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Abstract 

Background COVID-19 pneumonia and respiratory failure are the leading causes of death in COVID-19 patients. 
Prone positioning was hypothesized to improve oxygenation in ARDS patients and is being studied in COVID-19, 
but the current evidence is still unclear regarding survival and hospitalization. We aimed to investigate the effect 
of prone positioning on oxygenation in patients with COVID-19 pneumonia and ARDS and to examine the factors 
associated with better/worse outcomes.

Methods A retrospective record-based cohort study included all confirmed COVID-19 patients with pneu-
monia and ARDS who underwent prone positioning admitted to King Fahad Hospital, Medina, Saudi Arabia, 
during 2020–2021.

Results This study included 75 cases (mean age 60.3 ± 15.7 year, 50 (66.7%) males), and all fulfilled the definition 
of ARDS. There was a significant improvement in oxygenation (PaO2 and PaO2/FIO2) following prone position-
ing (53.5 ± 6.8 vs. 60.4 ± 8.2 mmHg, p < 0.001 for PaO2 supine and prone and 120.3 ± 35 vs. 138 ± 40.2, p < 0.001 
for PaO2/FIO2 supine and prone respectively). There was no significant difference in age, gender, smoking, or num-
ber of comorbidities between survivors and non-survivors. Survivors had significantly higher baseline PaO2 (p 
0.018) and PF ratio (p 0.001) compared to non-survivors. They had also less severe inflammation and organ damage 
observed as significantly lower ferritin (p 0.001), D-dimer (p 0.026), aspartate aminotransferase (p 0.02), urea (p 0.032), 
creatinine (p 0.001), and higher platelet counts (p 0.001). Intubation and high-moderate comorbidity risk categories 
were associated with non-survival (p 0.001 and p 0.014, respectively).

Conclusion Prone positioning is useful in the improvement of oxygenation in intubated and awake patients 
with COVID-19 pneumonia and ARDS. Intubation and high comorbidity risk categories were associated 
with non-survival.
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Background
COVID-19 is a major public health problem globally 
[1]. It is associated with pulmonary and extrapulmo-
nary manifestations [2]. The development of hypoxemic 
respiratory failure and rapid deterioration increased the 
need for mechanical ventilation in many cases during 
the pandemic. Mortality was higher in older patients, 
those with comorbidities, and those with acute respira-
tory distress syndrome (ARDS) [3]. Prone positioning 
is an established technique to improve oxygenation in 
ARDS patients [4–6]. The same principle applies to 
COVID-19. Prone positioning improves gas exchange 
to dorsal lung regions through improving ventilation/
perfusion ratio (V/Q), alveolar recruitment, decreasing 
total chest wall compliance, and reduction of nonde-
pendent lung mass [7]. It also improves the function of 
extrapulmonary organs as cardiac function and abdomi-
nal pressure [8]. Prone positioning in selected ARDS 
cases, if applied early, may improve survival [8]. Bellani 
et al. (2016) in their study involving intensive care units 
(ICUs) in 50 countries reported underutilization of prone 
positioning in patients with severe ARDS. They found 
that only 16.3% of patients with severe ARDS received 
prone positioning [9]. During the pandemic, the need 
for mechanical ventilation exceeded the number of avail-
able ICU beds in several countries [10]. In COVID-19, 
the mainstay of treatment of cases with respiratory fail-
ure is supportive care to improve oxygenation and lung 
recruitment [11]. It was proved to be useful in intubated 
[12] and non-intubated patients [13]. Prone positioning 
in COVID-19 patients may decrease the need for intu-
bation and mechanical ventilation and decrease mor-
tality [11]. Though ARDS guidelines up to 2021 did not 
include recommendations for the use of prone position-
ing in COVID-19 patients due to insufficient evidence 
[14], several studies reported the benefits of prone posi-
tioning in COVID-19 patients [15, 16]. Prone positioning 
was reported to improve oxygenation [17], but its effect 
on carbon dioxide is not consistent [18]. Previous studies 
reported several demographic factors such as age, gen-
der, comorbidities, and laboratory data as ferritin, lactate 
dehydrogenase (LDH), and C-reactive protein (CRP) as 
determinants for morbidity and mortality [19–21]. How-
ever, the data are inconsistent in-between studies [22]. 
Evidence for the effect of prone positioning on survival is 
still insufficient [23].

Objectives
To examine the effect of prone positioning on oxygena-
tion of COVID-19 patients with pneumonia and ARDS 
and to investigate the factors associated with inhospital 
mortality.

Methods
This is a retrospective record-based cohort study. We 
included all patients with COVID-19 pneumonia and 
ARDS who were admitted to King Fahad, Al-madinah 
Al-munawarrah, Medina, Saudi Arabia, from January 
2020 to December 2021. All patients underwent prone 
positioning as part of the treatment protocol during 
2020–2021.

Inclusion criteria
We included all patients with confirmed COVID-19 
pneumonia and ARDS. A confirmed COVID-19 case 
is defined as a positive reverse transcriptase polymer-
ase chain reaction assay for SARS-CoV-2 from naso-
pharyngeal swab samples [24]. Pneumonia diagnosis 
was based on the presence of clinical and/or radiologic 
signs of consolidation [25].

Exclusion criteria
These are suspected COVID-19, ARDS not due to 
COVID-19, mechanical ventilation due to other medi-
cal reasons, those on high-flow oxygen, or non-invasive 
mechanical ventilation. Patients with missing data are 
also excluded.

Prone positioning
Prone positioning was performed by the clinician 
according to the Saudi Ministry of Health guidelines for 
prone positioning in COVID-19 patients [26].

Indications and contraindications to prone position-
ing were assessed by the physician and not reported 
here. Assessment of the patient’s tolerance to prone 
positioning was performed within 5  min of the turn; 
failure of vital signs to return to baseline is considered 
intolerance. Prone positioning was discontinued in case 
of intolerance or in patients with worsening vital signs 
or oxygen desaturation after prone positioning (three 
cases). Prone positioning was done for an average of 
12–16 h daily according to Saudi guidelines. For awake 
patients, it is 30–120  min in prone position and then 
30–120  min in left lateral, right lateral, and upright 
positions. Continuous assessment of vital signs and 
SPO2 as well as sampling for arterial blood gases was 
done 20 min after prone positioning, and arterial blood 
gas samples were obtained at 1-h intervals [26].

Data collection
Patients’ files were reviewed, and we recorded demo-
graphic data, comorbidities, oxygenation parameters 
(PaO2, PF ratio), laboratory data results, and outcomes.

We revised the criteria for diagnosis [27, 28]. In addi-
tion, record  PaO2,  PaCO2, and PF ratio at baseline and 
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1 h after prone positioning on day 3 of prone position-
ing to avoid the effect of heterogeneity of data. PF ratio 
was calculated as PaO2/FIO2, and the severity of ARDS 
is considered as follows [mild (P/F > 200–300), moder-
ate (P/F100–200), and severe (P/F < 100)] according to 
Berlin criteria [29].

We calculated the CHA2DS2-VASc comorbidity score 
(congestive heart failure, hypertension, age > 75, diabe-
tes, prior stroke/transient ischemic attack, and vascular 
disease history). CHA2DS2-VASc comorbidity scores 
are categorized as low (0 score for men and 1 score for 
women), moderate-low (1 score for men and 2 score 
for women), and moderate-high (≥ 2 for men & ≥ 3 for 
women) [30].

Prone O2 responders were defined as those who had 
a 20-mmHg increase in PF ratio [15]. CO2 response is 
defined as the decrease of PaCO2 by 1 mmHg with prone 
positioning [31]. We also reviewed any reported compli-
cations to prone positioning.

Statistical analysis
Data was cleaned and coded. Analysis was performed 
using Statistical Package for Social Sciences (SPSS) for 
Windows version 26 (IBM Corp., Armonk, NY, USA). 
Categorical data were presented as numbers (percent), 
while continuous data was presented as mean ± SD for 
normally distributed data and median (IQR) for not nor-
mally distributed data. We used independent samples 
t-test and paired t-test for comparisons for normally dis-
tributed data, and Mann–Whitney U-test for non-dis-
tributed data. Association between categorical data was 
done using the chi-square test. Statistical significance 
was defined as p < 0.05.

Results
A total of patients 78 were reported, and in three of them, 
the prone position was discontinued due to desaturation. 
We included 75 cases and their mean age 60.3 ± 15.7, two-
thirds are males 50 (66.7%), and 31 (41.3%) were smok-
ers. All patients fulfilled definition of ARDS (Table  1). 
Comorbidities were prevalent in our patients 61 (81.3%), 
28 (37.3%) had one comorbidity, and 33 (44%) had two 
or more comorbidities. Diabetes and hypertension were 
the most reported comorbidities (40% and 37.3%, respec-
tively). The median CHASD-Vasc score was 2.

Out of 75 patients, 31 (41.3%) were intubated and 
mechanically ventilated, and 44 (58.7%) were spontane-
ously breathing awake. According to the definition of O2 
and CO2 response, 31 (41.3%) were O2 responders, and 
29 (38.7%) were CO2 responders.

No significant adverse events related to prone position-
ing were reported in the study population.

There was a significant improvement in mean PaO2, 
PaCO2, and PF ratio following prone positioning (paired 
samples t-test) (Table  2). Subgroup analysis showed 
oxygenation was significantly improved in moderate 
and severe ARDS categories (p 0.069, < 0.001, and 0.094 
for PaO2 and p 0.068, < 0.001, and 0.008 for PF ratios in 
mild, moderate, and severe, respectively). While PaCO2 
showed no significant change in all groups (p 0.464, 
0.112, and 0.095 for mild, moderate, and severe ARDS, 
respectively). Both intubated and awake prone position-
ing had significant improvement in PaO and PF ratios 
(p < 0.001), while improvement in PaCO2 was only 

Table 1 Baseline demographic, clinical characteristics, and outcomes 
of the studied population

ARDS Acute respiratory distress syndrome, CHA2DS2-VASc Congestive heart 
failure, hypertension, age > 75, diabetes, prior stroke/transient ischemic attack, 
and vascular disease history, O2 Oxygen, CO2 Carbon dioxide

Variable Total (n = 75)

Age (year); mean ± SD 60.3 ± 15.7

Gender; number (%)

 Male 50 (66.7)

 Female 25 (33.3)

Smoking; number (%)

 Smoker 31 (41.3)

 Nonsmoker 44 (58.7)

Comorbidities; number (%)

 Yes 61 (81.3)

Comorbidities number; median [IQR] 1 [1]

CHASD-Vasc score; median [IQR] 2 [2]

Risk; number (%)

 Low 21 (28)

 Low-moderate 16 (21.3)

 High-moderate 38 (50.7)

Hospitalization (days); mean ± SD 12.8 ± 7.9

Intubation; number (%)

 Intubated 31 (41.3)

 Awake 44 (58.7)

ARDS severity; number (%)

 Mild 3 (4)

 Moderate 55 (73.3)

 Severe 17 (22.7)

O2 response; number (%)

 O2 responder 31 (41.3)

 O2 nonresponder 44 (58.7)

CO2 response; number (%)

 CO2 responder 29 (38.7)

 CO2 nonresponder 46 (61.3)

Outcome; number (%)

 Died 23 (30.7)

 Survived 52 (69.3)
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Table 2 Oxygenation and carbon dioxide response to prone positioning

Data are presented as mean ± SD

CI Confidence interval, PaO2 Partial pressure of oxygen, PaCO2 Partial pressure of CO2, PF PaO2/FIO2, P Prone, S Supine

*Significant

Particulars — paired defenses PaO2
— P

PaO2
— S

PaCO2
— P

PaCO2
— S

PF
— S

PF
— P

Survived (52)
Mean 61.5 ± 7.8 54.3 ± 7.0 43.5 ± 6.0 42.1 ± 8.6 128.9 ± 33.3 149.10 ± 36.3

Mean difference 8.12 ± 5.63 1.39 ± 4.94 20.21 ± 13.75

95% CI Lower 6.55 0.009 16.38

Upper 9.68 2.76 5.22

Sig  < 0.001* 0.49  < 0.001*

Not survived (23) 
Mean 60.2 ± 4.3 50.4 ± 5.2 47.7 ± 12.0 45.0 ± 9.6 100.97 ± 31.3 112.7 ± 37.7

Mean difference 4.17 ± 7.74 2.70 ± 8.94 11.78 ± 10.82

95% CI Lower 0.828  − 1.171 7.095

Upper 7.520 6.562 16.455

Sig 0.017* 0.162  < 0.001*

Total (75)
Mean 60.4 ± 8.2 53.5 ± 6.8 44.8 ± 8.5 43.0 ± 8.9 138.0 ± 40.2 120.3 ± 35.0

Mean difference 6.9 ± 6.6 1.8 ± 6.4 17.6 ± 13.4

95% CI Lower 5.4 0.3 14.5

Upper 8.4 3.3 20.7

Sig  < 0.001* 0.018*  < 0.001*

Table 3 Laboratory data of the studied population

ALT Alanine aminotransferase, AST Aspartate aminotransferase, NLR Neutrophil–lymphocyte ratio, WBCs White blood cells, RBCs Red blood cells, PF PAO2/FIO2; P 
Prone, S supine, L liter, ng Nanogram, U Unit, mmol Millimole, mL Milliliter
a Independent samples t-test
b Chi-square test
c Mann-Whitney U-test

*Significant

Variable Total Survivors (n = 52) Non-survivors (n = 23) Sig

Ferritin (ng/mL)c 719 [1176] 612 [5588.5] 1590 [2231.8] 0.001*

D-dimer (mg/L)c 1.9 [2] 1.6 [1.7] 2.5 [2.2] 0.026*

ALT (U/L)c 30 [26] 28.5 [23] 42 [46] 0.212

AST (U/L)c 37 [52] 31 [42] 50 [79] 0.02*

Glucose random (mmol/L)a 10.6 ± 5.1 10.0 ± 5.3 11.8 ± 4.3 0.163

Urea (mmol/L)a 17.6 ± 16.4 14.6 ± 14.2 24.5 ± 19.2 0.032*

Creatinine (umol/L)c 90 [109.1] 83.6 [65] 177 [185] 0.001*

Platelets (×  109/L)a 231.4 ± 134.3 272.1 ± 128.3 139.4 ± 98.8  < 0.001*

WBCs (×  109/L)a 11.9 ± 8.2 11.3 ± 7.1 13.1 ± 10.4 0.377

Lymphocytes (×  109/L)c 9.7 [12.3] 9.9 [9.4] 5.9 [4.9] 0.192

Neutrophils (×  109/L)a 75.1 ± 18.2 73.2 ± 17.2 79.3 ± 20 0.983

NLRc 8.3 [8.3] 7.8 [10.8] 13.9 [15.3] 0.079

RBCs (×  1012/L)a 4.2 ± 1.1 4.2 ± 1.0 4.0 ± 1.1 0.368
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significant in the non-intubated group (p 0.006 for awake 
and 0.498 for intubated).

Most laboratory data showed abnormal levels, non-sur-
vivors had significantly higher ferritin, D-dimer, aspartate 
aminotransferase (AST), urea, and creatinine levels as 
well as significantly lower platelet counts (Table 3).

There was no significant statistical difference between 
the ARDS severity groups in terms of survival (p 0.382) 
as all patients in the mild ARDS survived 3 (100%), 39 of 
moderate ARDS (70.9%), and 10 of severe ARDS (58.8%) 
(Fig.  1). Also, there was no significant statistical differ-
ence in O2 response (p 0.521) or CO2 response (p 0.525) 
according to ARDS severity.

There was no significant statistical difference between 
survivors and non-survivors regarding age (mean age 
64.61 ± 14.0 for survivors vs. 58.3 ± 16.2 for died, p 0.11). 
Non-intubation and low or low-moderate CHASD-Vasc 
categories were significantly associated with survival 
(Table 4).

Discussion
In this study, a total of 75 patients underwent prone posi-
tioning. Of them are 44 (58.7%) awake non-intubated 
patients and 31 (41.3%) intubated patients. We found that 
prone positioning significantly improves oxygenation 
(PaO2, PF ratio) in patients with COVID-19 pneumonia 
and ARDS (Table 2). Improved oxygenation was observed 
with either intubated or awake-prone positioning.

Improved oxygenation following prone positioning in 
mechanically ventilated patients has been reported in 
previous studies [15, 16, 32].

Chua et  al. in their systematic review found low evi-
dence for improved PF ratio in intubated COVID-19 
patients who underwent prone positioning, with no evi-
dence of improved survival [32]. Langer and colleagues 
reported improved oxygenation in mechanically venti-
lated patients [15].

The practice of prone positioning in awake ARDS was 
increased during the COVID-19 pandemic. Ehrmann 
and colleagues in their randomized controlled trial of 
COVID-19 reported that prone positioning improved 
oxygenation and reduced the need for intubation and 
incidence of treatment failure [16], while Fazzini et  al. 
in their systematic review concluded that awake prone 
positioning improved oxygenation; however, it had an 
uncertain effect on intubation and survival [33]. Tomp-
son et al. reported that prone positioning improved oxy-
genation (SPO2) in spontaneously breathing patients 
with COVID-19 ARDS (ref ). Alhazzani et  al. in a ran-
domized clinical trial of COVID-19 patients reported 
that awake prone positioning had no significant effect on 
intubation [34].

The improved oxygenation may be attributed to 
improved V/Q mismatch by redistribution of flow from 
dorsal to ventral zones and alveolar recruitment [8, 15].

In this study, 31 (41.3%) showed oxygen response, and 
29 (38.7%) showed CO2 response. The improved oxygen-
ation is attributed to improved ventilation of dorsal lung 
regions, redistribution of edema from dorsal to ventral, 
and alveolar recruitment [18]. There is no fixed effect 
of prone position on carbon dioxide as it may increase, 
decrease, or stay constant according to changes in venti-
lation and perfusion [35].

Fig. 1 Outcomes according to ARDS severity. ARDS, acute respiratory distress syndrome
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In our study, no statistically significant difference was 
seen in age, sex, or smoking status between the oxy-
gen responders and nonresponders or between CO2 
responders and nonresponders. Oxygen responders had 
significantly higher baseline mean RBCs counts (4.5 ± 1.1 
vs. 3.9 ± 1.0) and significantly lower post-prone position-
ing PaCO2 (43.5 ± 4.7 vs. 45.7 ± 10.3) compared to oxygen 
nonresponders.

Langer et  al. reported that oxygen nonresponders 
had a more severe respiratory failure [15], while CO2 
nonresponders were significantly older and had more 
comorbidities. No significant difference in outcomes was 
reported [15]. Changes in PaCO2 rather than PaO2 were 
related to lung recruitment [35].

The discrepancies between studies can be explained 
by the different demographic and clinical characteristics 
of patients in different studies. In our study, high mean 
RBCs number observed in O2 responders may contribute 
to better oxygen response.

In the current study, nearly two-thirds of patients 52 
(69.3%) survived. Most survivors had awake prone posi-
tioning 37 (71.2%). Comorbidities were prevalent in our 
study, and diabetes and hypertension were the most com-
mon comorbidities reported (Table  1). No significant 
statistical difference was found between survivors and 
non-survivors regarding age, gender, number, and type 
of comorbidity. However, non-survivors had significantly 
higher comorbidity risk categories (p 0.014). High-mod-
erate risk comorbidity scores were associated with death 
(Table 4).

These data are in line with previous studies that 
reported a high prevalence of comorbidities specifically 
diabetes and hypertension among COVID-19 in Saudi 
Arabia [19–21]. It is also reported that comorbidity risk 
scores (CHA2DS2-VASc) are more significant predictors 
than individual comorbidities (ref.).

Previous studies reported some demographic param-
eters such as age, gender, and comorbidity as predictors 
of mortality in COVID-19 patients [21].

A study investigated predictors of high risk among 
hospitalized COVID-19 patients in Saudi population 
reported older age, male gender, the presence of comor-
bidities, more severe lung infiltrate, high respiratory rate, 
abnormal blood urea nitrogen, and the need for mechan-
ical ventilation [22].

The inconsistent results reported in various stud-
ies regarding the association between age, gender, and 
comorbidities with outcomes may be attributed to differ-
ences in sample sizes, study designs, and characteristics 
of the studied population in between studies.

In this study, non-survivors had significantly lower ini-
tial oxygenation parameters  (PaO2, PF ratios) and platelet 
counts. They also had significantly higher baseline urea, 

Table 4 Demographic and clinical characteristics association 
with outcome

Data are presented as mean ± standard deviation, number (%), or median 
[interquartile range]

ARDS Acute respiratory distress syndrome, CHA2DS2-VASc Congestive heart 
failure, hypertension, age > 75, diabetes, prior stroke/transient ischemic attack, 
and vascular disease history, O2 Oxygen, CO2 Carbon dioxide
a Independent samples t-test
b Chi-square test
c Mann-Whitney U test

*Significant

Variable Outcome Sig

Died Survived

Agea 58.3 ± 16.2 64.61 ± 14.0 0.11

Age groupsb

 40 years and below 0 (0) 7 (13.5) 0.151

 41–60 years 8 (34.8) 19 (36.5)

  > 60 years 15 (65.2) 26 (50)

Genderb

 Male 12 (52.2) 38 (73.1) 0.080

 Female 11 (47.8) 14 (26.9)

Smokingb

 No 13 (65.5) 28 (53.8) 0.830

 Yes 10 (43.5) 24 (46.2)

Comorbidityb

 No 4 (17.4) 10 (19.2) 0.850

 Yes 19 (82.6) 42 (80.8)

Comorbidity numberc 2 [2] 1 [1] 0.292

CHASD-Vasc  scorec 2 [3] 1 [1] 0.068

CHASD-Vasc riskb

 Low 5 (21.7) 16 (30.8) 0.014*

 Low-moderate 1 (4.3) 15 (28.8)

 High-moderate 17 (73.9) 21 (40.4)

Hypertensionb

 No 11 (47.8) 36 (69.2) 0.080

 Yes 12 (52.2) 16 (30.8)

Diabetesb

 No 14 (60.9) 31 (59.6) 0.910

 Yes 9 (39.1) 21 (40.4)

ARDS severityb

 Mild 0 (0) 3 (5.8) 0.382

 Moderate 16 (69.6) 38 (75)

 Severe 7 (30.4) 11 (19.2)

Intubationb

 No 7 (30.4) 37 (71.2) 0.001*

 Yes 16 (69.6) 15 (28.8)

O2 responseb

 Yes 7 (30.4) 24 (46.2) 0.202

 No 16 (69.6) 28 (53.8)

CO2 responseb

 Yes 8 (34.8) 21 (40.4) 0.646

 No 15 (65.2) 31 (59.6)
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creatinine, AST, ferritin, and D-dimer levels (Table  3) 
indicating more severe inflammation, lung injury, and 
organ dysfunction [36]. Higher D-dimer and low platelets 
in the dead patients in this study indicate more severe 
inflammation and increased incidence of thrombotic 
events due to activated coagulation pathway [37].

The same results were reported in previous studies 
that found high laboratory parameters among COVID-
19 patients. These parameters were associated with the 
inflammatory process cytokine storm as well as sepsis 
and organ dysfunction [2].

High urea, creatinine, and LDH levels were reported 
among COVID-19 deaths in Saudi Arabia [22]. Some 
laboratory parameters such as procalcitonin, ferritin, 
D-dimer, C-reactive protein, and lymphocytes were 
reported as outcome predictors [38, 39].

The data vary across studies and no conclusion about 
which is the best predictor [22].

The broad variability of the range of laboratory data 
reported may explain the discrepancy of results in vari-
ous studies.

The retrospective design of the study is a limitation. 
The results of this study are from a single-center, non-
randomized sample, and the decision for prone posi-
tioning was made by the clinical management team, and 
standardization could not be controlled, and the obser-
vational nature of the study results could not be general-
ized; however, the results can be beneficial in designing 
randomized controlled trials and raising awareness of cli-
nicians towards care of patients with comorbidities and 
abnormal laboratory data.

Conclusion
The results of this study indicate that prone positioning 
is useful in intubated and non-intubated patients with 
COVID-19 with ARDS. Intubation is associated with 
poor outcomes. Our results may help clinicians select 
patients who will benefit from prone positioning, and 
future randomized controlled studies including possible 
physiologic outcomes recording are warranted.
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