
Computed tomography after severe COVID-19 pneumonia:
findings at 6 months and beyond

To the Editor:

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infects the alveolar epithelial cells causing
coronavirus disease (COVID-19) pneumonia of varying severity [1, 2]. 15–30% of patients develop acute
respiratory distress syndrome (ARDS) requiring hospitalisation in intensive care units (ICU) and
mechanical ventilation [2, 3]. At 3 months, there are persisting computed tomography (CT) abnormalities
in 17 to 91% of discharged COVID-19 patients [4–8], mainly consistent with an organising pneumonia
(OP) pattern. These anomalies are more frequently reported in patients who were admitted to ICU [9].
Pulmonary fibrosis has been reported at autopsy of patients deceased from COVID-19 pneumonia, along
with pulmonary microvascular thrombosis [10]. Fibrotic-like changes have also been reported at 6-month
CT follow-up in COVID-19 survivors [11]. A proportion of survivors from the first SARS-CoV outbreak
of 2003 had residual impairment of lung function and abnormal chest radiograph (CXR) findings at
6 months [12]. However, little is known about long-term changes on CT following severe SARS-CoV-2
pneumonia, or after ARDS in general, most descriptions being limited to CXR.

There are ongoing studies evaluating the role of antifibrotic drugs for the prevention of lung fibrosis after
SARS-CoV-2 infection [13]. However, the exact proportion of patients who will develop irreversible lung
fibrosis remains unknown. The aim of this study was to describe chest CT abnormalities persisting at
6 months and beyond, in patients who were admitted to ICU for severe COVID-19 pneumonia.

This single centre retrospective study was approved by our local ethics committee, which waived the need
for patients’ consent. All patients admitted to ICU between 1 March and 30 April 2020 for COVID-19
pneumonia were eligible. Inclusion criteria were a positive RT-PCR for SARS-CoV-2 and the availability
of a long-term chest-CT scan follow-up, performed at least 6 months after ICU admission.

Follow-up chest CT scans, all performed on multidetector CT units allowing acquisition of high-resolution
images, were reviewed in consensus by two chest radiologists (G.C. and M.P.R.) with 7- and 20-years’
experience in chest imaging, respectively. Images were analysed for the presence of residual ground-glass
opacities, parenchymal bands, traction bronchiectasis, reticulations, or honeycombing, the latter three being
considered to define fibrotic changes. CT scans were then categorised into three different radiological
patterns: no residual anomalies; residual ground glass and parenchymal bands defining a pattern of late
OP; and lastly, fibrotic lung changes if traction bronchiectasis, reticulations or honeycombing were
observed, regardless of other anomalies.

Additionally, demographic characteristics, comorbidities and pulmonary function tests (PFTs) closest to the
long-term chest CT scan were collected from medical charts. Chest CT scans performed at ICU admission,
when available, were also reviewed for visual quantification of initial lung disease extent.

Statistical analysis was performed using the statistical software package “R” (version 3.2.1, R Foundation,
Vienna, Austria). Quantitative data is presented as median (interquartile range (IQR)) and was compared
using a Kruskal–Wallis test by ranks. Qualitative data was compared using a Fisher’s exact test. A p-value
<0.05 was considered as statistically significant.

Copyright ©The authors 2021

This version is distributed under
the terms of the Creative
Commons Attribution Licence 4.0.

Received: 10 Aug 2021
Accepted: 17 Aug 2021

Shareable abstract (@ERSpublications)
Parenchymal bands and ground-glass opacities consistent with a pattern of late organising
pneumonia are frequently observed 6 months after ICU admission for #COVID19, whereas fibrotic
changes of limited extent are only observed in about 1/3 of patients https://bit.ly/2UGOsbr

Cite this article as: Poitevineau T, Chassagnon G, Bouam S, et al. Computed tomography after severe
COVID-19 pneumonia: findings at 6 months and beyond. ERJ Open Res 2021; 7: 00488-2021
[DOI: 10.1183/23120541.00488-2021].

https://doi.org/10.1183/23120541.00488-2021 ERJ Open Res 2021; 7: 00488-2021

ERJ OPEN RESEARCH
RESEARCH LETTER

T. POITEVINEAU ET AL.

https://crossmark.crossref.org/dialog/?doi=10.1183/23120541.00488-2021&domain=pdf&date_stamp=
https://bit.ly/2UGOsbr
https://bit.ly/2UGOsbr
https://doi.org/10.1183/23120541.00488-2021


A total of 126 COVID-19 patients were admitted to ICU during the study period. Management of ARDS
was standardised, in accordance with the guidelines from the French Intensive Care Society [14]. Of these
patients, 20% (26/126) died. Of the remaining 100 patients, 51 were transferred outside the institution after
ICU and lost to follow-up. Six patients had CT scan normalisation during the 6-month period following
ICU discharge and were not re-evaluated afterwards. The remaining 43 patients had a late follow-up chest
CT scan and composed the study sample. Their characteristics are summarised in the table 1.

The study sample was mostly composed of men (32/43, 74%) and the median age was 56.0 years (IQR
50.5–64.0 years). Most patients had comorbidities (35/43, 81%), the most common being diabetes (21/43,
49%). The median length of stay in ICU was 15 days (IQR 9–32 days) and 77% of the patients (33/43)
were intubated.

Follow-up PFTs were available for 39 of the 43 patients. They were performed at a median time interval of
7.9 months (IQR 6.2–10.0 months) from ICU admission. Most patients had normal total lung capacity (35/
39, 90%) and forced vital capacity (33/39, 86%). Measurement of diffusing capacity of the lung for the
lung monoxide (DLCO) was available for 38 patients and was abnormal (<80% of predicted value) in 82%
of them (31/38). The median DLCO value was 64% predicted (IQR 50–76% predicted).

The median time-interval between ICU admission and late CT follow-up was 7.1 months (5.9–9.1 months).
Late CT scans showed normalisation in 28% of patients (12/43). Nine of these 12 patients had DLCO

measurements, which were abnormal in one third (3/9), despite apparent CT normalisation. A late OP
pattern, with a variable association of residual ground glass and parenchymal bands but no fibrotic changes
was observed in 44% (19/43) of the patients (figure 1). Lastly, fibrotic changes were found in 28% of

TABLE 1 Patient characteristics and follow-up findings

All Normal Late OP pattern Fibrosis p-value

Subjects n 43 12 19 12
Age, years 56.0 (50.5–64.0) 56.0 (46.0–63.3) 55.0 (51.5–64.0) 62.0 (50.5–63.5) 0.816
Male gender 32/43 (74) 9/12 (75) 13/19 (68) 10/12 (83) 0.755
Smoker 13/39 (33) 6/11 (55) 3/16 (19) 4/12 (33) 0.149
Comorbidities
Diabetes 21/43 (49) 6/12 (50) 12/19 (63) 3/12 (25) 0.146
Hypertension 17/43 (39) 5/12 (42) 8/19 (42) 4/12 (33) 0.925
Obesity 10/43 (23) 3/12 (25) 5/19 (26) 2/12 (17) 0.902
Cardiovascular disease 11/43 (26) 3/12 (25) 7/19 (37) 1/12 (8) 0.222
Chronic respiratory disease 3/43 (7) 1/12 (8) 0/19 (0) 2/12 (17) 0.164
Cancer 8/43 (19) 5/12 (42) 2/19 (11) 1/12 (8) 0.066

Disease extent on initial CT scan 0.003
<50% 19/33 (58) 9/9 (100) 7/13 (54) 3/11 (27)
>50% 14/33 (42) 0/9 (0) 6/13 (46) 8/11 (73)

Length of ICU stay, days 15 (9–32) 12 (3–17) 19 (11–32) 24 (11–49) 0.179
Tracheal intubation 33/43 (77) 8/12 (67) 14/18 (78) 11/12 (92) 0.404
Delay between ICU admission and follow-up CT, months 7.1 (5.9–9.1) 7.5 (6.4–9.8) 6.8 (6.0–8.7) 7.3 (5.5–9.2) 0.668
CT findings
Ground-glass opacities 29/43 (67) 0 (0) 17/19 (89) 12/12 (100)
Parenchymal bands 26/43 (60) 0 (0) 15/19 (79) 10/12 (83)
Traction bronchiectasis 12/43 (28) 0 (0) 0 (0) 12/12 (100)
Reticulations 5/43 (12) 0 (0) 0 (0) 5/12 (42)

Delay between ICU admission and follow-up PFTs, months 7.9 (6.2–10.0) 8.1 (6.4–10.1) 6.8 (5.8–8.5) 10.0 (8.3–10.8) 0.024
Follow-up PFTs results
Impaired TLC 4/39 (10) 1/9 (11) 0/19 (0) 3/11 (27) 0.035
% of predicted TLC 93 (85–96) 93 (90–96) 93 (88–96) 93 (81–98) 0.693
Impaired FVC 6/39 (14) 1/9 (11) 1/19 (5) 4/11 (36) 0.073
% of predicted FVC 94 (83–105) 97 (87–99) 94 (84–105) 94 (74–105) 0.810
Impaired DLCO 31/38 (82) 6/9 (67) 16/18 (89) 9/11 (82) 0.361
% of predicted DLCO 64 (50–76) 78 (67–83) 64 (51–75) 61 (45–70) 0.138

Quantitative data are presented as median (interquartile range) and qualitative data are presented as n/N (%). OP: organising pneumonia;
CT: computed tomography; ICU: intensive care unit; PFTs: pulmonary function tests; FVC: forced vital capacity; TLC: total lung capacity;
DLCO: diffusing capacity of the lung for the lung monoxide.
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patients (12/43) overall and were of limited extent, involving <10% of lung parenchyma on visual
assessment. They consisted of traction bronchiectasis within residual ground-glass opacities in all 12 patients
(100%), associated with reticulations in five patients (42%). 10 patients also had parenchymal bands (83%).

There was a trend towards a longer ICU stay in patients who developed fibrotic lung changes (24 days (IQR
11–49 days) versus 19 days (IQR 11–32 days) for patients with late OP without fibrotic changes and 12 days
(IQR 3–17 days) for patients with CT normalisation at 6 months, p=0.179). The proportion of patients who had
pneumonia extent >50% on initial CT was significantly higher among those with late fibrotic changes: 8/11
(73%) versus 6/13 (46%) for patients with late OP and 0/9 (0%) for patients with CT normalisation, p=0.003.

The strength of this retrospective study was its focus on severe COVID-19 patients who were admitted to
ICU. The proportion of patients with residual abnormalities at 6 months in our cohort is in line with other
reports from China [11, 15]. However, despite focusing on a population admitted to ICU, we found a
lower proportion of patients with late fibrotic changes (28 versus up to 35%) and these changes were of
limited extent. The difference may be related to a more restrictive definition of fibrotic changes in our
study. Indeed, parenchymal bands were considered as fibrotic-like changes in the studies by HAN et al. [11]
and LIU et al. [15], whereas we considered them as residual signs of OP, observed from the early phase of
the disease and improving over time, unlike traction bronchiectasis [16].

Our study has several limitations. First, owing to its retrospective design, late chest CT scan and PFTs
follow-up were not available for all COVID-19 patients admitted to ICU during the study period. Patients
transferred to other hospitals were lost to follow-up. However, for those followed-up onsite, late fibrotic
changes were of limited extent, when observed, which is worth noting. Secondly, patients in the early phase
of the pandemic were more often intubated and the beneficial effect of dexamethasone was not established
at that time. Thus, our result may not be applicable to patients managed in the subsequent waves of the
pandemic. However, long-term sequelae affecting the patients of the first wave of the pandemic will have to
be managed in the coming years, justifying the report of late findings in these patients.

a) b)

c) d)

FIGURE 1 Axial (a, c, d) and sagittal (b) images demonstrating late changes on CT. a, b) Late organising
pneumonia pattern is characterised by the association of residual ground glass (arrow heads) and parenchymal
bands. c, d) Fibrotic changes consist of the association of traction bronchiectasis (arrows) with ground glass.
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In conclusion, a late OP pattern is common 6 months after severe COVID-19 pneumonia, whereas fibrotic
changes of limited extent are only seen in one third of patients. DLCO remains abnormal in the vast
majority of patients, including a subset with apparent CT normalisation, possibly due to residual
microvascular obstruction.
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