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Abstract

Background: Coronavirus disease 2019 acute respiratory distress syndrome
(COVID-19 ARDS) is a disease that often requires invasive ventilation. Little is
known about COVID-19 ARDS sequelae. We assessed the mid-term lung status of
COVID-19 survivors and investigated factors associated with pulmonary sequelae.
Methods: All adult COVID-19 patients admitted to the intensive care unit from 25th
February to 27th April 2020 were included. Lung function was evaluated through
chest CT scan and pulmonary function tests (PFT). Logistic regression was used to
identify predictors of persisting lung alterations.

Results: Forty-nine patients (75%) completed lung assessment. Chest CT scan was
performed after a median (interquartile range) time of 97 (89-105) days, whilst PFT
after 142 (133-160) days. The median age was 58 (52-65) years and most patients
were male (90%). The median duration of mechanical ventilation was 11 (6-16) days.
Median tidal volume/ideal body weight (TV/IBW) was 6.8 (5.71-7.67) ml/Kg. 59% and
63% of patients showed radiological and functional lung sequelae, respectively. The
diffusion capacity of carbon monoxide (DL.,) was reduced by 59%, with a median per
cent of predicted DL, of 72.1 (57.9-93.9) %. Mean TV/IBW during invasive ventila-
tion emerged as an independent predictor of persistent CT scan abnormalities, whilst
the duration of mechanical ventilation was an independent predictor of both CT and
PFT abnormalities. The extension of lung involvement at hospital admission (evalu-
ated through Radiographic Assessment of Lung Edema, RALE score) independently
predicted the risk of persistent alterations in PFTs.

Conclusions: Both the extent of lung parenchymal involvement and mechanical venti-
lation protocols predict morphological and functional lung abnormalities months after
COVID-19.
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1 | INTRODUCTION

The ongoing coronavirus 2019 (COVID-19) pandemic has caused
substantial morbidity and mortality worldwide. According to data
from the World Health Organization (WHO), by 18 June 2021, the
total number of cases globally reached 177.108.695" with an overall
cumulative death of around 3.840.223.

Although it is in most cases a self-limited respiratory tractillness,
COVID-19 may cause acute respiratory distress syndrome (ARDS)
requiring invasive ventilation, shock and multi-organ failure.>*
The short-term mortality of invasively ventilated ARDS COVID-19
patients is between 30% and 70% depending on the different set-
ting.s'7 Similar to severe acute respiratory syndrome coronavirus
(SARS-CoV-1) infection, SARS-CoV-2 infection triggers dysregu-
lated immune-mediated processes that can lead to anatomical dam-
age and fibrosis, influencing lung morphology and function beyond
acute disease.81? In addition to infection-related events, the in-
creased mechanical stress caused by both prolonged positive pres-
sure mechanical ventilation may cause a direct mechanical insult,
contributing to lung injury. Similarly, the intense inspiratory efforts
by spontaneously breathing patients may also cause self-inflicted
lung injury.’®* However, little is known on the respiratory function
in COVID-19-related ARDS survivors.

In this paper, we assessed the lung status of COVID-19 survi-
vors after discharge from the intensive care unit (ICU) and identified
the predictors of pulmonary dysfunction identified in this patient

population.

2 | SUBJECTS AND METHODS

2.1 | Study design

This investigation is part of the COVID-BioB study carried out at the
San Raffaele University Hospital in Milan, Italy to identify predic-
tors of COVID-19 severity, mortality and treatment response and
to identify subgroups of patients that might benefit from specific
therapeutic interventions. The study methodology has been de-
scribed.>*1>1 The study comprises, in addition to a thorough as-
sessment of COVID-19 patients at hospital admission, the follow-up
in a dedicated outpatient clinic of survivors at 4, 12 and 24 weeks
after discharge.'”*® The study was approved by the hospital Ethics
Committee (protocol No. 34/int/2020) and was registered on

acute respiratory distress syndrome, chest CT scan, COVID-19, critically ill patients, follow-up,
intensive care, pulmonary fibrosis, pulmonary function tests

This study shows that there is a high prevalence of lung sequelae in survivors from COVID-19
ARDS, as observed in this cohort. More studies are needed to identify the best strategy to pre-
vent residual lung damage in ICU survivors.

ClinicalTrials.gov (NCT04318366). Adult patients with confirmed
SARS-CoV-2 infection (defined as positive real-time reverse-
transcriptase polymerase chain reaction from a nasal and/or throat
swab along with signs, symptoms and radiological findings sugges-
tive of COVID-19 pneumonia) were admitted to an ICU at the San
Raffaele Scientific Institute for ARDS between 25 February and 27
April 2020 received at least one day of invasive ventilation and were
discharged before 10 June were included. Demographical data, in-
cluding age, gender and ethnicity, comorbidities, body mass index
(BMI), clinical and laboratory presentation of COVID-19 were as-
sessed.’’ Preliminary analysis of radiological results at hospital
admission of COVID-BioB patients has been published.l‘”22 The pa-
tients were managed according to recommendations on protective
mechanical ventilation and pharmacological treatment of ARDS.Y
After the discharge from the ICU, previously mechanically venti-
lated COVID-19 patients were evaluated at the COVID19 Follow-up
Outpatient Clinic of the San Raffaele University Hospital and of-
fered radiological and functional follow-up.

2.1.1 | Outcomes

The primary outcomes were the detection of residual abnormalities
at CT scans, defined as the evidence of more than 20% of lung in-
volvement and/or high-resolution CT (HRCT) Score >8, as well as
abnormal pulmonary function tests (PFT) defined by either restric-
tive abnormalities (FVC<80%+FEV1/FVC>70 or TLC <80%), ob-
structive abnormalities (FEV1/FVC <0.7 or FEV1/FVC% <88% of
predicted value) or reduced diffusing capacity of the lungs for car-
bon monoxide (DLCO-SB) <75% three months after the discharge of
COVID-19 survivors from the ICU.

2.2 | Lungimaging
All follow-up CT examinations were performed on a 64-row multi-
detector CT scanner (SOMATOM Definition Flash Dual Source CT,
Siemens Healthcare). CT protocol included an unenhanced, breath-
hold axial scan of the thorax (from lung apex to the lowest hemidi-
aphragm); if any concern existed about air trapping,23 an expiratory
scan was also performed.

Two experienced radiologists, both blinded to patients’ eventual
symptoms, independently reviewed all CT images for fibrotic-like
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changes (honeycombing, reticulation and traction bronchiectasis);?®

differences in the assessment were resolved with consensus.

Furthermore, the quantitative residual burden of ground-glass
opacities (GGO), consolidation and fibrotic-like changes (honey-
combing, reticulation, traction bronchiectasis) were systematically
assessed using a pure quantitative scoring system ranging from O
to 25 points, which has been previously used, in a semiquantitative
mode, for similar purposes.?* Each pulmonary lobe was assigned 0-5
points on the basis of the volume involved (0 if normally aerated lung
parenchyma, 1 if disease burden <5%, 2 if disease burden up to 25%,
3 if up to 50%, 4 if up to 75%, 5 if disease burden >75%). Individual
lobar scores were added together as a total patient score.

Finally, imaging postprocessing was carried out with commer-
cially available software (Intellispace version 8.0, Philips Medical
Systems, Chronic Obstructive Pulmonary Disease tool); after au-
tomated identification of pulmonary lobes on lung parenchyma
windowed slices, the software estimated total lung volume and
also differentiated diverse areas of lung parenchyma based on
Hounsfield Unit (HU) thresholds. To quantify and differentiate be-
tween normal and pathologic lung parenchyma, a =740 HU threshold
was set: Areas with higher-density values were considered patho-
logic (disease burden).??

For the main outcome interpretation of CT scan, the identified
threshold of 20% of lung involvement and/or high-resolution CT
(HRCT) Score >8 was chosen according to the median value in our

own population.

2.3 | Pulmonary function tests

The PFTs were performed and interpreted according to the
American Thoracic Society (ATS) and European Respiratory Society
(ERS) guidelines and ATS/ERS 2005 interpretation standards.?>2%
All PFTs were conducted using Jaeger MasterScreen PFT Analyzer
Unit (JLAB software version 5.3.0, CareFusion, Italy). Spirometry
was measured using a pneumotachograph to measure forced vital
capacity (FVC) and forced expiration volume at 1 s (FEV,). FEV,/FVC
was calculated for all patients. The helium washout technique was
used to obtain total lung capacity (TLC) and residual volume (RV).
Simultaneous measurement of Transfer factor for carbon monoxide
and nitric oxide DLCO/DLNO was measured by single breath tech-
nique (SBDLCO) obtaining values for DLCO, DLCO to alveolar vol-
ume ratio (DLCO/VA).

2.4 | Statistical analysis

Prior to analysis, data were cross-checked with medical charts and
verified by data managers and clinicians for accuracy. Categorical
variables were expressed as counts (percentage) and continuous
variables as medians (interquartile range). Comparisons between
groups were performed using the x2 test or Fisher's exact test for
categorical variables, and the Mann-Whitney U test for continuous
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variables. Univariable and multivariable logistic regression analyses
were employed to identify predictors of CT scan and/or PFT abnor-
malities among all available variables. The results of these analyses
were graphically represented in forest plots. Missing data was not
imputed. All statistical analyses were performed using R statisti-
cal package (version 4.0.0, R Foundation for Statistical Computing,

Vienna, Austria), with a two-sided significance level set at p < 0.05.

3 | RESULTS

Between 25 February and 27 April 2020, 116 patients were admitted
to ICU and underwent invasive mechanical ventilation for COVID-19
ARDS. Sixty-five patients who survived were enrolled in the post-
COVID-19 follow-up programme of the San Raffaele Institute!®1¢
and offered radiological and respiratory function evaluation. Sixteen
patients were excluded because they were lost to follow-up or re-
fused to undergo further investigation. The remaining 49 patients
(75%) underwent lung assessment (Figure 1). A CT scan was carried
out for three months (median 97 [89-105] days) and PFT for five
months (median 142 [133-160] days) after discharge from ICU, re-
spectively. The characteristics of the cohort are listed in Table 1.
The median age was 58 (52-65) years and most patients
were male (90%). The most frequent comorbidities were arterial

116 invasively
ventilated COVID-
19 patients

16 excluded from

51 died in hospital—— the study

— 9 unreachable

|| 7 refused follow-
up

49 underwent
FOLLOW-UP

42 underwent CT
scan

41 underwent PFT

FIGURE 1 Flowchart. CT, chest tomography; PFT, pulmonary
function tests
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TABLE 1 Characteristics of the cohort and differences in patients with or without lung CT scan or PFT abnormalities

Abnormal lung

Entire cohort Normal lung CT CcT Normal PFT Abnormal PFT
(n=49) scan (n=17) scan (n=25) p (n=15) (n=26) p
Time from ICU - 97 (89-101) 99 (89-111) 0.2 - b b
discharge to CT
(days)
Time from ICU = = ® ® 144 (137-159) 137(123-160) 0.2
discharge to
PFT (days)
Age (years) 58 (52-65) 58 (46-61) 55 (53-64) 0.8 55 (50.5-69.5) 58 (53.2-63) 0.7
Male sex 44 (89.8) 16 (94.1) 23(92) 0.9 0 4(15.4) 0.3
BMI (Kg/mz) 27.7 (25.1-31.5) 27.5(25.1-30.7) 29.4(25.8-33) 0.4 28.4 26.5(25.1-29.3) 0.2
(25.8-31.2)
Comorbidities
Hypertension 20 (40.8) 8(47.1) 10 (40) 0.9 6 (40) 7 (26.9) 0.6
Coronary artery 1(2) 1(5.9) 0 - 1(6.7) 0 -
disease
Chronic kidney 1(2) 1(5.9) 0 - 0 0 -
disease
Diabetes 5(10.2) 2(11.8) 2(8) 0.9 2(13.3) 2(7.7) 0.9
mellitus
COPD 0 = = = = = =
Asthma 1(2) 0 1(4) - 1(6.7) 0 -
Obstructive 2(4.1) 1(5.9) 1(4) - 0 1(3.8) -
sleep apnea
At ED admission
NLR 8.2(4.1-9.9) 8.9 (6.4-22.1) 7.9 (4.2-13.1) 0.22 6.7 (5.1-10.9) 9.7 (6-20.7) 0.079
CRP (mg/dL) 162.3(0.8-1.2) 122.3 179.1 0.3 113.9 178.9 0.059
(92.8-177.9) (104.4-244.3) (85.8-172.2) (85.8-172.2)
LDH (U/L) 459.5 (319-605.2) 445 (299-725) 474 0.8 343 (275-411) 510 (392-651) 0.01
(339.5-544.5)
RALE score 14 (7-21) 14 (5-23) 15 (9-20) 0.9 5(4-14.5) 14 (8.2-20) 0.01
Length of stay in 12 (8-18) 9 (6-13) 13 (9-25) 0.02 8(5.5-10.5) 16.5(5.5-10.5) 0.001
ICU
Total length of 34 (24-52) 28 (23-41) 40 (28-55) 0.077 24 (5.5-10.5) 43(31-63.2) 0.005

hospital stay

Categorical variables were expressed as count (percentage), whilst continuous variables as median (interquartile range).

Abbreviations. CT, Computed tomography. PFT, pulmonary function tests. BMI, body mass index. COPD, chronic obstructive pulmonary disease. ED,
Emergency Department. NLR, neutrophil to lymphocyte ratio. CRP, C reactive protein. LDH, lactate dehydrogenase. ICU, intensive care unit.

hypertension (HTN, 40%) and diabetes mellitus (DM, 10%). None of
the patients had a history of chronic obstructive pulmonary disease
(COPD), 1 patient was asthmatic and 2 patients had a prior diagnosis
of obstructive sleep apnea syndrome (OSAS). The median neutrophil
to lymphocyte ratio (NLR) and C-reactive protein (CRP) at presen-
tation were, respectively, 8.2 (4.1-9.9) and 162.3 mg/dl (0.8-1.2).
Median RALE score (radiographic assessment of lung oedema) was
14 (7-21).%7

All patients received mechanical ventilation (MV) via an endo-
tracheal tube for a median of 11 (6-16) days. Twelve patients (24%)
underwent tracheostomy. The median of maximum positive end-
expiratory pressure (PEEP) was 15 cmH,0O (12-15) and median tidal
volume/ideal body weight (TV/IBW) was 6.8 (5.71-7.67) ml/Kg.

The median time between the presentation to the Emergency
Department and admission to ICU was 2 days (0-4), the median
length of stay in ICU was 12 days (8-18) and the median total length
of stay was 34 days (24-52). Most patients received the standard
of care in use during the first wave of the pandemic, consisting of
lopinavir/ritonavir or darunavir/cobicistat and hydroxychloroquine
(Table 2). Anakinra was administered to 29 (59%) patients, of whom
17 (35%) received high-dose (5 mg/kg twice a day intravenously) and
12 (24%) received low-dose (100 mg twice a day subcutaneously).
Nine patients (18%) received tocilizumab. Corticosteroid therapy
was administered to 14 patients (28%) (Table 2).

Of the 49 patients observed at follow-up, 42 patients under-
went lung CT scan and 41 patients underwent PFTs (Table 3). The
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TABLE 2 Therapy, ventilator support and complications during ICU stay of the cohort and differences in patients with or without lung CT

scan or PFT abnormalities

Abnormal lung Normal
Entire cohort Normal lung CT CT PFT Abnormal PFT
(n=49) scan (n=17) scan (n=25) p (n=15) (n=26) p

Therapy

IL-1 therapeutic 29 (59.2) 10(58.8) 15 (60) 0.9 9 (60) 14 (53.8) 0.9

blockade

Tocilizumab 9 (18.4) 2(11.8) 6 (24) 0.6 3(20) 4(15.4) 0.9

Remdesivir 6(12.2) 3(17.6) 3(12) 4(26.7) 2(7.7) 0.2

Steroid 14 (28.6) 3(17.6) 9 (36) 0.4 3(20) 11 (42.3) 0.3
Ventilatory support

Maximum PEEP? 15 (12-15) 14.5 (12-15) 15(12.8-15) 0.9 12.5 15 (12-15) 0.1

(10-14.2)
Mean TV/IBW" 6.8 (6.9-7.5) 6.2(5.6-6.7) 7.2(6.7-7.7) 0.0045 7.2 (6-7.8) 6.7 (6-7.4) 04
Days of invasive 11 (6-16) 8(5-12) 13 (8-23) 0.028 6(3.5-9) 14.5 (7.2-29) 0.001
ventilation

Tracheostomy 12 (24.5) 3(17.6) 6(24) 0.9 1(6.7) 9 (34.6) 0.10
Complications

Bacterial pneumonia 12 (24.5) 3(17.6) 9 (36) 0.4 4(26.7) 5(19.2) 0.9

Pneumothorax 6(12.2) 0 4 (16) 0.2 1(6.7) 4(15.4) 0.8

Pulmonary 5(10.2) 0 3(12) 0.4 1(6.7) 3(11.5) 0.9

thromboembolism

Categorical variables were expressed as count (percentage), whilst continuous variables as median (interquartile range).

Abbreviations. ICU, intensive care unit. CT, Computed tomography. PFT, pulmonary function tests. IL, interleukin. PEEP, positive end-expiratory

pressure. TV, tidal volume. IBW, ideal body weight.
Maximum PEEP reached during hospital stay.
PCalculated as the mean of all TV/IBW values recorded during ICU stay.

primary outcome of the study occurred, respectively, in 25 patients
(59%) who had lung radiological sequelae and in 26 patients (63%)
who had pulmonary function sequelae (Figure 2). The median quan-
titative chest extent of the disease-free lung was 81% (72.8-87.7)
and the median lung CT scan score was 9 (6-12). Radiological char-
acteristics suggestive of lung fibrosis were found in 12 patients
(28%) (Figure 3). Impairment in DLCO (<75% predicted) was ob-
served in 29 patients (59%), with a median per cent of predicted
DLCO-SB of 72.1 (57.9-93.9) and 19 patients (46%) exhibited a re-
strictive impairment. No patient reached the criteria for obstructive
abnormalities. Forced vital capacity (FVC) was normal, whilst TLC
and RV were slightly reduced, respectively, 97% (90.3-106.3%),
79% (75-95%) and 60% (52-74%) predicted. The transfer coef-
ficient for the diffusion of CO (DLCO/VA) was 97% (82-111%) of
predicted (Table 3).

Overall, the majority of patients of ARDS survivors had pulmo-
nary sequelae, as reflected by the presence of architectural alter-
ations or functional defects. Thirteen (50%) of these patients had
both architectural alterations or functional defects as represented
in the Venn diagram (Figure 2). The time between ICU discharge and
follow-up was similar in patients with and without sequelae (Table 1).

In contrast, the length of stay in ICU and total hospital length of stay

were significantly different (9 vs. 13 days, p = 0.02; 8 vs. 16.5 days,
p =0.001). Time on invasive mechanical ventilation were also signifi-
cantly higher (8 vs. 13 days, p = 0.028; 6 vs. 14.5 days, p = 0.001).
LDH and RALE score on presentation in the emergency department
were significantly higher in patients with altered PFT, but not in pa-
tients with altered lung CT-scan (343 vs. 510 U/L, p = 0.8; 5 vs. 14,
p = 0.9) (Table 1). Mean TV/IBW was higher in patients with altered
lung CT-scan at the follow up (6.2 vs 7.2 mL/kgIBW, p = 0.004) but
not for patients presenting with abnormal PFT. There were no dif-
ferences observed in maximum PEEP, days of pronation and trache-
ostomy. Patients with or without pulmonary sequelae did not differ
in terms of treatment with anti-cytokine agents (anakinra or tocili-
zumab), antiviral agents or corticosteroids (Table 2).

Multivariable logistic regression analyses predicting CT scan
and PFT abnormalities at follow-up are graphically represented
in Figure 4. Mean TV/IBW during invasive mechanical ventilation
emerged as an independent predictor of persistent CT scan abnor-
malities. On the contrary, we found that the time on mechanical
ventilation was an independent predictor of both CT (p = 0.047)
and PFT abnormalities (p = 0.015). RALE score at hospital admission
independently predicted the risk of persistent alterations in lung
function (p = 0.03).
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TABLE 3 LungCT scan and PFT in ICU COVID-19 patients at

follow-up
Lung CT scan
Findings

Total lung volume (mL)

Total healthy lung volume (mL)

n=42
4447 (4034-5183)
3469 (2901-4459)

Percentage of healthy lung 81(73-88)
Total lung CT scan score 9(6-12)
Fibrosis 12 (28.6)
Pulmonary function tests

Findings n=41

FVC (L) 3.7(3.2-4.5)
Per cent of predicted FVC (%) 97 (90-106)
FEV1 (L) 3.2(2.6-3.7)
Per cent of predicted FEV1 (%) 102 (90-112)
FEV1/FVC 84 (81-88)
Per cent of predicted of FEV1/FVC (%) 110 (104-114)
TLC (L) 5.3(4.3-6.1)
Per cent of predicted TLC (%) 80 (76-96)
RV (L)? 1.3(1.1-1.8)
Per cent of predicted RV (%) 61 (53-74)
DLco-SB (mL/min/mm Hg) 6.5(5.3-8.1)
Per cent of predicted DL.,-SB (%) 72 (58-94)
DLco/V, (mL/min/mmHg/L) 1.5(1.2-1.6)
Per cent of predicted DL.,/V, (%) 97 (83-112)
DL, <75% of predicted 29 (59.2)
Obstructive pattern 0
Restrictive pattern 19 (46.3)

Categorical variables were expressed as count (percentage), whilst
continuous variables as median (interquartile range).

Abbreviations. CT, computed tomography. FVC, forced vital capacity.

FEV1, forced expiratory volume in 1 s. TLC, total lung capacity. RV,
residual volume. DL.,-SB, single breath-diffusion lung capacity for

carbon monoxide. DL.4/V,, ratio between diffusion lung capacity for

carbon monoxide and alveolar volume. Dm, membrane diffusion.

@Measured through helium dilution technique.

4 | DISCUSSION

Radiological evidence of more than 20% of lung involved and/or
HRCT score >8 was observed in 59% of patients, whilst restrictive
ventilatory defects, and/or DLCO abnormalities, albeit mild, were
found in 63% of patients at 3 months after ICU discharge indicat-
ing that viral clearance and clinical recovery do not reflect complete
lung restitutio ad integrum.

Our findings are in agreement with those from previous stud-
ies reporting a high prevalence of CT abnormalities in COVID-19
survivors at three months since discharge from an ICU.23t Lerum

and colleagues reported a low prevalence of PFT abnormalities in

patients discharged from ICU (nearly 10%).28 However, they included
only 9 patients ventilated invasively out of a total cohort of 15 pa-
tients. In another case series,29 nearly 40% of COVID-19 survivors
had abnormal PFT after approximately 6 weeks following discharge
from ICU discharge, whilst Truffaut and colleagues reported 55% of
PFT abnormality.>° A much higher prevalence of PFT abnormalities,

(nearly 90%), was observed by van Gassel et al, 3t

possibly reflecting
a longer duration of invasive mechanical ventilation and higher ICU
length of stay. In line with our findings, the most frequent functional
anomaly observed in all these studies was impaired DLCO, followed
by restrictive impairment. Impaired DLCO was also observed in
SARS and Middle East Respiratory Syndrome (MERS) survivors and
persisted at 12 months in 11-45% of patients. In these conditions,
PFTs improved with time.3%33

In patients with ARDS due to other causes treated in the ICU,
long-term radiological lung abnormalities including reticular pat-
tern and ground-glass opacities are frequent findings. The percent-
age of abnormal lung parenchyma decreases over time, being less
than 10% at one year after ARDS. A similar tendency is generally
observed for PFTs, which indicates a good recovery in terms of lung
volume at six months.®* Conversely, impaired DLCO remains the
most frequently impaired lung function test, in an average of 80%
of patients after 1 year sometimes lingering even up to five years
after ARDS.353¢

In our cohort, the number of days on mechanical ventilation in-
dependently predicted the presence at follow-up of both radiolog-
ical and functional pulmonary abnormalities. This is in accordance
with studies reporting the length of mechanical ventilation during
ICU stay as a factor associated with the severity of lung damage at
CT scan at three months in COVID-19 survivors.®” An inverse cor-
relation between the duration of ventilation and DLCO at 4 months
after ICU discharge has also been reported.*® Longer time on me-
chanical ventilation may reflect an increased need for ventilatory
support due to more severe pneumonia. Therefore, it remains to be
clarified whether the higher risk of persistent pulmonary sequelae
derives from direct ventilator-mediated mechanisms or is an indirect
consequence of a more aggressive underlying disease. The latter is
supported by the finding that higher RALE scores predicted altered
PFTs, indicating that more extensive lung involvement may be asso-
ciated with a longer time to recovery or possibly with persistent lung
function impairment.

High tidal volumes in patients with ARDS lead to ventilator-
induced lung injury and increased mortality.>”** Accordingly, we
found that for each additional mL/Kg of TD/IBW received during
ICU stay, the risk of persistent CT scan abnormalities at three
months increased by almost threefold. High tidal volumes cause the
disruption of lung epithelium and endothelium, which in turn leads
to the release of inflammatory mediators. This superimposed inflam-
matory response boosts lung inflammation even further and exacer-
bates parenchymal injury.®’

SARS-CoV-2 infection, ARDS and mechanical ventilation
may all promote lung fibrosis. Virus-induced cell injury and
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CT scan vs. PFT abnormalities

O Abnormal PFT
O CT scan lung abnormalities

CT scan abnormalities

O Healthy lung volume <80%
O Total lung CT score >8

QACLA Scanainevien™

PFT abnormalities

O DLCO <75%
O FEV1/FVC >70 and FVC <80%
O TLC <80%

FIGURE 2 Venn's diagram for primary outcome. CT, chest tomography; DLCO, diffusion lung capacity for carbon monoxide; FEV1, forced
expiratory volume in 1 s; FVC, forced vital capacity; PFT, pulmonary function tests; TLC, total lung capaci

3 MONTHS FU

FIGURE 3 Axial chest tomography scans of three patient acquired (a, b, c) during the acute phase of the disease (bilateral ground glass
opacities predominantly in subpleural locations together with consolidations in the lower lobes, thickened interlobular septa [b]) and (d, €, f)
three months after intensive care unit discharge (residual subpleural reticular thickening)

mechanical stretch likely lead to prolonged lung injury. Without
disease-modifying drugs in COVID-19 patients, protective lung
ventilation strategies, with low tidal volumes and low inspiratory
pressure, is currently the only way to limit injurious lung stretch and
prevent ventilator-associated pulmonary sequelae.

The strength of our study was the inclusion of only mechanically
ventilated patients. Important limitations include the lack of baseline
information on pulmonary function, the small sample size and incom-
plete matching between patients undergoing lung-CT scan and PFT
at follow-up. The small sample size and absence of a pre-determined

analysis plan allow us an analysis of data mainly based on dichotomi-
zation of a numerical or ordinal variable.

Our findings indicate that mechanically ventilated COVID-19
survivors require an integrated follow-up. Different therapeutic
strategies have been proposed for their therapeutic potential for
treating severe COVID-19 and preventing the long-term pulmonary
sequelae, but more studies are needed to identify the best strat-
egy.*>** Data on longer term follow-up of mechanically ventilated
COVID-19 survivors are also needed to verify whether these pulmo-

nary sequelae persist.
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FIGURE 4 Forest plot for multivariate logistic regression analysis. CRP, C-reactive protein; CT, chest tomography; IBW, ideal body weight;
ICU, intensive care unit; PFT, pulmonary function tests; RALE, radiographic assessment of lung edema; TV, tidal volume

5 | CONCLUSION

We observed a high prevalence of radiological or functional lung
sequelae in ICU survivors from COVID-19 ARDS. Half of these
patients had both architectural alterations or functional defects.
Mechanical ventilation seems to play a role in lung injury, with time
on invasive mechanical ventilation emerging as an independent
predictor of persistent CT and PFT abnormalities and mean TV/
IBW predicting CT scan abnormalities. RALE score at hospital ad-
mission independently predicted the risk of persistent alterations
in lung function.
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