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Background: Prone positioning improves oxygenation in patients with acute respiratory distress syn-
drome (ARDS) secondary to COVID-19. However, its haemodynamic effects are poorly understood.
Objectives: The objective of this study was to investigate the acute haemodynamic changes associated
with prone position in mechanically ventilated patients with COVID-19 ARDS. The primary objective was
to describe changes in cardiac index with prone position. The secondary objectives were to describe
changes in mean arterial pressure, FiO;, PaO;/FiO; ratio, and oxygen delivery (DO,) with prone position.
Methods: We performed this cohort-embedded study in an Australian intensive care unit, between
September and November 2021. We included adult patients with severe COVID-19 ARDS, requiring
mechanical ventilation and prone positioning for respiratory failure. We placed patients in the prone
position for 16 h per session. Using pulse contour technology, we collected haemodynamic data every
5 min for 2 h in the supine position and for 2 h in the prone position consecutively.
Results: We studied 18 patients. Cardiac index, stroke volume index, and mean arterial pressure
increased significantly in the prone position compared to supine position. The mean cardiac index was
higher in the prone group than in the supine group by 0.44 L/min/m2 (95% confidence interval, 0.24 to
0.63) (P < 0.001). FiO, requirement decreased significantly in the prone position (P < 0.001), with a
significant increase in PaO,/FiO ratio (P < 0.001). DO, also increased significantly in the prone position,
from a median DO, of 597 mls O,/min (interquartile range, 504 to 931) in the supine position to 743 mls
0/min (interquartile range, 604 to 1075) in the prone position (P < 0.001).
Conclusion: Prone position increased the cardiac index, mean arterial pressure, and DO, in invasively
ventilated patients with COVID-19 ARDS. These changes may contribute to improved tissue oxygenation
and improved outcomes observed in trials of prone positioning.

© 2023 Australian College of Critical Care Nurses Ltd. Published by Elsevier Ltd. All rights reserved.

1. Introduction

approximately 20% of unvaccinated hospitalised patients.> Prone
positioning in patients with ARDS has been shown to improve

In the first 2 years of the COVID-19 pandemic, more than 500
million cases and 6.1 million deaths were reported worldwide.!
COVID-19 causes acute respiratory distress syndrome (ARDS) in
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oxygenation and decrease mortality.®> Similarly, in mechanically
ventilated patients with COVID-19 ARDS, prone positioning
improves oxygenation® and may decrease mortality.®’ These
findings have made prone positioning common in COVID-
19—associated ARDS.

Despite the above observations, the haemodynamic effect of
prone position in ARDS remains controversial, with some studies
reporting that cardiac index increased significantly with prone
positioning, > whereas others found no difference.”*~>* Only
three small studies have assessed the haemodynamic effect of

1036-7314/© 2023 Australian College of Critical Care Nurses Ltd. Published by Elsevier Ltd. All rights reserved.
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prone position in ventilated COVID-19 patients.>*~%® Importantly,
all of these studies were of limited power because they measured
haemodynamic data at only a few, discrete time points during
prone positioning. This results in potentially high risks of both type
I and type II errors.

We therefore studied the haemodynamic changes associated
with the prone position in invasively ventilated patients with
COVID-19 ARDS, recording haemodynamic data every 5 min for 4 h
using pulse contour technology. The primary outcome of our study
was to describe changes in cardiac index in the prone position
compared to the supine position. The secondary outcomes were
mean arterial pressure, oxygen delivery (DOy), fraction of inspired
oxygen, and ratio of arterial oxygen partial pressure to fractional
inspired oxygen (P/F) in the prone position compared to the supine
position.

2. Methods
2.1. Setting

This single-centre, cohort-embedded study was performed in
the intensive care unit (ICU) of an Australian tertiary teaching
hospital, between September, 21, 2021, and November, 15, 2021.
This study period corresponded to a peak of the COVID-19 Delta
variant in our region. Based on the principles of the National
Statement on Ethical Conduct in Research,”’ ethics committee
approval was obtained and the need for consent waived by the
Austin Health Office for Research (HREC project number: Audit/22/
Austin/22).

2.2. Patient selection

Adult subjects (>18 y) admitted to our ICU with polymerase
chain reaction—confirmed SARS-CoV-2 infection requiring intuba-
tion and mechanical ventilation in prone position were included
using a convenience sample based on the availability of pulse
contour cardiac output monitors (FloTrac®, Edwards Lifesciences,
Irvine, CA). Patients with atrial fibrillation and/or aortic valve or
mitral valve diseases expected to impair arterial waveform analysis
were excluded.”®

2.3. Prone positioning protocol

A dedicated multidisciplinary team led by a respiratory phys-
iotherapist completed the prone and supine sessions.”® Intubated
patients diagnosed with COVID-19 ARDS were placed in the prone
position if the P/F ratio was less than 150 mm Hg, with positive end-
expiratory pressure set at 10 cm H;O or higher. Each prone position
episode was maintained for at least 16 h. Patients were placed in
the prone position with pillows under the thorax and pelvis, leav-
ing the abdomen free to move. Patients were nursed either face-
down with a dedicated foam-prone pillow or in the “swimmer's
position” with the head turned to one side on a polyvinyl chloride
mosaic air cushion. In the supine position, patients were placed on
their back with the head of the bed elevated by 30°. This is
considered a standard of care in our ICU to reduce the incidence of
ventilator-associated pneumonia.*®

Mechanical ventilation was applied in a volume-controlled
mode with a lung-protective ventilation protocol including tidal
volume of 6 mL/kg or less of ideal body weight, airway plateau
pressure less than 30 cm H,O, target driving pressure less than
15 cm H30, and positive end-expiratory pressure between 8 and
15 cm H,O titrated to optimal respiratory compliance or oxygen
saturations. FiO, was titrated to a target SpO, 90—94%, whilst other
ventilator settings remained the same during the measurement

period. Patients were sedated with propofol and fentanyl by
continuous intravenous infusion, with the addition of midazolam if
needed. Cisatracurium was administered to achieve paralysis if
required.

2.4. Haemodynamic monitoring

All patients received invasive blood pressure monitoring
through a radial arterial line, which was connected to the FlowTrac/
HemoSphere system (software version 2.0; Edwards Lifesciences).
The FloTrac system analyses the arterial pressure waveform,
providing advanced haemodynamic parameters that update every
20 s including stroke volume, cardiac output (CO), mean arterial
pressure (MAP), stroke volume variation, and systemic vascular
resistance (SVR).

FloTrac has some advantages over other methods of haemody-
namic monitoring. FloTrac is minimally invasive and can be con-
nected to a radial arterial line, inserted as a standard of care in our
unit. FloTrac has a lower risk of complications compared to pul-
monary artery catheters (PAC).>! Additionally, different from the
FloTrac, proning patients with a PAC requires considerable care to
ensure displacement does not occur, a risk deemed too high to be
acceptable in our study. Echocardiography can be performed in
prone patients, but it requires technically trained staff and can only
provide intermittent data.

Regarding accuracy and precision of FloTrac compared to other
CO-monitoring devices, it is first important to note that FloTrac has
undergone modifications to its algorithms since 2005, which makes
prior comparisons less accurate. Lamia et al.*> compared five
commercially available CO-monitoring devices, including PAC and
the current version of FloTrac. The authors highlighted that given
the intrinsic error of PAC-derived CO values, PAC may not be an
acceptable reference measure to compare other devices that esti-
mate CO. They found that all five devices reported similar mean CO
values, and the Pearson's product moment analysis demonstrated
that all the devices displayed a tight linear correlation to changes in
CO. The mean CO bias between PAC and FloTrac was —0.4 L/min,
with limits of agreement (1.96 standard deviation; +95% confi-
dence interval [CI]) of +2.27, giving a percentage error of 40%. From
regression analyses, PAC CO values were significantly correlated
with FloTrac CO (y = 0.43x + 3.57, r = 0.46, p = 0.05). FloTrac CO
values were also significantly correlated with LIDCO™ (Irvine, USA)
CO values (y = 0.47x + 3.39, r = 0.76, p = 0.0004) and with PiCCO
CO values (y = 0.30x + 4.41, r = 0.49, p = 0.04). Additionally, it was
found that the directional changes between any two paired CO
measurements showed a significant and very tight correlation be-
tween all devices, in particular PAC CO vs FloTrac CO which had an
r = 0.73, p = 0.0258.

Comparing echocardiography-derived CO measurements with
FloTrac in critically unwell patients, excluding patients with atrial
fibrillation and aortic stenosis, found a small bias of 0.02 L/min
and a percentage error of 29.5%.>° Finally, the use of the same
measurement technique in the same patient comparing two pe-
riods minimised the impact of any technology-induced bias or
accuracy concerns. For these reasons, FloTrac was used in this
study.

2.5. Data collection

We recorded patient demographic data and COVID-19—specific
risk factors from the electronic health record. Use of sedatives,
muscle relaxants, vasoactive medications, and inhaled nitric oxide
immediately prior to the first prone positioning session were also
obtained.
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Preprone position ventilator settings were recorded. Arterial
blood gas results were obtained approximately 6 h before prone
positioning and at 6, 12, and 18 h from the start of prone position.

Advanced haemodynamic data from the FloTrac/HemoSphere
system were recorded every 5 min for 4 h: the first 2 h while in the
supine position and the next 2 h after moving to the prone position.

Patient outcomes including mechanical ventilation duration,
length of stay in ICU and hospital, survival, and escalation of care to
extracorporeal membrane oxygenation were collected, with each
patient followed up until hospital discharge.

2.6. Outcomes

The primary outcome was cardiac index before and after being
placed in the prone position. Secondary outcomes were MAP, DO»,
FiO,, and P/F ratio before and after prone positioning.

2.7. Study size

Whilst there is no consensus definition of a minimally clinically
important difference in CO, we chose a change >10% in keeping
with previous work in intensive care patients.>* Given the paired
nature of the data and the statistical impact of mixed-effect
modelling, we estimated that 15 patients with 12 measurements
per hour for 2 h, a measurement to subsequent measurement
correlation >95% and a standard deviation <20% of the mean of all
measurements would have a >80% power to identify a >10% dif-
ference in the cardiac index at an alpha of 0.05. We studied 18
patients to compensate for potential data loss.

2.8. Equations

DO, and systemic vascular resistance were calculated using
Equation S1 and Equation S2, respectively, available in the Elec-
tronic Supplementary Material.

2.9. Statistical analysis

R version 4.0.3 (R Foundation, Vienna, Austria) was used for
analysis. Patient characteristics are shown as median (interquartile
range [IQR]) or count (percentage). A mixed-effects model was
applied to assess haemodynamic changes before prone positioning
and after prone positioning, accounting for repeat measurement
within individuals and treating time as a continuous variable. We
used mixed-effects modelling to account for each patient's random
intercept. To compare the difference of P/F ratio between baseline
and each time point, we used a mixed-effects model, accounting for
repeated measurements and treating time as a continuous variable.
A two-sided P value < 0.05 was considered statistically significant.

3. Results
3.1. Subject characteristics

During the 8-week inclusion period, we admitted 71 consecu-
tive patients with polymerase chain reaction—confirmed COVID-19.
Sixty-one patients required mechanical ventilation, and of these, 31
patients were treated in the prone position and 18 received FloTrac
monitoring in the supine and prone positions (eFig. 1).

Amongst the 18 included patients, the median age was 54
y (IQR, 49—63) and 10 (55%) patients were male. No patients had
ischaemic heart disease or heart failure at baseline, and no patients
were on steroids or immunosuppressive drugs prior to hospital
admission. Additional baseline characteristics are summarised in
Table 1. Five patients (27%) were admitted after transfer from

Table 1
Patient characteristics and baseline clinical data for patients with COVID-19 ARDS.
Overall

Number 18
Age, y (median [IQR]) 55 [50—64]
Weight, kg (median [IQR]) 89 [74—121]
Height, cm (median [IQR]) 170 [159-170]
Gender, male, n (%) 10 (56)
Diabetes, n (%) 5(28)
Hypertension, n (%) 5(28)
Asthma, n (%) 2(11)
COPD, n (%) 1(6)
Vaccination status, n (%)

One vaccine 3(17)

Two vaccines 1(6)

None 14 (78)
Duration of COVID-19 symptoms before 14 [9-15]

first prone, d (median, IQR)
Baseline ABG before first prone
pH before prone (median [IQR]) 7.38 [7.35—7.41]
CO,, before prone, mm Hg (median [IQR]) 47 [42—54]
HCO5 before prone, mmol/L (median [IQR]) 28 [24-31]
Ventilator settings before first prone
Mode, SIMV, n (%) 17 (94)*
TV, mL (median [IQR]) 400 [367—450]
TV, mL/kg IBW (median [IQR]) 6.7 [6.1-7.2]
PEEP, cmH,0 (median [IQR]) 14 [12—-15]
Respiratory rate, breaths per min 20 [18—22]

(median [IQR])
Total number of prone sessions 5[3-6]

during ICU stay, n (median [IQR])
Treatment at enrolment (first prone)
Dexamethasone treatment, n (%) 18 (100)
NMBA use, n (%) 14 (78)
Remdesivir, n (%) 3(17)
Tocilizumab, n (%) 3(17)
Baricitinib, n (%) 2(11.1)
Noradrenaline dose, pcg/kg/min (median [IQR]) 0 [0-0.75]
Milrinone dose, pucg/kg/min (median [IQR]) 0 [0—0.04]
Propofol dose, mg/hr (median [IQR]) 200 [200—247]
Midazolam dose, mg/hr (median [IQR]) 5[1-10]
Fentanyl dose, picg/hr (median [IQR]) 150 [112—200]
Morphine dose, mg/hr (median [IQR]) 0 [0-0]
iNO use, n (%) 3(17)

ABG, arterial blood gas; ARDS, acute respiratory distress syndrome; HCOs3, bicar-
bonate; IBW, ideal body weight; iNO, inhaled nitric oxide; IQR, interquartile range;
MV, mechanical ventilation; NMBA, neuromuscular blocking agents; PEEP, positive
end-expiratory pressure; TV, tidal volume.

4 One patient on pressure support (PS) mode.

another ICU. Fourteen patients (77%) were placed in the prone
position on at least three occasions. Five patients (27%) required
noradrenaline, and five patients (27%) were treated with low-dose
milrinone infusion (0.125 pcg/kg/min) at the time of the first prone
session, with no change in milrinone dose over the 4-h supine to
prone period. Cisatracurium was used in 14 (77%) patients.

Table 2
Clinical outcomes for patients with COVID-19 ARDS.
Overall

Number 18
VV ECMO, n (%) 0(0)
VA ECMO, n (%) 0(0)
Alive at discharge from ICU, n (%) 13 (72.2)
Alive at discharge from hospital, n (%) 13 (72.2)
Admission to intubation, h (median [IQR]) 5 [-2-(60)]
Admission to prone analysis, h (median [IQR]) 98 [33—161]
Intubation to end of MV, d (median [IQR]) 18 [13-36]°
Admission to ICU discharge, d (median [IQR]) 16 [11-26]°
Admission to hospital discharge, d (median [IQR]) 23 [13—43]*

ICY, intensive care unit; IQR, interquartile range; MV, mechanical ventilation; VV
ECMO, venovenous extracorporeal membrane oxygenation; VA ECMO, venoarterial
extracorporeal membrane oxygenation.

¢ For the 13 patients who survived to hospital discharge.
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Fig. 1. (A) Time course of the cardiac index in supine versus prone position. Box plot comparing the cardiac index (CI) in the prone position (white box plots) to CI in the supine
position (grey box plots). Ten-minutely CI is displayed for 2 h in the supine position, followed by 2 h in the prone position. CI was significantly higher in the prone position than in
the supine position (group effect) (P < 0.001). The group-by-time interaction effect was not significant (P = 0.066), meaning the difference in CI between supine and prone positions
did not change with time. (B) Graph of the estimated marginal means and 95% confidence intervals (shaded regions) of the cardiac index in the supine and prone positions.
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3.2. Clinical outcomes

Thirteen (72%) patients survived to discharge, requiring inten-
sive care for a median of 16 days (IQR, 11—26). The time to cessation
of mechanical ventilation was a median of 18 days (IQR, 12 to 35),
with four patients weaning off the ventilator on the respiratory
ward. Median length of hospital stay was 23 days (IQR, 13 to 43).
Clinical outcome data are summarised in Table 2.

3.3. Primary outcome: cardiac index after prone positioning and
other haemodynamic variables

The cardiac index was significantly higher in the prone position
than in the supine position (group effect, P < 0.001) (Fig. 1A and B).
Mean CI was higher in the prone group by 0.44 L/min/m? (95% CI,
0.24—0.63). The median CI value in the prone position was 2.6 L/
min/m? (IQR, 1.9 to 3.3) compared with 2.3 L/min/m? (IQR, 1.6 to
2.8) in the supine position. The group-by-time interaction effect
was not significant (P = 0.066), indicating that the difference in CI
between supine and prone positions did not change with time.
Given that the group effect comparing CI in supine and prone po-
sitions was significant, this indicates that CI was higher in the prone
position than in the supine position but that the difference in CI
between prone and supine positions remained stable and did not
change significantly with time.

The MAP was also significantly higher in the prone position than
in the supine position as shown by the significant group effect

110

Mean arterial pressure (mmHg)

s

(P < 0.001) (Fig. 2). The median MAP in the prone position was
83 mm Hg (IQR, 77—89) compared to 77 mm Hg (IQR, 73—85) in the
supine position.

The median heart rate was faster at 80 beats per min (IQR,
67—89) in the prone position vs 74 beats per minute (IQR, 66—87)
in the supine position (group effect P < 0.001). Fig. 3 shows that the
stroke volume index was significantly higher in the prone position
than in the supine position (group effect, P < 0.001), with a median
stroke volume index of 29 mL/min/m? (IQR, 27—38) in the supine
position to 33 mL/min/m? (IQR, 27—39) in the prone position.

The systemic vascular resistance index (SVRI) was similar, with a
median SVRI of 2217 dyn/s/cm~>/m? (IQR, 1829—2949) in the prone
position vs. 2400 dyn/s/cm—>/m? (IQR, 1928—3153) in the supine
position (group effect, P = 0.79).

3.4. Secondary outcomes: FiO,, PF ratio, and DO, after prone
position

FiO, requirement decreased significantly with prone positioning
(eFig. 2), with a significant increase in P/F ratio (eFig. 3). Median
FiO, requirement in the supine position was 55% (IQR, 50—63),
which decreased to an FiO; of 35% (IQR, 30 to 40) after 12—18 h of
prone position (P < 0.001). Median P/F ratio increased from 120 mm
Hg (IQR, 115—170) in the supine position to 220 mm Hg (IQR,
195—244) after 12—18 h of prone position (P < 0.001). DO,
increased significantly in the prone position (Fig. 4), with a median
DO, of 597 ml Oy/min (IQR, 504 to 931) in the supine position

Position

1 E3 Prone
B8 supine

Group P<0.001, Interaction P=0.001

0 10 20 30 40 50 60

70 80 90 100 110 120

Time (minutes)

Fig. 2. Time course of mean arterial pressure in supine versus prone position. Box plot comparing mean arterial pressure (MAP) in the prone position (white box plots) to MAP in
the supine position (grey box plots). Ten-minutely MAP data are displayed for 2 h in the supine position and then 2 h in the prone position. MAP was significantly higher in the
prone position than in the supine position (group effect) (P < 0.001), and the group-by-time interaction effect was also significant (interaction) (P = 0.001), meaning the difference

in MAP between the prone and supine positions changed with time.
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Fig. 3. Time course of stroke volume index in supine versus prone position. Box plot comparing the stroke volume index (SVI) in the prone position (white box plots) to the SVI in
supine position (grey box plots). The SVI was significantly higher in the prone position than in the supine position (group effect) (P < 0.001). The group-by-time interaction effect
was not significant (P = 0.53), meaning the difference in SVI between supine and prone positions did not change with time.

increasing to 743 ml O,/min (IQR, 604 to 1075) in the prone posi-
tion (group effect P < 0.001).

4. Discussion
4.1. Key findings

We found that, in invasively ventilated patients with COVID-19
ARDS, cardiac index, stroke volume index, and mean arterial
pressure significantly increased with prone positioning. Moreover,
FiO; requirement decreased with a significant increase in P/F ratio.
Finally, because of the changes in CO and oxygenation, DO,
increased significantly with prone positioning.

4.2. CO and prone position

In our study, we found that CI was significantly higher in the
prone position than in the supine position, with a mean CI increase
of 0.44 L/min/m? (95% CI, 0.24 to 0.63) (group effect, P < 0.001).
Given that DO; is dependent on both arterial oxygen content, which
is low in severe COVID-19 ARDS, and CO, even a small increase in
the cardiac index is likely to lead to meaningful improvements in
DO,. Indeed, combined with the increase in arterial oxygen content
observed with prone positioning, we found DO> increased from a
median of 597 mL O,/min in the supine position to 743 mL O,/min
in the prone position (group effect P < 0.001). We believe such
change to be clinically relevant.

The prone position may improve CO through several mecha-
nisms. First, it may lead to a reduction in right ventricular after-
load."3> This is because an increase in arterial oxygenation with
prone positioning may decrease hypoxic pulmonary vasoconstric-
tion and pulmonary vascular resistance.>® Prone positioning may
also increase central blood volume leading to the recruitment of
collapsed pulmonary small vessels, further reducing pulmonary
vascular resistance.>®

Second, the prone position may increase preload. In this regard,
some investigators have previously found that prone positioning
only improved CO in those ARDS patients who were preload
responsive, as demonstrated by the use of a positive passive leg
raise test.!" One proposed mechanism for such increased preload is
that moving from the semirecumbent supine position into the
prone position mobilises venous blood from the abdominal
compartment and increases venous return.>’

4.3. Relationship with previous findings

Our findings of increased CO with prone positioning in patients
with COVID-19 ARDS are in contrast with those of Dell'’Anna et al.>
However, these investigators measured the effects of prone posi-
tioning in only six patients, using only a single CO measurement.
Another small study found no change in cardiac index in the prone
position in eight out of nine patients with COVID-19 using three-
dimensional transthoracic echocardiography but only measured
the cardiac index once.?®
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Fig. 4. Oxygen delivery in prone and in supine positions. Box plot comparing oxygen delivery (DO,) in the prone position (white box plots) to the DO, in the supine position (grey
box plots) every 10 min for 2 h in the supine position and for 2 h during the prone position. DO, was significantly higher in the prone position than in the supine position (group
effect) (P < 0.001). The group-by-time interaction effect was not significant (P = 0.063), meaning the difference in DO, between the supine and the prone positions did not change

with time.

A larger study using transpulmonary thermodilution reported
that in COVID-19 ARDS patients, median CO was 5.9 L/min (IQR, 5.1
to 7.5) in the supine position and 6.2 L/min (IQR, 5.1 to 8.1) in the
prone position.>* However, the study compared haemodynamics in
COVID-19 ARDS versus non-COVID-19 ARDS patients, no test of
statistical significance was provided comparing prone and supine
values, and CO was measured only twice.

In non-COVID ARDS patients, some studies found a significant
increase in CI with the prone position,® >3 whereas others found
no difference.'* 2?3 The largest study of non-COVID ARDS patients
found a highly heterogenous response in the cardiac index to prone
positioning.>® However, cardiac index measurements were only at a
few specific time points, thus failing to provide a near-continuous
assessment and decreasing the statistical power. In contrast, our
study collected advanced haemodynamic data every 5 min during
supine and prone positioning for a total of 4 h.

Another study found that cardiac index increased during the
prone position only in patients with acute cor pulmonale.?” There is
substantial evidence that right ventricular dysfunction occurs in a
high proportion of patients hospitalised with COVID-19°**° and
that right ventricular dysfunction may be observed in up to 70% of
mechanically ventilated COVID-19 patients.*' Moreover, in a recent
large multicentre study, acute cor pulmonale was noted in over 17%
of echocardiograms performed on ICU patients with severe COVID-
19 and was associated with a significant increase in hospital mor-
tality.*’ In our study, prone positioning was associated with a
significantly improved oxygenation as demonstrated by the

increase in P/F ratio. Improvement in oxygenation may have led to
the observed increase in CI and MAP by reducing hypoxic pulmo-
nary vasoconstriction and therefore right ventricular afterload.

We found improvement in P/F ratio with prone positioning,
which is consistent with findings of several other studies.*’
Multiple potential mechanisms may account for improved
oxygenation in the prone position. They include improved global
alveolar recruitment, decreased shunting in the dorsal regions, and
decreased dead space ventilation in ventral regions.*’ Moreover,
prone positioning may decrease the dependent lung mass, thereby
reducing hyperperfusion of atelectatic units and reducing V/Q
mismatch.*?

44. Implications of study findings

Using continuous CO monitoring, we found prone positioning
was associated with an increased CO and mean arterial pressure
and improved systemic oxygen levels and DO». This indicates that
prone positioning may improve DO, not only through its pulmo-
nary effects but also by increasing CO. Assuming unchanged oxygen
extraction, an increased CO and its related increase in DO, will in-
crease mixed venous oxygen saturation. Even in the presence of an
unchanged shunt fraction, such an increase in mixed venous oxy-
gen saturation will contribute to improved systemic oxygen levels.

In addition to improved oxygenation, the beneficial haemody-
namic changes seen with prone positioning may in themselves
contribute to the reduction in mortality observed in clinical trials.>*
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4.5. Potential barriers to using prone positioning

Given the proven benefits of prone positioning in ARDS,” it is
important to address the barriers to its use. Perceived barriers to
prone positioning include lack of knowledge of patient eligibility
and optimal timing, lack of training in prone positioning processes,
inadequate staffing, lack of leadership, and poor interdisciplinary
communication.** Strategies to address such barriers include
interprofessional educational programs, written clinical protocols,
and prone positioning teams led by local experts.** In our ICU, a
simulation using a mannequin was used to train multidisciplinary
staff members in prone positioning; each prone positioning session
was led by a local expert, and a clinical protocol was developed
where prone positioning was considered in all patients with a P/F
ratio less than 150 mmHg.

4.6. Strengths and limitations

To our knowledge, this is the largest report of the haemody-
namic changes associated with prone positioning in mechanically
ventilated patients with COVID-19 ARDS. Moreover, this study
included detailed haemodynamic data, which were collected
almost continuously during prone positioning and were then
compared with identical data from the same patients during supine
positioning. Finally, we obtained complete data on all included
patients and no imputation was required.

Limitations of this study include the relatively small sample
size, although it is larger than that of most physiological studies on
this topic.?*~2° It was also not possible to include every ventilated
patient with COVID-19 placed in the prone position, due to
insufficient FloTrac device availability. However, more than half of
eligible patients were included. It is possible that the FloTrac de-
vice may be less reliable than other methods to measure CO.*>
However, the FloTrac is less invasive, allows essentially contin-
uous data collection, and has been shown to perform similarly to
other CO-measuring technologies.>? Finally, and more importantly,
our investigation makes no assumption about the accuracy of
FloTrac; it simply compares changes in its measurement in two
different patient positions and shows a change with prone
positioning.

5. Conclusion

In summary, in this study we found that prone positioning
improved cardiac index, stroke volume, MAP, systemic oxygena-
tion, P/F ratio, and DO; in patients with COVID-19 ARDS. These
changes in CO identify another mechanism by which prone posi-
tioning can improve systemic oxygenation in COVID-19 ARDS and
further support its application in this condition.
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