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Background: Determination of competence to perform procedures during pulmonary
critical care medicine fellowship training has traditionally been based on subjective
faculty opinion and numerical requirements.

Objective: To describe an objective means of assessing competence of fellows to
perform thoracentesis using a head-mounted video camera with offline scoring of the
thoracentesis performed on an actual patient.

Methods: To test competence in performance of thoracentesis after a multimodality
training program, a total of eight first-year fellows performed a thoracentesis on an actual
patient while recording the procedure with a lightweight head-mounted video camera in
2017 and 2018. The recordings were scored offline by two faculty members using a
30-point checklist. The percentage agreement between scorers was measured, as was the
opinion of the fellows and the scorers on the testing process. If a fellow failed completion
of all checklist items, they were provided with further training and retested to assure com-
petence. As part of their training, fellows reviewed the video record of their procedures.

Results: Eight first-year fellows were tested, of whom seven successfully completed key
checklist items as determined by the video scorers. One failing fellow passed after fur-
ther training and testing. The percentage agreement between the scorers was high, and
fellows indicated that the video device was useful for training.

Conclusion: This study supports the use of video-based testing for assessment of com-
petence and for training in performance of thoracentesis by fellows.

Keywords:
training; procedural competence; education; pleural effusion; simulation

(Received in original form April 13, 2021; accepted in final form August 13, 2021)

This article is open access and distributed under the terms of the Creative Commons Attribution
Non-Commercial No Derivatives License 4.0. For commercial usage and reprints, please e-mail
Diane Gern.

ATS Scholar Vol 2, Iss 4, pp 632–641, 2021
Copyright © 2021 by the American Thoracic Society
DOI: 10.34197/ats-scholar.2021-0052IN

632 Innovations |

INNOVATIONS

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:dgern@thoracic.org
mailto:dgern@thoracic.org
https://dx.doi.org/10.34197/ats-scholar.2021-0052IN
http://crossmark.crossref.org/dialog/?doi=10.34197/ats-scholar.2021-0052IN&domain=pdf&date_stamp=2021-12-20


The American College of Graduate
Medical Education (ACGME) guidelines
for training require that pulmonary
critical care medicine (PCCM) fellows
achieve competence to perform
thoracentesis (1). The ACGME has not
defined criteria for establishing
competence in this procedure, specifying
that fellows “demonstrate technical
skill . . . and maximize patient comfort
and safety when performing procedures.”
(2) Traditionally, fellows have been
trained following the apprenticeship
model, whereby competence has been
based on subjective faculty opinion and
numerical requirements. There is an
uncertain relationship between numbers of
procedures performed and actual
competence (3).

The American Board of Internal Medicine
recommends that procedural training be
conducted using simulation (4). Studies
have utilized the concept of mastery
learning during simulation for procedural
training (5–9). As simulation does not
replicate the actual work environment,
testing for competence should take place
during the procedure on an actual patient.
There is growing use of video recordings
in the medical field to enhance training,
education, and quality assurance (10–14).
Several studies report on the use of video
recording of surgeries, trauma
resuscitation, and airway management for

training and quality purposes (14–23). The
present study describes video recording as
part of a program to train PCCM fellows
to perform thoracentesis.

METHODS

This study was conducted at Northwell
Health by the Division of Pulmonary,
Critical Care, and Sleep Medicine of the
Donald and Barbara Zucker School of
Medicine at Hofstra-Northwell, which has
a 3-year ACGME-accredited PCCM fel-
lowship program with 13 fellows.

First-year fellows starting in July 2017 and
July 2018 were the subjects of this study.
All fellows signed informed consent to
participate in the study, which was
approved by the Northwell Health
Institutional Review Board (Institutional
Review Board #17-0185).

Training in thoracentesis occurred during
fellowship orientation in the first 2 weeks
of July 2017 and July 2018.

Pretraining Assessment

The fellows took a written test consisting
of 10 multiple choice questions assessing
knowledge of thoracentesis. Fellows were
surveyed regarding their confidence to
perform thoracentesis. Both knowledge
tests and surveys were developed by the
program director (PD) and faculty
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members who were involved with the
project.

Training

The fellows attended a didactic lecture on
pleural anatomy, sterile technique, and
procedural elements of thoracentesis.
They reviewed the thoracentesis checklist,
which was designed to capture key safety
and procedural steps (Figure 1), and
watched a video demonstrating
thoracentesis (24). Following this, they
engaged in deliberate practice of
thoracentesis using an ultrasonography
capable task trainer. The task trainer

(Blue Phantom) was used to familiarize the
fellows with the performance of
thoracentesis (identification of safe site,
preparation of the sterile field, setting up
the equipment, and performance of needle
insertion with aspiration of fluid under the
direct guidance of a faculty member).
Deliberate practice with the task trainer
occurred within a 2-hour session devoted
to thoracentesis training before the perfor-
mance of the procedure on a patient.

Testing Procedure

The fellows were tested using video
recording during the performance of a

*These steps were not assessed on video review

Thoracentesis Checklist
Thoracentesis Steps Step Performed

Y/N
Identification of lung sliding
Identification of safe site
Explanation of risks (Verification by supervisory attending) *
Explanation of benefits (Verification by supervisory attending) *
Inquiry as to any questions (Verification by supervisory
attending) *
Measurement of PT/PTT/INR (Operator verbalizes results) *
Measurement of platelets (Operator verbalizes results) *
Performance of time out
Supported on bed table or in stable supine position
Washes hands or uses alcohol based hand sanitizer *
Use of gloves
Preparation of skin
Draping of site 
Preparation of kit
Use of sterile gown, mask, and cap
Performance of rib palpation
Performance of lidocaine infiltration
Performance of needle hold
Performance of fluid aspiration
Performance of skin incision
Performance of device insertion
Performance of catheter advancement
Performance of fluid aspiration
Performance of stopcock manipulation
Use of gravity or manual pump technique
Assessment for chest pain
Performance of appropriate catheter removal
Identification of lung sliding
Identification of remaining fluid
Documentation of procedure (Verification by supervisory
attending)*

Figure 1. Thoracentesis checklist. INR= international normalized ratio; PT =prothrombin time; PTT =partial
thromboplastin time.
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thoracentesis on a patient. All patients or
their appropriate surrogate gave informed
consent for the procedure. The standard
hospital consent form included specific
consent for videotaping for training and/or
education purposes, and the videotaping
was explicitly discussed with the patient or
surrogate prior to the procedure.

First-year fellows underwent video
recording of thoracentesis at two separate
times.

Time one. Fellows underwent video
recording before achieving self-perceived
mastery of the procedure. The purpose of
the first video recording was to familiarize
the fellows with wearing the video camera
and to use the recording for debriefing the
fellow after the procedure.

Time two. After completing at least five
thoracenteses under the direct supervision
of a faculty member, the fellow was
retested when they indicated self-perceived
mastery to perform the procedure. Readi-
ness to undergo testing during the second
video recording had to be confirmed by a
faculty attending.

Video Recording of Procedure

Before starting the procedure, a small
video camera (GoPro Hero5) was attached
to the forehead of the fellow using a
lightweight attachment device with
angling of the camera for optimal image
acquisition. The camera was turned on at
the beginning of the standard time out
and turned off after the post-procedure
check for pneumothorax using ultrasonog-
raphy. A supervising attending was present
at the bedside throughout the procedure.
At time two, the bedside attending was
not permitted to guide the fellow unless
required to assure patient safety. The pro-
cedure was scored by the bedside attend-
ing using the checklist (Figure 1).

Post-training Assessment

At the time of final testing, first-year fel-
lows completed a post-training knowledge
test, which was identical to the pretraining
test, and they were surveyed regarding
their confidence to perform thoracentesis.
After reviewing the final video with the
PD, they were surveyed on the use of
video recording in the training process.
The video scorers were surveyed regarding
the use of video in the training process.
All surveys were based on a 5-point Likert
scale.

Video Scoring

Two separate faculty members used a
checklist that captured 30 visual and/or
audible elements of the procedure to
review the video recording of the
procedure (Figure 1). These faculty
members were not the supervising faculty
during the actual procedure. The checklist
was developed in an iterative fashion by
PCCM fellows and faculty and was
available to the fellows for review for
several months before final testing. The
checklist was designed to provide explicit
guidance to the fellows to achieve mastery
of the performance of thoracentesis. The
two video scorers independently reviewed
and scored each video recording.
Interrater agreement between the faculty
score of the video record and the bedside
attending score was determined.

Determination of Competence

Fellows were determined to be competent
after final testing if all scorable elements
of the checklist were performed correctly.
There were 23 out of 30 procedural
elements that could be scored from the
video record. If the video scorers
disagreed on a checklist item, the video
was reviewed by the fellowship PD who
made final determination as to whether
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the item was completed correctly. Fellows
that did not complete all scorable items
successfully were provided with further
training and retested at a later date.

All video recordings were saved in a
double-password–protected hospital-based
hard drive that was compliant with Health
Insurance Portability and Accountability
Act standards. Access to the video files
was limited to the PD and the two scorers.
Surveys, knowledge tests, and checklists
for each procedure were collected and
managed using REDCap electronic data
capture tools hosted at Northwell Health
(25). After scoring, the video record was
permanently erased, except for several
short deidentified clips kept for training
purposes.

Statistics

Composite scores for the confidence
assessment, knowledge test, training
survey, and reviewer survey were
computed by summing, with higher scores
indicating greater endorsement on the
confidence assessment and survey
perceptions and better performance on
the knowledge test. Paired sample t tests
were used to examine pre- and posttest
differences for the fellows. The percentage
agreement between video scorers and
between video scorers and the bedside
attending was computed.

RESULTS

Eight first-year fellows completed training,
with four fellows starting in July 2017 and
four fellows starting in July 2018. Each
first-year fellow wore the video camera
during a patient procedure at least twice.
One fellow had to repeat testing and wore
the camera three times.

Video Scoring

Seven of the eight first-year fellows were
determined to have successfully completed
all scorable items of the checklist (Table
1). For one fellow out of seven, the video
scorers disagreed on whether the rib had
been palpated during the procedure. For
the second fellow, the video scorers dis-
agreed on whether the fellow queried the
patient about chest pain. The PD refereed
the disagreements and determined that
the steps had been successfully completed.

Based on video scoring, one fellow failed
because of incorrect manipulation of the
stopcock and failure to check for lung
sliding after thoracentesis. The bedside
attending indicated that these steps had
been successfully completed. The fellow
reviewed the video with the PD, which
clearly identified the errors, and repeated
the procedure. This did not require
retraining using the task trainer; proper
manipulation of the stopcock from the
thoracentesis kit was reviewed with the
fellow. After additional testing, the fellow
was determined to be competent.

The percentage agreement among all
scorers was high. Video scorers 1 and 2
agreed 96.3% of the time when
completing the checklist at time 2.
Agreement for video scorer 1, video scorer
2, and the bedside attending was 95.6%.
Comparing scores before and after
training, knowledge increased from 6.75
to 9.13 [t(7) =22.68, P=0. 03; Table 2]
and confidence increased from 36.88 to
48.13 [t(7) =27.83, P, 0.001].

All but one fellow indicated that wearing
the video camera did not interfere with
their performance of thoracentesis. All
fellows indicated that video review
provided valuable feedback and improved
their confidence and skill to perform the
procedure (Table 3). Both fellows and the
video scorers indicated that video review
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is an objective means of assessing
competence to perform thoracentesis.
Video scorers found the checklist helpful
in scoring the videos and indicated that
errors could be readily identified (Table
4). No patient or nonmedical support staff
raised any concern about the video
recording. Consent for video recording
did not require extra time, as the standard
consent form for thoracentesis included

consent to perform video recording.
Faculty time required for review of each
video recording was approximately 30
minutes. Attaching the head-mounted
video recording device, correctly angling
the camera, and initiating the recording
took approximately 1–2 minutes. The use
of the video recording device did not
interfere with the sterility of the procedure
or use of personal protective equipment.

Table 1. Thoracentesis checklist scores comparing video scorers with
bedside attending

PCCM Fellow Video Scorer 1 Video Scorer 2 Bedside Attending

1 23 22 NA

2 22 23 23

3 21 21 23

4 23 23 22

5 23 23 23

6 23 23 23

7 23 23 23

8 23 23 23

Definition of abbreviations: NA= results not available; PCCM=pulmonary critical care medicine.
Scores are derived from the 23 items that were scorable from the video record.

Table 2. Thoracentesis knowledge test scores

PCCM Fellow Pretraining Knowledge Test Post-training Knowledge Test

1 7 10

2 9 8

3 3 9

4 8 10

5 8 9

6 9 10

7 2 8

8 8 9

Mean 6.75* 9.13*

Correctly answered questions out of exam total of 10.
*P=0.03.
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The cost of the recording device was
$420.00 US dollars.

DISCUSSION

Our results demonstrate that video
recording of thoracentesis performed by

PCCM fellows on actual patients with
offline scoring is a feasible way to
determine competence. To our
knowledge, this is the first study to assess
PCCM fellows’ competence to perform
thoracentesis using video recording on
actual patients.

Table 3. Fellow survey results regarding use of the video camera

Survey Statement

PCCM Fellow Responses

Mean±SD1 2 3 4 5 6 7 8

Wearing a head mounted video
camera did not interfere with my
performance of thoracentesis.

5 5 2 5 5 4 5 3 4.25 ± 1.16

Reviewing the video of my
performance of thoracentesis
provided valuable feedback.

5 4 3 5 4 5 3 3 4.00 ±0.93

Reviewing the video of my
performance of thoracentesis
improved my confidence in
performing the procedure.

5 4 3 4 4 5 5 3 4.13 ± 0.83

Reviewing the video of my
performance of thoracentesis
improved my skill in performing the
procedure.

5 4 3 3 4 5 5 3 4.00 ±0.93

Video review of thoracentesis is an
objective means of assessing
competence to perform the
procedure.

5 4 4 5 4 5 5 3 4.38 ±0.74

Likert scale key: 1, strongly disagree; 2, disagree; 3, neutral; 4, agree; 5, strongly agree.

Table 4. Scorer survey results regarding use of the video camera

Survey Statement
Response

Score* (n= 2)

Wearing a head-mounted video camera did not impair fellows’
ability to perform thoracentesis.

5.0

Reviewing the video was helpful when completing the checklist of
fellow performance.

5.0

I could readily identify errors when reviewing the videos. 4.5

Review of the video is an objective means of assessing competency
to perform the procedure.

5.0

The review of the video allows determination of competence with a
high level of confidence.

4.5

*Scores represent mean responses and are based on a 5-point Likert scale, with 1 = strongly
disagree, 3 =neutral, and 5= strongly agree.
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There were several benefits to reviewing
the video record. Fellows indicated on the
postsurvey that the ability to review the
video of their performance provided
valuable feedback. The availability of a
video record of the procedure allowed the
PD to personally assess each fellow’s
procedure. Review of the video recording
allowed for objective assessment of
thoracentesis on an actual patient.
Another advantage of video scoring is that
it reduces reliance on numerical goals that
are often used to establish competence.

Review of the video record led to specific
improvements in performance of the
procedure. In a pilot study, we identified
that the sterile drape in the thoracentesis
kit was too small. The video recording
demonstrated several examples of
violations of the sterile field owing to
small drape size. This resulted in a
requirement that the procedure be
performed with a full-body sterile gown
and large surgical drape. Our final check-
list incorporated this change.

From a practical point of view, the video
device was low cost and easy to set up.
Only one fellow indicated that the video
device hindered performance of
thoracentesis. No patient or team member
had any objection to the use of the video
recording device, and all patients gave
informed consent to the recording as part
of consent for the thoracentesis.

For fellowship faculty who are interested
in video recording for formative
development of skill at thoracentesis and
summative assessment of competence,
there are barriers to its use. Although
equipment costs are negligible and video
recording does not add much time to the
procedure, scoring of the video record is
time intensive and requires significant
faculty commitment. Data storage and
analysis should be Health Insurance

Portability and Accountability Act
compliant, and we recommend that video
scoring be classified as a quality-
improvement activity. Our policy is to
delete the video record after its review
with the fellow and formal scoring.

The fellows had to perform all components
of the checklist before they were considered
competent to perform thoracentesis, and all
components were considered equally
important. The fellow could not refer to the
checklist at the time of the procedure, as
they were expected to have committed it to
memory, thus demonstrating full mastery of
the multiitem checklist.

This study has several limitations. First, it
is a single-center study; methods and results
may not be transferable to another institu-
tion. Second, the study was not designed to
measure the effectiveness of the training
program, which included video recording,
as compared with traditional experiential
training. The number of subjects was too
low for a meaningful statistical comparison
given the small size of the training group.
Third, the determination of competence
using video recording occurred at a single
point in time and does not necessarily indi-
cate that subsequent procedures would be
performed with equal skill. Fourth, the
video recording was not used to assess all
components of the checklist. Practical con-
straints made it difficult to record such ele-
ments as the consent process, review of
laboratory values before the procedure,
and handwashing. Fifth, the checklist was
developed by consensus opinion of the fac-
ulty and fellows. We recognize that other
clinical groups may choose to develop their
own checklist. Sixth, the scores of the bed-
side attending and the offline video scorers
were similar. The scoring by the bedside
attending may have been altered by the
knowledge that they were involved in a
research study (Hawthorne effect). The
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advantage of determining competence
using video recording lies in the objective
nature of the method. In a routine clinical
environment, we envision that the supervi-
sory attending might be influenced by a
variety of subjective factors in determining
the competence of the trainee. Direct visual
scoring at the bedside may introduce ante-
cedent personal bias by the attending at
the time of scoring. A related limitation is
that the attendings and the PD who scored
the video recordings may have been biased
by antecedent knowledge of the fellow’s
performance gained during other aspects of
training. Ideally, the video scorer should
have had no knowledge of the fellow at the
time of the scoring. Seventh, there was no

control group that did not receive the
training sequence described in this study.
Because of the small number of fellows, it
was not feasible to have a control group.
This is a drawback of a single-center study.

Conclusions

We describe the use of video recording as
part of a multimodality program to train
fellows in the performance of thoracentesis.
We propose that video scoring of
procedures on actual patients provides an
objective means of assessing skill and can
be utilized for training purposes and
determination of competence.

Author disclosures are available with the
text of this article at www.atsjournals.org.

REFERENCES
1. Accreditation Council for Graduate Medical Education. ACGME program requirements for

graduate medical education in pulmonary and critical care medicine. Chicago, IL: Accreditation
Council for Graduate Medical Education [published 2020 Jul 1; accessed 2021 Feb 15]. Available
from: https://www.acgme.org/Portals/0/PFAssets/ProgramRequirements/156_PCCM_2021.
pdf?ver=2021-06-23-150200-760.

2. The internal medicine subspecialty milestones project [2014 Oct; accessed 2020 Feb 15]. Available
from: https://www.acgme.org/Portals/0/PDFs/Milestones/InternalMedicineSubspecialtyMilestones.pdf.

3. Barsuk JH, Cohen ER, Feinglass J, McGaghie WC, Wayne DB. Residents’ procedural experience
does not ensure competence: a research synthesis. J Grad Med Educ 2017;9:201–208.

4. American Board of Internal Medicine. ABIM policies and procedures for certification. [accessed
2021 Feb 15]. Available from: https://www.abim.org/certification/policies/internal-medicine-
subspecialty-policies/internal-medicine/.

5. Wayne DB, Barsuk JH, O’Leary KJ, Fudala MJ, McGaghie WC. Mastery learning of thoracentesis
skills by internal medicine residents using simulation technology and deliberate practice. J Hosp

Med 2008;3:48–54.

6. Duncan DR, Morgenthaler TI, Ryu JH, Daniels CE. Reducing iatrogenic risk in thoracentesis:
establishing best practice via experiential training in a zero-risk environment. Chest 2009;135:1315–1320.

7. Barsuk JH, McGaghie WC, Cohen ER, O’Leary KJ, Wayne DB. Simulation-based mastery
learning reduces complications during central venous catheter insertion in a medical intensive care
unit. Crit Care Med 2009;37:2697–2701.

8. McGaghie WC, Issenberg SB, Cohen ER, Barsuk JH, Wayne DB. Does simulation-based medical
education with deliberate practice yield better results than traditional clinical education? A meta-
analytic comparative review of the evidence. Acad Med 2011;86:706–711.

9. Cook DA, Brydges R, Zendejas B, Hamstra SJ, Hatala R. Mastery learning for health professionals
using technology-enhanced simulation: a systematic review and meta-analysis. Acad Med 2013;88:
1178–1186.

INNOVATIONS

640 Innovations |

http://www.atsjournals.org/doi/suppl/10.34197/ats-scholar.2021-0052IN/suppl_file/disclosures.pdf
http://www.atsjournals.org
https://www.acgme.org/Portals/0/PFAssets/ProgramRequirements/156_PCCM_2021.pdf?ver=2021-06-23-150200-760
https://www.acgme.org/Portals/0/PFAssets/ProgramRequirements/156_PCCM_2021.pdf?ver=2021-06-23-150200-760
https://www.acgme.org/Portals/0/PDFs/Milestones/InternalMedicineSubspecialtyMilestones.pdf
https://www.abim.org/certification/policies/internal-medicine-subspecialty-policies/internal-medicine/
https://www.abim.org/certification/policies/internal-medicine-subspecialty-policies/internal-medicine/


10. Ericsson KA. Necessity is the mother of invention: video recording firsthand perspectives of critical
medical procedures to make simulated training more effective. Acad Med 2014;89:17–20.

11. Ma IW, Zalunardo N, Brindle ME, Hatala R, McLaughlin K. Notes from the field: direct
observation versus rating by videos for the assessment of central venous catheterization skills. Eval
Health Prof 2015;38:419–422.

12. Evans HL, O’Shea DJ, Morris AE, Keys KA, Wright AS, Schaad DC, et al. A comparison of
Google Glass and traditional video vantage points for bedside procedural skill assessment. Am J

Surg 2016;211:336–342.

13. Kassutto SM, Kayser JB, Kerlin MP, Upton M, Lipschik G, Epstein AJ, et al. Google Glass video
capture of cardiopulmonary resuscitation events: a pilot simulation study. J Grad Med Educ 2017;9:
748–754.

14. Fernandez R, Rosenman ED, Olenick J, Misisco A, Brolliar SM, Chipman AK, et al. Simulation-
based team leadership training improves team leadership during actual trauma resuscitations: a
randomized controlled trial. Crit Care Med 2020;48:73–82.

15. Santora TA, Trooskin SZ, Blank CA, Clarke JR, Schinco MA. Video assessment of trauma
response: adherence to ATLS protocols. Am J Emerg Med 1996;14:564–569.

16. Olsen JC, Gurr DE, Hughes M. Video analysis of emergency medicine residents performing rapid-
sequence intubations. J Emerg Med 2000;18:469–472.

17. Sarker SK, Chang A, Vincent C, Darzi SA. Development of assessing generic and specific
technical skills in laparoscopic surgery. Am J Surg 2006;191:238–244.

18. Birkmeyer JD, Finks JF, O’Reilly A, Oerline M, Carlin AM, Nunn AR, et al.; Michigan Bariatric
Surgery Collaborative. Surgical skill and complication rates after bariatric surgery. N Engl J Med

2013;369:1434–1442.

19. Nair AG, Kamal S, Dave TV, Mishra K, Reddy HS, Della Rocca D, et al. Surgeon point-of-view
recording: Using a high-definition head-mounted video camera in the operating room. Indian J
Ophthalmol 2015;63:771–774.

20. Mackenzie CF, Pasley J, Garofalo E, Shackelford S, Chen H, Longinaker N, et al.; Retention and
Assessment of Surgical Performance (RASP) Group. Head-camera video recordings of trauma core
competency procedures can evaluate surgical resident’s technical performance as well as colocated
evaluators. J Trauma Acute Care Surg 2017;83:S124–S129.

21. Moore MD, Abelson JS, O’Mahoney PO, Bagautdinov I, Yeo H, Watkins AC. Using GoPro to
give video-assisted operative feedback for surgery residents: a feasibility and utility assessment. J
Surg Educ 2018;75:497–502.

22. Green JL, Suresh V, Bittar P, Ledbetter L, Mithani SK, Allori A. The utilization of video
technology in surgical education: a systematic review. J Surg Res 2019;235:171–180.

23. Shah RT, Makaryus MR, Kumar R, Singas E, Mayo PH. Simulation training for critical care
airway management: assessing translation to clinical practice using a small video-recording device.
Chest 2020;158:272–278.

24. Thomsen TW, DeLaPena J, Setnik GS. Videos in clinical medicine: thoracentesis. N Engl J Med

2006;355:e16.

25. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data
capture (REDCap)–a metadata-driven methodology and workflow process for providing transla-
tional research informatics support. J Biomed Inform 2009;42:377–381.

INNOVATIONS

| Innovations 641


	TF1
	TF2
	TF3
	TF4
	TF5
	TF6

