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Abstract

Introduction A surge in critically ill patients with respiratory failure due to Covid-19 has overwhelmed ICU capacity in many
healthcare systems across the world. Given a guarded prognosis and significant resource limitations, less invasive, inventive
approaches such as prone positioning (PP) of non-intubated patients with hypoxemic respiratory failure were considered.
Aims and objectives This is a prospective observational study and the aim is to evaluate the impact of awake PP at the ward
level on the oxygenation levels of patients with COVID-19. We also are investigating as secondary outcomes, the risk factors
for treatment failure among awake non-intubated patients who tolerated PP compared to those who did not. The primary
outcome of this trial is the change in SpO,:FiO, (SF) ratio from admission to discharge in the participants who tolerated PP
compared to those that did not. Secondary outcomes included amongst others are ICU admission rate, in-hospital mortality,
and length of stay.

Methods A total of 63 patients admitted to Beaumont Hospital (BH), Dublin between January and February of 2021 with
Covid-19 requiring supplemental oxygen were recruited.

Results A total of 47 (74%) participants were reported as tolerating and 16 (26%) as non-tolerating PP. The mean rank in the
primary endpoint in the tolerating group was 38 vs. 16 in the non-tolerating. This was statistically significant (P <0.001).
Conclusion PP was associated with improvements in oxygenation parameters without any reported serious adverse events.
A well-designed, randomised control trial, testing the efficacy of PP in non-intubated Covid-19 patients is needed, before
the widespread adoption of this practice.
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Introduction positioning of intubated patients in ICU with respiratory fail-

ure has become the standard of care since first introduced in

A surge in critically ill patients with respiratory failure has
overwhelmed intensive care unit (ICU) capacity in many
healthcare systems across the world [1, 2]. The extent of mor-
bidity and mortality from COVID-19 has led to significant
resource constraints. The less invasive, as well as inventive
approach of prone positioning (PP) of non-intubated patients
with hypoxemic respiratory failure has started to gather a
moderate amount of evidence in the literature[3, 4]. Prone
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the 1970s, and has a high quality of evidence to back this up
[5-7]. PP of awake patients was subsequently fast-tracked
without the same body of evidence to support its practice
during the COVID-19 pandemic [8]. However, guidelines
have been published recommending this treatment given the
non-invasive and well-tolerated nature of this treatment [9].
The data is currently limited regarding the magnitude of the
effect of PP on oxygenation and its ability to improve patient-
centred outcomes in non-intubated COVID-19 patients [8,
10]. Currently, the largest study published to date is a retro-
spective cohort of 42 patients [4]. We intended to add to this
evidence with local data and publish the largest sample size
to date. Furthermore, the potential efficacy of PP with hypox-
emic respiratory failure is yet to be tested in well-designed
clinical trials [4, 10]. We present a single-centred prospective
observational study to look at the effect of PP.
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Study design

This prospective observational single-centre study was con-
ducted among awake non-intubated patients with COVID-
19 pneumonia requiring supplemental oxygen. All of these
patients were admitted to Beaumont Hospital in Dublin dur-
ing January, February and March of 2021.

Inclusion criteria Patients were eligible for the study if they
had confirmed COVID-19 pneumonia with PCR testing and
required supplemental oxygen at ward level care.

Exclusion criteria Patients were excluded from the study
if they were unable to provide consent to prone, consid-
ered haemodynamically unstable (SBP <90, RR > 40), had
decreased consciousness levels (GCS < 15), persistent vom-
iting or any reason the patient would not be able to lie prone.

This study aimed to evaluate the impact of awake PP at
the ward level on the oxygenation levels of patients with
COVID-19. This was measured using the SF ratio. This is a
ratio of Sp0,:Fi0, and has been validated in previous stud-
ies as a surrogate marker for outcome response [11, 12].
We also investigated clinical outcomes and risk factors for
treatment failure among awake non-intubated patients who
tolerated PP compared to those who did not.

The sample size could not be predicted or calculated
during the COVID-19 pandemic and every patient that was
eligible in our centre during this pandemic was included.

Methods

PP was carried out in addition to the standard of care. This
included dexamethasone, titrating supplemental oxygen
therapy as required, and treating any co-morbidities that pre-
sented due to or secondary to COVID-19 pneumonia. At the
time of this observational period, tocilizumab or remdesivir
was not being used as the standard of care in our centre. All
care was escalated to the intensive care unit (ICU) as appro-
priate. All patients lay prone for as long as tolerated during
the day and while sleeping at night. PP could also be con-
sidered lying in the lateral position if lying completely prone
was not tolerated initially. Patients were recorded to tolerate
PP if they lay prone or lateral for > 8 h within 24 h. This was
documented in patient charts on a proforma and verified by
nursing and medical staff attending to the patients.

A protocol was devised and small education sessions
were held to educate staff to explain this new protocol. The
PP protocol is attached as a separate document for refer-
ence, as shown in Fig. 1. Patients were monitored until treat-
ment failure or discharge. Treatment failure is defined as a
requirement for ICU-level care or death. Sp0, was recorded
on admission, before PP (considered day 0), and again on
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day 1, day 2, day 3 and before discharge or treatment failure.
Data was collected on castor eCRF [13]. All data was taken
from the patient’s medical records with consent documented.
This was recorded by manual entry into the e-CRF on Ccas-
tor. This e-CRF was manually designed to collect the appro-
priate variables for this study. There will be no cross-over of
groups allowed. Once a patient is recorded as non-tolerated
their data will be recorded in the non-tolerating group.

Statistical analysis

The primary outcome of this trial is the change in the SF
ratio from admission to discharge or treatment failure. Com-
parisons between patients who tolerated PP against those
that did not tolerate PP will be made.

The secondary outcomes are:

1. Risk factors of treatment failure
2. Survival analysis using the time to treatment failure
3. Mean difference in length of stay

Data analysis was carried out in IMB SPSS statistics ver-
sion 27.0. Unless otherwise stated, all hypothesis tests were
performed using two-sided tests at the 5% significance level.
All statistical analysis will be in keeping with ICG-GCP
guidance [14].

Tests for normal distribution were done with a Kolmog-
orov—Smirnov for continuous variables. The discrete or
binary variables were summarised using absolute and rela-
tive frequencies. Mann—Whitney U test and Student’s 7-test
were carried out to compare the means of the two groups
(tolerating vs. not tolerating) for change in SF ratio. Regres-
sion modelling was used to analyse the impact of predictors
on treatment failure. A p-value of <0.05% is considered to
be statistically significant.

Continuous variables were summarised using descrip-
tive statistics including means, standard deviations, minima,
maxima and quartiles. Mean rank, medians and percentiles
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Fig.2 Awake prone positioning (PP) protocol

were reported for any potentially skewed continuous vari-
ables as per the appropriate statistical test.

Results

A total of 63 participants were recruited that met the inclu-
sion criteria. Eleven patients were screened for inclu-
sion who did not consent to participation. This sample of
screened patients comprised all patients admitted to the
hospital during the predefined study period under the care
of the respiratory service in the respiratory wards. This
was to allow for the appropriate training of healthcare staff
on the prone protocol. Figure 2 demonstrates the outcome
of patients in the study based on tolerability. A total of 47
(74%) participants were reported as tolerating and 16 (26%)
as non-tolerating. Baseline demographics for comparison

are seen in Table 1. A total of 15 participants (23%) met
the criteria for treatment failure (as defined above), 9 of
whom were in the non-tolerating group and 6 in the tolerat-
ing group. In the non-tolerating group, 2 people required
ICU care while 4 required ICU care in the tolerating group.
8 deaths were recorded in the non-tolerating group and 3 in
the tolerating group.

A Mann—-Whitney U test was used to carry out com-
parisons of the two groups, the primary endpoint is non-
parametric. The mean difference in the group that tolerated
was 38 compared to 16 in the group that did not tolerate.
This average treatment effect of 22 was statistically sig-
nificant (P <0.001) and has an effect size of 0.28. This is
illustrated in Figs. 3 and 4. Our patient cohort population
had a 0% prevalence of vaccination for COVID-19. This
was due to the timing of the trial being carried out in Janu-
ary 2021, before the widespread availability of COVID-19
vaccines.

Binary logistic regression models were fitted to under-
stand treatment failure and investigate potential predic-
tors. LOS, SF on admission, SF on day 2, change in SF,
age, BMI and tolerating status were included in the model.
Logistic regression models reporting odds ratios (OR)
with 95% confidence intervals were used to analyse the
association between proning status and treatment failure,
after adjustment for relevant covariates. The measure of
association between an exposure and an outcome is defined
as an OR. In this study, the OR is the likelihood that pron-
ing will improve SF given the individual has tolerated it
compared to the odds of the outcome occurring if the indi-
vidual has not tolerated it. Covariates were adjusted for
those that are known to affect health including age, gen-
der, obesity and smoking. The assumptions for the logistic
regression model were tested and met appropriately.

Table 1 Baseline demographics Characteristic Non-tolerating n (%) Tolerating n (%)
Total number (%) 16 (26%) 47 (74%)
Mean age (SD) 69 (14) 60 (13)*
Mean BMI (SD) 29 (4.86) 32 (8.06)
Female sex-number (%) 9(56%) 17(36%)
Mean SF on admission (SD) 356 (95) 323(119)
Mean SBP on admission (SD) 142 (14) 127(18)*
Number of Smokers (%) 10 (62%) 32(68%)
Chronic lung disease number (%) 8 (30%) 19 (70%
Mode of oxygenation on admission Room air 0 (0%) 2 (4%)

number (%) Nasal prong 9 (56%) 27 (57%
Face Mask 2 (14%) 1 2%)
CPAP 4 (25%) 14 (29%)
BiPAP 1 (6%) 0 (0%)
AirVo 0 (0%) 3 (6%)

“p <0.05 indicating a statistically significant difference between groups at baseline
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SF Ratio On Admission vs. Tolerate Status. Table 2 Binary logistic regression model
s00 Condition Coefficient Odds ratio (95% CI)
400 LOS 0.138 1.1(0.9-1.2)
E Not tolerating 0.43 15.6 (1-22.2)%
3 BMI 0.159 1.3 (1-1.5)
'je:f SF admission 0.782 1(0.98-1.1)
5 SF day 1 0.227 1.01 (1-1.058)
SF day 2 0.38 0.952 (0.90-0.99)*
Age 0.15 1.23 (1.03-1.38)*
' no yes *p<0.05

Tolerating Proning

Fig.3 SF ratio on admission vs. tolerate status

The results can be seen in Table 2 below. Other poten-
tial predictors, including co-morbidities such as hyper-
tension, ischaemic heart disease, heart failure, chronic
kidney disease and concurrent chronic lung disease were
investigated in the regression model and found to be non-
significant. SF ratio on day 2, change in SF ratio and age
were all statistically significant predictors (P <0.05) with
an R-squared value of 0.52. Age is a strong predictor and
has an odds ratio (OR) of 1.23 (95% CI 1.03-1.38). The
non-tolerating variable is the strongest predictor with an
OR of 15.6 (95% CI 1.1-22.2, p <0.05).

Using a Cox proportional hazards model, treatment
failure post-admission was set as the event/hazard. A
regression model was used to analyse predictors for
time-to-event data. Tolerate status, BMI, age, SF ratio on
admission, SF ratio on day 2 and smoking status were used
in our model. Non-tolerate status, BMI, smokers, age and
SF ratio on day 2 are all statistically significant predictors.
The non-tolerating group is the strongest predictor with a
hazard ratio of 40 (95% CI of 3.2-510.8, p-value 0.004).
Length of stay was compared using Mann—Whitney U

SF Ratio On Day 2 vs. Tolerate Status.

SF Ratio Day 2

No Yes

Tolerating Proning

Fig.4 SF ratio on day 2 vs. tolerate status
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for non-parametric data. The two groups are comparable
the mean in the tolerate group is 33 and the mean in the
non-tolerate group is 30. This difference is not statisti-
cally significant (p =0.6). Using a 2-sided ¢-test, there was
no significant difference in the mean SBP on admission
concerning treatment failure groups. The mean difference
between the two groups was 7 mmHg and p > 0.05.

Discussion

This prospective observational study shows that the use of
the prone position in awake patients has potential benefits for
improving the SF ratio. This is a surrogate outcome for dis-
ease regression and improved outcomes [11, 12]. Alongside
this, we have also shown a statistically significant decrease
in the risk of treatment failure in those who do tolerate PP
(95% CI of 3.2-510.8, p-value 0.004). Our high R-squared
value of 0.52 indicates our model explains much of the vari-
ability of predictors for treatment failure. Increasing age is a
statistically significant risk factor for the likelihood of treat-
ment failure. At day 2, SF ratio on admission, BMI and age
are all strong predictors for the length of stay/time to treat-
ment failure.

This simple non-invasive technique is well-tolerated and
easily implemented in the ward-based setting in hospitals.
However, despite significant variability in the frequency and
duration of PP and respiratory supports, PP was associated
with significant improvements in oxygenation parameters
without any reported serious adverse events. There was no
notable increase in resources that were needed to implement
this procedure. Generally, once ward staff were trained, it
became easily integrated into the system. We would propose
this technique be used going forward for all patients meeting
the above criteria.

The APPROVE care trial by Laffey is an RCT investigat-
ing the effects of awake PP [15, 16]. This RCT was pub-
lished in the Lancet in August 2021 and has demonstrated
similar results in the effectiveness of awake PP on mortality
benefits and treatment failure. This RCT has calculated the
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number needed to treat 14 to prevent one intubation. Ehr-
mann et al. included 24 Irish patients in total in their analysis
[16]. This paper has also demonstrated strong evidence in
favour of similar safety endpoints between the PP and stand-
ard care groups. This further strengthens the evidence base
that PP is an effective and safe intervention.

The major limitations of our study are a lack of control
arm and confounding. Confounding or selection bias plays
arole as the sicker patients will be less likely to tolerate PP.
This will contribute to the higher treatment failure rate in
the non-tolerating group. This bias was limited by ensuring
no missing data was recorded and using certain admission
data such as SF ratio on admission as a covariate to control
for in the appropriate regression models.

A control arm would be appropriate in a robust clinical
trial design. The authors feel there is adequate equipoise to
warrant this. The major limitation of this would be that it
would be difficult to blind patients and/or clinicians to a con-
trol arm. Hence, this would likely be an open-labelled study.
A similar design to the previous successful randomised con-
trol trials in intubated patients such as the PROSEVA trial
could be implemented [6].

Conclusion

In conclusion, PP was associated with improvements in oxy-
genation parameters without any reported serious adverse
events. Age is a risk factor for treatment failure. Patient’s
BMI, SF ratio on admission and age are all predictors of
length of stay. A well-designed, randomised control trial,
testing the efficacy of PP in non-intubated COVID-19
patients is needed to give more robust evidence before the
widespread adoption of this practice.

Data Availability The data generated during the research and analy-
sis are not available publicly but are available from the corresponding
author on request.
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