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BACKGROUND: In the course of their education, respiratory therapy students participate in

clinical rotations, which are essential to their education. Recently, the number of clinical sites

has decreased as some have been eliminated. During the COVID-19 pandemic, schools were

challenged to find hospitals to accommodate students due to the risk of infection. Tele-ICU has

emerged as a means for staff therapists to assess and monitor patients via remote monitoring

systems. We hypothesized that a clinical rotation at a tele-ICU would strengthen students’

knowledge of mechanical ventilation, telemedicine, and COVID-19. METHODS: In this study,

students completed clinical rotations in a tele-ICU. Students spent two 4-h clinical rotations

rounding on 320 ICU beds at 5 hospitals. Under the supervision of experienced therapists, stu-

dents performed remote patient-ventilator assessments, including review and interpretation

of ventilator waveforms, patient-ventilator interaction, arterial blood gases, and chest x-rays.

Students completed pre- and post-rotation surveys assessing their confidence managing mechani-

cal ventilation, experience with telemedicine, ARDS, and patients with COVID-19. RESULTS:

Mean self-confidence in mechanical ventilation (P 5 .001), assessing waveforms (P 5 .001), and

knowledge of ARDS increased after the clinical rotation (P 5 .001). Similarly, reported knowledge

related to spontaneous breathing trial protocols (P 5 .009), lung-protective ventilation (P 5 .002),

patient care planning (P 5 .001), and use of Excel spreadsheets (P 5 .002) increased from the be-

ginning to the end of the clinical rotation. Student confidence in interprofessional communication

increased from 85 [69–98] to 95 [78–100]; P 5 .03). Overall, the largest change was students’ abil-

ity to assess patients with COVID-19 (pre-rotation 50.0 [11.5–65.7], post-rotation 80.0 [58.5–100];

P 5 .001). Qualitative results revealed overwhelmingly positive results for both students and

preceptors. CONCLUSIONS: Students’ confidence in assessing patients via remote monitoring

increased in a tele-ICU clinical rotation. Self-assessed knowledge related to COVID-19 also

increased to statistical significance. Key words: respiratory therapy; education; students; telemedicine;
ICU; critical care. [Respir Care 2022;67(7):789–794. © 2022 Daedalus Enterprises]

Introduction

Clinical practicums are foundational to students’ learn-

ing in respiratory therapy (RT) school and are essential to

RT students’ learning objectives.1-3 Lack of clinical sites

has been cited as a reason for low enrollment in some RT

programs.4 The COVID-19 pandemic profoundly affected

RT students’ education by limiting their bedside, hands-

on patient care, as they were prohibited from caring for

patients with COVID-19. Many clinical affiliates canceled

student rotations due to high rates of infection, risks of ex-

posure, and limited personal protective equipment (PPE)

availability. Even as students returned to the bedside, close

supervision, contact tracing, and restrictions to hands-on

patient care were required to mitigate the risk of infection.

Telemedicine emerged as a means for managing critical

care patients during the COVID-19 pandemic.5 Although

tele-critical care has been utilized for over a decade, only

recently have respiratory therapists been introduced to these

care teams.6 In April 2020, the University of Pennsylvania

Health System introduced 24-hour, 7 days a week respiratory

care under Penn E-lert, the tele-ICU program at the Center

for Connected Care. The initial role of respiratory therapis-

ts in the tele-critical care environment included patient moni-

toring, ventilator assessment, and chart review, as a means to

assist the COVID-19 ICUs with high patient volume, reduce
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the use of PPE, and decrease the risk of infection to health

care clinicians in the physical ICUs as well as those working

remotely.6

As with other disciplines in medical education, there are

limited options for student education within tele-critic-

al care.5 During the COVID-19 pandemic, we initiated a

new clinical rotation for RT students at Penn E-lert. We

hypothesized that a clinical rotation at a tele-ICU would

increase students’ knowledge of mechanical ventilation,

telemedicine, and COVID-19. Our goal was to increase

their knowledge of the disease process to better prepa-

re them for the workforce. To our knowledge, this is the

first study to evaluate respiratory therapy student clinical

rotations in a tele-ICU setting.

Methods

Students from 2 universities completed clinical rotations

in a tele-ICU as a part of an institutional review board–

approved observational study. Previous clinical rotations in

the ICUs at the Hospital of the University of Pennsylva-

nia or Penn Presbyterian Medical Center (Philadelphia,

Pennsylvania) were required before students could attend

clinical rotations in the tele-ICU. Learning objectives for

the clinical rotation were based on discovering the benefits

of telehealth in the observation, assessment, and treatment

of patients in an intensive care setting. Students participated

in incoming and outgoing shift report, discussing the

various modes of ventilation and how changes in the

ventilator parameters would affect arterial blood gas values.

Students were graded by their individual institutions based

on the completion of specific competencies developed and

shared between the 2 school programs. Appendix 1 (see

related supplemental material at http://rc.rcjournal.com).

Throughout the semester, two 4-h shifts were spent in the

tele-ICU with one student attending 11 AM–3 PM and one

student 7 PM–11 PM. Seven preceptors were selected based

on availability and the shifts worked. Preceptors had a

median 14 y of experience (interquartile range [IQR] 10–

24), and 5 had specialty credentials including Registe-

red Respiratory Therapist-Adult Critical Care Specialist

through the National Board for Respiratory Care. The

preceptors all had previous experience leading students

through clinical rotations.

The Penn E-lert suite is located approximately 2 miles
from the main hospital campuses in urban Philadelphia.
Therapists and students rounded on 320 ICU beds at 5 hos-
pitals across the health system, including hospitals in
Pennsylvania and New Jersey. Data collection occurred
from February 2021–May 2021. Under the supervision of
therapists, students performed remote patient assessments,
which included review and interpretation of ventilator
waveforms, patient-ventilator synchrony, arterial blood
gases, and chest x-rays. Students received an introduction
to lung protective ventilation, spontaneous breathing trials,
bronchopulmonary hygiene protocols, and the relationship
of evidence-based protocols for the management of crit-
ically ill patients. Other methods of monitoring patients’
status were reviewed, including end-tidal carbon dioxide
pressure, urine output, and hemodynamics.

Patient assessments were completed at the request of re-

spiratory therapists in the ICUs, and clinical emergencies

were addressed in real time via remote monitoring. During

ventilator assessment rounds and regular patient monitor-

ing, demographic surveys to identify the complexity and di-

versity of the patient population were completed. Students
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were given the opportunity to communicate with patients

and bedside staff during these assessments using Penn

Medicine’s audiovisual platform.

Students voluntarily completed a pre-rotation survey

assessing their confidence managing mechanical ventilation,

experience with telemedicine and technology, ARDS, and

patients with COVID-19 on the first day of their clinical rota-

tion. Randomized universally unique identifier numbers were

assigned to track participant data. This number was used to

fill out both the pre- and post-rotation surveys. At the end of

the rotation, students completed a second survey assessing

self-confidence related to the same concepts (see related sup-

plementary materials at http://www.rc.rcjournal.com).

Statistical Analysis

Statistical analysis was completed using SPSS Statistics

for Mac 26 (IBM, Armonk, New York). Descriptive statistics

were reported as medians and IQR. Categorical data were

reported as percentages. Ordinal responses were considered

nonparametric. Qualitative data were analyzed and triangu-

lated by 3 of the authors (KJR, KKZ, MP) using an open-cod-

ing method. A Wilcoxon signed-rank test was applied to

compare pre– and post–clinical rotation and self-confidence

surveys (Likert scale 1–100). Descriptive data are reported as

percentages or median (IQR). Statistical significance was set

to P< .05.

Results

Of the 37 students that rotated through the virtual ICU,

33 (89%) completed pre– and post–clinical rotation sur-

veys. Of those, 67% (n ¼ 22) were female. Fifty-five per-

cent of students reported prior knowledge of telemedicine

and 52% had observed interactions with the tele-ICU in

previous clinical rotations, Table 1. Mean self-confidence

in mechanical ventilation (P ¼ .001), assessing waveforms

(P ¼ .001), and knowledge of ARDS increased after

the clinical rotation (P ¼ .001). Similarly, reported self-

confidence related to spontaneous breathing trial protocols

(P ¼ .001), lung-protective ventilation (P ¼ .002), patient

care planning (P ¼ .001), and use of Excel spreadsheets

(P ¼ .002) increased from the beginning to the end of the

clinical rotation. Student confidence in interprofessional

communication increased from 85 [69–98] to 95 [78–100];

P ¼ .03). Overall, the largest change was students’ ability

to assess patients with COVID-19 (pre-rotation 50.0 [11.5–

65.7], post-rotation 80.0 [58.5–100], P¼ .001), Table 2.

Students rounded on a total of 370 subjects during their

remote clinical rotations. Of the subjects RT students inter-

acted with, 57% (n ¼ 211) identified as male. Mean age of

the population was 52.5 6 18.0. Racial makeup closely

resembled the diversity in Philadelphia with 39% (n ¼ 145)

Black and 50% (n ¼ 183) white subjects (Table 3). Ninety-

two percent of the subjects were mechanically venti-

lated, and RT students completed 239 patient-ventilator

Table 1. Student Demographics

Sex

Female 22 (67)

Male 11 (33)

Highest degree earned

High school 22 (67)

Associate degree 8 (24)

Baccalaureate degree 3 (9)

Degree (in progress)

Associate degree 3 (9)

Baccalaureate degree 30 (91)

Knowledge of telemedicine

Yes 18 (55)

No 15 (45)

Prior experience with telemedicine

Yes 17 (52)

No 16 (48)

Data are presented as n (%). N ¼ 33 participants.

Table 2. Students’ Comfort With Tele-ICU Competencies

Pre-Rotation Post-Rotation P

Comfort with mechanical ventilation 80.0 (69.5–90.0) 95.0 (84.5–100) .001

Comfort with waveforms 70 (50–85) 95( 83–100) .001

Knowledge of ARDS 71 (55–85) 87 (80–100) .001

Knowledge of COVID-19 50.0 (11.5–65.7) 80.0 (58.5–100) .001

Comfort with Excel 65 (50–90) 91 (75–100) .002

Knowledge of SBTs 83.0 (75.0–95.0) 99.0 (80.5–100) .009

Knowledge of protocols 75.0 (50.0–86.0) 88.0 (76.5–100) .002

Care plan skills 79.0 (60.5–89.0) 90.0 (77.5–100) .001

Interprofessional communication skills 85 (69–97.5) 95 (77.5–100) .03

Student knowledge changes presented in median (IQR). Comparisons preformed with Wilcoxon signed-ranks test. Statistical significance set to P < .05.

SBT ¼ spontaneous breathing trial
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assessments. The primary disease processes of subjects seen

were ARDS (n¼ 178) and COVID-19 (n¼ 145). In subjects

with ARDS, 36% (n ¼ 65) required follow-up with the ICU

respiratory therapist due to issues related to adherence to a

protocol. Volume-targeted modes of ventilation were most

commonly used, 47% (n ¼ 175). Patient interventions

included 73 instances of worsening symptoms in mechani-

cally ventilated subjects, Table 4. The most commonly

completed interventions were basic patient-ventilator assess-

ments (n ¼ 239). Students and preceptors assessed 65 (18%)

issues related to ARDS management. Additionally, there

were 28 instances of airways deemed as high risk that

required increased surveillance, Table 5.

Students’ survey comments stated e-respiratory thera-

pists provided guidance and created a comfortable learning

environment that students would recommend to others.

Interaction with tele-ICU registered nurses was described

as friendly, and tele-ICU nurses were noted to be knowl-

edgeable and helpful. Students noted the high level of

teamwork in the tele-ICU and that they observed quality

patient care provided. Students stated that interactions with

tele-ICU medical doctors were educational; however, 40%

of students reported not interacting with tele-ICU physi-

cians during their clinical rotations. Whereas some of the

students did not interact with staff at the bedside, in the

physical ICU, others noted that interactions via telecommu-

nication platforms were positive and friendly. The biggest

difference noted between this rotation and in-person rota-

tions was that it is not hands-on; however, students stated

they were able to focus on technology and learning about

ventilator waveforms and mechanics. When asked what it

takes to be an effective e-respiratory therapist, a willingness

to learn and be involved was described. Students felt it was

important to be knowledgeable about technology, modes of

mechanical ventilation, and waveforms. Additionally, the

students noted it was important to be knowledgeable about

diseases and patient-ventilator synchrony. Appendix 2

highlights exemplar quotes from students (see related sup-

plemental material at http://rc.rcjournal.com).

Discussion

During a newly implemented clinical rotation, stud-

ents experienced an increase in their baseline self-assessed

knowledge of telemedicine and mechanical ventilation.

Telemedicine, particularly in critical care, is a relatively

nascent competency for RT students. For instance, only 2%

of respiratory therapists working in the Commonwealth of

Pennsylvania reported working in telemedicine.7

One potential benefit to this type of clinical rotation is

the volume of patients to which students are exposed. Penn

E-lert covers 320 ICU beds in 5 hospitals throughout our

health system.6 This clinical rotation provided the opportu-

nity for students to assess a total of 239 mechanically venti-

lated subjects, as noted in Table 5. This was an important

aspect of the rotation due to the decrease in clinical sites

during the first wave of COVID-19. Furthermore, providing

a telemedicine curriculum to RT students may contribute

favorably to the future of the respiratory care profession.

As noted in the student comments, the tele-ICU clinical

rotation gave them an opportunity to focus on waveform

analysis and technology. Appendix 2 (see related supple-

mental material at http://rc.rcjournal.com). With the emer-

gence of telemedicine as a means to assess patients, new

Table 3. Subject Demographics

Sex

Male 211 (57)

Female 158 (43)

Transgender 1 (< 1)

Race

Asian 11 (3)

Black 145 (39)

White 183 (50)

Hispanic 16 (4)

Other 15 (4)

Age, y

16–34 67 (18)

35–51 102 (28)

52–68 129 (35)

69–88 72 (19)

Data are presented as n (%). n ¼ 370 subjects.

Table 4. Ventilatory Status and Disease Process

Invasive ventilation

Pressure support ventilation 97 (26)

Volume control ventilation 175 (48)

Pressure control ventilation 68 (18)

Manual ventilation 1 (< 1)

Non-intubated 29 (8)

ARDS 178 (48)

COVID-19 145 (39)

Subject decompensated 73 (20)

Data are presented as n (%). n ¼ 370 subjects.

Table 5. Types of Interventions Completed

High-risk airway evaluation 28 (8)

Patient-ventilator assessment 239 (65)

ABCDE bundle 6 (2)

Quality and safety 26 (7)

ARDS management 65 (18)

Other interventions, as needed 37 (10)

Data are presented as n (%). n ¼ 370 subjects.

TELE-ICU CLINICAL ROTATIONS IN RT EDUCATION

792 RESPIRATORY CARE � JULY 2022 VOL 67 NO 7

http://rc.rcjournal.com.
http://rc.rcjournal.com.


competencies are necessary for helping respiratory thera-

pists work at the top of their license.8

The design of our curriculum was based on a similar

module as previously reported medical school curricu-

lum. In a 4-week curriculum, piloted by the Perelman

School of Medicine during the pandemic, fourth-year

medical students completed clinical rotations in April

2020.5 The primary goal of the medical school curricu-

lum described by Ho et al was to give students an oppor-

tunity to strengthen patient care skills within the context

of telemedicine.5 Medical students were assigned to 5-h

shifts working under the direct supervision of third-year

residents. Whereas RT students were exposed to patients

in 320 beds across the health system, medical students

cared for patients in one, 20-bed medical-surgical ICU.

As a part of the pilot curriculum, physician trainees fol-

lowed 16 patients, completed 73 patient care notes,

and made a total of 70 contributions to patient care.

Similar to respiratory care students, medical students

were involved in ventilator management, which included

changing orders for low-stretch ventilation protocol.

Unlike our curriculum, medical students completed

debriefing sessions, case presentations, reviewed rele-

vant journal articles, and capstone essays.5 Whereas we

intended to give respiratory care students as robust a

clinical experience as possible, they were not assigned

extra work beyond attending the rotation and participat-

ing in patient care.

Communication skills are noted to be key in the develop-

ment of teamwork and patient care.9,10 Of the 18 student par-

ticipants in a 2019 study by Oppermann and colleagues,9 a

background in customer service lead to higher proficiency in

communication competencies. Although self-assessment

scores did not meet statistical significance, overall communi-

cation scores did increase. Qualitative data from faculty

trended toward improved communication among participants.

Whereas our study did not evaluate specific communication

competencies such as listening skills or verbal communica-

tion, our participants reported increased confidence in their

ability to communicate within the interdisciplinary team.

As noted by Kacmarek,11 for clinicians to adequately

function in critical care they must possess good communi-

cation and teamwork. Additionally, it is imperative that

new graduates be proficient in graphic waveform interpre-

tation and possess the ability to recommend alternative

modes to improve patient-ventilator synchrony.8 This clini-

cal rotation gave students an introduction to how these

skills are merged with new technology available through

patient care in telemedicine, and our results suggest that

students’ knowledge and abilities of these skills increased

during the rotations. A potential benefit of this clinical rota-

tion to participants may be, at minimum, the ability to be

“conversant in new monitoring technology,” as established

by Barnes et al.8

As telemedicine continues to evolve into the future, it is

important to consider the importance of including this mo-

dality as a part of respiratory care curricula. Increasing the

knowledge base and skills needed for RT students was first

noted by the American Association for Respiratory Care

as part of the 2015 and Beyond project.8,12 In the review

of the first conference, Kacmarek et al12 recognized the

increased complexity of patient care requiring the need

for better communication. As predicted by the authors,

health care continues to emphasize the coordination of care

throughout systems. Barnes and colleagues also discussed

the incorporation of new technology into respiratory care

with the advent of advanced monitoring.8,13 This includes the

ability of respiratory therapists to recommend changes to

patient care based on protocols. Indeed, our tele-ICU incor-

porates evidence-based protocols while allowing therapists

to think critically and problem-solve in real time. In the final

conference paper, Barnes et al13 reviewed the increased skills

required by respiratory therapists to care for patients in

diverse settings. Interestingly, the authors predicted an

increase in manpower issues. In the post-COVID era of

health care, more than ever, telemedicine has the potential to

assist with ever-increasing workloads and responsibilities of

respiratory therapists. Whereas the COVID-19 pandemic

limited the ability of some schools to continue clinical rota-

tions, we were able to leverage the technology available in

our health system to provide a much-needed introduction to

telemedicine for our students.

Future research should focus on validating student

competencies within the tele-ICU environment. These

competencies should include not only telemedicine and

other technological advances but should also focus on

assuring the clinical rotations meet the needs of RT stu-

dents. Although these types of clinical rotations are

unlikely to replace bedside, hands-on experience of tradi-

tional RT education, efforts should be made to compare

the differences between the 2 experiences.

Limitations

Several limitations to the results of our study exist.

Whereas we had the opportunity to create a new clinical

rotation in the tele-ICU, we recognize the limited resources

in other health care systems. Schools in other parts of the

country may not be near enough to health systems provid-

ing integrated patient care to justify sending students

to clinical rotations. Despite a dearth of telemedicine clini-

cal sites, we suggest RT programs investigate affiliation

agreements with health systems offering telemedicine or

work with third-party vendors on opportunities for students

to get exposure to this type of clinical experience. Another

limitation was that we did not draw comparisons between a

standard, in-person clinical rotation and the tele-ICU rota-

tions. Furthermore, students did not receive any didactic
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education related to telemedicine before, during, or after

their clinical rotation. They also did not have any specific

competency testing; therefore, we were unable to quantify

students’ understanding and knowledge of the competen-

cies reviewed.

Conclusions

Students’ self-assessed knowledge and skills in assessing

patients via remote monitoring increased in a tele-ICU clinical

rotation. Statistically, self-confidence in knowledge related to

COVID-19 also increased significantly. Students’ experience

in a virtual ICU was overwhelmingly positive, providing new

perspectives on patient care. During this remote clinical rota-

tion, RT students had the opportunity to interact with and

complete assessments on patients diagnosed with COVID-19.

This rotation prepared RT students to care for a diverse patient

population via the tele-ICU and increase their knowledge and

experience with patients with COVID-19, despite a lack of

traditional hands-on experience.
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