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Abstract
Background: Long-term pulmonary sequelae following se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
pneumonia are not yet confirmed; however, preliminary ob-
servations suggest a possible relevant clinical, functional, 
and radiological impairment. Objectives: The aim of this 
study was to identify and characterize pulmonary sequelae 
caused by SARS-CoV-2 pneumonia at 6-month follow-up. 

Methods: In this multicentre, prospective, observational co-
hort study, patients hospitalized for SARS-CoV-2 pneumonia 
and without prior diagnosis of structural lung diseases were 
stratified by maximum ventilatory support (“oxygen only,” 
“continuous positive airway pressure,” and “invasive me-
chanical ventilation”) and followed up at 6 months from dis-
charge. Pulmonary function tests and diffusion capacity for 
carbon monoxide (DLCO), 6-min walking test, chest X-ray, 
physical examination, and modified Medical Research Coun-
cil (mMRC) dyspnoea score were collected. Results: Between 
March and June 2020, 312 patients were enrolled (83, 27% 
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women; median interquartile range age 61.1 [53.4, 69.3] 
years). The parameters that showed the highest rate of im-
pairment were DLCO and chest X-ray, in 46% and 25% of 
patients, respectively. However, only a minority of patients 
reported dyspnoea (31%), defined as mMRC ≥1, or showed 
restrictive ventilatory defects (9%). In the logistic regression 
model, having asthma as a comorbidity was associated with 
DLCO impairment at follow-up, while prophylactic heparin 
administration during hospitalization appeared as a protec-
tive factor. The need for invasive ventilatory support during 
hospitalization was associated with chest imaging abnor-
malities. Conclusions: DLCO and radiological assessment 
appear to be the most sensitive tools to monitor patients 
with the coronavirus disease 2019 (COVID-19) during follow-
up. Future studies with longer follow-up are warranted to 
better understand pulmonary sequelae.

© 2021 S. Karger AG, Basel

Background

The coronavirus disease 2019 (COVID-19) pandemic, 
caused by the severe acute respiratory syndrome (SARS) 
coronavirus 2 (SARS-CoV-2) and initiated in Wuhan 
(China) in December 2019, has expanded dramatically 
throughout the world during the last year [1]. Pneumonia 
and acute respiratory distress syndrome (ARDS) are fre-
quent manifestations of COVID-19; its pathogenic mech-
anisms are not entirely known and patients develop vari-
ous degrees of respiratory failure, ranging between oxy-
gen therapy, non-invasive ventilation, and invasive 
mechanical ventilation (IMV). Some studies identified 
ARDS-like lesions, characterized by an inflammatory re-
action in early phase [2], leading to fibrotic sequelae or to 
the development of pulmonary emphysema, evolving to 
lung function impairment. Prior experience from H1N1 
influenza pneumonia and SARS showed that long-term 
pulmonary fibrosis developed in up to 10% and 4.6% of 
patients with ARDS-like forms, respectively [3, 4]. Some 
more recent observations also highlighted the association 
between excessive distention of pulmonary parenchyma 
during IMV, leading to baro-volutrauma, and the devel-
opment of post-ARDS pulmonary fibrosis [5, 6].

These previous observations may suggest a potentially 
relevant impact of pulmonary sequelae after severe CO-
VID-19; however, preliminary reports after 3 months of 
follow-up of these patients showed conflicting results [7–
9], suggesting the importance to continue the follow-up 
of these patients. Furthermore, some of the short-term 
follow-up pulmonary sequelae, including ground-glass 

opacities and atelectasis, require longer observation to as-
sess whether they will be irreversible and their potential 
impact on pulmonary function. Furthermore, results 
from large, multicentre prospective cohort studies with 6 
and 12 months follow-up are in the majority of cases still 
ongoing [10]. This study aims to identify and characterize 
pulmonary sequelae, in patients hospitalized for SARS-
CoV-2 pneumonia, at 6-month follow-up after hospital 
discharge, and to evaluate their association with the max-
imum ventilatory support received during hospitaliza-
tion.

Materials and Methods

Study Design and Participants
In this multicentre, prospective, observational cohort study, we 

enrolled consecutive patients hospitalized for laboratory-con-
firmed SARS-CoV-2 pneumonia between March and June 2020 in 
7 hospitals in Lombardy, a region of Northern Italy populated by 
about 10 million people: San Gerardo Hospital, Monza; G. Salvini 
Hospital, Garbagnate Milanese; San Giuseppe Hospital, Milan; 
Spedali Civili, Brescia; Ospedale Civile, Vimercate; Ospedale Mag-
giore, Crema; Ospedale Maggiore, Cremona. Patients were fol-
lowed up at 6 months from discharge to evaluate the presence of 
pulmonary sequelae with clinical evaluation, complete pulmonary 
function tests (PFTs), including plethysmography and diffusion 
capacity for carbon monoxide (DLCO) with single-breath tech-
nique, 6-min walking test (6MWT), and chest X-ray. Clinical eval-
uation included the collection of a dyspnoea score (Modified Med-
ical Research Council [mMRC] scale) and lung auscultation to de-
tect the presence of pathological lung sounds.

Inclusion and exclusion criteria are summarized in Table 1. Pa-
tients were stratified according to the maximum oxygen/ventila-
tory support received during hospital stay: (1) oxygen therapy 
alone, (2) continuous positive airway pressure (CPAP), (3) inva-
sive mechanical ventilation (IMV). CPAP and IMV were applied 
according to the position papers on the management of respira-
tory failure in patients with COVID-19 [11].

This study received ethics committee approval (ASST Monza, 
3389, May 21st, 2020) and was registered on clinicaltrial.gov (Clin-
icalTrials.gov Identifier: NCT04435327). The study is composed 
of 2 follow-up visits at 6 months and 1 year from hospital dis-
charge. In this manuscript, we report results from the 6-month 
visits. All patients provided written informed consent at the time 
of enrolment. The study is reported according to STROBE guide-
lines [12].

Procedures
PFTs and DLCO measurements were performed according to 

the American Thoracic Society (ATS)/European Respiratory Soci-
ety (ERS) standardization using a dry spirometer [13, 14]. PFT 
parameters were expressed as absolute and percentage of a theo-
retical value calculated by Global Lung Function 2012 equations 
[15]. 6MWT was performed according to the guidelines recom-
mended by the ATS [16]. The lower limits of normal for distance 
walked in healthy men and women were calculated according to 
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the equation created by Enright and colleagues [17]. Chest X-rays 
were evaluated by the pulmunologist and radiologist in charge for 
the presence of parenchymal abnormalities (reticulations, ground-
glass opacities, and/or consolidation) and their extension (upper, 
middle, and lower region for each lung). Lung auscultation was 
performed by a pulmonologist, and the presence of pathological 
breath sounds (crackles, “velcro” crackles, wheezing, rhonchi, 
squawks, and rales) was reported.

Outcomes
The primary end point of the study was DLCO impairment 

(DLCO% <80% of predicted) evaluated at 6 months from hospital 
discharge. The secondary end points of the study were also as-
sessed at 6 months from hospital discharge and were (1) vital ca-
pacity (VC), forced vital capacity (FVC), Tiffeneau Index (FEV1/
FVC ratio), forced expiratory volume in the 1st second (FEV1), 
total lung capacity (TLC), and residual volume alterations; (2) dys-
pnoea evaluated through mMRC scale; (3) pathological lung 
sounds at chest auscultation; (4) radiological alterations on chest 
X-ray; and (5) variation from the expected of the normal distance 
walked on 6MWT.

Statistical Analysis
A sample size of 360 patients was calculated to provide 80% 

power to detect an increase from 2% (patients who received oxy-
gen therapy alone) to 10% (patients who received CPAP or IMV) 
in the percentage of pulmonary sequelae at 1 year after hospital 
discharge with a logistic regression model and a statistical signifi-
cance of 0.05. Assuming a 10% rate of dropout, the sample size was 
increased to 400 patients, equally distributed in each of the 3 arms.

In the descriptive analysis, qualitative variables have been sum-
marized by counts and percentages, while quantitative character-
istics by quartiles. Patients characteristics of the groups identified 
by maximum ventilatory support received were compared by Fish-
er’s exact test and Kruskal-Wallis rank sum test, as appropriate. In 

order to evaluate the association between maximum ventilatory 
support and pulmonary sequelae, a logistic regression model was 
applied adjusting for predefined variables: age, gender, body mass 
index, cardiovascular diseases, diabetes, asthma, and treatment 
during hospital stay with systemic steroids or prophylactic hepa-
rin. Interactions were investigated and included in the model if 
statistically significant (p value <0.05). A sensitivity analysis in-
cluded also smoking as potential confounder. The model was fitted 
on the primary end point (DLCO impairment) and on radiological 
alterations. Results were reported as odds ratio (OR) with 95% 
confidence interval (CI). The analyses were performed in R (ver-
sion 4.0.4).

Results

Study Population
In the study period, 420 consecutive hospitalized pa-

tients with SARS-CoV-2 pneumonia were screened for 
study participation. Out of the 420, 312 (83, 27% women; 
median interquartile range [IQR] age 61.1 [53.4,69.3] 
years) met the inclusion and exclusion criteria, provided 
consent and thus were enrolled in the final cohort and 
were stratified as follows: 71 patients in the “oxygen 
alone” group, 144 patients in the “CPAP” group, and 97 
patients in the “IMV” group, Figure 1. Out of the 108 ex-
cluded patients, none was dead between assessment of 
eligibility and study enrolment. The baseline clinical fea-
tures of the study population stratified by maximum oxy-
gen/ventilatory support are shown in Table 2. The major-
ity of patients were never smokers, with no differences 

Table 1. Inclusion and exclusion criteria

Inclusion criteria
Age between 18 and 80 years
Diagnosis of SARS-CoV-2 infection by positive PCR on nasal-pharyngeal swab or on bronchoalveolar lavage in case of double-

negative nasal-pharyngeal swabs performed at least 24 h apart (GeneXpert® Cepheid; InGenius® Elitech; Abbott real-time 
SARS-CoV-2 assay Abbott; SARS-CoV-2 plus ELITe MGB® assay Elitech; Allplex™ SARS-CoV-2 assay arrow diagnostics)

Clinical/instrumental signs of interstitial pneumonia and acute respiratory failure (PaO2/FiO2 <300 in room air) on hospital 
admission

Written informed consent
Patients were discharged at home or in another hospital facility

Exclusion criteria
Severe renal failure, defined as a glomerular filtration rate lower than 30 mL/min, upon discharge
NYHA class IV (unable to carry on any physical activity without discomfort), upon discharge
Pregnancy or breastfeeding
Bacterial and/or fungal pulmonary superinfection during hospital stay
Prior diagnosis of chronic obstructive pulmonary disease, pulmonary emphysema, pulmonary fibrosis, or bronchiectasis

PaO2/FiO2 = ratio of PaO2 to FiO2. Prior diagnosis of asthma and obstructive sleep apnoea syndrome were not excluded since they 
do not cause permanent and irreversible radiological and/or functional impairment. PCR, polymerase chain reaction; SARS-CoV-2, 
severe acute respiratory syndrome coronavirus 2; NYHA, New York Heart Association; FiO2, fractional inspired oxygen; PaO2, arterial 
oxygen partial pressure.
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between the study groups. The most frequently encoun-
tered comorbidities were obesity (34%), hypertension 
(29%), cardiovascular diseases (22%), and diabetes (14%). 
The majority of patients showed only one or the absence 
of comorbidities (78%). In regard to treatments received 
during hospitalization for COVID-19, patients in the 
“oxygen alone” group received significantly less specific 
treatments than the other groups. Pulmonary thrombo-
embolism and deep vein thrombosis, 2 possible compli-
cations of COVID-19, were reported in 4.8% and 1.3% of 
patients, respectively, with no differences between groups.

Evaluation of Pulmonary Sequelae
In regard to the presence of DLCO impairment (prima-

ry end point), we observed a statistically significant differ-
ence between groups with the highest prevalence of DLCO 
alteration in the “oxygen alone” (n = 40, 58%) and “IMV” 
group (n = 52, 54%) and the lowest in the “CPAP” group  
(n = 50, 36%), Table 3. However, patients in the “IMV” and 
“CPAP” group showed slightly more frequently moderate 
and severe DLCO impairment than the “oxygen alone” 
group see online suppl. Fig. 1; for all online suppl. material, 
see www.karger.com/doi/10.1159/000518141.

No differences between groups were observed in the 
other parameters of PFTs, with the exception of FVC and 
Tiffeneau Index, Table  3. When considering FVC as a 
continuous variable, patients in the “IMV” group showed 
lower values than “CPAP” and “oxygen only” group (me-
dian [IQR] FVC% 102% [91.8–112.5], 106% [96.3–118.5], 
and 107% [95.2–115.8], respectively, p value 0.046). How-
ever, when considering pathological values of FVC% (be-
low 80% of predicted), only a minority of patients pre-

sented this condition (10, 7, and 11% of cases in the “oxy-
gen only,” “CPAP,” and “IMV” groups, respectively) with 
no differences between groups.

A minority of patients in our cohort showed a restric-
tive pattern using both definition based on FVC (28, 9%), 
defined as having a normal FEV1/FVC and an FVC <80% 
predicted [18], and based on TLC (52, 16.6%), defined as 
having a normal FEV1/VC and a reduction in TLC [19]. 
An obstructive pattern (defined as Tiffeneau Index <0.7 
with a concomitant reduction of FEV1 <80%) was ob-
served only in 7 (2.2%) patients, in the majority of cases 
in the “oxygen only” group (5 cases). Among the 7 cases 
with obstructive pattern, 1 was active, 2 prior smokers, 
and 1 had asthma as comorbidity. The distribution of ob-
structive and restrictive ventilatory patterns in the 3 study 
groups is summarized in Figure 2.

Median distance walked at 6MWT ranged between 150 
and 700 m, with no differences between groups, Table 4. 
However, up to 46 (17%) of patients showed a distance 
walked lower than expected, again without differences be-
tween groups. No patients showed oxygen desaturation or 
required oxygen supplementation during the test.

Characterizing the degree of dyspnoea reported by pa-
tients through the mMRC scale, the majority of patients 
(62%) were “not troubled by breathlessness except on 
strenuous exercise,” with no differences between groups, 
Table 4. Also at lung auscultation only a minority of pa-
tients, ranging from 4 to 12% according to study group 
presented pathological sounds, mostly “velcro” crackles 
(21 cases) followed by wheezing (5 cases). “Velcro” crack-
les were significantly more frequent in the “IMV” group. 
Among the 21 cases with “velcro” crackles at physical ex-

Assessed for eligibility (n = 420)

Enrolled (n = 312)

Excluded (n = 108)

Causes:
Decline to partecipate (n = 75)
Lost to follow-up (n = 33)

CPAP (n = 13)

Oxygen only (n = 51)

Oxygen only (n = 71) CPAP (n = 144) IMV (n = 97)

IMV (n = 44)

Fig. 1. Study flowchart. CPAP, continuous 
positive airway pressure; IMV, invasive 
mechanical ventilation.
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amination, 10 (48%) showed abnormal chest X-ray (re-
ticulations in 9 out of 10 cases), and 7 (33%) had DLCO 
impairment, of mild entity in all patients, but none 
showed restrictive pattern at PFTs. Three of the 5 cases 
who showed wheezing also had asthma, but none of them 
had an obstructive ventilatory defect.

Chest X-ray abnormalities were more frequently en-
countered in the “IMV” group (34, 44% of cases) than 
“CPAP” group (27, 24% of cases) and “oxygen only” 
group (16, 25% of cases), p value = 0.008. The type of fea-
tures more frequently observed were reticular in 59 pa-

tients (23%), ground-glass opacities in 27 (11%), and con-
solidation in 7 (3%) of patients, Table 4.

After adjusting for demographics, comorbidities, and 
treatments during hospital stay (Table  5), the “IMV” 
group showed higher odds of DLCO impairment with re-
spect to the “oxygen only” group although the difference 
was not significant (OR = 1.73, 95% CI: 0.75; 3.99). No 
significant difference in DLCO impairment was also ob-
served among “CPAP” and “oxygen alone” (OR = 0.72, 
95% CI: 0.34; 1.54). Interestingly, in subjects treated with 
prophylactic heparin, the odds of DLCO alteration were 

Table 2. Demographics and clinical characteristics of study cohort

Demographics Oxygen only 
(N = 71)

CPAP 
(N = 144)

IMV 
(N = 97)

p value

Age, years, median [IQR] 61.1 [53.3, 71.9] 61.1 [53.1, 67.6] 60.8 [55.2, 68.2] 0.600
Female gender, N (%) 31 (44) 33 (23) 19 (20) 0.001
BMI, kg/m2, median [IQR] 27.5 [24.6, 31.4] 28.7 [26.6, 31.3] 28.1 [25.7, 31.0] 0.234
Smoking history, N (%)

No 47 (84) 83 (65) 51 (65)
0.100Active 1 (2) 8 (6) 6 (8)

Prior 8 (14) 36 (28) 21 (27)

Oxygen only CPAP IMV p value

Comorbidities
Cardiovascular diseases, N (%) 12 (17) 31 (22) 25 (26) 0.397
Hypertension, N (%) 22 (31) 43 (30) 26 (27) 0.816
Cerebrovascular diseases, N (%) 1 (1) 3 (2) 1 (1) 0.857
Asthma, N (%) 9 (13) 4 (3) 4 (4) 0.015
OSAS, N (%) 2 (3) 3 (2) 1 (1) 0.674
Chronic kidney diseases, N (%) 4 (6) 2 (1) 3 (3) 0.162
Liver diseases, N (%) 2 (3) 3 (2) 0 (0) 0.200
Diabetes, N (%) 12 (17) 20 (14) 13 (13) 0.799
Autoimmune diseases, N (%) 1 (1) 2 (1) 0 (0) 0.603
Prior cancer, n (%) 6 (8) 2 (1) 6 (6) 0.026
No. of comorbidities, N (%)

0 24 (34) 68 (47) 39 (40)

–1 29 (41) 44 (31) 38 (39)
2 11 (15) 25 (17) 16 (16)

≥3 7 (10) 7 (5) 4 (4)

Treatments associated with COVID-19
Systemic steroid, N (%) 18 (31) 65 (56) 43 (58) 0.003
Prophylactic heparin, N (%) 18 (31) 55 (47) 44 (59) 0.005
Tocilizumab, N (%) 5 (9) 17 (15) 19 (25) 0.031
Remdesivir, N (%) 1 (2) 2 (2) 12 (16) <0.001
Mucolytics, N (%) 13 (22) 35 (30) 30 (41) 0.084
Hyperimmune plasma, N (%) 0 (0) 1 (1) 1 (1) 1.000
Lopinavir/ritonavir, N (%) 21 (36) 76 (66) 34 (46) <0.001
Hydroxychloroquine, N (%) 42 (72) 100 (88) 59 (80) 0.042

BMI, body mass index; CPAP, continuous positive airway pressure; IMV, invasive mechanical ventilation; 
IQR, interquartile range; OSAS, obstructive sleep apnoea syndrome; COVID-19, coronavirus disease 2019.
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halved (OR = 0.45, 95% CI: 0.25; 0.83). Patients with asth-
ma presented higher odds of altered DLCO (OR = 4.86, 
95% CI: 1.09; 21.68). No difference among the 3 groups 
was observed in a sensitivity analysis, including smoking 
in the model (not included in main analysis due to the low 
number of active smokers (n = 15) and 16% of missing). 

The odds of radiological alterations on chest X-ray were 
higher in older patients (OR = 1.05, 95% CI: 1.01; 1.09) 
and in patients treated with “IMV” with respect to pa-
tients on oxygen alone (OR = 3.9, 95% CI: 1.38; 11.01), 
while patients treated with CPAP did not show signifi-
cantly higher odds of radiological alterations.

Table 3. PFTs at 6 months from hospital discharge

PFT values as continuous variables Oxygen only 
(N = 71)

CPAP 
(N = 144)

IMV 
(N = 97)

p value

FEV1, L, median [IQR] 2.8 [2.3, 3.4] 3.4 [2.7, 3.9] 3.1 [2.7, 3.7]
FEV1%, median [IQR] 109.0 [94.0, 117.0] 111.0 [97.5, 123.0] 106.8 [96.0, 119.2] 0.106
FVC, L, median [IQR] 3.3 [2.8, 4.3] 4.1 [3.3, 4.7] 3.7 [3.2, 4.5]
FVC%, median [IQR] 107.2 [95.2, 115.8] 106.4 [96.3, 118.5] 102.0 [91.8, 112.5] 0.046
VC, L, median [IQR] 3.3 [2.9, 4.4] 4.2 [3.4, 4.8] 3.6 [3.3, 4.6]
VC%, median [IQR] 108.0 [89.0, 116.5] 105.0 [95.0, 117.0] 99.0 [89.0, 110.0] 0.076
TI, median [IQR] 81.3 [77.8, 85.0] 83.0 [79.0, 86.0] 84.0 [80.7, 86.9] 0.004
RV, L, median [IQR] 2.0 [1.6, 2.3] 2.0 [1.6, 2.4] 1.9 [1.5, 2.3]
RV%, median [IQR] 93.0 [79.0, 104.0] 89.5 [74.0, 108.2] 84.5 [70.6, 102.2] 0.197
TLC, L, median [IQR] 5.5 [4.4, 6.4] 6.2 [5.2, 6.9] 5.8 [4.8, 6.7]
TLC%, median [IQR] 93.0 [88.0, 103.0] 96.0 [86.0, 106.8] 91.8 [82.2, 101.0] 0.183
DLCO, mmol/min/kPa, median [IQR] 6.3 [5.6, 7.7] 7.7 [6.1, 8.8] 6.8 [5.6, 8.0] 0.001
DLCO%, median [IQR] 76.0 [69.9, 91.0] 84.0 [72.7, 94.5] 77.4 [66.8, 88.2] 0.020

PFT values as categorical variables Oxygen only CPAP IMV p value

DLCO impairment (%) 40 (58) 50 (36) 52 (54) 0.002
Mild defect (60–79%) 34 (49) 36 (26) 38 (40)
Moderate defect (40–59%) 6 (9) 13 (9) 12 (12)
Severe defect (<40%) 0 (0) 1 (1) 2 (2)
VC impairment (%) 10 (17) 16 (12) 15 (17) 0.494
Mild defect (70–79%) 6 (10) 11 (8) 6 (7)
Moderate defect (60–69%) 2 (3) 5 (4) 7 (8)
Moderate-to-severe defect (50–59%) 2 (3) 0 (0) 1 (1)
Severe defect (≤49%) 0 (0) 0 (0) 1 (1)
FVC impairment (%) 7 (10) 10 (7) 11 (11) 0.458
Mild defect (70–79%) 4 (6) 9 (6) 8 (8)
Moderate defect (60–69%) 3 (4) 1 (1) 3 (3)
Moderate-to-severe defect (50–59%) 0 0 0
Severe defect (≤49%) 0 0 0
Tiffeneau Index <0.7 5 (7) 1 (1) 1 (1) 0.017
FEV1 reduction 5 (100) 1 (100) 1 (100) –
TLC impairment (%) 10 (15) 23 (16) 19 (20) 0.664
Mild defect (70–79%) 7 (11) 17 (12) 12 (13)
Moderate defect (60–69%) 3 (5) 4 (3) 5 (5)
Moderate-severe defect (50–59%) 0 (0) 2 (1) 2 (2)
Severe defect (≤49%) 0 (0) 0 (0) 0 (0)
RV impairment (%) 0.289
Mild defect (130–139%) 1 (2) 4 (3) 0 (0)
Moderate defect (140–170%) 0 (0) 2 (1) 2 (2)
Severe defect (≥171%) 1 (2) 0 (0) 0 (0)

CPAP, continuous positive airway pressure; DLCO, diffusion capacity for carbon monoxide; FEV1, forced expiratory volume in the 
1st second; FVC, forced vital capacity; IMV, invasive mechanical ventilation; RV, residual volume; TI, Tiffeneau Index (FEV1/FVC ra-
tio); TLC, total lung capacity; VC, vital capacity; PFTs, pulmonary function tests; IQR, interquartile range.
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Discussion

We report the prevalence and degree of 6-month pul-
monary sequelae in a cohort of 312 patients hospitalized 
for COVID-19 in 7 hospitals in Lombardy, the Italian re-
gion most populated and most severely affected by the 
pandemic so far. We observed a considerable percentage 
of pulmonary sequelae when considering DLCO and 

chest X-ray. Up to 58% and 44% of patients according to 
study groups showed alterations of DLCO and chest X-
ray, respectively. This was particularly evident in patients 
requiring IMV, but in the majority of cases, the degree of 
impairment was mild.

Patients in the “oxygen only” group showed, together 
with the “IMV” group, the highest degree of DLCO impair-
ment. We speculate that this may be partially related to the 

7% 0.7% 1%

■ Obstructive pattern    ■ Restrictive pattern    ■ Absence of ventilatory impairment

Oxygen only CPAP IMV

15%

78% 83.3% 79%

16% 20%
Fig. 2. Distribution of obstructive and re-
strictive ventilatory patterns according to 
study group. Restrictive ventilatory im-
pairment was defined as a reduction in 
TLC with a normal FEV1/VC. CPAP, con-
tinuous positive airway pressure; IMV, in-
vasive mechanical ventilation; TLC, total 
lung capacity; FEV1, forced expiratory vol-
ume in the 1st second; VC, vital capacity.

Table 4. 6MWT, lung auscultation, chest X-ray, and mMRC scale results at 6 months from hospital discharge

6MWT Oxygen only 
(N = 71)

CPAP 
(N = 144)

IMV 
(N = 97)

p value

Metres, median [IQR] 450 [400, 500] 473 [424.5, 522.5] 485 [406.2, 540] 0.148
Distance lower than expected (%) 10 (18) 21 (17) 15 (17) 0.955

Oxygen only CPAP IMV p value

Lung auscultation
“Velcro” crackles (%) 3 (4) 6 (4) 12 (12) 0.038
Wheezing (%) 0 (0) 5 (3) 0 (0) 0.070

Chest X-ray results
Abnormal (%) 16 (25) 27 (24) 34 (44) 0.008
Consolidations (%) 0 (0) 1 (1) 6 (8) 0.006
Ground-glass opacities (%) 10 (16) 8 (7) 9 (12) 0.186
Reticulations (%) 12 (19) 21 (19) 26 (34) 0.042

mMRC scale
Scale (%)

0 41 (67) 90 (68) 62 (69)

0.911
1 15 (25) 26 (20) 22 (24)
2 3 (5) 11 (8) 5 (6)
3 2 (3) 4 (3) 1 (1)
4 0 (0) 1 (1) 0 (0)

CPAP, continuous positive airway pressure; IMV, invasive mechanical ventilation; mMRC, Modified Medical 
Research Council; 6MWT, six-min walking test; IQR, interquartile range.
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fact that the “oxygen only” group received significantly less 
specific treatments during hospitalization than the other 
groups, particularly in regards to systemic steroid (31% in 
the “oxygen only” group compared to 56% and 58% in the 
“CPAP” and “IMV” groups, respectively) and prophylactic 
heparin (31% in the “oxygen only” group compared to 47% 
and 59% in the “CPAP” and “IMV” groups, respectively). 
This could have influenced a slower recovery of normal 
lung anatomy and function at medium term follow-up. 
Thus, these preliminary observations need to be confirmed 
with longer follow-ups. After adjusting for potential con-
founders, such as treatment, DLCO impairment resulted 
higher for “IMV” group with respect to “oxygen only,” al-
though with not a significant difference.

DLCO can be altered both by parenchymal and pulmo-
nary vascular diseases, and COVID-19 may have a course 
characterized by an overlap between interstitial pneumo-
nia with oedema and altered pulmonary perfusion with 
microthrombosis and macrothrombosis [20]. Therefore, 
DLCO appears to be the most sensitive parameter among 

those available to monitor patients with COVID-19 during 
follow-up. Furthermore, on multivariable analysis, the use 
of prophylactic heparin during hospitalization appeared to 
act as a protective factor on the development of DLCO im-
pairment at 6-month follow-up. The potential beneficial 
effect of heparin during COVID-19 acute phase has been 
widely discussed, although randomized clinical trials are 
needed [21]. The mechanisms involved include the antivi-
ral and anti-inflammatory effect and the anticoagulant ac-
tion on the hypercoagulability state associated with the dis-
ease. Our observations seem to suggest a prominent role of 
the vascular involvement during the acute phase of CO-
VID-19 on the onset of DLCO impairment.

In our cohort, the need for invasive ventilatory sup-
port, which may be considered a proxy of disease severity, 
was a risk factor for the detection of chest imaging abnor-
malities at 6 months. The main alterations observed were 
reticulations and ground-glass opacities. In particular, re-
ticulations were significantly more frequent in patients 
who underwent IMV.

OR 95% CI p value

DLCO impairment^

CPAP versus oxygen alone 0.72 0.34 1.54 0.3977
IMV versus oxygen alone 1.73 0.75 3.99 0.1981
AGE, per year in males 1.04 1.00 1.08 *
Age, per year in females 0.98 0.93 1.03 *
BMI, per kg/m2 0.95 0.88 1.02 0.1283
Cardiovascular diseases (yes vs. no) 0.7 0.34 1.43 0.3274
Diabetes (yes vs. no) 2.01 0.83 4.86 0.1209
Asthma (yes vs. no) 4.86 1.09 21.68 0.0381
Systemic steroid (yes vs. no) 1.07 0.58 1.97 0.8281
Prophylactic heparin (yes vs. no) 0.45 0.25 0.83 0.0105

Chest X-ray alterations#

CPAP versus oxygen alone 1.4 0.53 3.68 0.4997
IMV versus oxygen alone 3.9 1.38 11.01 0.0101
Age, per year 1.05 1.01 1.09 0.0076
Gender (females vs. males) 1.54 0.68 3.49 0.3058
BMI, per kg/m2 0.91 0.84 1.00 0.0512
Cardiovascular diseases (yes vs. no) 0.64 0.27 1.53 0.3189
Diabetes (yes vs. no) 2.44 0.9 6.59 0.079
Asthma (yes vs. no) 2.79 0.58 13.29 0.1983
Systemic steroid (yes vs. no) 1.56 0.73 3.32 0.2498
Prophylactic heparin (yes vs. no) 1.02 0.49 2.15 0.9491

BMI, body mass index; CPAP, continuous positive airway pressure; DLCO, diffusion 
capacity for carbon monoxide; IMV, invasive mechanical ventilation; OR, odds ratio; CI, 
confidence interval. ^ 242 patients included with no missing on DLCO, and variables in 
the model, 106 with DLCO impairment. * A significant interaction between gender and 
age was found in this model with p value = 0.0374. For this reason, we presented the OR 
of age stratified by gender. # 203 patients included with no missing on chest X-ray and 
variables in the model, 51 with chest X-ray alterations.

Table 5. Multivariable logistic model 
results on the association between groups 
and DLCO or chest X-ray impairment 
adjusted for prespecified variables
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Our results nicely fit with a report on 736 patients from 
Wuhan followed up at 6 months after acute SARS-CoV-2 
infection [10]. This study showed a DLCO and radiolog-
ical impairment in up to 56% and 54%, respectively, of 
patients requiring high-flow nasal cannula, non-invasive 
ventilation, or IMV, and the severity of the acute disease 
was the major risk factor for the development of pulmo-
nary sequelae.

Among the main strengths of our study, we acknowl-
edge the following: (1) the multicentric design, which in-
cluded both university and non-university hospitals, al-
lowed us to increase the study cohort and to enhance the 
generalizability of the results; (2) the selection criteria 
chosen excluded patients with pre-existing structural 
lung diseases and those who developed bacterial and/or 
fungal pulmonary infections during hospitalization, 
which may have caused PFT and/or radiological altera-
tions not attributable to COVID-19.

Our study also presents some limitations: (1) the study 
visits were conducted during the second pandemic wave 
and this may have contributed to the lost to follow-up of 
some patients that were afraid of going to the hospital for 
medical visits; however, the distribution of age and gen-
der was similar among all patients recruited and patients 
actually visited; (2) data on the severity of radiological 
involvement during hospitalization, which may have had 
an impact on the development of pulmonary sequelae, 
were not collected, although the maximum ventilatory 
support needed by the patients gave us an hint about the 
severity of pneumonia.

Conclusions

Up to 58% of patients with COVID-19, according to the 
study group, present pulmonary sequelae, although of mild 
entity in the majority of cases, at 6-month follow-up. DLCO 
and radiological assessment appear to be the most sensitive 
tool to monitor patients with COVID-19 during follow-up. 
The need for invasive ventilatory support during hospital-
ization is a risk factor for detection of radiological abnor-
malities, but not for DLCO impairment, at follow-up. While 
the use of prophylactic heparin acts as a protective factor on 
the development of DLCO impairment.

Future studies should evaluate the pulmonary sequel-
ae developed by patients in the second and subsequent 
pandemic waves to assess the impact of standard-of-care 
therapies, such as steroid and heparin that were not rou-
tinely used during the first wave. Furthermore, we await 
data on long-term sequelae with data at 1-year follow-up.
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