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Chest CT Imaging Features
of the Pulmonary Sequelae
in Four Patients with COVID-19
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With the ongoing coronavirus disease 2019 (COVID-19) pandemic, there is an increasing interest
in the sequelae and care in recovered patients. Although the long-term sequelae of COVID-19
are still unknown, recently published reports suggest that some of the patients have persistent
symptoms and show radiologic abnormalities after discharge. Herein, we present cases of four
patients with previous COVID-19 infection manifesting pulmonary sequelae, including pulmo-
nary fibrosis or organizing pneumonia pattern with persistent dyspnea after recovery.

Index terms COVID-19; SARS-CoV-2; Computed Tomography, X-Ray;
Cryptogenic Organizing Pneumonia; Pulmonary Fibrosis

INTRODUCTION

Since December 2019, coronavirus disease 2019 (COVID-19) pneumonia caused by se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2), rapidly spread throughout
the world (1). The typical features of chest CT findings of COVID-19 are known as bilat-
eral, mainly peripherally located ground glass opacities (GGO) with or without consoli-
dation (1). There are a lot of interests in not only radiologic findings during COVID-19
clinical course, but also follow-up CT findings in recovered patients due to pulmonary
sequelae. Herein we report the serial chest CT findings of pulmonary sequelae, pre-
senting pulmonary fibrosis (PF) or organizing pneumonia (OP) pattern, in 4 patients
with COVID-19 pneumonia.

CASE REPORT

In all four cases, the patients had a positive real-time reverse transcription polymerase
chain reaction (RT-PCR) for SARS-CoV-2 on the day of admission. All patients were dis-
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Table 1. Overall Clinical Assessme
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charged after clinical recovery and two consecutive negative results for SARS-CoV-2. But all
patients complained persistent dyspnea after discharge. The overall clinical assessment of 4
patients are summarized in Table 1.

CASE1

A 66-year-old male with an unremarkable prior medical history. On admission, a chest ra-
diography (CXR) showed subpleural consolidation in lower zone of right lung and multifocal
peribronchial GGO in both lungs (Fig. 1A). He was discharged on hospital day 14, but two
weeks later, he visited our hospital with symptoms of shortness of breath. Pulmonary func-
tion test showed restrictive ventilatory defect and reduced diffusion capacity for carbon
monoxide (DLCO). Follow-up CXR (at 29 days after the admission day) showed multifocal pe-
ripheral reticulonodular opacities in both lungs (Fig. 1B). Chest CT revealed bilateral GGO,
reticulation, parenchymal bands and bronchial dilatation in both lower and peripheral lungs
(Fig. 1C, D). These findings were suggestive of post-inflammatory pulmonary fibrotic like
change.

CASE 2
A 72-year-old male had a history of congestive heart failure and angina. Initial CXR

showed diffuse airspace consolidations in both lungs (Fig. 2A). He was discharged a month

nt of 4 Patients with COVID-19

Patient Number 1 2 3 4
Age, years/sex 66/M 72/M 56/M 75/M
Hospitalization period 14 days 1 month 23 days 14 days

Initial CXR findings Subpleural consolidation Diffuse airspace Bilateral dense peripheral Not provided
in lower zone of right consolidations in both consolidations in mid
lung and multifocal lungs and lower zones of both
peribronchial GGO lungs
in both lungs

Days from admission to 2 19 23 47

follow-up CT

Follow-up CT findings Bilateral GGO, Subpleural GGO, Patchy GGO and mixed Multifocal patchy GGO and

reticulation, reticulation, ILS consolidations mixed consolidations

parenchymal bands and

bronchial dilatation in

both lower and

peripheral lungs
Pulmonary function test*

FVC (L)/FVC (% predicted) 2.54/65
FEV1 (L)/FEV1 (% predicted) 1.93/71
FEV1/FVC (%) 76
DL L H i

CO (mL/mm Hg/min)/ 9.7/53

DLCO (% predicted)

thickening and traction
BE in both lungs

2.85/77
2.33/94
82

8.9/54

distributed peripherally
in the both lungs and
shows crazy paving

with peripheral
dominancy in both lungs

pattern
3.19/63 Not provided
2.73/76 Not provided
86 Not provided
18.2/71 Not provided

*At the same time of follow-up CT.

BE = bronchiectasis, COVID-19 = coronavirus disease 2019, CXR = chest radiography, DLCO = diffusion capacity for carbon monoxide, FEV1 =
forced expiratory volume in the first second, FVC = forced vital capacity, GGO = ground glass opacities, ILS = interlobular septal
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Fig. 1. Imaging features in case 1.

A. Initial chest PA shows subpleural consolidation in lower zone of the right lung and multifocal peribron-
chial GGO in both the lungs.

B. On follow-up chest PA (at 29 days after the admission day), multifocal peripheral reticulonodular opaci-
ties are noted in both the lungs.

C, D. Follow-up chest CT (at 29 days after the admission day) reveals bilateral GGO, reticulation, parenchy-
mal bands, and bronchial dilatation in both lower and peripheral lungs.

GGO = ground glass opacities, PA = posteroanterior

later, and also complained severe shortness of breath after discharge. Pulmonary function
test showed restrictive ventilatory defect and reduced DLCO. Follow-up CXR (at 79 days after
the admission day) showed bilateral subpleural reticular opacities (Fig. 2B). Chest CT demon-
strated subpleural GGO, reticulation, interlobular septal thickening and traction bronchiec-
tasis (BE) in both lungs (Fig. 2C, D), suggesting fibrotic like changes.

CASE 3
A 56-year-old male had a history of hypertension. Initial CXR showed bilateral dense pe-

ripheral consolidations in mid and lower zones of both lungs (Fig. 3A). 6 days later, CXR
showed marked increase in the extent of peripheral consolidations in both lungs (Fig. 3B).
He was hospitalized for 3 weeks due to severe symptoms, and CXR on day of discharge (at 23

days after the admission day) presented residual peripheral consolidations in both lungs (Fig.
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Fig. 2. Imaging features in case 2.

A. Initial chest PA shows diffuse airspace consolidations in both the lungs.

B. Follow-up chest PA (at 79 days after the admission day) shows bilateral subpleural reticular opacities.

C, D. Follow-up chest CT (at 79 days after the admission day) demonstrates subpleural ground glass opaci-
ty, reticulation, interlobular septal thickening, and traction bronchiectasis in both lungs.

PA = posteroanterior

3C). Chest CT on day of discharge (at 23 days after the admission day) revealed patchy GGO
and mixed consolidations with some crazy paving pattern in the peripheral portions of both
lungs (Fig. 3D). CT findings were suggestive of OP pattern. On day of discharge, pulmonary
function test showed restrictive ventilatory defect and reduced DLCO. He complained persis-
tent dyspnea even after discharge, and admitted on our hospital for corticosteroid therapy on
illness day 40 days (prednisolone 1 mg/kg/day). After 18 days of corticosteroid therapy, follow-
up CXR (at 58 days after the admission day) showed that consolidations had been absorbed,
and noted residual GGO in the both lungs with peripheral distribution (Fig. 3E). Follow-up
CT (at 58 days after the admission day) revealed that resolution of consolidations with residu-
al patchy GGO, reticulation and traction BE (Fig. 3F), consistent with resolution of OP pattern

and residual fibrotic component.

CASE 4
A 75-year-old male had esophageal cancer diagnosed in 2014. He was discharged on hospi-
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Fig. 3. Imaging features in case 3.

A. Initial chest PA shows bilateral dense peripheral consolidations in the mid- and lower zones of both lungs.
B. Chest PA shows marked increase in the extent of peripheral consolidations in both lungs 6 days later.

C, D. Chest PA and CT on the day of discharge; (C) chest PA shows residual peripheral consolidations in both
lungs; (D) CT shows patchy GGO and mixed consolidations with some crazy-paving pattern in the peripheral
portions of both lungs, suggesting organizing pneumonia pattern.

E, F. Follow-up chest PA and CT (at 58 days after the admission day) after corticosteroid therapy. (E) chest PA
shows absorbed consolidations and residual GGO in both lungs with peripheral distribution; (F) CT shows
resolution of consolidations with residual patchy GGO, reticulation, and traction bronchiectasis.

GGO = ground glass opacities, PA = posteroanterior
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Fig. 4. Imaging features in case 4.
A, B. Chest PA and CT on the day of discharge. Chest PA shows patchy consolidations and GGO in both lower
zones (A); CT shows patchy GGO and mixed consolidations with peripheral dominancy in lower zones of
both lungs (B).

C, D. Follow-up (at 47 days after the admission day) chest PA reveals progression of patchy consolidations
and GGO in both lungs (C); CT presents multifocal patchy GGO and mixed consolidations with increased ex-
tentin both lungs (D).

GGO = ground glass opacities, PA = posteroanterior

. 4

tal day 14, and complained persistent shortness of breath. On day of discharge (at 14 days af-

ter the admission day), CXR showed patchy consolidations and GGO in both lower zones (Fig.
4A) and CT showed patchy GGO and mixed consolidations with peripheral dominancy in
lower zones of both lungs (Fig. 4B). Follow-up CXR (at 47 days after the admission day) re-
vealed progression of patchy consolidations and GGO in both lungs (Fig. 4C) and CT showed
multifocal patchy GGO and mixed consolidations with increased extent in both lungs (Fig.
4D). These findings resembled OP pattern.

This study was approved by the Institutional Review Board of our institution, and the re-
quirement for informed consent was waived (IRB No. ISPATK 2021-07-004)

DISCUSSION

Although acute COVID-19-related morbidity and mortality are well documented, but long-
term pulmonary sequelae of COVID-19 and efficient treatments has not been established yet.
Middle East Respiratory Syndrome (MERS) and severe acute respiratory syndrome (SARS),

https://doi.org/10.3348/jksr.2021.0060 383
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the two other strains of the coronavirus family known as highly contagious pathogens, are
genetically similar to COVID-19 (2). Previous studies have reported that MERS and SARS
showed long-term pulmonary sequelae such as PF (2, 3). So, there is concern that COVID-19
may have long-term pulmonary sequelae.

PF can be idiopathic but caused by chronic inflammation (2). PF has been detected on fol-
low-up imaging in patients who recovered from viral pneumonia, such as MERS and SARS (2, 3).
The findings of parenchymal bands, irregular interfaces, traction BE and coarse reticular
pattern are considered as evidence of fibrosis (3). Previous studies reported that the PF devel-
op in patients with SARS who have been discharged after treatment, and the patients with
evidence of fibrosis are older, have higher rate of intensive care unit admission, and higher
peak opacification on chest radiographs (3). One long-term study revealed that there were in-
terstitial lung abnormalities in 4.6% of patients with SARS after 15 years (2). Although there is
no long period of research yet, several recent studies reported that the findings of fibrotic like
change have been seen in patients with COVID-19 after discharge (4-6).

Wei et al. (6), found 39% of patients had residual fibrosis on follow-up CT scan about a
month after hospital admission. They also observed that fibrosis is more likely to occur in
the elderly and patients with a large range of lesions and severe conditions. At 3 months after
discharge, van Gassel et al. (5), reported that high prevalence of pulmonary sequelae in me-
chanically ventilated patients of COVID-19. They found that 89% of cases showed GGO and
67% of cases showed reticulation, fibrous bands and BE suggesting PF. Han et al. (4), revealed
that 35% of patients who recovered from severe COVID-19 pneumonia developed PF within 6
months. This study identified that an older age, longer hospital stays, tachycardia, ARDS,
noninvasive mechanical ventilation and higher lung involvement on initial chest CT are in-
dependent predictors for fibrotic changes of lungs. So, these findings are similar to SARS and
suggest that COVID-19 patients may also have long term sequelae.

OP is a histological pattern of lung injury associated with a wide range of etiologies. The
histological finding in OP is characterized by granulation tissue within alveoli and bronchi-
oles (7). Radiological findings of OP typically include peripheral, bilateral, lower lobe pre-
dominant consolidation and GGO, with subpleural or bronchovascular distribution (7). OP
can be either idiopathic (cryptogenic OP) or secondary (secondary OP), and secondary OP
has been reported in viral infections, such as influenza, MERS and SRAS. And corticosteroids
are the standard treatment for OP, which often result in rapid clinical and radiological im-
provement (7, 8).

In a German study, of 38 patients with COVID-19, 3 (12.5%) patients exhibited clinical wors-
ening after a phase of transient recovery, and they presented later developed severe OP pat-
tern on CT scan. And they showed response for corticosteroid therapy (9). In other Brazilian
case, three patients experienced worsening symptoms after initial improvement, revealed a
pattern compatible with OP on CT scan with an average of 24 days from symptom onset to
having a follow-up CT scan. In this case, patients also showed marked clinical improvement
after corticosteroid treatment for an average of 7 days (8). In a Japan study, two patients also
complained persistent dyspnea although PCR of SARS-CoV-2 was twice negative after treat-
ment. CT showed an OP pattern, one was taken on the 43 days of illness day and one on the 29

days. Additionally, diagnosis was based on transbronchial lung biopsy, showing histopatho-

384 jksronline.org



J Korean Soc Radiol 2022;83(2):378-386

cHﬁ‘_I-oélAOI-QIZFEIXI

logical findings of OP. They also presented rapid improvement after introduction of cortico-
steroid (10). So, follow-up CT scans are important for the identification of patients having OP
pattern and appropriate corticosteroid treatment should be performed.

In conclusion, our report of cases also revealed that COVID-19 infection leaved pulmonary
sequelae such as PF or OP pattern. However, this study has a short-term follow-up period of
29 to 79 days, there is a limitation in analyzing how long these sequelae lasts. Although the
long-term pulmonary sequelae of COVID-19 are still unknown, follow-up imaging after dis-

charge should be considered in patients with persistent pulmonary symptoms.
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