo complete
the BSTAT assessment because of patient care
obligations.

exams were used as a comparison group.
Three of these individuals, known as
superusers, completed the full pilot course,
which included simulation training and
BSTAT (Bronchoscopy Skills and Tasks
Assessment Tool) assessments. Furthermore,
these superusers performed proctored
bronchoscopy from April 2019 to March
2020, after which bronchoscopy was halted
for oxygen, PPE conservation, and
infectious risk during the COVID-19
outbreak.

Course Description

The training course was delivered by
board-certified pulmonary critical care
physicians from four institutions in the
United States; three of the course instruc-
tors had also completed fellowship training
in interventional pulmonology. The course
consisted of three phases: /) in-person
didactic session with interactive lectures
covering core bronchoscopy topics; 2)
in-person simulation training with
observed and guided usage of the flexible
bronchoscope on mannequins; and 3) live
cases that were performed by learners and
proctored by faculty instructors. Didactic
sessions included six faculty-prepared pre-
sentations delivered over 4 hours. These
included airway anatomy, BAL, indica-
tions and patient selection for bronchos-
copy, needle biopsy and brushing,
transbronchial biopsy, and sedation and
complications from bronchoscopy. The
simulation involved the performance of
clinical bronchoscopies with BAL and for-
eign body removal on low-fidelity models
proctored by faculty. In addition, three
bronchoscopies with airway inspection
and BAL were conducted on live persons
and supervised by Ugandan faculty (B.K.
and W.W.). These faculty members con-
ducted bronchoscopies in Uganda and
were assessed by the study team on techni-
cal skills in the three 2019 superusers.
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All patients provided informed consent

to undergo bronchoscopy procedures.
Superusers were prioritized for live patient
bronchoscopy, given the limited availabil-
ity of patients receiving bronchoscopy,
and to improve their expertise as future
trainers. The course content was on the
basis of a modified version of The Essential
Flexible Bronchoscopist and its step-by-step

curriculum (20, 22).

The prior course in 2019 included a
similar didactic session but offered 2 full
days of simulation time as opposed to

1 day. In addition, the pilot program
identified superusers through expressed
interest and recommendation by B.K. and
W.W. (n=3), who completed simulation
training, proctored bronchoscopy, and
BSTAT administration. All participants in
2022 were given equal opportunity to
complete all aspects of the program except
for live patient bronchoscopy, which was

limited to experienced users.

Study Protocol

A 12-question multiple-choice exam
obtained from The Essential Flexible Bron-
choscopist was administered at the begin-
ning and end of the course, measuring the
understanding of periprocedural protocol,
procedure indications, and relevant anat-
omy (22). In addition, BSTAT, a 10-item
validated measurement tool with domains
including equipment handling, ability to
maneuver the bronchoscope, knowledge of
segmental anatomy, ability to enter each
segment, performance of standard diagnos-
tic tasks, and recognition of secretions and
mucosal abnormalities, was administered on
the final day. BSTAT scores are catego-
rized as novice (<60), advanced beginner
(60-79), ntermediate beginner (80-99), and
competent (100) (23). The same written
exam and BSTAT assessments were
administered in 2019 and 2022.

Karmali, Argento, et al.: Longitudinal Multimodal Bronchoscopy Training in Uganda |

Statistics

Mean scores were calculated as a
composite measure of each instrument,
with lower scores indicating lower
knowledge or procedural assessment. Mean
scores were calculated before and after the
course. Paired ¢ tests were used to compare
subgroups within this course session as well
as participants from a bronchoscopy course
in 2019. All associations were considered
significant at P< 0.05. Data were analyzed
using Stata MP version 17 and Microsoft
Excel version 16.62.

Regulatory

All didactic content and assessment tools
were approved by the MLI. Training and
learner assessment were conducted under
local guidelines and regulations governing
quality improvement and education
projects and were considered exempt from
local regulatory review. All patient
bronchoscopies were proctored by
Ugandan faculty (B.K. and W.W.), both of
whom hold active Ugandan medical
licenses granting them privileges to perform
and proctor bronchoscopy within Uganda.
Assessments were conducted by observation
of these procedures by the training staff.

RESULTS

Baseline Characteristics

A total of 11 participants attended this
training and completed pre and post
knowledge exams; 8 participants
completed the BSTAT assessment. Four of
these participants attended the training
course in 2019. The trainees were majority
male (10/11 [91%]), and the average age
of participants was 35 years old (standard
deviation [SD], 3.85). A variety of
specialties were represented in the course,
including general medicine, pulmonary,
thoracic surgery, anesthesia, and nursing
(Table 2).
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Table 2. Baseline characteristics of
participants in the Makerere Lung
Institute Bronchoscopy course 2022

Variables Total

Sex, n (%)
Male 10 (91)
Female 1(9)

Specialty, n (%)

General medicine 5 (45)
Pulmonary 2 (18)
General surgery 3(27)
Anesthesia 1(10)
Average age, yr 35*
2019 course attendance, n (%) 4 (26)

*One participant did not report age.

Knowledge Assessment

All participants, experienced and new
trainees, underwent knowledge
assessments before and after didactic and
simulation learning in 2019 and 2022.

In 2022, the average pre-exam score was
43.9 (SD, 11.3), and the average postexam

100
90
80
70
60
50

40
30
20
10

0

Pre Didactic

Average Knowledge Exam Score

score was 59.8 (SD, 16.1), which repre-
sented a significant increase (mean differ-
ence [MD], +15.9; SD, 13.9; P=0.008).
In 2019, the average pre-exam score was
31.6 (SD, 14.6), and the average postexam
score was 90.8 (SD, 6.1), which also repre-
sented a significant improvement (MD,
+59.2; SD, 19.5; P<<0.001). Average pre-
exam scores in 2022 were not different
compared with 2019 (MD, +12.8;
P=0.07). The average postexam score in
2022 was lower than in 2019 (MD, —31;
P<0.0001) (Figure 1).

To assess knowledge retention, subjects
who attended the initial bronchoscopy
training in 2019, experienced participants
who attended both sessions, and new
trainees were compared. Experienced
participants had an average postexam score
of 66.7 (SD, 6.80), which was higher

MD, +16.7; SD, 10.9; P=0.05) compared
with their average pre-exam score of

50 (SD, 6.80). Inexperienced participants
had an average postexam score of 55.9
(SD, 19), which was higher (MD, +15.4;
SD, 17.7; P=0.05) compared with their
average pre-exam score of 40.5 (SD, 13.1).

.I.
I

Post Didactic

W 2019
w2022

Knowledge Assessment

Figure 1. Mean pre and post didactic knowledge exam scores from bronchoscopy training among all
participants in 2019 and 2022. *P < 0.05 for comparison between 2019 pre didactic and post didactic
knowledge exams. P <0.05 for comparison between 2022 pre didactic and post didactic knowledge exams.
¥P < 0.05 for comparison between 2019 and 2022 post didactic knowledge exam.
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Figure 2. Mean pre and post knowledge exam scores and mean BSTAT scores from participants in
bronchoscopy training in 2019 and experienced participants in 2022. Experienced participants are those who
participated in the 2019 training session. Inexperienced participants are those who have no prior experience
in bronchoscopy. *P < 0.05 for comparison of pre didactic and post didactic scores in experienced
participants in 2022. TP < 0.05 for comparison of pre didactic scores between participants in 2019 and
experienced participants in 2022. *P < 0.05 for comparison of post didactic scores between participants in
2019 and experienced participants in 2022. P < 0.05 for comparison of pre didactic and postdidactic scores
in inexperienced participants in 2022. BSTAT = Bronchoscopic Skills and Tasks Assessment Tool.

Compared with the mean pre-exam score lower mean postexam score in 2022 (MD,
in 2019 participants, the experienced sub- —24.1; SD, 21.7; P<<0.001). Also, the post-
group in 2022 had a higher mean pre-exam exam scores in 2022 of experienced partici-
score (MD, +18.4; SD, 14.3; P=0.004), but  pants were not significantly higher than
when comparing their postexam score in those of inexperienced participants (MD,
2019, the experienced participants had a +10.7; SD, 15.4; P=0.11) (Figure 2).

100
*
90
80
70
g
S 60
(%]
Y 50
I
o 40
K
30
20
10
0

2019 2022 Experienced 2022 Inexperienced 2022

Training Session

Figure 3. Mean Bronchoscopic Skills and Tasks Assessment Tool scores from participants in 2019 and 2022.
Experienced participants are those who participated in the 2019 training session. Inexperienced participants
are those who have no prior experience in bronchoscopy. *P < 0.05 for comparison between 2019
participants and 2022 experienced participants.
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Clinical Assessment

The mean BSTAT assessment scores in
2019 and 2022 were 72.1 and 75.2,
respectively (MD, 3.1; P=0.38). All 2019
participant BSTAT scores were
categorized as advanced beginners.
BSTAT scores in 2022 were categorized
as follows: experienced providers: one
competent provider and three
intermediate beginners; inexperienced
providers: one intermediate beginner, two
advanced beginners, and one novice.
The mean BSTAT score in experienced
participants in 2022 was higher than the
superuser scores in 2019: 90.4 versus 60
(MD, +18.3; P=0.004). In addition,
experienced providers in 2022
demonstrated a higher average BSTAT
score of 90.4 (SD, 7.21) compared with
the average score of 60.0 in inexperienced
participants in the 2022 training (MD,
+30.4; SD, 27.5; P=0.06) (Figure 3).

DISCUSSION

In this study, we describe the delivery of a
follow-up bronchoscopy training course in
Uganda after the implementation of an
initial bronchoscopy program in 2019.
Our findings show an increase in the
mean postexam knowledge assessment
score compared with the mean pre-exam
score, as well as higher mean BSTAT
scores in both the 2019 and 2022 training
sessions. This demonstrates the benefit of
our curriculum design in enhancing bron-
choscopy knowledge among local physi-
cians in Uganda. The mean BSTAT score
of the eight participants who completed
all aspects of the training falls into the
advanced beginner category, which indi-
cates progression toward competence.
Collectively, these findings suggest the
feasibility of bronchoscopy training in
Uganda and demonstrate the need for
ongoing longitudinal education and

evaluation of global health implementation
studies.

In addition, our findings show
experienced participants had higher pre-
exam scores and modestly higher mean
BSTAT scores in 2022 compared with
2019. It is worth noting that the experi-
enced group (n=4) included three superu-
sers whose aggregate 2019 BSTAT scores
were compared with the 2022 group
scores and demonstrated a notable but
insignificant improvement. This suggests
knowledge retention among participants
with prior bronchoscopy training. Using
spaced education to reinforce the learner’s
knowledge base and improve technical
skills 1s an important aspect of maintaining
competency and increasing the capacity of
bronchoscopy in Uganda.

Our findings show that with reduced
mstruction time, participants in the 2022
course showed evidence of knowledge gain
with higher mean postexam scores
compared with their mean pre-exam
scores, although the degree of knowledge
gain is smaller compared with the 2019
training. This supports prior studies that
reveal lecture-based programs produce
knowledge retention, but the degree of
retention is poor when compared with
more interactive teaching models (24).
The length of training in 2022 was
shorter, resulting in less didactic and simu-
lation instruction compared with the 2019
session. This was largely because of the
availability of instructors and attendees
who reported significant increases in clini-
cal responsibilities. The 2022 course had

1 day less of hands-on simulation instruc-
tion, which may have led to decreased
opportunities for instructors to use alterna-
tive teaching methods to engage learners,
like audience participation and small
group learning sessions. If shorter courses

are needed to accommodate instructors
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and participants, then using alternative
modes of learning may enhance the
degree of knowledge gained in both didac-
tic and procedural training (25). The opti-
mal time spent in didactic and procedural
training needs to be further assessed to
maximize the efficiency and quality of
learning and address time constraints for

both instructors and participants.

The COVID-19 pandemic changed
medical education delivery in both high-
income countries and LMICs. More speci-
fically, LMICs experienced delays in
accommodating for the pandemic because
of a lack of technological infrastructure
and high cost, which caused educational
systems to temporarily shut down (26).
Moreover, the pandemic’s effect on global
health education was magnified because of
travel restrictions, high clinical demands
on existing clinicians, and limited avail-
ability of PPE and oxygen for use in
bronchoscopy. These issues reduced
opportunities for longitudinal in-person
bronchoscopy training at MLI and may
explain why participants who previously
attended the 2019 course had a lack of
significant improvement in mean post-
exam and BSTAT scores. As a result,
opportunities for spaced education train-
ing were delayed, which may have limited
knowledge retention. The research team
plans to modify the curriculum to include
virtual teaching modules for remote
learning and increase the frequency of
in-person courses to better train local

practitioners moving forward.

Our findings support using a multimodal
curriculum in an LMIC setting; however,
lower mean post didactic knowledge
scores in our recent training compared
with the mean post didactic scores in
2019 reflect a continued need to integrate
alternative learning modalities. Current

studies in bronchoscopy education are

Karmali, Argento, et al.: Longitudinal Multimodal Bronchoscopy Training in Uganda |

performed in high-income countries and
highlight the importance of a multimodal
approach to improve knowledge and tech-
nical proficiency. For example, the
mverted or flipped classroom model cre-
ates a more inclusive and interactive
learning environment in which learners
are engaged in problem-based discussions
or question-and-answer sessions with their
instructors. This style of learning has been
shown to improve knowledge acquisition
and retention (16, 27-30). Studies have
used this learning style by way of supple-
menting in-person sessions with more vir-
tual modules dedicated to reviewing and
troubleshooting bronchoscopy. This gives
learners an opportunity to solidify
acquired knowledge through student-led
discussions during live sessions and self-
paced individual learning of core concepts.
Furthermore, using a virtual platform
before these in-person training sessions has
been shown to enhance clinical perfor-
mance (31).

Limitations

There were several limitations associated
with this study. One of the leading
limitations to increasing bronchoscopy
capacity is the limited number of
pulmonary physicians trained in the
procedure. This issue arose in our study,
as shown by the small number of
participants in the training. This remains a
leading limitation, followed by equipment
availability and facilities capable of
supporting bronchoscopic procedures (2).
However, it is worth noting that this is a
larger cohort compared with the 2019
course and represents a reasonable
number of trainees, given the equipment,
faculty, and space available for this course.
A benefit to a smaller group of learners is
that instructors can provide more
individualized instruction when

appropriate. Second, this study
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intentionally reduced its didactic and
simulation training length in 2022
compared with the 2019 course. As a
result, only a limited number of subjects
may have been available for the
designated training period at a centralized
location. However, organizing this course
was necessary to provide a sustainable
course length for future sessions while
accommodating trainee and instructor
time. In the future, offering several
identical abbreviated training courses on
different dates over a longer period may
reduce conflicts with clinical responsibilities
and allow more trainees to participate.
In addition, this is a study that provides
training tailored to the setting of MLI,
though it does include physician and
nursing learners from other regions in
Uganda that are implementing this
knowledge and opening their own
bronchoscopy suites. It is important to
recognize that medical and cultural
differences exist between LMIC settings;
therefore, the course design should be
customized for optimal learning in

different educational environments.

Future studies are needed to evaluate the
effect of additional curriculum changes on
knowledge retention and skill acquisition.
In addition to the increased frequency of
in-person sessions and implementation of
virtual instruction, trainers could provide
supplemental material, like practice cases
and relevant research articles, for local
physicians to review between trainings.

As more local physicians participate in
these courses, the problem-based learning
model may also improve competency with
bronchoscopy. The study team plans to
review cases remotely with physicians per-
forming bronchoscopy in Uganda to review
indications and procedural planning. Modi-
fying the curriculum with more frequent
sessions, virtual modules, and case reviews
will optimize learning among experienced
participants and engage new learners who
may not be able to travel within Uganda
to a central location. As these changes are
implemented, they will be reviewed, and
the potential for expansion to other LMIC

settings will be actively evaluated.

Conclusions

An abbreviated follow-up bronchoscopy
program resulted in significant increases

in knowledge exam scores and similar
simulation-based assessment scores to a
previous longer training program. Further
mnstitutional support and more frequent
multimodal training sessions with formalized
assessments may be essential in improving

bronchoscopy capacity in Uganda.
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