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ABSTRACT

Background: Although the medium- and long-term sequelae of survivor of acute respiratory distress
syndrome (ARDS) of any cause have been documented, little is known about the way in which COVID-
19-induced ARDS affects functional disability and exercise components. Our aims were to examine
the medium-term disability in severe COVID-19-associated ARDS survivors, delineate pathophysiolog-
ical changes contributing to their exercise intolerance, and explore its utility in predicting long-term
functional impairment persistence.

Methods: We studied 108 consecutive subjects with severe COVID-19 ARDS who remained alive 6 months
after intensive care unit (ICU) discharge. Lung morphology was assessed with chest non-contrast CT scans
and CT angiography. Functional evaluation included spirometry, plethysmography, muscle strength, and
diffusion capacity, with assessment of gas exchange components through diffusing capacity of nitric
oxide. Disability was assessed through an incremental exercise test, and measurements were repeated
12 and 24 months later in patients with functional impairments.

Results: At 6 months after ICU discharge, a notable dissociation between morphological and clinical-
functional sequelae was identified. Moderate-severe disability was present in 47% of patients and these
subjects had greater limitation of ventilatory mechanics and gas exchange, as well as greater symptomatic
perception during exercise and a probable associated cardiac limitation. Female sex, hypothyroidism,
reduced membrane diffusion component, lower functional residual capacity, and high-attenuation lung
volume were independently associated with the presence of moderate-severe functional disability, which
in turn was related to higher frequency and greater intensity of dyspnea and worse quality of life. Out
of the 71 patients with reduced lung volumes or diffusion capacity at 6 months post-ICU discharge,
only 19 maintained a restrictive disorder associated with gas exchange impairment at 24 months post-
discharge. In these patients, 6-month values for diffusion membrane component, maximal oxygen uptake,
ventilatory equivalent for CO,, and dead space to tidal volume ratio were identified as independent risk
factors for persistence of long-term functional sequelae.

0300-2896/© 2024 SEPAR. Published by Elsevier Espafia, S.L.U. All rights are reserved, including those for text and data mining, Al training, and similar technologies.

Please cite this article as: R. Casitas, R. Galera, M. Torres-Vargas et al., Medium-Term Disability and Long-Term Functional Impair-
ment Persistence in Survivors of Severe COVID-19 ARDS: Clinical and Physiological Insights, Archivos de Bronconeumologia,
https://doi.org/10.1016/j.arbres.2024.05.021



https://doi.org/10.1016/j.arbres.2024.05.021
http://www.archbronconeumol.org
mailto:fgr01m@gmail.com
https://doi.org/10.1016/j.arbres.2024.05.021
https://doi.org/10.1016/j.arbres.2024.05.021

G Model
ARBRES-3579; No.of Pages 8

R. Casitas, R. Galera, M. Torres-Vargas et al.

Archivos de Bronconeumologia Xxx (XXXX) XXX—-XXX

Conclusions: Less than half of survivors of COVID-19 ARDS have moderate-severe disability in the medium
term, identifying several risk factors. In turn, diffusion membrane component and exercise tolerance at 6-
month ICU discharge are independently associated with the persistence of long-term functional sequelae.

© 2024 SEPAR. Published by Elsevier Espaiia, S.L.U. All rights are reserved, including those

for text and data mining, Al training, and similar technologies.

Introduction

Acute respiratory distress syndrome (ARDS) significantly con-
tributes to COVID-19 mortality, leading to respiratory failure and
multi-organ dysfunction.!? Despite improved understanding of
COVID-19 ARDS pathophysiology,® survivors still worry about
potential long-term respiratory issues, yet information is limited.
Physiological differences, particularly in oxygenation, pulmonary
mechanics, and treatment response, exist between COVID-19
ARDS and other ARDS variants.* Therefore, prior insights into
non-COVID-19 ARDS long-term outcomes® may not be directly
applicable to COVID-19 patients. Similarly, data on sequelae from
severe COVID-19 pneumonia cannot be directly extrapolated to
ARDS, since these represent distinct spectrums of COVID-19, char-
acterized by notable differences in lung damage and pathogenic
mechanisms.®

To date, disability assessment in survivors of COVID-19-related
ARDS has predominantly relied on the six-minute walk test’~!!
in studies characterized by small sample sizes, brief follow-up
periods, and varying severity levels. Consequently, there is lim-
ited information available on the impact of COVID-19 ARDS on
the diverse pathophysiological pathways implicated in exercise
intolerance, necessitating a more comprehensive evaluation using
a cardiopulmonary exercise test.'? Moreover, there is insufficient
data on the determinants of medium-term disability and its long-
term influence on residual lung function.

Hence, our objective was to investigate the extent of medium-
term disability among survivors of severe COVID-19-associated
ARDS, while delineating the pathophysiological changes contribut-
ing to their exercise intolerance and exploring its usefulness in
estimating the risk of persistence of long-term functional impair-
ment. Through a comprehensive assessment that incorporates
clinical, radiological, and functional parameters, we also aimed to
identify the primary risk factors associated with these changes
and analyze their long-term impact on patients’ pulmonary func-
tion.

Methods
Study design and patients

This is an ambispective observational study of patients with
severe COVID-19 ADRS who were discharged from our hospital
between February 2020 and January 2021.

Patients were eligible for enrolment if they were 18 years of
age or older and had survived severe COVID-19 ARDS (defined
using the Berlin criteria), requiring invasive mechanical venti-
lation for at least 7 days, with SARS-CoV-2 infection confirmed
at that time by positive reverse-transcriptase polymerase chain
reaction on either a nasal swab or tracheal aspirate. Participants
provided their written consent, and the study was approved by
the institutional Ethics Committee (PI-4189). A more detailed
description of the selection criteria is provided on the Online Data
Supplement. We reported results in accordance with the STROBE
guidelines.

Measurements

We recorded data for demographic variables, clinical charac-
teristics, patient management, and complications during their ICU
stay. Six months after ICU discharge, anthropometric parameters,
smoking status, comorbidities and current treatment were regis-
tered. Respiratory symptoms were assessed using the European
Community for Coal and Steel Questionnaire and the modified Med-
ical Research Council dyspnea scale, whereas health-related quality
of life was evaluated with the Spanish version of the Medical Out-
comes Study 12-Item Short-Form Health Survey (SF-12). Further
details on the clinical evaluation are presented in the Additional
file (https://doi.org/10.1016/j.arbres.2024.05.021).

Lung morphology was assessed with a non-contrast chest CT
scan and a CT angiography (CTA) scan with iodine mapping. CT
images were evaluated by 2 chest radiologists with 10 years of
experience and blinded to clinical data using systematized ter-
minology to describe CT abnormalities and their extension.'3
Moreover, a quantitative analysis of lung attenuation was per-
formed using automated software. Additional details of image
studies are provided in the Additional file.

Spirometry, plethysmography and diffusing capacity of the
lungs for carbon monoxide (DLCO) measurements were performed
using MasterScreen (Viasys, CareFusion, Germany) in accordance
with current standardization.'#-16 Global Lung Initiative equations
were used as reference values, and tests were interpreted according
to European Respiratory Society (ERS)/American Thoracic Society
(ATS) strategies.!” Lung diffusing capacity for nitric oxide (DLNO)
was also measured following ERS recommendations.'® The mem-
brane component of diffusing capacity (Dm) and the pulmonary
capillary blood volume (Vc) were calculated, and reference equa-
tions proposed by Zavorsky et al. were used.'8 Respiratory muscle
strength was assessed by maximal inspiratory mouth pressure,
hand-grip strength was measured with a dynamometer, and limb
muscle weakness was defined as a value <10t percentile of ref-
erence value.!” Patients with evidence of restrictive disorder or
impaired gas exchange were reevaluated 12 months after ICU dis-
charge and again 24 months later when these alterations persisted.
A more detailed description of all lung tests is provided in the Addi-
tional file.

An incremental cycle exercise test was conducted on a cycle
ergometer (Vintus CPX, Carefusion) following standards of the
ATS/American College of Chest Physicians (ACCP) statement2? and
using the prediction equations of Puente-Maesti?! (further details
in the Additional file). Changes in operational lung volumes were
evaluated to identify dynamic hyperinflation, and functional capac-
ity was graded according to peak oxygen uptake (normal: > 20,
mild: 16-20, moderate: 10-16, and severe: <10 mL/kg/min).?2

Statistical analysis

The sample size was estimated under the arbitrary assumption
of a 20% prevalence of moderate-to-severe disability among sur-
vivors of COVID-19-related ARDS by extrapolation of the disability
degree reported in survivors of severe COVID-19 pneumonia.?> To
determine its frequency in an unknown population with a pre-
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cision of 5% and a confidence level of 95%, 107 patients were
required.

Categorical variables are presented as numbers with percent-
ages, and continuous variables as mean with standard deviation
(SD) or median (interquartile range), according to their distribu-
tion. Comparisons between subgroups were performed using the
Student’s t-test, ANOVA, Mann-Whitney U-test, Kruskal-Wallis or
chi-squared test. Comparisons of lung function values 6, 12 and 24
months after ICU discharge were performed using general linear
models of repeated measures. The relationship between variables
was assessed with the Pearson correlation analysis. Multiple logis-
tic regression analysis was used to study factors associated with
functional or morphologic impairment and disability. Only vari-
ables with a level of significance <0.05 in the bivariate analysis
were included in the stepwise multiple regression models, and odds
ratios were calculated. Data were analyzed with the R (Venn-Euler
package) and SPSS 25.0 software (IBM, Chicago, IL, USA), consider-
ing a P-value <0.05 statistically significant for all tests.

Results

Figure 1 shows the patient recruitment flowchart, and Table 1,
along with Tables S1 and S2 in the Additional file, summarize the
main characteristics of the 108 patients finally selected.

Clinical, morphological, and functional assessment at six months
after ICU discharge

Frequency and characteristics of respiratory symptoms and
health-related quality of life are presented in Fig. S1 and Table S3.
Among the 100 patients with available CT scans six months
post-ICU discharge, only 10 showed complete resolution of
lung abnormalities (Table S4). Specifically, 10 patients exhibited
unequivocal signs of established fibrosis, 73 presented fibrotic-like
abnormalities and 7 displayed non-fibrotic abnormalities. Addi-
tionally, patchy perfusion defects were identified in 25 out of 70
patients with interpretable iodine maps (35.7%). Persistent estab-
lished fibrosis or fibrotic-type abnormalities were associated with
the number of previous comorbidities and nosocomial infection
during ICU stay (Table S5).

Regarding conventional lung function (Table S6), restric-
tive impairment was the most prevalent functional disorder
(57%), with impaired gas transfer observed in 30 patients (28%)
(Fig. S2, Table S7). A detailed examination of gas exchange com-
ponents through DLNO (Table S8) revealed membrane component
involvement in almost all patients with low DLCO, which also
remained reduced in a substantial percentage of patients with nor-
mal DLCO (Fig. 2). Lymphopenia at ICU admission emerged as the
only independent risk factor associated with restrictive impair-
ment, while the absence of obesity, hypothyroidism and days of
invasive mechanical ventilation were independently associated
with the presence of gas transfer impairment (Table S9). Addition-
ally, male sex, age and the number of previous comorbidities were
independent determinants of membrane component impairment
(Table S9).

Gas exchange impairment was associated with the presence
of dyspnea (OR 2.53, 95%CI 1.07-6.01, P=0.035) or any respira-
tory symptom (OR 5.50, 95%CI 1.21-25.07, P=0.028), with dyspnea
severity higher in patients with restrictive disorder, gas exchange
impairment, or low membrane component involvement (Fig. S3).
Furthermore, a CT pattern with unequivocal signs of established
fibrosis was associated with restrictive impairment, whereas an
increase in high attenuation volume was associated with both
restrictive disorder and gas transfer impairment (Table S10).
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Table 1
General characteristics of the study subjects.
Characteristic Result
Sex, n (%)
Female 36(33.3)
Male 72 (66.7)
Age, years 59+10
Weight prior to ICU admission, kg 85+15
Current weight, kg 84+16
Current body mass index, kg/m? 30.2+4.9
Ethnicity, n (%)
Caucasian 75 (69.4)
Latin-American 30(28.0)
African American 2(1.9)

Asian 1(1.0)

Current or former smokers, n (%) 51(47.3)

Main comorbidities, n (%)
Hypertension 67 (62.0)
Dyslipidemia 56 (51.9)
Obesity (body mass index > 30 kg/m?) 45 (41.7)
Diabetes 21(194)
Hypothyroidism 17 (15.7)
Cardiovascular diseases 16 (14.8)
Asthma 6(5.6)
Sleep apnea 4(3.7)
Chronic obstructive pulmonary disease 1(0.9)
Bronchiectasis 1(0.9)

ICU admission parameters
APACHE-II 15+4
Pa0,[FiO; 116 +54

Lymphocytes, x 103/l
D-dimer, ng/ml

0.62 (0.46-0.88)
2030 (951-10030)

C-reactive protein, mg/L 163+114
Invasive mechanical ventilation duration, days 23 (12-40)
Prone position, n (%) 86 (79.6)
Tracheostomy, n (%) 66 (61.1)
Extracorporeal membrane oxygenation, n (%) 6(5.6)
Complications during ICU stay, n (%)

Pressure ulcers 14 (13.0)

Nosocomial infection 52(48.1)

Pleural effusion 6(5.6)

Deep venous thrombosis 4(3.7)

Pulmonary thromboembolism 31(28.7)

Ischemic stroke 2(1.9)

ICU-acquired weakness 44 (40.7)

Hyperactive delirium 32(29.6)

Reintubation 8(7.4)

ICU readmission 5(4.6)
Weight loss in ICU, kg 6(3-11)
Home oxygen therapy at discharge, n (%) 14 (13.0)
ICU length of stay, days 24 (12-47)
Hospital length of stay, days 45 (25-75)

Values are mean =+ standard deviation, median (interquartile range) or number (per-
centage) according to their type and distribution.

Abbreviations: ICU: Intensive Care Unit; APACHE: acute physiology, age, and chronic
health evaluation; PaO,/FiO-: ratio of arterial oxygen partial pressure to fractional
inspired oxygen.

Functional disability at six months after ICU discharge

Exercise testing revealed normal functional capacity in 12
patients (11.1%), mild disability in 45 (41.7%), moderate disabil-
ity in 42 (38.9%) and severe disability in 9 (8.3%). Table 2 presents
the exercise response parameters of all patients and compares
those with moderate-severe disability to the remaining patients.
Patients with moderate-severe disability exhibited lower minute
ventilation due to limited tidal volume expansion and lower end-
expiratory lung volume decrease, alongside higher peak carbon
dioxide ventilatory equivalent, suggesting the contribution of both
ventilatory mechanics and gas exchange in their functional limi-
tation (Table 2). This was accompanied by increased symptomatic
perception during exercise, as well as potential cardiac limitation
suggested by the lower peak oxygen pulse and higher slope of heart
rate response to exercise.
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for severe COVID-associated
ARDS from February 28, 2020
to January 21, 2021
(n=454)

|

Mechanically ventilated
for at least 7 days
(n=361)
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Deceased during hospitalization

Patients alive
at hospital discharge
(n=137)

(n=224)

Death after discharge (n=3)

Mechanical ventilation less 7 days (n=11)

» Need for permanent noninvasive ventilation (n=1)
Severe myopathy (n=1)

Recent respiratory infection (n=1)

Elegible patients
(n=120)

A

Not localized (n=4)
Change city/country of residence (n=2)
No informed consent (n=6)

Included patients
(n=108)

Fig. 1. Flow chart.

The presence of moderate-severe disability was associated with
a higher frequency of respiratory symptoms and dyspnea, as well
as greater intensity of dyspnea and worse quality of life in both
physical and mental components (Table S11).

Table 3 shows the clinical, morphological and functional fac-
tors associated with the presence of moderate-severe disability. In
a multivariate model, female sex, hypothyroidism, reduced mem-
brane component of diffusion, lower functional residual capacity
and the volume of lung parenchyma areas with high attenuation
density were identified as independent risk factors for moderate-
severe disability.

Disability degree at six months is associated with long-term
functional status

At 24 months after ICU discharge, only 47 patients (44%) exhib-
ited persistent restrictive disorder, also presenting impaired gas

exchange 22 of them (23%). Fig. S4 shows the long-term evolu-
tion of total lung capacity (TLC) and DLCO in patients with reduced
values 6 months after ICU discharge.

Among patients with restrictive impairment or reduced gas
exchange at six months post-ICU discharge, the diffusion mem-
brane component as well as the peak values of oxygen uptake,
ratio of physiologic dead space to tidal volume and ventilatory
equivalent for carbon dioxide and oxygen uptake were identified
as independent risk factors for the long-term persistence of both
functional disorders (Table 4), suggestive of established lung fibro-
sis.

Discussion

The main finding of our study is the demonstration that nearly
half of the survivors of severe ARDS secondary to COVID-19 exhibit
moderate to severe functional disability in the medium term. This
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Table 2
Exercise parameters six months after ICU discharge in overall patients and according to their functional capacity.

Overall patients (n=108) Functional capacity P-value

Normal or mild disability Moderate-severe disability

(n=57) (n=51)
W peak, w 90 (75-135) 135 (105-135) 75 (60-90) <0.001
W peak, % pred. 65 (51-79) 69 (62-90) 54 (44-79) 0.009
Vg peak, L/min 53+18 66+ 14 42+13 <0.001
Vg peak, % pred. 65+15 72+14 59+13 <0.001
BR peak, % 46+13 40+ 11 51+12 <0.001
fpeak, min™! 35+8 34+7 36+9 0.324
Vr peak, L 1.61+0.63 2.01+0.55 1.25+0.45 <0.001
ti/tror peak 0.46 (0.43-0.48) 0.46 (0.43-0.0.48) 0.46 (0.42-0.48) 0.762
AVE/AVCO, peak 32.8(30.0-36.4) 31.2(28.6-35.1) 34.2(31.1-37.6) 0.047
Vp/Vt peak 23+7 23+5 23+8 0.709
Sa0, peak, % 98 (96-99) 98 (96-99) 98 (96-99) 0.896
PerO; peak, kPa 14.3+0.6 14.2+0.6 143 +0.6 0.609
PerCO; peak, kPa 43+0.6 44+0.5 4.2+0.6 0.064
HR peak, min-! 130+18 139+16 124+17 <0.001
HRR, min™! 31+17 24+13 37+18 <0.001
HR slope, 1/ml/kg 92+24 76+1.1 10.6+2.4 <0.001
AHR/AVO, peak, mL 9.6+2.8 114421 8.1+2.5 <0.001
VO, peak, mL/min 1,263 +£398 1,574 +£287 984 +236 <0.001
VO, peak, mL/kg/min 15.1+4.0 185+2.7 11.9+1.9 <0.001
VO, peak, % pred. 63 (49-72) 65 (57-72) 54 (45-71) <0.001
AVO, /AW, mL/min/w 10.1+2.9 10.0+1.9 9.8+2.0 0.687
RER peak 1.16+0.11 1.20+0.09 1.14+0.11 0.003
AT, VO, max 68+ 14 66+13 70+16 0.168
A EELV, L -0.67 +£0.85 -0.94+0.82 -0.46+0.83 0.009
ABorg/AVO; slope 0.56 +£0.40 0.40+0.21 0.73+0.52 0.020
ABorg/AVO, threshold 45 (3.1-5.4) 5.0 (4.1-5.8) 3.9(2.7-4.6) <0.001
Maximal load of dyspnea 52+24 53+24 52+25 0.856

Values are mean + standard deviation or median (interquartile range) according to their distribution.

Abbreviations: W: work intensity; Vg: minute ventilation; BR: breathing reserve; f: respiratory frequency; Vr: tidal volume; ¢;: inspiratory time; tror: total respiratory time;
AVE[AVCO;: ventilatory equivalent for carbon dioxide; Vp/Vr: ratio of physiologic dead space to tidal volume; SaO,: oxygen saturation; PgrO,: end-tidal pressure of oxygen;
PerCO;: end-tidal pressure of carbon dioxide; HR: heart rate; HRR: heart rate reserve; AHR/AVO,: oxygen pulse; VO, : oxygen uptake; RER: respiratory exchange ratio; AT:
anaerobic threshold; AEELV: change from baseline in end-expiratory lung volume.

Table 3
Risk factors for the presence of moderate-severe disability at 6 months of ICU discharge.
Crude OR (95% CI) p-value Multivariable OR (95% CI)! p-value

Females 16.20 (4.43-59.33) <0.001 15.71 (4.22-58.50) <0.001
Obesity 2.25(0.96-5.27) 0.063 - -
Hypothyroidism 4.65(1.22-17.74) 0.025 4.27 (0.98-18.54) 0.053
Two or more comorbidities 2.34(0.99-5.68) 0.053 - -
Gas transfer impairment 2.39(0.94-6.06) 0.067 - -
Low diffusion membrane component 422 (1.50-11.86) 0.006 6.64 (1.68-26.25) 0.007
Total lung capacity, z-score 0.59 (0.39-0.87) 0.009 - -
Functional residual capacity, z-score 0.51 (0.33-0.79) 0.002 0.53(0.32-0.88) 0.014
Mean lung density, HU 1.01 (1.00-1.02) 0.027 - -
High attenuation volume, % 2.85(1.03-7.91) 0.044 4.23(1.10-16.30) 0.036
15t percentile, HU 1.02 (1.00-1.03) 0.023 - -
30t percentile, HU 1.01 (1.00-1.03) 0.046 - -
90" percentile, HU 1.01 (1.00-1.01) 0.034 - -

Only anthropometric, clinical characteristics and ICU parameters significantly associated with each lung function impairment pattern are provided.
Abbreviations: OR: odds ratio; Cl: confidence interval; HU: Hounsfield units.
f The multivariable model was performed including all variables with a significant bi-variate association.

Table 4
Risk factors associated with long-term persistence of a restrictive disorder with impaired gas exchange among patients with reduction of either of both at six months after
ICU discharge.

Crude OR (95% CI) p-value Multivariable OR (95% CI) p-value
BMI, kg/m? 0.83(0.70-0.99) 0.047 - -
Invasive mechanical ventilation duration, days 1.03 (1.01-1.06) 0.007

0.78 (0.64-0.95)

0.012

DmCO, % pred. 0.84 (0.75-0.95) 0.004

W peak, % pred. 0.93 (0.88-0.98) 0.008 - -
AVE/AVCO, peak 1.17 (1.04-1.32) 0.009 1.18 (1.02-1.38) 0.031
Vp/Vr peak 1.14 (1.02-1.28) 0.023 1.17 (1.01-1.37) 0.042
V'O, peak, % pred. 0.89(0.82-0.97) 0.005 0.87 (0.76-0.99) 0.024

Only anthropometric, clinical characteristics and ICU parameters significantly associated with each lung function impairment pattern are provided.
Abbreviations: OR: odds ratio; CI: confidence interval; DmCO: diffusion membrane component; W: work intensity; Vp/Vr: ratio of physiologic dead space to tidal volume;
AVE/[AVCO,: ventilatory equivalent for carbon dioxide; VO,: oxygen uptake.

f The multivariable model was performed including all variables with a significant bi-variate association.



G Model
ARBRES-3579; No.of Pages 8

R. Casitas, R. Galera, M. Torres-Vargas et al.

iratgry muscle

Restrictive impa

Normal
(6%)

Archivos de Bronconeumologia Xxx (XXXX) XXX—-XXX

akness (8%)

i\

Fig. 2. Frequency and distribution of lung function disorders.

impairment is more common in women, individuals with a history
of hypothyroidism, and in the presence of concurrent reductions in
residual functional capacity, increased lung parenchyma attenua-
tion, and decreased diffusion membrane component. Additionally,
both progressive cardiorespiratory exercise testing and analysis
of the diffusion membrane component provide additional value
in predicting long-term functional deterioration among those sur-
vivors who, at six months post-ICU discharge, exhibit reduced TLC
or DLCO values. Thus, both the diffusion membrane component and
exercise tolerance, along with parameters related to dead space
and gas exchange at peak exercise, are independently associated
with the persistence of a restrictive disorder associated with gas
exchange impairment at 24 months post-discharge, suggestive of
lung fibrosis development.

Considering the notable prevalence of post-intensive care
syndrome observed in the months after discharge from COVID-
19-associated ARDS,2* coupled with the documented progressive
enhancement in exercise tolerance throughout the convalescent
phase,®> we opted to conduct the initial assessment six months
post-discharge. This timeframe aligns with previous investigations
assessing exercise tolerance via the walking test among survivors
of COVID-19-related ARDS,%>26 reflecting a consensus in the field
regarding the optimal timing for such evaluations.

The incidence of restrictive impairment in our patients was
slightly higher than in other COVID-19 ARDS series (where lung
volumes weren't assessed by plethysmography),2’-2° or ARDS of
other origin.?° This might be due to the severity of our cohort,
since restrictive impairment is more common in COVID-19 patients
admitted to the ICU requiring invasive ventilation compared to
those managed with high-flow nasal oxygen or non-invasive
ventilation.?

Surprisingly, only 28% of our patients showed signs of gas
exchange impairment, a notably lower rate compared to survivors
of severe COVID-19 pneumonia’! or other COVID-19 ARDS.?? Pre-
vious studies often defined gas exchange impairment based on
varying DLCO percentages, rather than its lower limit of normal

(LLN). When LLN criteria were applied, studies indicated a preva-
lence of gas exchange impairment in COVID-19 severe pneumonia
patients ranging from 17% to 34%.333% Our findings clarify that
the impaired gas exchange observed in these patients primarily
stems from alveolar-capillary membrane damage rather than vas-
cular issues. Intriguingly, recent data from non-critical patients
recovering from severe COVID-19 pneumonia revealed a correla-
tion between reduced DLCO at 3- and 12-months post-discharge
and membrane factor involvement. 343>

We also explore the dissociation between morphological and
clinical-functional sequalae. Whereas a restrictive or gas exchange
impairment was related with higher dyspnea levels, no differences
were observed between respiratory symptoms and the existence
or not of parenchymal alterations. Furthermore, unequivocal signs
of established fibrosis were only associated with restrictive impair-
ment, not reduced DLCO. These findings partly agree with previous
studies showing no association between imaging abnormalities and
reduced lung function or symptoms in severe COVID-19 cases.?8:3!
This observation could be explained by the limited extent of the
lesions, typically not exceeding 25% of the lung parenchyma, as seen
in other studies.?? Hence, quantitatively assessing lung parenchy-
mal attenuation might provide a more sensitive measure of lung
function, as shown by its correlation with both restriction and gas
transfer issues in our patients.

Our study assessed survivors of severe COVID-19-related ARDS
using a progressive exercise test, revealing that nearly half of
them suffer from moderate to severe functional disability in the
medium term. This distinguishes them from ARDS survivors of
other causes who typically experience more severe and endur-
ing declines in function, primarily due to persistent muscle and
wasting.>® Notably, the functional limitations observed in our
patients seem related to respiratory mechanics impairment, indi-
cated by reduced tidal volume and less pronounced EELV reduction,
along with impaired gas exchange shown by elevated carbon diox-
ide ventilatory equivalent and heightened symptomatic perception
during exercise. Additionally, cardiac limitations may contribute, as
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indicated by differences in peak oxygen pulse and cardiovascular
response to exercise.

Furthermore, it is also interesting to delineate the clinical
and functional factors associated with decreased exercise tol-
erance. The presence of a restrictive disorder, characterized by
reduced functional residual capacity, impaired gas exchange mem-
brane component, and heightened lung parenchymal density are
independently associated with moderate-to-severe disability. The
contribution of hypothyroidism may extend beyond its effect on
DLCO, encompassing its recognized influence on peripheral mus-
cle function as well.>” Additionally, the association with female
sex may be attributed to its established status as a risk factor for
post-COVID-19 pulmonary fibrosis.>®

In any case, in our opinion, the most significant finding of our
study lies in the potential utility of progressive exercise testing and
the pulmonary diffusion membrane component in identifying the
risk of persistent functional sequelae of COVID-19-ARDS, which
characterize the development of pulmonary fibrosis. In survivors
of severe COVID-19, it has been described that the mid-term
reduction in the most commonly assessed functional parameters
(TLC and DLCO) may partially reverse in the long term,? raises
questions about the potential reversibility of post-COVID-19
pulmonary fibrosis mechanisms.>? In our patients, values at 6
months post-ICU discharge of the pulmonary diffusion membrane
component, peak oxygen uptake, and two additional exercise
response variables (dead space and gas exchange) are independent
risk factors for identifying those patients with mid-term TLC or
DLCO abnormalities who, at 24 months post-discharge, will exhibit
a functional alteration pattern suggestive of pulmonary fibrosis,
characterized by a combination of restrictive disorder and gas
exchange impairment.

We acknowledge several limitations in our study. Firstly, it is a
single-center, observational study. Second, like many other studies,
we were unable to assess the premorbid clinical status, making it
impossible to rule out the presence of impairments before admis-
sion. Third, our patient cohort was collected during two different
periods of the pandemic, which could introduce variations in treat-
ments for acute viral infection and differences in the viral variants
responsible for lung pneumonia. However, all patients received
similar post-COVID-19 management to ensure a consistent eval-
uation of residual sequelae. Fourth, follow-up assessment was only
conducted in patients with functional disturbances 6 months after
ICU discharge due to the ethical constraints on repeating proce-
dures in normal subjects. Additionally, CT scans were not repeated
during follow-up to avoid excessive radiation. Fifth, there was no
control group because it was impossible to simultaneously recruit
a similar group of patients with severe ARDS of another origin and
given the limitations of using historic control subjects. Sixth, the
still small number of studies assessing disability in survivors of
ARDS secondary to COVID-19 using cardiopulmonary exercise test-
ing has not allowed us to validate the predictive model described
in an external cohort.

In conclusion, this study provides a comprehensive evalua-
tion of the respiratory sequelae affecting survivors of severe ARDS
secondary to COVID-19, assessing respiratory symptoms, quality
of life, parenchymal and pulmonary circulation alterations, pul-
monary function, and exercise tolerance, all in accordance with
current standards. Our findings shed light on the extent of medium-
term functional disability among survivors, potential underlying
mechanisms and determinants, and its utility in identifying persis-
tent functional alterations in the long term.

Funding Sources

This study was supported by grants from Sociedad Madrilefia
de Neumologia y Cirugia Toracica (NEUMOMADRID), Spain

Archivos de Bronconeumologia Xxx (XXXX) XXX—-XXX

PE20/0001, to F. Garcia-Rio, Comunidad de Madrid, Spain SPACE
2-CV-COVID-CM, to F. Garcia-Rio and Instituto de Salud Carlos III-
Fondos FEDER, Spain COV20/00207, to C. Cubillos-Zapata.

Authors’ Contributions

FG-R had full access to all of the data in the study and takes
responsibility for the integrity of the data and the accuracy of the
data analysis. JMA and FG-R conceived the study idea. RC, RG, JMA,
CC-Z and FG-R contributed to the study conception and design. RC
was the project manager. RC, RG, MT-V, SG-T, EA, ED-G, EM-C, MG-
G, IT, MN-F, AF-V, MF-V, JMA, CC-Z and FG-R handled recruitment,
data collection, deliverance of intervention, and assessment of all
participants. FG-R, RC, MF-V and JMA managed the data and sta-
tistical analysis. FG-R, RC, RG and JMA were responsible for the
study management and coordination. RC and FG-R drafted the first
version of the manuscript. All authors contributed to interpreta-
tion of the data, revision of the manuscript, and approved the final
manuscript and submission of the article.

Conflict of Interest

The authors declare not to have any conflicts of interest that may
be considered to influence directly or indirectly in the content of
the manuscript.

Data Availability Statement

All the individual patient data collected during the study will
be shared. The data will be made available within 12 months of
publication. All available data can be obtained by contacting the
corresponding author (fgrO1m@gmail.com). It will be necessary to
provide a detailed protocol for the proposed study, to provide the
approval of an ethics committee, to supply information about the
funding and resources one has to carry out the study, and to con-
sider inviting the original authors to participate in the re-analysis.

Artificial Intelligence Involvement

None of the materials have been partially or wholly produced
with the aid of any artificial intelligence software or tool.

Appendix A. Supplementary Data

Supplementary data associated with this article can be found
in the online version available at https://doi.org/10.1016/j.arbres.
2024.05.021.

References

1. Cummings M], Baldwin MR, Abrams D, Jacobson SD, Meyer BJ, Balough EM,
et al. Epidemiology, clinical course, and outcomes of critically ill adults
with COVID-19 in New York City: a prospective cohort study. Lancet.
2020;395(10239):1763-70.

2. Osuchowski MF, Winkler MS, Skirecki T, Cajander S, Shankar-Hari M, Lachmann
G, et al. The COVID-19 puzzle: deciphering pathophysiology and phenotypes of
a new disease entity. Lancet Respir Med. 2021;9:622-42.

3. Ziehr DR, Alladina J, Petri CR, Maley JH, Moskowitz A, Medoff BD, et al. Respi-
ratory Pathophysiology of Mechanically Ventilated Patients with COVID-19: A
Cohort Study. Am ] Respir Crit Care Med. 2020;201:1560-4.

4. Gattinoni L, Chiumello D, Caironi P, Busana M, Romitti F, Brazzi L, et al. COVID-19
pneumonia: different respiratory treatments for different phenotypes? Inten-
sive Care Med. 2020;46:1099-102.

5. Herridge MS, Tansey CM, Matté A, Tomlinson G, Diaz-Granados N, Cooper A,
et al. Functional disability 5 years after acute respiratory distress syndrome. N
Engl J Med. 2011;364:1293-304.

6. Yang X, Yu Y, Xu J, Shu H, Xia J, Liu H, et al. Clinical course and out-
comes of critically ill patients with SARS-CoV-2 pneumonia in Wuhan, China:
a single-centered, retrospective, observational study. Lancet Respir Med.
2020;8:475-81.


mailto:fgr01m@gmail.com
https://doi.org/10.1016/j.arbres.2024.05.021
https://doi.org/10.1016/j.arbres.2024.05.021
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0200
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0205
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0205
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0205
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0205
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0205
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0205
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0205
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0205
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0205
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0205
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0205
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0205
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0205
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0205
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0205
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0205
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0205
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0205
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0205
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0205
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0205
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0205
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0205
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0205
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0205
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0205
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0205
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0205
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0205
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0205
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0205
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0205
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0210
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0210
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0210
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0210
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0210
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0210
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0210
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0210
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0210
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0210
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0210
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0210
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0210
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0210
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0210
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0210
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0210
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0210
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0210
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0210
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0210
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0210
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0210
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0210
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0210
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0210
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0210
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0210
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0210
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0210
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0210
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0210
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0210
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0210
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0210
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0215
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0215
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0215
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0215
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0215
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0215
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0215
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0215
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0215
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0215
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0215
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0215
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0215
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0215
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0215
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0215
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0215
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0215
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0215
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0215
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0215
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0215
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0215
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0215
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0215
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0215
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0215
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0215
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0215
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0220
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0220
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0220
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0220
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0220
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0220
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0220
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0220
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0220
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0220
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0220
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0220
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0220
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0220
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0220
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0220
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0220
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0220
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0220
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0220
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0220
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0220
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0220
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0220
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0220
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0220
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0220
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0220
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0220
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0220
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0225

G Model
ARBRES-3579; No.of Pages8

R. Casitas, R. Galera, M. Torres-Vargas et al.

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Cabo-Gambin R, Benitez ID, Carmona P, Santiesteve S, Minguez O, Vaca R, et al.
Three to Six Months Evolution of Pulmonary Function and Radiological Fea-
tures in Critical COVID-19 Patients: A Prospective Cohort. Arch Bronconeumol.
2022;58(Spain):59-62.

. Gonzalez ], Benitez ID, Carmona P, Santisteve S, Monge A, Moncusi-Moix A, et al.

Pulmonary Function and Radiologic Features in Survivors of Critical COVID-19:
A 3-Month Prospective Cohort. Chest. 2021;160:187-98.

. Hanna G, Bankler S, Schandl A, Roél M, Hedman A, Andersson Franko M, et al.

The role of ventilatory support for long-term outcomes after critical infection
with COVID-19: A prospective cohort study. Clin Respir J. 2022;16:63-71.
Latronico N, Peli E, Calza S, Rodella F, Novelli MP, Cella A, et al. Physical, cognitive
and mental health outcomes in 1-year survivors of COVID-19-associated ARDS.
Thorax. 2022;77:300-3.

Taboada M, Moreno E, Carifiena A, Rey T, Pita-Romero R, Leal S, et al. Quality of
life, functional status, and persistent symptoms after intensive care of COVID-19
patients. Br ] Anaesth. 2021;126:e110-3.

Fernhall B, Unnithan VB. Physical activity, metabolic issues, and assessment.
Phys Med Rehabil Clin N Am. 2002;13:925-47.

Mohamed I, de Broucker V, Duhamel A, Giordano J, Ego A, Fonne N,
et al. Pulmonary circulation abnormalities in post-acute COVID-19 syndrome:
dual-energy CT angiographic findings in 79 patients. Eur Radiol. 2023;33:
4700-12.

Graham BL, Steenbruggen I, Miller MR, Barjaktarevic IZ, Cooper BG, Hall GJ, et al.
Standardization of Spirometry 2019 Update. An Official American Thoracic Soci-
ety and European Respiratory Society Technical Statement. Am ] Respir Crit Care
Med. 2019;200:e70-88.

Wanger ], Clausen JL, Coates A, Pedersen OF, Brusasco V, Burgos F, et al. Stan-
dardisation of the measurement of lung volumes. Eur Respir J. 2005;26:511-22.
Graham BL, Brusasco V, Burgos F, Cooper BG, Jensen R, Kendrick A, et al. Executive
Summary: 2017 ERS/ATS standards for single-breath carbon monoxide uptake
in the lung. Eur Respir J. 2017;49:16E0016.

Stanojevic S, Kaminsky DA, Miller MR, Thompson B, Aliverti A, Barjaktarevic
I, et al. ERS/ATS technical standard on interpretive strategies for routine lung
function tests. Eur Respir J. 2022;60:2101499.

Zavorsky GS, Hsia CC, Hughes JM, Borland CDR, Guénard H, van der Lee I, et al.
Standardisation and application of the single-breath determination of nitric
oxide uptake in the lung. Eur Respir J. 2017;49:1600962.

Wang YC, Bohannon RW, Li X, Sindhu B, Kapellusch J. Hand-Grip Strength: Nor-
mative Reference Values and Equations for Individuals 18 to 85 Years of Age
Residing in the United States. ] Orthop Sports Phys Ther. 2018;48:685-93.
American Thoracic Society, American College of Chest Physicians. ATS/ACCP
Statement on cardiopulmonary exercise testing. Am ] Respir Crit Care Med.
2003;167:211-77. Erratum in: Am ] Respir Crit Care Med. 2003;1451-2.
Puente-Maestd L, Ortega F, Pedro ]G, Rodriguez-Nieto MJ, Gémez-Seco ], Galdiz
B, et al. Prediction Equations for Maximal Aerobic Capacity on Cycle Ergometer
for the Spanish Adult Population. Arch Bronconeumol. 2021;57:471-8.

Fleg JL, Pifia IL, Balady GJ, Chaitman BR, Fletcher B, Lavie C, et al. Assessment
of functional capacity in clinical and research applications: An advisory from
the Committee on Exercise, Rehabilitation, and Prevention. Council on Clinical
Cardiology, American Heart Association. Circulation. 2000;102:1591-7.
Noureddine S, Roux-Claudé P, Laurent L, Ritter O, Dolla P, Karaer S, et al. Eval-
uation of long-term sequelae by cardiopulmonary exercise testing 12 months
after hospitalization for severe COVID-19. BMC Pulm Med. 2023;23:13.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Archivos de Bronconeumologia Xxx (XXXX) XXX—-XXX

Nanwani-Nanwani K, Lépez-Pérez L, Giménez-Esparza C, Ruiz-Barranco I, Car-
rillo E, Arellano MS, et al. Prevalence of post-intensive care syndrome in
mechanically ventilated patients with COVID-19. Sci Rep. 2022;12:7977.

Saeki T, Ogawa F, Matsumiya M, Yamamura M, Oritsu H, Nonogaki M, et al.
Long-Term Decreased Exercise Capacity of COVID-19 Patients Who Received
Mechanical Ventilation in Japan: A Case Series. Am ] Phys Med Rehabil.
2021;100:737-41.

Daher A, Cornelissen C, Hartmann NU, Balfanz P, Miiller A, Bergs I, et al. Six
Months Follow-Up of Patients with Invasive Mechanical Ventilation due to
COVID-19 Related ARDS. Int ] Environ Res Public Health. 2021;18:5861.
Compagnone N, Palumbo D, Cremona G, Vitali G, De Lorenzo R, Calvi MR, et al.
Residual lung damage following ARDS in COVID-19 ICU survivors. Acta Anaes-
thesiol Scand. 2022;66:223-31.

van Gassel R]J, Bels JLM, Raafs A, van Bussel BCT, van de Poll MCG, Simons SO, et al.
High Prevalence of Pulmonary Sequelae at 3 Months after Hospital Discharge
in Mechanically Ventilated Survivors of COVID-19. Am ] Respir Crit Care Med.
2021;203:371-4.

Chommeloux ], Valentin S, Winiszewski H, Adda M, Pineton de Chambrun M,
Moyon Q, et al. One-Year Mental and Physical Health Assessment in Survivors
after Extracorporeal Membrane Oxygenation for COVID-19-related Acute Res-
piratory Distress Syndrome. Am J Respir Crit Care Med. 2023;207:150-9.
Orme ] Jr, Romney ]S, Hopkins RO, Pope D, Chan KJ, Thomsen G, et al. Pulmonary
function and health-related quality of life in survivors of acute respiratory dis-
tress syndrome. Am ] Respir Crit Care Med. 2003;167:690-4.

Qin W, Chen S, Zhang Y, Dong F, Zhang Z, Hu B, et al. Diffusion capacity abnor-
malities for carbon monoxide in patients with COVID-19 at 3-month follow-up.
Eur Respir J. 2021;58:2003677.

Safont B, Tarraso J, Rodriguez-Borja E, Ferndndez-Fabrellas E, Sancho-Chust ]N,
Molina V, et al. Lung Function, Radiological Findings and Biomarkers of Fibro-
genesis in a Cohort of COVID-19 Patients Six Months After Hospital Discharge.
Arch Bronconeumol. 2022;58:142-9.

Lerum TV, Aalekken TM, Brenstad E, Aarli B, Ikdahl E, Lund KMA, et al. Dyspnoea,
lung function and CT findings 3 months after hospital admission for COVID-19.
Eur Respir J. 2021;57:2003448.

Nuifiez-Fernandez M, Ramos-Hernandez C, Garcia-Rio F, Torres-Duran M, Nodar-
Germifias A, Tilve-Gomez A, et al. Alterations in Respiratory Function Test Three
Months after Hospitalisation for COVID-19 Pneumonia: Value of Determining
Nitric Oxide Diffusion. ] Clin Med. 2021;10:2129.

Nafiez-Fernandez M, Ramos-Herndndez C, Garcia-Rio F, Pérez-Gonzilez A,
Tilve-Gémez A, Rodriguez-Fernandez P, et al. Evolution and long-term res-
piratory sequelae after severe COVID-19 pneumonia: nitric oxide diffusion
measurement value. Respir Res. 2023;24:48.

Neff TA, Stocker R, Frey HR, Stein S, Russi EW. Long-term assessment of lung
function in survivors of severe ARDS. Chest. 2003;123:845-53.

Sadek SH, Khalifa WA, Azoz AM. Pulmonary consequences of hypothyroidism.
Ann Thorac Med. 2017;12:204-8.

Duong-Quy S, Vo-Pham-Minh T, Tran-Xuan Q, Huynh-Anh T, Vo-Van T, Vu-Tran-
Thien Q, et al. Post-COVID-19 Pulmonary Fibrosis: Facts-Challenges and Futures:
A Narrative Review. Pulm Ther. 2023;9:295-307.

Joshi N, Watanabe S, Verma R, Jablonski RP, Chen CI, Cheresh P, et al. A
spatially restricted fibrotic niche in pulmonary fibrosis is sustained by M-
CSF/M-CSEFR signalling in monocyte-derived alveolar macrophages. Eur Respir
J. 2020;55:1900646.


http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0230
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0235
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0240
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0245
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0250
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0255
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0260
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0265
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0270
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0275
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0280
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0285
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0290
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0295
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0300
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0305
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0310
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0315
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0320
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0325
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0330
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0335
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0340
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0355
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0360
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0365
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0370
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0375
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0380
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0385
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00185-6/sbref0390

	Medium-Term Disability and Long-Term Functional Impairment Persistence in Survivors of Severe COVID-19 ARDS: Clinical and ...
	Introduction
	Methods
	Study design and patients
	Measurements
	Statistical analysis

	Results
	Clinical, morphological, and functional assessment at six months after ICU discharge
	Functional disability at six months after ICU discharge
	Disability degree at six months is associated with long-term functional status

	Discussion
	Funding Sources
	Authors’ Contributions
	Conflict of Interest
	Data Availability Statement
	Artificial Intelligence Involvement
	Appendix A Supplementary Data
	References


