
Changes to Hospital Availability of Prone Positioning
after the COVID-19 Pandemic

To the Editor:

Prone positioning (PP) is strongly recommended for the treatment of
moderate-to-severe acute respiratory distress syndrome (ARDS) (1).
However, before the coronavirus disease (COVID-19) pandemic,
PP had been poorly adopted; a 2019 survey of Massachusetts
hospitals found that fewer than half could routinely perform PP for
patients who were intubated (2). Because the COVID-19 pandemic
resulted in the rapid expansion of critical care delivery and adoption
of novel practices (3), we resurveyedMassachusetts hospitals in 2021
to assess for changes in institutional PP availability for patients who
were intubated as well as the adoption of PP in patients who were not
intubated.

Methods
We emailed surveys to intensive care unit (ICU) nurse and
physician leadership of all Massachusetts acute-care hospitals
with ICUs between June and October 2021. If surveys remained
incomplete after four follow-ups, we completed the survey by
phone; one survey was completed per hospital. We administered
the same multiple-choice questions as in our 2019 survey
(hyperlinked), which asked, “Does your ICU have the ability to
prone intubated patients?” (“Yes, routinely,” “Case-by-case,” or
“No”) and inquired about institutional PP protocols/guidelines,
presence of nurses trained in PP, and recent (6-month) use of
PP in patients who were intubated. In addition, the survey asked
five new questions regarding the role of the COVID-19 pandemic
in motivating protocols or nurse training for intubated PP and
institutional availability of nonintubated PP. Hospitals could
submit comments as free text at the conclusion of the survey.
We collected hospital data (hospital/ICU size (4), nonprofit
status (5), teaching status (5), case-mix index (5), and Centers
for Medicare and Medicaid Services star rating (6). Pairwise
comparisons of 2019 and 2021 responses were tested for
significance using McNemar’s (binary response) or Bowker’s
tests (categorical response); significant associations between
proning-related practices and hospital characteristics were
assessed with chi-square tests. Statistical testing was two-tailed,
with a= 0.05, using SAS 9.4 (SAS Institute). The Boston
University Medical Campus institutional review board deemed
this study not human subjects research.

Results
Of 57 acute care hospitals in Massachusetts with ICUs,
48 responded to the survey (84.2% response rate; 3 out of the
60 hospitals surveyed in 2019 had closed ICUs by 2021); 44
(77.2%) hospitals responded in both 2019 and 2021. By 2021, the
number of hospitals able to routinely perform PP in patients who
were intubated increased from 24 (44.4%) to 39 (81.3%)
(P, 0.001); 18 hospitals increased PP ability, 2 hospitals
decreased PP ability; and 24 hospitals did not change (Figure 1).
Hospitals able to routinely perform PP accounted for 867 out of a
total of 941 ICU beds in the state (92.1%), whereas hospitals
unable to provide PP accounted for less than 1% of ICU beds
(Table 1). The proportion of hospitals with a protocol/guideline
for intubated PP and nurses trained in intubated PP also
increased (P, 0.001 for both), whereas the number of hospitals
reporting they had not recently proned any patients who were
intubated decreased (P = 0.001). Among hospitals that reported
new prone positioning practices, most reported that the
COVID-19 pandemic motivated this change; 15/17 (88.2%)
hospitals reporting new protocols and 11/12 (91.7%) hospitals
reporting an increase in nurse staffing (i.e., no nurses trained in
2019 and some or all nurses trained in 2021) cited the pandemic.
Respondents were given the opportunity to provide additional
comments at the conclusion of the survey; four representative
comments are shown in Table 1. Unlike in 2019, there was no
association between the ability to perform PP and hospital size
(P = 0.3) or teaching status (P = 0.1) (Table 2).

In 2021, 43 (89.6%) respondents reported proning patients who
were not intubated, 21 (48.8%) of whom had a protocol/guideline; 40
(93.0%) performed nonintubated PP in either ICU or floor, 1 (2.3%)
in only the ICU, and 2 (4.7%) only on the floor. Nineteen (44.2%) of
the hospitals that adopted nonintubated PP could not routinely
provide intubated PP in 2019, and 6 (14.0%) could still not routinely
provide intubated PP in 2021.

Discussion
Between 2019 and 2021, there was a substantial increase in the
proportion of ICUs inMassachusetts that were able to routinely offer
PP for patients who were intubated. Almost all hospitals with new
protocols or nurse training attributed these changes to the COVID-19
pandemic. We also found high rates of adoption of nonintubated PP
amongMassachusetts acute-care hospitals.

Several factors may explain the rapid change in institutional
adoption of intubated and nonintubated PP between 2019 and
2021. First, most of our survey respondents (either through
multiple-choice responses or free-text comments) indicated that
COVID-19 provided strong motivation for change, despite staffing
challenges. While two hospitals did decrease their ability to
provide intubated PP, far more hospitals increased or maintained
their proning ability; we suspect that the anticipation of high rates
of severe ARDS and limited ability to rely on transferring patients
to higher-acuity institutions encouraged institutions to adopt new
practices. In free text, hospitals indicated strategies used to
overcome barriers, such as training by operating room proning
teams. Second, in comparing our 2019 (2) and 2021 results, we
observed the largest gains in PP ability in small, nonacademic
hospitals, which are known to have unique challenges in
incorporating evidence-based ICU practices (7). During
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COVID-19, multiple crossinstitutional (8) and international (9,
10) evidence reviews and guidelines for the care of patients with
COVID-19, which clearly delineated intubated PP eligibility
criteria and benefits, were disseminated early and broadly. This
high amount of dissemination (even reaching lay news media (11)
may have been more likely to reach smaller, nonacademic

hospitals. Third, although randomized clinical trials examining
the impact of nonintubated PP on intubation rates and mortality
were not published until late 2021 and 2022 (12, 13), multiple
early reports of nonintubated PP demonstrated improvements in
hypoxemia (14–16) without major adverse effects. We suspect
that, despite many uncertainties (e.g., the optimal duration of
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Figure 1. Changes in institutional adoption of intubated prone positioning in Massachusetts intensive care units between 2019 and
2021. The number of hospitals (percentage of respondents), by category of ability to offer prone positioning to patients who were
intubated, is shown. The width of the alluvial bands reflects the proportion of institutions that changed or maintained practices between 2019
and 2021.

Table 1. Changes in institutional adoption of intubated prone positioning in Massachusetts intensive care units between 2019
and 2021

2019 2021 P Value

Hospitals, n (%) n=54 n=48
Institutional protocol/policy for intubated PP 27 (50) 43 (90) ,0.001
Nurses trained in intubated PP (all or some) 34 (63) 45 (94) ,0.001
Intubated PP not performed in the last 6 mo 23 (43) 6 (13) 0.001

ICU beds represented n=600 n=941
Ability to provide intubated PP, n (%) — — ,0.001
Routine 358 (59.7) 867 (92.1) —
Case-by-case 121 (20.2) 26 (2.7) —
Unable 74 (12.3) 8 (0.9) —

Nonrespondent/closed 48 39 —
Select quotes from free-text comments (2021)
� We had [a] protocol for PP before the pandemic but was rarely used, but COVID-19 really made it become implemented
� We had a protocol for proning but with the Rotoprone bed. That was our ICU standard, but manual pronation was needed and a new
protocol that was developed for the volume of proning with COVID-related ARDs. The staffing also was a challenge, but it did not
hinder proning a patient. All staff were trained to assist. The organization also developed prone teams from other departments that we
trained early in the pandemic. I feel this pushed us to a manual protocol and forced us to adapt.

� Nurses were trained to prone by the OR staff proning teams, proning team would come and help ICU staff
� The hospital is an orthopedic specialty hospital, so a lot of the "no" answers are because [we] do not typically have the patient
population that requires these types of treatments/equipment. If [we] did have a patient that was very ill, they would be transferred to
another facility for provision of care

Definition of abbreviations: ARDS=acute respiratory distress syndrome; COVID-19=coronavirus disease; ICU= intensive care unit;
OR=operating room; PP=prone positioning.
The number (and proportion of respondents) of hospitals with various proning practices are shown, with McNemar’s test P values for statistically
significant change between 2019 and 2021. Respondents were given the option to enter any additional comments at the end of the survey in
free text; select representative comments from 2021 are shown. The number of ICU beds staffed within each hospital is derived from hospital
staffing reports on Patient CareLink.
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nonintubated PP [17] and risks of delaying intubation [18]), the
perception of an overall favorable risk trade-off (“low-risk”
intervention in a disease with high mortality) (19) helped drive
the adoption of nonintubated PP.

Limitations
Our study has limitations. First, we surveyed only hospitals in
Massachusetts, a state notable for having numerous academic
hospitals in close proximity to one another, making generalizability to
other states unclear. Second, with increased public awareness of
PP during the COVID-19 pandemic (11), it is possible that our 2021
survey results have been affected by social desirability bias and may
overestimate the increase in hospitals able to provide PP. Third, while
many individuals responding on behalf of their hospital in 2021 were
the same individuals that responded in 2019, many others were not,
potentially leading to inconsistent answers. Fourth, prevalence
estimates of nonintubated PP may be underestimated when ICU
leadership alone is surveyed; further studies may wish to survey
leadership from general hospital wards as well. Fifth, although we
were able to provide rough estimates of the number of ICU beds in
the state affected by the ability of each hospital to provide prone
positioning, the actual number of eligible patients that a hospital can
prone at a given time remains unknown; future studies are needed to
understand the total number of ICU beds capable of intubated prone
positioning at a given time. Sixth, given limits to the number of
survey questions that could be feasibly completed by ICU leaders
during a pandemic, further studies (e.g., qualitative interviews) may
be useful to further understand the reasons why hospitals changed
practices.

Conclusions
In conclusion, we found that hospitals in Massachusetts, most of
which were unprepared to routinely provide PP for patients who
were intubated at the start of the COVID-19 pandemic, rapidly
developed the infrastructure (protocols and nurse training) to
provide both intubated and nonintubated PP during the
pandemic. Several factors unique to the pandemic, such as the

broad dissemination of information and protocols, may have
contributed to rapid institutional change.�
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The Effect of an Accelerated Renal Replacement
Therapy Initiation Is Not Modified by Baseline Risk

To the Editor:

Acute kidney injury (AKI) is a common feature of critical illness
(1), and up to 10–15% of patients admitted to ICU receive renal
replacement therapy (RRT) (2). In the STARRT-AKI (Standard
versus Accelerated Initiation of Renal-Replacement Therapy in
Acute Kidney Injury) trial, accelerated RRT initiation did not
reduce the risk of 90-day mortality in critically ill adults with AKI
without an urgent indication for RRT (3). However, whether
patients at higher risk of progressive AKI and destined to require

RRT would benefit from an accelerated RRT initiation strategy
remains unknown.

Using data from the STARRT-AKI trial (3), we sought to
derive a model to predict baseline risk of RRT initiation among
critically ill adults with AKI randomized to the standard strategy
and estimate whether such risk modifies the effect of an
accelerated RRT strategy on mortality. We hypothesized that
patients at higher risk of receiving RRT would benefit from
accelerated RRT initiation.

Methods
We conducted a post hoc secondary analysis of the STARRT-AKI
trial (3, 4). Patients were eligible for the trial if they were adults,
admitted to ICU, and had stage 2–3 AKI according to the Kidney
Disease: Improving Global Outcomes classification (5). Patients
with urgent indications for RRT were excluded. Eligible patients
were randomized to accelerated (within 12 hours of trial
eligibility) or standard RRT initiation (whereby RRT was
discouraged unless a conventional indication supervened).
The primary outcome was 90-day mortality. The main effect
modifier in this secondary analysis was the baseline risk of
RRT initiation.

To derive a model for risk of RRT initiation, we only
included patients randomized to the standard strategy. This
cohort was split in half, using calendar time of enrollment, into
distinct derivation and validation sets. Within the derivation
subset, we utilized a multivariable logistic regression model
based on the least absolute shrinkage and selection operator
(LASSO) (6), which included RRT initiation as the dependent
variable and, initially, all demographics, clinical and laboratory
covariates as predictors (Table 1). Tenfold cross-validation was
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