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ABSTRACT

Background: Prone positional treatment has demonstrated a reduction in mortality
for severe hypoxia associated with Acute Respiratory Distress Syndrome (ARDS) by
approximately fifty percent. These patients exhibit a response to positional therapy
akin to that of other individuals with severe hypoxemic ARDS, despite the distinct
characteristics of hypoxemic lung collapse induced by COVID-19 (Coronavirus
Disease 2019, SARS-CoV-2).

Aim: This study aimed to compare outcomes between prone versus supine position
in intubated patients with COVID-19.

Patients and methods: This study looked back at COVID-19 cases that occurred at
Elsahel Hospital between 2021 and 2022. Because this was a retrospective study,
we did not need patients' explicit consent. The study included 150 adults (= 18
years old) with ARDS who were admitted to the intensive care unit and underwent
an intubation, as well as a confirmed SARS-CoV-2 infection as shown by positive
results from real-time reverse transcriptase-polymerase chain reaction assays of
nose and pharyngeal swabs. Upon admission to the intensive care unit, clinical data
were gathered. Every day, data was collected regarding the prone position's
application. Results were tracked by following up with patients.

Results: One hundred fifty COVID-19 patients were the subjects of this retrospective
investigation. Out of the total number of patients treated in the intensive care unit,
111 (or 74% of the total) were turned prone at least once, whereas 39 (or 26% of
the total) were treated while lying down. There were statistically significant
differences (p<0.05) between the prone and supine positions, with the prone position
exhibiting considerably greater neutrophil, LDH, and serum ferritin levels. The study
found that patients in the prone position had lower lymphocyte and eosinophil counts
compared to those in the supine position (p<0.05). Additionally, the prone position
patients had higher respiratory rate, PaO2/FIO2 ratio, PaO2, and PEEP counts
(p<0.05) than the supine position patients. Patients in a prone position had a
significantly lower FiO2 and a longer duration of stay in the intensive care unit (ICU)
compared to patients in a supine position, with statistical significance (p<0.05) for
both variables.

Conclusion: During the COVID-19 pandemic, patients with respiratory failure
receiving mechanical ventilation have often been treated in the prone position. When
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in the prone position, the majority of patients' oxygenation rose, most likely due to
better ventilation perfusion matching.

Key words: Prone position, COVID19, ARDS.
Introduction

The COVID-19 epidemic, which swept across 200 countries and claimed the lives of more than 3.9 million
people, caused the World Health Organization to declare a public health emergency. There were 61,888
fatalities and 2.35 million COVID-19 instances in Indonesia as of July 2021. Intubation and mechanical
ventilation were required in approximately 65 to 85 percent of critically ill COVID-19 patients admitted to
the intensive care unit (ICU) due to hypoxemia and acute respiratory distress syndrome (ARDS).
Respiratory failure with ARDS is known to have dismal results, and COVID-19 patients with ARDS are

no different. Some nations, particularly those using mechanical ventilation, recorded a death rate of 61.5%
@

Classic ARDS is not the same as pneumonia caused by the coronavirus disease 2019 (COVID-19)
in a number of respects. Hyaline membrane alterations and micro-vessel thrombosis, which are uncommon
in traditional ARDS, have been reported in autopsy reports of individuals who died with COVID-19
pneumonia. Additionally, COVID-19 pneumonia has a distinct anatomical position; the most prevalent CT
symptoms are bilateral, peripheral, and multilobar ground-glass opacities, rather than implicating the
dependent lung zones ).

As a result, ground-grass opacities may not respond as well to prone stance in terms of reducing
the mismatch between ventilation and perfusion. According to one research, there is no statistically
significant difference in the respiratory system and lung mechanics when patients with COVID-19
pneumonia are ventilated while in a prone posture. According to this research, lung aeration is often
maintained in COVID-19 pneumonia patients, and prone ventilation may potentially make the condition
worse. This also implies that trans-pulmonary pressures may stay below dangerous limits and that lung
mechanics during COVID-19 pneumonia may seem normal despite significant lung damage .

Evaluations of ARDS treatments conducted in the last several decades have shown that prone
positioning, a non-pharmacological strategy, has the ability to save the lives of invasively ventilated patients
with moderate to severe ARDS. Alveolar recruitment is more uniform across the lung and oxygenation
efficiency is better with prone positioning because it promotes ventilation and minimizes intrapulmonary
shunting ©.

Prone positioning during invasive mechanical ventilation enhanced oxygenation and reduced death
rates in the intensive care unit, as indicated by a meta-analysis assessing prone posture in ARDS and acute
lung injury. The World Health Organization and the Surviving Sepsis Campaign COVID-19 subcommittee
advocate the prone position for the management of COVID-19-related acute respiratory distress syndrome.
A recently emerged notion posits that COVID-19-related ARDS is distinct from non-COVID-19 ARDS,
the latter being marked by severe hypoxemia and normal respiratory system compliance 7.

Given the pathophysiological distinctions between patients with conventional ARDS and those
with COVID-19 pneumonia, it is natural to speculate that prone ventilation may not be as effective in
COVID-19 patients. Thus, we conducted this retrospective study of the available data on the mortality
outcomes for patients with COVID-19 that resulted from prone-position mechanical ventilation as opposed
to supine-position mechanical ventilation.

Aim

This study aimed to compare outcomes between prone versus supine position in intubated patients with
COVID-19.
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Patients and Methods

Elsahel Hospital COVID-19 patients treated between 2021 and 2022 were the subjects of this retrospective
study. No specific informed consent from patients was required due to the retrospective design of the
study. In this study, 150 adults (> 18 years old) were included; all had to meet certain criteria, including
being intubated, having a confirmed SARS-CoV-2 infection (i.e., positive results from real-time reverse
transcriptase-polymerase chain reaction assay of nasal and pharyngeal swabs), and being admitted to the
ICU for acute respiratory distress syndrome (ARDS), as defined by the Berlin criteria @. Patients under 18
years of age, those receiving solely non-invasive respiratory assistance, and individuals with incomplete
clinical data concerning the use of prone positioning were excluded from the study.

Upon admission to the critical care unit, a thorough dataset was collected. This dataset included
anthropometric and demographic information, comorbidities, and clinical data such as blood gas analysis,
type of respiratory support, utilization of prone positioning, respiratory parameters, and laboratory testing.
The length of stay in the intensive care unit, mortality rate, duration of mechanical ventilation, changes in
the PaO2/FiO2 ratio, fluctuations in PaCO2, and the positioning of intubated COVID-19 patients with
ARDS in prone versus supine were also monitored. Patients were deemed "O2-Responders" if, when lying
flat on their backs, their PaO2/FiO2 ratio rose by at least 20 mmHg in comparison to their supine baseline
values. Patients were also categorized as "CO2-Responders" in relation to carbon dioxide (CO2) clearance
if, while in the prone position, their ventilatory ratio was lower than its baseline value while supine, meaning
that there was a negative difference (AVR) between the two.

Data management:

All data were analyzed utilizing SPSS version 26.0. Characterization of quantitative variables by mean and
standard deviation. Characterization of qualitative variables by frequency and percentage distributions.
The independent t-test was employed to compare pairs of quantitative measurements with a normal
distribution, whilst the Mann-Whitney U test was utilized as a non-parametric alternative. A P-value of
less than 0.05 was deemed significant.

Results

One hundred fifty COVID-19 patients were the subjects of this retrospective investigation. Of these, 111
(or 74% of the total) were treated while prone in the intensive care unit, whereas 39 (or 26% of the total)
were treated while supine (Figure 1).

380 patients were admitted
at period from 20 to 20

230 patients were excluded
as 25 patients were <18 years
old, 86 patients had missed

data and 119 patients not
intubated.

150 patients were analyzed

111 patients were turned to
prone position (PP)

39 patients were in supine
position (SP)
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Figure 1: Flow chart of patients.

Table 1 compare the patients’ demographic and clinical characteristics at ICU admission between both
groups. Most patients were male in both group, age ranged from 45 to 79 years with statistical insignificant
differences between groups. Patients in prone position were found to had significantly higher BMI, SOFA
and APACH II score than patients in supine position with statistical significant differences as p<0.05.

Table 1: Basic demographic data of the study patients (n=150).

Age (years) 62 (49-72) 59(45-79) 0.994 0.324
Gelldel' no. ("/o)
Males 33(84.6) 79(71.7) 1.21 0.083
Females 6(15.4) 32(38.3)
BMI (kg/m2) 29(26-32) 30(27-33) 5.47 0.001*
SOFA score 4 (3-4) 4 (3-5) 3.39 <0.001*
APACHE II score 9 (7-13) 10 (8-13) 2.183 0.045*

Quantitative data were expressed as median [interquartile range] and qualitative data were expressed as frequency (percentage).
Abbreviations: BMI =Body Mass Index; SOFA = Sequential Organ Failure Assessment; APACHE II = Acute Physiologic Assessment and Chronic Health

Evaluation IT; FiO2 = Inspired fraction of oxygen.

Table (2) shows that patients in prone position were found to had significantly higher neutrophil, LDH and
serum ferritin than patients in supine position with statistical significant differences as p<0.05. While
patients in prone position were found to had significantly lower lymphocyte and eosinophil than patients in
supine position with statistical significant differences as p<0.05.

Table 2: Laboratory data of the study patients (n=150).

Hemoglobin ay 12.6£1.7 12.3+1.8 0982  0.307
Platelet (x10° per 1, 233.7437.1 219.4+42.5 | 0.691  0.456'
Leucocyte (<10 per 1) 7.01+0.83 7.1240.86  1.081 = 0.132
Neutrophil (<10 per 1) 4.95+0.99 5.04£1.015 | 3.152  0.001*
Lymphocyte o«10° per 1 1.21+0.33 1.04£0.19  4.099  <0.001*
Monocyte (<10 per 1) 0.53+0.11 0.5240.12  0.051 = 0.947
Eosinophil (<10 per 1) 0.03+0.03 0.02£0.03  2.998  0.007*
LDH (units) 478.13£66.27 | 538.35490.51 = 4.411 = <0.001*
D-dimer (ug/mi) 978.9+176.9  1476.84236.8 6.176  <0.001*
Ferritin gmr) 1536.6+355.7 | 1682.8+428.02  2.090  0.040*

LDH: lactate dehydrogenase

Table (3) shows that patients in prone position were found to had significantly higher respiratory rate,
Pa0,/F0; ratio, PaO, and PEEP than patients in supine position with statistical significant differences as
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p<0.05. While patients in prone position were found to had significantly lower FiO2 than patients in supine
position with statistical significant differences as p<<0.05.

Table 3: Respiratory data of the study patients (n=150).

Respiratory Rate (sreaths/min) 20(16-24) 21(20-25) 4871 @ <0.001*
FiOz (%) 82(60-90) 62(50-78) 5.882 | <0.001*
PEEP (cmn20) 10(10-12) 12(10-14) 3.817 @ <0.001*
Pa0,/F,0; ratio 110(85-150) 150(110-200) = 7.817 | <0.001*
Tidal volume/PBW (L) 7.0(6.4-8.0) 7.0(6.2-7.9) 0314 0.764
pH 7.4(7.32-7.46) 7.39(7.32— 0.827 0.615
7.45)
PaO; mmng) 75(70-95) 87(75-109)  6.725 = <0.001*
PaCO: mmng) 45(36-50) 43(36-54) 0.615 0.552

FiO2 = Inspired fraction of oxygen; PEEP = Positive End-Expiratory Pressure; PBW: Predicted Body Weight; PaO2: partial pressure of oxygen
in arterial blood; PaCO2: partial pressure of carbon dioxide in arterial blood
Table (4) shows that patients in prone position were found to had significantly lower ICU mortality rate
and longer ICU duration of stay than patients in supine position with statistical significant differences as
p<0.05.

Table 4: Outcomes data of the study patients (n=150).

B A

ICU mortality, no. () 8(20.5) 7(6.3) 6.471  0.025%
ICU LOS (gays) 14(7-21) 18(11-30) = 5.588 = <0.001*
ICU: intensive care unit, LOS: length of Saty.

Discussion

This research showed that a greater PaO2/FiO2ratio was linked to COVID-19 individuals with ARDS in
the prone position group as opposed to the supine position group. The results of this study are consistent
with other research, indicating that prone posture may help damaged lungs oxygenate better 19,

A crucial part of diagnosing ARDS is the PaO2/FiO2 ratio. It is among the most important factors
in the Berlin criteria. The ratio may be used to determine the severity of the condition, with 200—300 mmHg
being considered light and 100-200 being PaO2/FiO2 values. As a result, it has become a useful tool for
clinical treatment, prognosis, and diagnosis P,

Prone positioning has been shown in several studies to increase the ventilation-perfusion ratio by
expanding the compressed dorsal lung and reducing the pleural distribution of lung stress and strain ©,

The PROSEVA study found that severe ARDS patients placed in the prone position had a 28-day
mortality rate of 16% and an unadjusted 90-day mortality rate of 23.6%, compared to those in the supine
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position who had rates of 32.8% and 41%, separately ?. Despite a considerable improvement in gas
exchange and a decline in mortality, post hoc studies found no association between the two 12,

However, more recent research has refuted this finding. Park et al. discovered a correlation between
clinical outcomes and the oxygenation improvement of COVID-19 ARDS after prone posture (2.

According to the findings, the main reason why oxygenation improves during the initial pronation
of COVID-19 patients with ARDS is better ventilation-perfusion matching, which can be achieved by
shifting flow from the dorsal to the ventral regions of the lungs 2.

An additional research by Camporota and colleagues also discovered that patients with COVID-19
ARDS had a strong oxygenation response, which was linked to a higher chance of survival 12,

Prone posture was suggested by many research to aid increase oxygenation and reduce respiratory
effort. Furthermore, this evaluation looked at the PaCO2 levels in the two groups and discovered no

significant correlation between the prone position and PaCO2 levels, which was in contrast to other research
(13,14)

One of the main causes of aberrant gas exchange is a changed ventilation-perfusion ratio; a low
ratio results in hypoxemia, while a high ratio causes hypercapnia. PaCO2 is the main regulator of air
exchange under normal physiological conditions, particularly the minute ventilation or volume of air
exchanged in the lung every minute. It is in charge of influencing the pH; if PaCO2 rises, the pH will fall
and minute ventilation will rise. On the other hand, a drop in PaCO2 will raise pH and reduce minute
ventilation @3,

A 2003 research by Gattinoni et al. revealed that ARDS patients' PaCO2 levels decreased in
response to the prone posture 19,

According to our study, prone posture decreased physiological dead space and distended lung
regions, which in turn decreased shunts and decreased PaCO2.

A meta-analysis gave potential explanation for why prone position did not substantially alter the
PaCO?2 level was that if prone position was used with pressure-controlled ventilation, the chest wall
compliance would be decreased, which would lower the tidal volume and minute ventilation. In addition, a
prone posture with volume-controlled breathing would result in higher pleural pressure, which would
decrease venous return, impact regional perfusion, and increase dead space 9.

Mortality was reported in two articles: Weiss et al. !? found that 55% of patients died in their
research, whereas Langer et al. 1 found that 40.4% of patients died. Additionally, Langer et al. evaluated
the death rates of patients in the prone and supine positions and found that 112/409 (28%) of the patients
died in the supine position group. However, the author did not quantify the importance.

In agreement with our study results, Langer et al. ® examined how long each group spent in the
intensive care unit. Prone position patients’ median duration of stay in the intensive care unit was
substantially longer—16 days (IQR11-28)—than the median for the supine position group, which was 12
days (IQR7-21).

This finding corroborated prior research that suggested prone posture had a longer time to death
and coincided with positive changes in physiological markers including the PaO2/FiO2 ratio. In addition,
the prone position group's mechanical breathing time was significantly longer than the supine position
group's 1%19_ The outcome may indicate that ARDS patients with more severe symptoms were treated with
prone positioning as a salvage treatment.
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There were several restrictions on our investigation. Potential flaws include selection bias and

confounding factors restrict retrospective research, which can only conclusively establish connection rather
than cause and effect.

Conclusion

The prone position has been often employed to treat patients with respiratory failure who are on mechanical
ventilation during the COVID-19 epidemic. Most patients' oxygenation increased while they were in the
prone position, most likely as a result of improved ventilation perfusion matching.
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