
Evaluation of Respiratory Therapist Extender Comfort With Mechanical
Ventilation During COVID-19 Pandemic

Karsten J Roberts, Bridgette Johnson, Heather M Morgan, Jody M Vrontisis, Katie M Young,
Edward Czerpak, Barry D Fuchs, and Margie Pierce

BACKGROUND: Staffing strategies used to meet the needs of respiratory care departments dur-

ing the COVID-19 pandemic included the deployment of respiratory therapist extenders. The pur-

pose of this study was to evaluate respiratory therapist extenders’ comfort level with critical care

ventilators while caring for patients with COVID-19. To our knowledge, this is the first study to

evaluate the deployment of certified registered nurse anesthetists (CRNAs) in a critical care setting.

METHODS: A qualitative survey method was used to assess CRNA experience with critical care

ventilators. Prior to deployment in the ICU, CRNAs were trained by clinical lead respiratory

therapists. Education included respiratory clinical practices and ventilator management. Sixty-

minute sessions were held with demonstration stations set up in ICUs for hands-on experience.

RESULTS: Fifty-six CRNAs responded to our survey (63%). A mean 6 SD of 9.48 6 12.27 h

was spent training prior to deployment in the ICU. CRNAs were at the bedside a mean 6 SD of

73.0 6 40.6 h during the pandemic. While CRNA comfort level with critical care ventilators

increased significantly (P < .001) from the beginning to the end of their work experience, no statisti-

cally significant differences were found between CRNA comfort based on years of experience.

Differences in comfort level were not found after training (chi-squared test 23.82, P 5 .09) or after

ICU experience was completed (chi-squared test 5 15.99, P 5 .45). Similarly, mean comfort level

did not increase based on the number of hours spent working in the ICU (chi-squared test 5 13.67,

P 5 .55). CONCLUSIONS: Comfort level with mechanical ventilation increased for CRNAs

working alongside respiratory therapists during the COVID-19 pandemic. Key words: advanced
practice nursing; critical care; interdisciplinary health team; pandemics; mechanical ventilators; respi-
ratory therapy. [Respir Care 2021;66(2):199–204. © 2021 Daedalus Enterprises]

Introduction

Patients with severe COVID-19 infection may develop

unique lung injury and may require expertly managed me-

chanical ventilation.1,2 Many of the required interventions

are carried out by respiratory therapists (RTs), the experts

on the application of mechanical ventilation.3 COVID-19

presents a significant strain on health care resources, such

as the availability of qualified RTs, due to the sudden and

quick spread within geographic regions.4-6

Rapid and efficient decisions are required to prepare for

patients requiring mechanical ventilation.7-10 Leaders must

have a plan and rapidly deploy these strategies during a cri-

sis.7,8,11 Strategies used during pandemics include stockpiling
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equipment, active supply chain management, opening of

novel ICU space, and training RTs on new equipment (eg,

helmet CPAP and home care ventilators).7,10 Because respi-

ratory care services are in high demand, staffing strategies

focused on increasing the number of RTs are recommended

to include non-critical care health professionals.7,9,10 To meet

these needs, other professionals, including medical students

and certified registered nurse anesthetists (CRNAs), were

trained to function as respiratory therapy extenders (RTEs)

during the COVID-19 pandemic.9

Nurse anesthetists are advanced practice nurses who col-

laborate with a variety of specialties and provide a valuable

resource to hospitals, including the basic knowledge of me-

chanical ventilation and airway management.11,12 In our health

system, CRNAs were made available to assist respiratory care

services due to the elimination of elective procedures. The

Commonwealth of Pennsylvania Health Department recom-

mended strategies for interdisciplinary collaboration to over-

come staffing and other resource issues during the COVID-19

pandemic.13 Recognizing the potential for pandemics and

other mass casualty events, the American Association

for Nurse Anesthetists provided guidelines for the role

of CNRAs in crisis management, with 2 areas of focus

that included preparedness and response.11,14 In consid-

eration of these factors, CRNAs were chosen to collabo-

rate with the respiratory care department as RTEs.

The purpose of this study was to evaluate the comfort

level with critical care ventilators experienced by RTEs

while caring for patients during the COVID-19 pandemic.

To our knowledge, this is the first study to evaluate the

deployment of CRNAs as RTEs in a critical care setting.

Methods

We utilized a just-in-time, hands-on training model to edu-

cate CRNAs at the Hospital of the University of Pennsylvania

and Penn Presbyterian Medical Center, Philadelphia, PA.

Education sessions were led by clinical lead RTs at demon-

stration stations in the ICU. Training sessions lasted about 60

min and included respiratory clinical practices and ventilator

management. After each session, CRNAs were given the op-

portunity to practice at each station for several hours through-

out the day. CRNAs were guided through the use of 4 models

of critical care ventilators used in our institutions. In addition

to learning about ventilator interfaces, CRNAs were educated

on various modes of ventilation used in the critical care setting.

Training sessions were held over the course of 1 week from

April 8, 2020, to April 15, 2020.

CRNAs were deployed in the ICUs from April 14, 2020,

to May 16, 2020. During the first week of deployment,

CRNAs were scheduled for 8–10 h of shadowing the respi-

ratory care workflow in the ICUs. During this time,

CRNAs had the opportunity to get experience with charting

patient-ventilator assessments. They received additional

training on transport ventilators that would be used in surge

ICUs should the demand for ventilators exceed the avail-

ability of critical care ventilators. CRNAs also observed re-

spiratory care interactions during critical care physician

rounds. Once shadowing was completed, CRNAs were

assigned to an ICU to work with a RT for a 12-h shift.

Coverage was provided 24 h/d, during which CRNAs

assisted with ventilator management, including assessment

of patient-ventilator interaction and charting. Other respon-

sibilities included critical care procedures, respiratory

therapies, and care planning.

After the initial patient surge, we used a qualitative sur-

vey method to assess CRNA experiences with critical care

ventilators (see the supplementary materials at http://www.

rcjournal.com). The 16-question survey included demo-

graphics, questions related to training, ICU experience dur-

ing COVID-19, and overall experience. To define overall

comfort with ventilators, we used a Likert scale (1–10),

with 1 being the least comfortable and 10 being the most

comfortable. Two open-ended questions asked the CRNA

to describe the most positive aspect of their experience and

any concerns. Study data were collected and managed

using REDCap (Research Electronic Data Capture,

Vanderbilt University, Nashville, Tennessee), secured

through the University of Pennsylvania. After the study

was determined to be exempt by the University of

Pennsylvania Institutional Review Board, the survey

was distributed to the CRNAs at 2 institutions within

our health system in June 2020. The survey remained

QUICK LOOK

Current knowledge

During times of high patient volume, respiratory care

resources may be stretched beyond capacity. Other

health care professionals may be called upon to assist

respiratory therapists’ management of mechanical ven-

tilation during times of crisis. Mechanical ventilation

requires expert oversight for safe operation.

What this paper contributes to our knowledge

Certified Registered Nurse Anesthetists (CRNAs)

were deployed to support respiratory therapists dur-

ing the COVID-19 pandemic. This strategy was exe-

cuted safely with no reports of adverse events related

to mechanical ventilation. CRNAs comfort with criti-

cal care ventilators increased as a result of working

closely with respiratory therapists.

SEE THE RELATED EDITORIAL ON PAGE 351
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open for 2 weeks with 1 reminder email sent halfway

through the survey period.

Statistical Analysis

Statistical analysis was completed using SPSS Statistics

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

tics were reported in means and standard deviations.

Categorical data were reported as percentages. Ordinal

responses were considered non-parametric. Friedman’s test

was used to determine differences between groups, and

post hoc pairwise comparisons were made using the

Wilcoxon signed-ranks test. A Kruskal-Wallis test was

used to compare nonparametric, independent samples. For

all statistical tests, P< .05 was considered significant.

Results

The survey was sent to 88 CRNAs across 2 hospitals in

our health system. We had an overall response rate of

63.3% (n ¼ 56). Four of the surveys received were excluded

due to incompleteness. A total of 52 surveys were included

in data analysis (Fig. 1). All of the respondents had at mini-

mum a master’s degree, while 5 respondents reported having

doctoral degrees. The mean6 SD years of experience work-

ing as a CRNA was 7.436 6.35 (Table 1). The mean6 SD

number of hours CRNAs reported training with critical care

ventilators prior to working in the ICU was 9.48 6 12.27.

The mean 6 SD number of hours the CRNAs were at the

bedside during the pandemic was 72.966 40.59.

CRNAs were asked to report comfort level with critical

care ventilators prior to the pandemic, after education with

RT staff, and after their ICU experience was completed.

Mean 6 SD comfort levels with ventilators were 4.52 6
2.06 prior to the pandemic, 6.08 6 1.89 after training with

RTs, and 7.79 6 1.55 after ICU experience. Comfort level

with ventilators increased significantly at these time

markers (P < .001) (Fig. 2). No statistical differences were

found between CRNA comfort level with critical care ven-

tilators based on years of experience (Table 2). No differ-

ence was found in mean comfort when measured after

training (chi-square ¼ 23.82, P ¼ .09) or after ICU experi-

ence was completed (chi-square ¼ 15.99, P ¼ .45).

Similarly, mean comfort level did not increase based on the

number of hours spent working in the ICU (chi-square ¼
13.67, P¼ .55).

Mean 6 SD satisfaction was reported as 6.65 6 2.46 for

overall experience of working as RTE. Respondents also

indicated they received an appropriate amount of training

during orientation to the RTE role (5.236 2.25). Although

Nurse anesthetists
from two hospitals

88

Complete surveys
52

Incomplete surveys
4

Surveys
56

Nurse anesthetists
site 1

60

Surveys submitted
41

Surveys not submitted: 19 Surveys not submitted: 13

Surveys submitted
15

Nurse anesthetists
site 2

28

Fig. 1. Flow chart.

Table 1. Demographics

Certified registered nurse anesthetists

Hospital site 1 38 (73)

Hospital site 2 14 (27)

Highest education

Master’s degree 26 (50)

Second master’s degree 20 (38)

Master’s of business administration 1 (2)

Doctoral degree 5 (10)

Years of experience 7.43 6 6.35

Hours spent training 9.48 6 12.27

Hours working with critical care ventilator 72.96 6 40.59

Data are presented as n (%) or mean 6 SD. N ¼ 52 respondents.
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Fig. 2. Wilcoxon signed ranks test comparing mean levels of com-

fort with critical care ventilators.
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CRNAs reported relying on the RT for help at the bedside

(7.46 6 1.89), CRNAs did consider their role as RTEs an

added value in patient care (7.606 2.25) (Table 3).

Open-ended questions related to overall experience

included both positive (n ¼ 37) and constructive (n ¼ 15)

feedback. Comments related to interprofessional collabora-

tion were mentioned most often (n ¼ 20). Forty-three per-

cent of the positive comments expressed gratitude for the

professionalism displayed during the pandemic. CRNAs

were also pleased to have their skills called upon during the

pandemic and appreciated the teamwork. Concerns were

expressed by 29% of the respondents to our survey. Of the

constructive feedback received, 66% of respondents felt

that more training would be beneficial. Correspondingly, 9

of the anesthetists stated they were inadequate to replace

RTs at the bedside. Concerns over charting, lack of profes-

sionalism, feeling overwhelmed, and concern regarding

future needs were also expressed in the comments.

Discussion

In this study, our results indicate that overall comfort

level with using critical care ventilators increased over time

among CRNAs working in the ICU during the COVID-19

pandemic. CRNAs typically come from a critical care

background, with a minimum of 2 y of nursing experience

required for admission to CRNA programs.14 Although no

statistically significant differences were found based on

years of experience, the traditional role of CRNAs in the

operating room lends itself to some familiarity with the

basics of mechanical ventilation. The role of a CRNA is

adaptable, resilient, and expert when managing airways and

resuscitating patients, not only in the operating room but

during clinical emergencies.11,14

Nurse anesthetists are advanced practice registered

nurses who are committed to excellence, patient safety, and

providing services throughout the hospital at a reasonable

cost to health care systems.14 Interdisciplinary collaboration

is inherent in the CRNA role because they work primarily

in the operating room and collaborate with surgeons, physi-

cian anesthesiologists, and other qualified health care pro-

fessionals.11,12,14 CRNAs have acquired all the skills

required to provide specific care and technical procedures

in the fields of intensive care anesthesia, which allows

them to care for and manage COVID-19 patients effec-

tively.14 The aforementioned qualities and their role in the

hospital made CRNAs a suitable fit both as RTEs and for

inclusion in this study.

Comfort level with mechanical ventilation did not

increase significantly based on the amount of time spent

training. This may be explained in a number of ways.

Comments from our survey included the perceived need

for more education prior to deployment. We acknowl-

edge that rapid deployment, on short notice, could lead

to some level of unease related to the technical aspects

of respiratory care. However, just-in-time education is

the standard for quickly deploying support staff during

medical crises.7,10,11 The recommendations from the

Commonwealth of Pennsylvania Department of Health

include cross-training and just-in-time education for

interdisciplinary collaboration.13 The education we pro-

vided may have been improved by following a model

similar to that used by Hester et al9 with medical stu-

dents at the University of Michigan. They provided edu-

cation designed to teach RTE-specific functions and

skills in collaboration with RTs. A hybrid model was

developed beginning with online, skills-based modules fol-

lowed by in-person skills training sessions.9 Different mod-

ules provided an array of learning checks and competency

Table 2. Comparison of CRNA-Reported Comfort With Critical Care

Ventilator and Years of Experience

Comfort Level Chi-Square P

Prior to COVID-19 4.52 6 2.06 14.69 .68

After training with RRT 6.98 6 1.89 18.47 .43

After working at bedside 7.79 6 1.55 24.14 .15

Comfort level presented as mean 6 SD. Comparison performed with the Kruskal-Wallis test.

Statistical significance set to P < .05.

CRNA ¼ certified registered nurse anesthetist

RRT ¼ registered respiratory therapist

Table 3. Overall Experience and Feedback

Experience (Likert scale 1–10)

Satisfaction with experience 6.656 2.46

Reliance on RT during work 7.466 1.89

CRNA added value 7.606 2.25

More education needed 4.776 2.25

Positive feedback*

Interdisciplinary collaboration 20 (54)

Professionalism 16 (43)

Skills used 11 (30)

Teamwork 9 (24)

Patient care/safety 4 (11)

Understanding COVID-19 2 (0.5)

Constructive feedback†

More education needed 10 (66)

CRNA ineffective as RRT 9 (60)

Concern for charting 4 (27)

Lack of professionalism 2 (13)

Overwhelmed 2 (1)

Concern for next surge 2 (1)

Data are presented as mean 6 SD or n (%).

* n ¼ 37
† n ¼ 15

RT ¼ respiratory therapist

CRNA ¼ certified registered nurse anesthetist

RRT ¼ registered respiratory therapist
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assessments to assure that the RTEs were progressing appro-

priately. To conclude the training, the students were eval-

uated via in-person practical assessments to assure

competency.9

Survey respondents reported an appropriate amount of

reliance on RTs during their ICU rotations. Although the

practice of respiratory therapy has been found to vary

between geographic regions, the technical skills are similar

(or identical).15 Some hospitals utilize RTs to the full extent

of their license, while others depend on other providers for

decision-making while the RTs carry out tasks.15 Still, RTs

remain the clinical experts and first-line assets during times

of crisis due to required competencies and their expertise in

mechanical ventilation.3,16 For these reasons, hospital sys-

tems should be selective in deciding what specialty will act

as RTEs during patient surges.

One area of concern reported in our survey, which

related to the RTE role, was replacing RTs with providers

outside the respiratory therapy profession. Replacing expe-

rienced critical care RTs, however, was never the goal.

There are a number of resources that recommend supple-

menting critical care RTs with nonclinical staff.7,10,13

Project XTREME (Cross-Training Respiratory Extenders

for Medical Emergencies), for example, is a disaster-pre-

paredness guideline for providing education to nonclinical

RTs and non-respiratory therapy professionals assisting in

the delivery of mechanical ventilation.10 This educational

model relies on interactive videos and competency valida-

tion in a laboratory setting. The authors suggest that this

education can be deployed as just-in-time training.10 We

also followed guidance by Rubinson et al,7 who similarly

suggested that RTs supervise noncritical care staff.10

Regardless, 11% of the positive feedback received was

related to patient care and safety as a benefit of the RTE

role in the ICU. A safety concern unrelated to the role of

RTE had to do with the number of ventilators that a single

RT can safely manage.17 Our experience showed that the

use of RTEs adequately bolstered our staffing levels so

patient safety could be prioritized. Post hoc inquiry into

patient safety events revealed that there were no adverse

events related to the deployment of RTEs reported in our

hospitals during the COVID-19 pandemic. This could be

explained by the fact that we simultaneously deployed RTs

in our tele-ICU as an extra layer of protection against safety

events related to COVID-19.18

Resource allocation was an important aspect of planning

for the initial patient surge.7,8,10,13 As suggested in Project

XTREME,10 there are 2 approaches to preparing for patient

surge. First is lowering demand on the institution, and sec-

ond is increasing resource supply. There are a number of

approaches to accomplish this, including but not limited to

discharge planning and patient diversion, as well as increas-

ing the amount of available equipment and staff.10 Our

institution stopped elective surgeries, which allowed us to

utilize the CRNAs as RTEs. We are aware of several insti-

tutions, notably the University of Michigan, that utilized

cross-training of other disciplines during COVID-19. In

terms of resource reallocation, Indiana University Health

reported successfully treating all of their COVID-19 patients

without overburdening the system.8 Their plans also included

“reverse surge” planning, a phase in which elective proce-

dures and other out-patient care were resumed with renewed

emphasis on early discharge, both from the ambulatory sur-

gery center and within the hospital itself.8

The deployment of CRNAs as RTEs elucidated the idea

that, as pandemics and other mass casualty events arise, as

technology advances, and as new therapies are discovered,

emphasis should be placed on preparedness and interdisci-

plinary collaboration.7,12 Subsequently, there should be sig-

nificant ongoing effort and commitment to develop

protocols and training guidelines for rapid deployment of

staffing resources in collaboration with clinical partners

including medical directors, anesthesia physician leaders,

nursing leadership, and respiratory therapy leadership.7

Advanced planning for times of high patient volumes may

limit the need for rapid decision-making when overwhelm-

ing situations, such as a pandemic, occur and can help organ-

izations respond effectively and enable them to provide

patients with safe, high-quality care.7 Despite this guidance

from the Chest Task Force on Mass Critical Care, the

COVID-19 pandemic highlighted infrastructure needs.

Limitations

Our study had several limitations. First, the survey tool

used was not validated. Although reviewed by 4 of the

authors prior to distribution, we did not apply principle com-

ponents analysis or check for consistency. Additionally, we

did not use standardized training tools or test CRNAs for

competence in the use of critical care ventilators. Their level

of comfort was based only on the anesthetists’ subjective

opinion at the time of the survey. At the same time that

CRNAs were deployed, our health system added virtual RTs

to our tele-ICU service, adding an extra layer of staff support

which may have affected CRNA experience, and therefore,

the survey results. Finally, the respondents represent a rela-

tively small sample size. For these reasons, our results may

not be generalizable to other health systems. More research is

needed, with more participants, to fully understand the experi-

ence of RTEs. Future research should be inclusive of other

disciplines working as RTEs so that comparisons can be made

between non-respiratory therapy professionals and interprofes-

sional comfort level and competence when using ventilators.

Conclusions

Comfort level with mechanical ventilation increased for

CRNAs working alongside RTs during the COVID-19
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pandemic. It is reasonable to deploy other disciplines with

less experience managing critical care mechanical ventilators

as RTEs. More research is needed to understand the impact

of interdisciplinary collaboration on patient care and

outcomes.
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