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Abstract

Rationale: The adoption of prone positioning for patients with
acute respiratory distress syndrome (ARDS) has historically
been poor. However, in mechanically ventilated patients with
coronavirus disease (COVID-19) ARDS, proning has increased.
Understanding the factors influencing this change is important
for further expanding and sustaining the use of prone positioning
in appropriate clinical settings.

Objectives: To characterize factors influencing the
implementation of prone positioning in mechanically ventilated
patients with COVID-19 ARDS.

Methods: We conducted a qualitative study using
semistructured interviews with 40 intensive care unit (ICU)
team members (physicians, nurses, advanced practice providers,
respiratory therapists, and physical therapists) working at two
academic hospitals. We used the Consolidated Framework for
Implementation Research, a widely used implementation science
framework outlining important features of implementation, to
structure the interview guide and thematic analysis of interviews.

Results: ICU clinicians reported that during the COVID-19
pandemic, proning was viewed as standard early therapy for
COVID-19 ARDS rather than salvage therapy for refractory

hypoxemia. By caring for large volumes of proned patients,
clinicians gained increased comfort with proning and now view
proning as a low-risk, high-benefit intervention. Within ICUs,
adequate numbers of trained staff members, increased team
agreement around proning, and the availability of specific
equipment (e.g., to limit pressure injuries) facilitated greater
proning use. Hospital-level supports included proning teams,
centralized educational resources specific to the management of
COVID-19 (including a recommendation for prone positioning),
and an electronic medical record proning order. Important
implementation processes included informal dissemination of
best practices through on-the-job learning and team interactions
during routine bedside care.

Conclusions: The implementation of prone positioning
for COVID-19 ARDS took place in the context of evolving
clinician viewpoints and ICU team cultures. Proning was
facilitated by hospital support and buy-in and leadership from
bedside clinicians. The successful implementation of prone
positioning during the COVID-19 pandemic may serve as
a model for the implementation of other evidence-based
therapies in critical care.
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Early prone positioning for patients with
moderate to severe acute respiratory distress
syndrome (ARDS) was shown to reduce
mortality in a randomized controlled trial
andmeta-analyses (1–3). Despite this
evidence and a subsequent multisociety
ARDS guideline strongly recommending
prone positioning (4), adoption has
historically been poor. Before the
coronavirus disease (COVID-19)
pandemic, studies showed that only
16–33% of patients with ARDS received
proning (5–9). Potential reasons for low
adoption include underrecognition of
ARDS by clinicians (5, 10), a perception of
proning as salvage therapy for refractory
hypoxemia (6, 11), concern that proning is
prohibitively labor intensive (12), and a
preference for and availability of alternative
adjunctive therapies (e.g., neuromuscular
blockade, extracorporeal membrane
oxygenation) (11, 13).

Proning practice has changed during the
COVID-19 pandemic. In studies from
multiple countries, 53–70% of mechanically
ventilated patients with COVID-19 received
prone positioning (14–17). In our own
medical system, there was a 50% absolute
increase in the use of early proning in
COVID-19 versus historic ARDS (18), and in
other health systems there are reports of
increased hospital-level ability to offer proning
(19). However, a multisite study in the
United States showed considerable variation
in proning use among hospitals (5–80% of
patients proned), suggesting a continuing
need for improved implementation (20).
Although new therapies and advances in
medicine may takemore than a decade to
move from discovery into clinical care (21),
prone positioning for COVID-19 ARDS
was rapidly adopted (18). This rapid
implementation provides a model for
understanding how evidence-based critical
care practices can be quickly and efficiently
adopted (22).

Implementation science uses frameworks,
such as the Consolidated Framework for
Implementation Research (CFIR), to
systematically assess and identify important
implementation factors across multiple
domains (23). The CFIR, which is a
framework recommended by the American
Thoracic Society (24), comprises five domains
(intervention characteristics, individuals, inner
setting, outer setting, and implementation
processes) that affect implementation and
assists with rigorously conceptualizing

implementation investigations (23). In this
study we used the CFIR to guide a qualitative
investigation of the factors influencing the
rapid implementation of prone positioning
for COVID-19 ARDS (25). Improved
understanding of these factors will inform
further expansion and sustainability of
prone positioning and could inform the
implementation of evidence-based critical care
more broadly.

Methods

Study Design, Setting, and
Participants
We conducted a qualitative study with
intensive care unit (ICU) teammembers
caring for patients with COVID-19 ARDS.
Participants were recruited from three
medical ICUs at two hospitals, a large
quaternary-care academic center and a
smaller community–academic hospital, in
the Johns Hopkins Health System in
Baltimore, Maryland. We recruited attending
pulmonary and critical care medicine
physicians and fellows, advanced practice
providers (APPs), registered nurses (RNs),
and respiratory therapists (RTs). After initial
interviews, we also recruited physical
therapists (PTs) from the “proning team”
(a team that assisted ICUs with carrying out
proning during COVID-19 surges) (26).
We used purposive sampling, consisting of
direct outreach to clinicians (medical doctors
[MDs], APPs, and PTs) known to be
engaged with the use of prone positioning,
and convenience sampling (for RNs and
RTs) through recruitment e-mails to staff
members and presentations at staff meetings.
We targeted a minimum sample size of five
providers of each type from each hospital.
APPs and PTs were recruited only from the
larger quaternary-care center, as APPs are
not employed in the smaller hospital ICU,
and the proning team was available only at
the larger academic center. Participants of
all types and from both hospitals were
recruited and interviewed on a rolling
basis. The final sample size was determined
by data saturation, which was considered
to have occurred when no new themes
emerged with additional interviews.
Study reporting follows the Consolidated
Criteria for Reporting Qualitative
Research (seeAppendix A in the online
supplement) (27).

This study was approved by the
Johns Hopkins School of Medicine

Institutional Review Board
(IRB00259955), and participants
provided verbal consent.

Interview and Data Collection
One-on-one semistructured interviews
following a written interview guide targeting
CFIR domains were conducted using video
conferencing software (seeAppendices B
and C). Study-specific CFIR domain
definitions are shown in Figure 1. “Patient
characteristics,” which is not a separate
domain of the CFIR, was considered a
subdomain of “intervention characteristics,”
as the patient–intervention interaction was
considered an important feature for
implementation (28). The interview guide
was drafted by author C.H.H. and then
revised in discussion with authors with
expertise in critical care (D.N.H. and
M.P.K.), implementation science (M.N.E.
andM.P.K.), and qualitative research
(M.N.E. andM.P.K.). The initial interview
guide was then pilot tested with one
participant (fellow) and underwent minimal
revisions. After subsequent interviews, the
interview guide was iteratively updated after
discussion of interview transcripts between
the interviewer (C.H.H.) and senior authors
D.N.H. andM.N.E. using the constant
comparison method to explore emerging
themes from prior interviews. Interview
audio was recorded and transcribed verbatim
using a medical transcription service.

Qualitative Analysis
Interview transcripts were analyzed
using NVivo 12.0 software (QSR
International Pty Ltd.). We used thematic
analysis to identify themes, which we then
mapped to CFIR domains. The initial
codebook was developed by authors C.H.H.,
B.S., andM.N.E., who analyzed the first five
transcripts. Subsequent transcripts were
then coded by C.H.H. by applying codes to
selected quotations, and new codes were
added as themes emerged (29). Transcripts
were then coded in duplicate by an
additional teammember (B.S. or M.E.C.).
Qualitative coders (C.H.H., B.S., andM.E.C.)
met frequently to ensure consistency and
completeness of coding, with a fourth
investigator (M.N.E.) consulted for
unresolved discrepancies. Interrater
reliability was assessed and demonstrated
high percentage agreement (99%) and fair
interrater reliability (Cohen’s k=0.40).
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Results

Interviews with 40 ICU team members
were conducted from February to July
2021. Participant characteristics are
shown in Table 1. Of the MD, APP, and

PT participants contacted, 21 of 24
participated. Of the 20 RNs and RTs
who responded to recruitment
materials, 19 participated. The median
interview length was 24 minutes (range,
12–44 min).

CFIR Intervention Domain: Prone
Positioning
Consistent with quantitative work showing
increased frequency of proning, earlier proning
initiation, and longer proning sessions in
patients with COVID-19 ARDS (18),
participants noted practice changes:

(APP02) Within the first couple of blood
gases if their P/F [partial pressure of arte-
rial oxygen/fraction of inspired oxygen]
ratio fell below 150, we were proning
them, which was very different than
before when we usually would’ve given
patients hours and hours . . . maybe even
a day or two to try to come around.

Some of these changes were attributed
to a higher volume of patients with more
homogeneous and severe ARDS:

(MD12) Proning has been more of a focus
during this pandemic, in part because
we’ve had more patients that qualify as
having severe ARDS and would qualify
for prone positioning.

In addition, participants noted that
proning use expanded to populations in
whom there have historically been concerns
about proning (e.g., high body mass index,
hemodynamic instability):

Intervention Characteristics:
Core and adaptable features of
prone positioning. Interaction
with patient features.

Implementation Processes:
Strategies to increase uptake
and sustainability.
Intervention refinement.

Outer Setting:
Hospital environment and
societal influences

Inner Setting:
ICUs caring for COVID-19
patients. Team culture,
equipment, layout.

Individuals:
Clinician views on proning.
Self-efficacy for practice
change.

Figure 1. Consolidated Framework for Implementation Research (CFIR) domains with study-specific definitions. The CFIR consists of five
domains to organize the study of factors that are important for effective implementation. The intervention (intervention domain), in this case,
prone positioning, is introduced into a context that consists of individual clinicians (individuals) working in ICUs (inner setting) that exist within
the broader hospital and societal context (outer setting). The intervention has core features necessary for efficacy and efficiency but is also
adapted and refined by the context in which it is introduced (double arrow to individuals, inner setting, and outer setting). Implementation
processes are the strategies that can improve implementation (increased adoption, penetration, and sustainability) of the intervention being
implemented. COVID-19=coronavirus disease; ICU= intensive care unit.

Table 1. Demographic and occupational characteristics of study participants

Characteristic Full Sample (n=40)

Provider type, n (%)
Attending MD 7 (17.5)
Fellow MD 5 (12.5)
APP 4 (10.0)
RN 12 (30.0)
RT 7 (17.5)
PT 5 (12.5)

Hospital, n (%)*
Academic 28 (70.0)
Community–academic 13 (32.5)
Demographics/occupational
Age, y, median (IQR) 34 (30–39)
Female, n (%) 29 (72.5)
Years in health care, median (IQR) 9.5 (6.0–14.5)
Years in ICU, median (IQR) 7.0 (3.5–10.0)
Clinical role exclusively in ICU, n (%) 24 (60.0)

Definition of abbreviations: APP=advanced practice provider; ICU= intensive care unit;
IQR= interquartile range; MD=medical doctor; PT=physical therapist; RN= registered nurse;
RT= respiratory therapist.
*One participant reported splitting time equally between both campuses and is counted in both
the academic and community–academic categories.
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(RN04) As COVID has progressed . . . we’re
not finding exceptions anymore. . . . We’re
not really finding unpronable patients. We
are finding ways to make it work for just
about everybody.

CFIR Individual Domain:
ICU Clinicians
Themes involving ICU clinicians are shown
with supporting quotations in Table 2.
Repeated exposure to proning reinforced
provider belief in efficacy. This shifted
clinician views on the risk and benefits of
proning, yielding a view of proning as a
low-risk, high-benefit intervention. However,
the increased volumes of proned patients
receiving longer proning sessions also made
some of the adverse effects of proning more
apparent (i.e., severe pressure wounds,
musculoskeletal injuries). Although this
could deter further proning, some clinicians
noted that these risks did not alter their
decisions to use proning:

(MD03) We’re talking about lives being
saved, and wounds are not going to kill this
person. So, we just got to bite the bullet.

Participants anticipated that they would
also increase their use of proning in patients
with non–COVID-19 ARDS, though there
was uncertainty regarding necessity and
efficacy in that setting (Table 2).

CFIR Inner Setting: ICU
Characteristics
Major themes related to ICU characteristics
involved 1) staffing, 2) team experience with
proning, and 3) ICU equipment and layout
(Table 3). To carry out proning safely,
adequate numbers of trained staff members
were needed. Although the number of bedside
providers needed to prone a patient was well
defined by our participants (three or four ICU
teammembers), an optimal nurse-to-patient
ratio for proned patients was debated,
specifically, whether a 1:1 nurse-to-patient
ratio was required. Although someMDs/APPs
favored less intensive staffing ratios, the extra
nursing care required for proned patients may
be less apparent to these clinicians:

(RT01) There’s a lot more frustrations for
them [RNs] in terms of how much more
care is involved for the patient and how it
complicates their care. . . . Just bathing the
patient becomes much more of an event.

Apotential staffing-related barrier to
proning was the use of travel nurses, who had
variable experience with and perceptions of
prone positioning. An additional challenge was
the frequent turnover in attendingMDs and
fellows (part of the COVID-19 staffingmodel in
these hospitals). This revealed variable proning
practices (e.g., when to initiate proning, when to
supinate) that were frustrating for the ICU
teams carrying out proning.

Many participants noted increased
team agreement around proning in
comparison with team attitudes before
COVID-19. This agreement and
increased comfort with proning led to
more rapid and decisive use of this
therapy:

(MD10) We did a lot less of salvage pron-
ing, and I think we did a lot less of waffling
back and forth, “Should we prone? Should
we not?.”

As proning increased, the decision to
initiate proning was often made byMDs at
earlier stages of training. For example,
residents began deciding to initiate proning
overnight, whereas previously this decision
would have been discussed on the next day’s
ICU rounds. Although this may decrease a
barrier to proning, there were also concerns
regarding this trend:

(MD10) The decision was being made at a
progressively lower level as the pandemic
went on. . . . That’s both good and bad. . . .
There were a couple of times when I think
the decision was almost reflexive, and it
would have benefited from a little more
consideration. Someone who’s got ARDS
but also has renal failure clearly is going to
need a dialysis catheter; probably should
wait to prone them until we have the dialy-
sis catheter in.

Table 2. Consolidated Framework for Implementation Research individual domain: intensive care unit clinician factors influencing
proning use in coronavirus disease acute respiratory distress syndrome

Study Theme and Subthemes (Provider Type and Number) Supporting Quotation

Clinician views of proning
Repeated exposure reinforced belief in efficacy (RT07) Before COVID, it was more of like, “Do we really know if this

is going to work . . .?” But I think going through COVID, it’s like
we knew this is going to work. So, I think everyone’s viewpoint
kind of shifted.

Repeated exposure shifted views on risks/benefits (MD01) I think that I’ve seen enough volume of patients now to see
that it’s a potentially high-benefit, low-risk intervention. . . .
Whereas before, I think my mind-set might have been like,
“Should we prone them,” now, my question might be like, “Is
there a reason I should not prone them?”

Repeated and prolonged proning revealed newly apparent risks (MD06) The harms of prolonged proning that I’ve seen during COVID,
I just had only rarely seen pre-COVID. And I think it’s just the
volume of people proned and the volume of people prone for
prolonged periods of time . . . really severe pressure injuries, facial
injuries, periorbital edema, shoulder injuries, brachial plexus injuries.

Improved familiarity and comfort with proning may influence
future practice

(MD02) I would definitely attempt it in other non-COVID ARDS
patients. But I wonder what my practice will be like because we
are able to manage non-COVID ARDS in the MICU, (flu, and other
things) sort of without as much aggressive proning, from my
memory. But I certainly would consider doing it and I would feel
very comfortable with it.

Definition of abbreviations: ARDS=acute respiratory distress syndrome; COVID=coronavirus disease; MD=medical doctor; MICU=medical
intensive care unit; RT= respiratory therapist.
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Table 3. Consolidated Framework for Implementation Research inner setting: intensive care unit factors influencing proning use
in coronavirus disease acute respiratory distress syndrome

Study Theme (Definition) and Subthemes (Provider Type and Number) Supporting Quotation

Staffing (staffing requirements for safe proning and
challenges in staffing)

(RN09): You need the physical people to flip people. . . . I [also] need
somebody who’s going to know you can’t yank a central line this way. . . .
It’s not just [the] physical people, but people who [have] probably done it
before, like who can kind of do it safely.

Adequate staff with training needed (RN10) I mean, I think if we could really figure out about the whole making
them a one-to-one versus if it was okay to have them paired with another
patient . . . I think if there is a way that they can maintain safety and that
we can also have it paired with another patient, I think that’s the best
because I don’t think that really staffing is ever going to get better.

Optimal nurse-to-patient ratio unknown (APP04) I think we also had this real stigma [that] with staffing, that if a
patient was proned, at least from a nursing perspective, that it needed to
be a one-on-one nurse to patient ratio. . . . Once COVID hit, you would
have two proned patients that you were paired together with. . . . I think it
made us realize that the act of proning takes a little bit of work to get them
flipped, but once they are proned, you aren’t really doing anything with
them.

Travel nurses brought different degrees of
experience

(RN11) Then the other issue is the number of travelers. . . . We don’t know
which ones of them are comfortable with proning, have done it a lot, what
their process was, and they’re not that good about knowing our policies.

Frequent attending MD/fellow turnover led to
variability in practice

(RN08) What became challenging was . . . when a provider would want them
supinated like on a Tuesday, and then we would allow that to happen, and
then on Wednesday, a new attending would come in and it would be, “Oh,
let’s prone them,” and we were like, “Wait a minute. We just did that,
they’re doing okay.”

Team experience with proning
Team agreement (MD10) Probably the single biggest change was just the rapidity in which

people got proned and, I think, the acceptance of the team that we were
doing this. I mean, it just happened and there is no whingeing* about it.

(RN09) What has changed from our end is every time we see a patient start
to not do well or have increase in oxygen or PEEP requirements, we
almost automatically know that we are going to end up proning them. But I
feel like, in that way, everybody ends up being on the same page almost.

Repeated proning improved comfort (APP02) I think it’s a lot more comfort with us doing it too. I don’t really sense
near as much anxiety about turning a patient, or they may not be stable
enough to turn, which was a comment we would hear frequently [before
COVID-19]. I mean, you still hear that, certainly, if a patient is unstable, but
nearly everybody was felt to be too unstable to prone previously, and now
it’s a rare circumstance that you get that feedback.

Decision to prone made by staff members with
less training

(MD04) I think proning, especially if you do it with any frequency as we have
been doing, it’s a pretty safe thing to do, and therefore the benefit to risk
ratio is favorable, and I think interns and residents should have the
privilege to [decide to] prone.

Preparation for proning became standard (MD11) Making sure they have the lines in place, and stuff ahead of the fact
probably is an intentional process now, whereas I don’t think we always
sort of thought ahead for that.

ICU equipment and layout
ICUs stocked with basic but important equipment (PT01) I think using the simple equipment worked. Of course, things like

using Mepilex bandages to protect bony prominences, and the Z-Flo
pillow to prevent kind of pressure ulcers on the face. Those are important.

Wider beds and specialty beds became standard
in some units

(RN03) So with these new beds, they’re wider than our regular beds which is
helpful. With this supination and proning, we need a little bit more space.
They’re also air [mattresses], so they’re better for their pressure injury
prevention, and then also the way that the bed tilts in a way that we can
still feed the patients because it’s important to feed them.

Room size and patient visibility (RN04) It was definitely more difficult in [repurposed COVID-19 ICU] . . .
because [the rooms] are not ICU rooms, so they’re a lot smaller. . . . A
majority of their doors are just wooden regular doors and didn’t even have
windows on them. To have a patient that sick that you’re proning and not
being able to see them was a big challenge. . . . They replaced the doors
to have windows, which is better, but still, it’s definitely much easier with
the ICU style, having the glass door window.

Definition of abbreviations: APP=advanced practice provider; COVID=coronavirus disease; ICU= intensive care unit; MD=medical doctor;
PEEP=positive end-expiratory pressure; PT=physical therapist; RN= registered nurse.
*Colloquial for “whining.”
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Table 4. Consolidated Framework for Implementation Research outer setting: hospital and societal factors influencing proning
use in coronavirus disease acute respiratory distress syndrome

Study Theme (Definition) and Subthemes (Provider Type and Number) Supporting Quotation

Hospital resources
Hospital dedicated resources to proning (RN02) There was an educational video created and put on the

COVID-19 resource portal, and they knew that there were
other institutions using this, so there was a video made here at
Hopkins describing it. And I know the prone team—that group,
because I became a part of it later on. And I know there was a
literature search involved and much thought, and then they got
the resources to develop it and put it out there for the entire
hospital to use.

Proning EMR order (APP01) All of a sudden, this magical Epic [EMR] order
appeared [and] it wasn’t a nursing communication anymore.
So, it became more standardized for supinating and prone . . .
over time and with kind of comfort level, that decision [to
prone] became more of just as far as we’re going to add a
pressor or vasodilator therapy as something that kind of came
a little more fluidly.

Dedicated COVID-19 units (hospital created units dedicated
wholly to COVID-19 critical care)
Repurposed units presented training challenges (MD12) And I think there’s excitement, generally, being in the

[new COVID-19 ICU]. Those are not all ICU-trained-level
nurses, although now they’ve become that. I think, in the
beginning, there was certainly a lot of . . . intimidation around,
like, “Ugh, how are we going to learn how to do this? How are
we going to actually do this?” But now, people have really
taken advantage of it and picked it up as time’s gone on.

Developed expertise in proning and ARDS management more
broadly

(MD02) The advantage that we had on ICU X [the new COVID-
19 ICU] is that these nurses were almost like a blank slate . . .
And I would say what’s interesting is these nurses are really
good at treating hypoxic respiratory failure. . . . So one, it
[proning] was part of the training on how to take care of these
COVID ICU patients. And then two, it was just kind of a like—
with that was just like full team buy-in.

Implementation of proning may have been better in these units (RT02) So in the COVID ICUs, we are going to proning
immediately. We’re proning patients a lot faster; we’re leaving
them prone longer. Whereas in the non-COVID ICUs, we’re
kind of waiting a little bit and saying, “Hey we’ve tried APRV
for a while; we’ve tried this for a while.” But rather than leaving
the patient prone for 24 h or 48 h, they more so are 12 h, 24 h,
let’s supinate this patient.

COVID-19 as a novel disease
Lack of other proven therapies refocused care on evidence-

based practice
(APP01) I think it came down to that we didn’t really have any

targeted treatment for this. And all of the kind of anecdotal data
that came out, as far as out of Italy and New York. . . . And
fortunately, I think being at Hopkins, the thought was like, “Well,
we go evidence-based-wise.” So we’ll continue what we’re
doing from the ARDS Network. And it was pretty obvious we
were still going to prone. . . . And we have to just go back to our
guidelines and our P/Fs of less than 150 and do it early.

Interest in “novel” approaches to new disease process (MD10) And I think the fact that it was a new disease, not a new
syndrome, but a new disease . . . [the] suggestion of “we
should prone everyone as soon as they hit those criteria,” I
think the ground for that was a lot more fertile than if it had just
been, “We’re going to start proning every patient with ARDS.”

Researcher interest in proning (MD04) And COVID was a new problem, and a lot of people
were paying special attention to it, including more than one
person in the pulmonary division who was interested in
proning, and when somebody is very focused on an aspect of
the problem, clinicians understand that this is something worth
considering. So, the fact that there’s a researcher prowling
around talking about proning raises consciousness.

Definition of abbreviations: APP=advanced practice provider; APRV=airway pressure release ventilation; ARDS=acute respiratory distress
syndrome; COVID=coronavirus disease; EMR=electronic medical record; ICU= intensive care unit; MD=medical doctor; P/F=partial pressure
of arterial oxygen/fraction of inspired oxygen; RN= registered nurse; RT= respiratory therapist.
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Table 5. Consolidated Framework for Implementation Research implementation strategies: implementation processes affecting
proning in coronavirus disease acute respiratory distress syndrome

Study Theme (Definition) and Subthemes (Provider Type and Number) Supporting Quotation

Approach to staff training (processes to train
staff on proning effectively)
Leadership and education from experienced nurses (RN03) We’ve done a lot of surveys with our staff on what they found

most helpful and what they didn’t find helpful. So, providing them
journal articles, providing them policies to review . . . didn’t learn
that way. . . . I think that the best way that they learned, and they
were able to absorb the most information, was repeated exposure
to the same thing. And we also did one-to-one nursing. . . . I think
the best thing that worked for them was treating it like a
preceptorship, like when they’re new nurses, so.

Proning-specific educational initiatives (MD03) So a lot of informal—talking about it on rounds. And then for the
nursing staff, we did a brief educational, like five minutes at the nurse
staff meeting. We created a little document to distribute to the nursing
staff that just sort of had the basic parameters of PROSEVA.

On-the-job learning (RN11) The physician can write the order to prone, but they don’t
have any experience in any of this. So, there’s really no one to
guide us [with carrying out proning]. It’s a learn as you go process.

Proning team (team composed of dedicated nurses (initially)
and outpatient PTs redeployed to inpatient setting
to assist with proning)
Availability of prone team, particularly helpful in

high-volume periods
(RT02) It [the prone team] was definitely one of the best things that

we could’ve implemented during the period of the pandemic
because it’s so difficult when you have an ICU full of 15 intubated
patients and maybe 7 or 8 of the 15 are proned. It’s so difficult to
coordinate with all of the nurses that you need, the techs that you
need, as well as the RT that you need to be able to prone,
supinate, do head turns for these patients. So having a dedicated
PT, [or] having two dedicated PTs . . . on the prone team [available
to help], that eliminated taking away three people . . . [from] their
patient that are potentially not doing well.

Helped less experienced units learn proning best
practices

(PT04) But [in] the units that had no experience, they were looking to
us from day one because they didn’t know at all [how to prone].

Innovative positioning to decrease musculoskeletal
injury

(PT02) As we went along, brachial plexopathies and pressure injuries,
but also shoulder subluxations were kind of the main things to
watch out for. And so, I’ve seen enough bodies moving that that
kind of comes intuitively to me, which I had noticed for the nurses, it
didn’t. They were like, “Can the arm move like that?” And I was
like, “Yeah.” Or they’d be super comfortable with the position that
the patient was in, and I’d be like, “No. . . . that’s a up to five-year
recovery.” . . . So, it’s amazing that the person is alive and be
totally worth it, but if we could prevent five years of disability in
someone’s arm just by supporting their shoulder while we move it,
that would be pretty cool.

Guidelines, policies and procedures (the role of these
documents in proning implementation)
Specific COVID-19 critical care guidelines were

helpful
(MD10) I think, in the MICU, what drove [the increased use in

proning] was that in the ramp up to COVID we tried to come up
with some—not knowing very much—we came up with some
guidelines saying, look, we’re operating under the assumption that
this is ARDS. We should treat it like ARDS [including proning].

(RN02) I think the recommendation of proning in the COVID patients
helped sort of stir the work that was probably needed to develop
the new method [for proning] . . . stirred the work to kind of look at
how to make this intervention easier to implement.

Guidance for the mechanical aspects of proning (RN08) Thankfully, our nurse educator . . . did a whole proning policy,
which gave us all the guidance that we needed on how to follow the
correct steps to do the actual pronation itself. And that was almost
always printed out and reviewed if anybody was ever unsure.

Protocols may be too proscribed and did not
evolve with changes in proning practice

(RN10) It [proning protocol] was helpful, but I hate to insert it into this
conversation, only because I feel like it’s now becoming a nuisance
for me, only because it was written for ARDS patients long before
COVID was a thing. So, the thing I said about the time frame [of
when to prone and supinate patients] with the 16 h and the 4 h, of
course, that doesn’t apply.

(Continued)
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Several features of ICU practice,
equipment, and layout were important
for proning. During the pandemic, ICUs
more intentionally prepared patients for
potential proning (i.e., potentially needed
vascular access and imaging obtained).
Regarding equipment, participants noted
that proning was accomplished with basic
but important equipment that included
foam bandages to protect vulnerable
pressure points, pressure redistributing
pillows (30) to provide protection against
pressure injuries around the face, and
blanket rolls to support the patient during
proning. Having this equipment readily
available was important for the teams
who performed the proning procedures.
No participants reported the use of
proning-specific equipment such as
specialty proning beds (31). However, in
one of the dedicated COVID-19 units,
wider specialty beds with air mattresses
to reduce pressure wounds became
standard for any patient who might be
proned, and were viewed by the nursing
team as instrumental for efficient and
safe proning.

CFIR Outer Setting: Hospital and
Societal Context
Several hospital and larger contextual factors
influenced proning (Table 4). Early in the
pandemic, both study hospitals dedicated
resources to support the expansion of prone
positioning. This included developing
proning educational materials and
disseminating them on a centralized online
platform shared between both hospitals. At
the larger academic center the administration
supported the formation of a proning team
that assisted with proning in times of high
volume. Finally, an electronic medical record
order for proning was developed and shared
between both hospitals. This was viewed
as helpful for creating standardized
communication and work flows to
support proning.

The creation of dedicated COVID-19
ICUs, which occurred at both hospitals,
presented challenges and opportunities
for proning. Before COVID-19, some of
these ICUs were nonmedical ICUs or
intermediate-care units (IMCs). In these
units, rapidly training the staff, who often
had limited experience caring for patients

with ARDS, was a challenge. However,
this same lack of experience could be
advantageous when introducing new
practices, with one participant noting that
the team in an IMC repurposed as an ICU
was a “blank slate.” Furthermore, the teams
in dedicated COVID-19 units rapidly
developed syndrome-specific expertise and
this facilitated the confidence and expertise
to then support proning in less experienced
units:

(MD02) A sick patient came [to the car-
diovascular surgical ICU (CVSICU)] . . .
and they were going to consider cannula-
tion [ECMO], but they wanted to opti-
mize sedation, the vent, and then prone.
The [COVID-19 ICU] charge nurse went .
. . and helped them [prone]. I think there
was a little pride in that, right? . . . This
IMC turned renegade ICU . . . going
down to the CVSICU to be like, “This is
our expertise.”

In a larger contextual frame, COVID-19
as a novel disease influenced teams to adopt
new approaches for patients with ARDS.
This was stimulated in part by initially

Table 5. (Continued)

Study Theme (Definition) and Subthemes (Provider Type and Number) Supporting Quotation

Providing access to training materials
Prone positioning instructional video (APP04) I felt like a video was also something that was really helpful.

So, we made a video on the actual proning procedure, and flipping,
and supinating, and all of that. We made a video from the PT
perspective on shoulder subluxation and how to prevent that. And
then, we made another video from the wound care perspective on
how to prevent facial injuries. And I think it just adapted to
everybody’s learning style, whether you were somebody who liked to
read something, or whether you needed to actually see it be done,
whether you needed to hear it, you could just listen to the video.

COVID-19 information portal (RN02) Another tool was the educational video that we received, and
then the COVID-19 resource portal that had a ton of information and
other literature that just—if a nurse wanted to learn, “Is there
recommendations for tube feeding?” etc.

Dissemination of best practices (process for distributing
information on proning best practices)
Informal dissemination of information (RN04) I was trying to do a lot of education with skin and wound and

preventing pressure ulcers. . . . But there’s no real way to spread
that information to everybody. So, it was literally word of mouth, like
whenever you happened to go turn somebody, you would say it to
those three people. And then you would go turn somebody else
and say it to those three people. . . . I mean, we were getting
inundated with so many e-mails, and it’s not necessarily applicable
to everybody. [In] a couple of units, we would institute pressure
ulcer prevention bulletin boards, but I mean, who knows who’s
really stopping to look at that and read that when you’re busy with
your patients.

Definition of abbreviations: APP=advanced practice provider; ARDS=acute respiratory distress syndrome; COVID=coronavirus disease;
ICU= intensive care unit; MD=medical doctor; MICU=medical intensive care unit; PROSEVA=Proning Severe ARDS Patients; PT=physical
therapist; RN= registered nurse; RT= respiratory therapist.
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limited therapeutic options for COVID-19,
reports from other ICUs experiencing early
COVID surges, and other COVID-19–
related changes to the clinical environment:

(MD03) COVID shows up, and now
everything’s different, right? Like, “New
walls, new doctors, new equipment, new
gear, new hours.” . . . I think just sort of
being like, “Actually, this has been the
way we should be doing things.”

CFIR: Implementation Processes
Implementation processes that supported
prone positioning for COVID-19 ARDS are
outlined in Table 5 and comprise 1) staff
leadership and training, 2) the use of a
proning team, 3) guidelines and proning
policies, 4) access to training materials, and
5) dissemination of best practices. Staff
training was led by experienced nurses who
provided bedside education for more junior
nurses and overall championed the
expansion of prone positioning. Although
this was supplemented by some proning-
specific educational initiatives (e.g., lectures,
skills day), on-the-job learning was viewed as
the most important training aspect.

A proning team was created at the larger
academic hospital early in the pandemic and
was initially composed of senior nurses
and subsequently staffed by redeployed
outpatient PTs. This team was crucial during
COVID-19 surges and early in the pandemic,
when they helped teach less experienced
units to prone safely. In addition, the PTs on
the proning team developed innovative
positioning adjustments to decrease risk of
musculoskeletal injuries in proned patients
(i.e., brachial plexopathies, shoulder
subluxations). Using these protective
positions may have increased provider
comfort, particularly as these risks of proning
became apparent:

(RT02) We needed a little bit proper
training on how to position the arms
because we ended up seeing a lot of
patients who had injuries with moving
their arms or their shoulders around. And
having a PT—that was helpful . . . that’s
their bread and butter.

Several implementation processes
involved proning policies, guidelines, and the
tools needed to disseminate them. Early in
the pandemic, Johns Hopkins Medicine
created institution-specific guidelines for the
care of critically ill patients with COVID-19

(including a recommendation for proning).
Participants viewed this locally informed
guidance as instrumental for implementing
prone positioning. Although existing
protocols on the mechanical aspects of
proning were helpful, they did not always
reflect current proning practice (e.g., longer
proning sessions), and this led to some
frustration with their use. To disseminate
guidelines, protocols, and other proning-
specific educational materials, a centralized
information portal was created to reach
clinicians across both hospitals. In addition,
many participants discussed that best
practices were also disseminated informally
via staff interactions during routine bedside
care.

Discussion

Greater use of prone positioning in
mechanically ventilated patients with
COVID-19 ARDS occurred in the setting
of shifting individual and ICU team
approaches to proning. This was supported
by deliberate ICU and hospital features,
including the availability of basic but
important equipment, centralized access
to institution-specific guidelines and
educational materials, and the formation of a
dedicated proning team. Leadership and
bedside education from experienced nurses
were critical for staff training and
dissemination of best practices.

Our findings align with important
principles from other studies describing
the implementation of complex ICU
interventions (11, 32–34). In an
implementation mapping study of prone
positioning conducted just before the
COVID-19 pandemic, implementation
strategies for increasing proning use were
derived from qualitative interviews with ICU
clinicians and leaders (11). Several of their
implementation recommendations are
consistent with processes that were effective
in our setting. This includes leadership and
staff education from local experts (in this
case senior nurses), the availability of locally
developed proning guidelines and protocols,
and the use of proning teams. In addition,
our participants noted that although
guidelines and protocols could be helpful,
they did not evolve as proning practice
changed, highlighting a need for flexibility in
local protocols. Our study also indicates the
importance of ICU team buy-in for
implementing an intervention such as

proning, which requires input frommultiple
disciplines (e.g., MDs/APPs to prescribe,
RNs/RTs/PTs to carry out safely) (32, 33).
Specifically, participants highlighted the
leadership of senior nurses in teaching and
championing the use of prone positioning,
and these leaders were crucial change agents
in implementing prone positioning. Finally,
the support of hospital administration for
forming proning teams, developing
systemwide guidelines, and creating
centralized access to guidelines and
educational resources were important
facilitators and highlight the importance of
hospital support for facilitating the use of
evidence-based interventions (32). The
consistency of these implementation
processes across studies reinforces their
importance in implementing evidence-based
critical care.

Our findings suggest that several
previously noted barriers to proning were
partially overcome in the setting of
COVID-19 ARDS. For one, individuals
and team views toward proning evolved to
seeing proning as early standard therapy
for COVID-19 ARDS, rather than salvage
therapy for patients with refractory
hypoxemia (7, 11). This evolution was
stimulated in part by repeated exposure to
proning, which reinforced beliefs in efficacy,
and by clinicians seeing that adverse effects
could be mitigated in part by innovations in
positioning (e.g., PTs’ position techniques
to decrease shoulder subluxations) and
improved wound care. Second, patient factors
such as obesity and relative hemodynamic
instability, which have been deterrents to
proning use (6, 11), were less of a barrier as
teams gained comfort with using proning in
these patient populations. Finally, in contrast
to concerns about the resource and labor-
intensive nature of prone positioning (11, 12),
our participants reported that proning could
be accomplished without specialized proning-
specific equipment and by small teams of
appropriately trained staff members.

There are few published reports of
interventions designed to increase the use
of evidence-based ARDS interventions,
highlighting the need for effective
implementation strategies (35). The
successful expansion of proning in ARDS
from COVID-19 can serve as a model for
designing such interventions. Our findings
suggest several features that could be effective
in implementation interventions for proning
and other evidence-based interventions.
Outside of the pandemic context, and in
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non–COVID-19 ARDS, there is a need for
processes to maintain ICU clinician and
team comfort with interventions that may
not be as frequently indicated but still
appropriate in the right clinical settings.
Tools to trigger the use of indicated therapies
when the incidence of severe ARDS is lower
could include spaced learning (36) and
simulation-based practice (37). These
strategies may reproduce some of the
experience of repetitive exposure to ARDS
(as experienced during the COVID-19
pandemic). In relation to other evidence-
based ARDS practices, proning is unique
in that the initial feedback to providers
who prone a patient is often positive, as
oxygenation can immediately improve (38).
In contrast, the immediate feedback to
bedside clinicians who initiate low tidal
volume ventilation may be negative
(patient discomfort and/or tachypnea),
and the benefits may be realized only days/
weeks/months after initiation (39).
These intervention–patient–provider
interactions may influence the tailoring
of implementation strategies to increase
adoption and penetration of critical care
interventions.

Our findings also show the importance
of interprofessional staff members in
fostering on-the-job training for proning and
other multidisciplinary therapies (33). Our
participants pointed to different needs and

experiences of prescribers (MDs, APPs who
may “order” proning) and those who carry
the procedure out (e.g., RNs, RTs, PTs).
These differences included different
perceptions of the workload of caring for
proned patients and different educational
needs (i.e., guidelines for MDs/APPs and
protocols/on-the-job learning for RNs/RTs/
PTs). At the same time, team agreement was
a key proning facilitator. Therefore, resolving
differences of opinions and approaches to a
therapy within ICU teams is important for
successful implementation of evidence-based
therapies.

Strengths and limitations
There are several limitations to this study.
First, participants were recruited from three
ICUs across two hospitals, and these findings
may not transfer to other settings. In
addition, these were urban hospitals from a
well-resourced university-based health
system, and their proning experience may
not reflect implementation challenges in
other settings (e.g., community or rural
sites). Second, member checking, a method
of using participant feedback on study results
to explore the credibility of findings, was not
used. However, our study team included
investigators who were clinically active in
these ICUs (C.H.H., M.E.C., B.S., and
D.N.H.), and their input on thematic analysis
adds to the credibility of our findings. Third,

although we had multiple ICU stakeholders
participate, resident MDs were not included,
and as noted, residents do play a role in
determining initial therapies for patients with
ARDS. However, the time spent by residents
in our ICUs varies widely, and our goal was
to interview clinicians with significant
sustained ICU experience. Finally, our study
primarily reflects the approach of individuals
and teams to proning in mechanically
ventilated patients with COVID-19 ARDS.
Whether the same practice and
implementation changes occurred in
non–COVID-19 ARDS treated during the
COVID-19 pandemic is not known.

Conclusions
Greater use of proning in patients with
ARDS from COVID-19 was stimulated by
changing clinician views and ICU team
cultures and was supported by both
deliberate and informal processes for
training and dissemination of information.
Evaluating how these features may be
replicated in nonpandemic settings and
among patients with non–COVID-19 ARDS
could improve the implementation of
proning and other evidence-based critical
care interventions.�

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