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SUMMARY STATEMENT

A subset of people recovering from COVID-19 will have persistent chest imaging abnormalities, most
commonly ground-glass opacity and/or reticular abnormality; the natural history of these abnormalities
remains uncertain.

ESSENTIALS

e Over 50% of previously hospitalized survivors of SARS-CoV-2 infection will have abnormality on CT,
more commonly in those with more severe acute infection.

e The most common abnormalities are ground glass opacity, parenchymal or subpleural bands,
reticular abnormality, evidence of fibrotic abnormality, and air trapping.

e Precise radiologic description is important; the term fibrosis should be reserved for those with clear
evidence of fibrosis (traction bronchiectasis or bronchiolectasis, honeycombing, or architectural
distortion).

e Comparison with acute-phase imaging is important to understand the temporal course of
abnormality.

e The long-term outcome of post-COVID CT changes and the impact on pulmonary function and
quality of life are unknown.

ABBREVIATIONS

SARS: severe acute respiratory syndrome
COVID-19: coronavirus disease 2019

CoV: coronavirus

ICU: intensive care unit

CT: computed tomography

GGO: ground glass abnormalities

PASC: Post-Acute Sequelae of COVID-19

NIH: National Institutes of Health

LDH: lactate dehydrogenase

MERS: Middle East Respiratory Syndrome

ARDS: acute respiratory distress syndrome

PFT: pulmonary function test

DLCO: diffusing capacity for carbon monoxide
OP: organizing pneumonia

AFOP: acute and fibrinous organizing pneumonia
VTE: venous thromboembolism

QCT: quantitative CT

ERP: estrogen receptor beta

NF-kB: nuclear factor kappa light-chain-enhancer of activated B cells



ABSTRACT

The acute course of coronavirus disease 2019 (COVID-19) is variable and ranges from asymptomatic
infection to fulminant respiratory failure. Patients recovering from COVID-19 can have persistent
symptoms and computed tomography (CT) abnormalities of variable severity. At 3 months after acute
infection, a subset of patients will have CT abnormalities that include ground glass abnormalities (GGO)
and subpleural bands with concomitant pulmonary function abnormalities. At 6 months after acute
infection, some patients have persistent CT changes to include the resolution of GGOs seen in the early
recovery phase and the persistence or development of changes suggestive of fibrosis such as
reticulation with or without parenchymal distortion. Predictors of post-COVID lung disease include need
for intensive care unit (ICU) admission, mechanical ventilation, higher inflammatory markers, longer
hospital stay and a diagnosis of acute respiratory distress syndrome (ARDS). Treatments of post-COVID
lung disease are being investigated with anti-fibrotic agents being investigated for the prevention of
post-COVID lung fibrosis. The etiology of post-COVID lung disease may be a sequela of prolonged
mechanical ventilation, COVID-induced ARDS or direct injury from the virus. Future research is needed
to determine the long-term persistence of post-COVID lung disease, its impact on patients and ways to
prevent or treat it.



INTRODUCTION

Since the discovery of coronaviruses in the 1960s, there have been three outbreaks of a severe acute
respiratory syndrome (SARS) caused by novel coronaviruses (1-3). The most recent outbreak of SARS
started with a group of patients admitted to hospitals in Wuhan China in December 2019 with
pneumonia of unknown etiology (4). This new disease, termed coronavirus disease 2019 (COVID-19)
(Table 1), was found to be caused by a novel coronavirus called SARS-coronavirus (CoV)-2, a virus closely
related to those previously found in bats (5). SARS-CoV-2 quickly spread around the world and was
associated with progression of lung injury to overt respiratory failure in a subgroup of those infected (6).
As of July 20th, 2021, there have been 34,150,195 cases in the United States with 609,377 deaths (7).
Lung involvement is common in the acute phase of infection, and it was recognized early in the
pandemic that a subset of patients recovering from infection had persistent respiratory symptoms and
chest imaging abnormalities. This manuscript will review the chest imaging abnormalities in patients
who have recovered from SARS-CoV-2 infection.

ACUTE PULMONARY COVID-19: CLINICAL COURSE AND IMAGING

After exposure to SARS-Cov-2, the median incubation time is 4 to 5 days, and the vast majority of
patients who become symptomatic will have symptoms by day 11 (8). The number of patients positive
for SARS-COV-2 that are symptomatic widely varies in the literature with 25 to 80% of patients reporting
fever, cough or shortness of breath at some point during the course of infection (9, 10). 14% of subjects
who test positive for SARS-Cov-2 will be hospitalized (11). The rate of Intensive Care Unit (ICU)
admission amongst hospitalized patients is 20 to 30% (12) and 60 to 70% of those admitted to the ICU
need invasive mechanical ventilation (13). Mortality rates have decreased over time and vary according
to region and timing during the pandemic. A study in a health system in New York found that in-hospital
adjusted mortality decreased from 25% to 7% over 6 months of the pandemic (14). Overall ICU mortality
has ranged from 30 to 50% throughout the pandemic (15) and is influenced by many factors including
ICU strain (16) and location (epicenter vs. non-epicenter) (17). Severe disease is associated with
advanced age, male sex, residence in a nursing home, underlying comorbidities (e.g., cardiovascular
disease, diabetes, chronic lung disease, hypertension etc.) and higher computed tomography (CT)
severity scores (18-21). In patients with underlying co-morbidities, the rate of hospitalization is 6-times
higher and the rate of death is 12-times higher (11). ICU mortality is associated with advanced age, male
sex, higher body mass index, coronary artery disease, cancer, diabetes mellitus, hypercholesterolemia
and chronic obstructive pulmonary disease (22) as well as hypoxia, liver dysfunction or kidney
dysfunction on ICU admit (15). Though African American/Black and Hispanic populations have higher
rates of infection and mortality, case fatality rates are similar to non-Hispanic whites (23).

The lungs are the organ of greatest concern in patients with acute COVID-19 and hypoxemia on ICU
admission is an independent risk factor for death (15). Of those infected with SARS-CoV-2, 14% will
develop dyspnea, tachypnea, hypoxia and/or lung opacities and 5% develop respiratory failure, septic
shock, and/or multiorgan dysfunction or failure (24). When there is lung involvement, chest CT in the
first five days after symptoms most commonly reveals ground glass opacities (GGO) or mixed GGO and
consolidation in a peripheral and subpleural distribution (25-27) with a peak in acute CT findings around
day 10 (Fig 1) (28). The opacities may be nodular and peribronchovascular in distribution. Pleural
effusions and adenopathy are typically absent. Those with lesions initially in a unilateral distribution
quickly evolve into bilateral involvement (29). A study evaluating early radiologic features in COVID-19



found that a dilated pulmonary artery and air bronchograms were seen in the majority of patients. The
dilated vessel, a finding seen in thrombosis, increased blood flow, or small emboli, could be a marker of
the coagulopathy seen in COVID-19 (30). A quarter of patients had a halo sign composed of ground glass
opacity around a solid nodule (Fig 2) (25, 31). While the halo sign has often been associated with a
vascular etiology it may also represent organizing pneumonia (32). Additionally, a reversed-halo
appearance, in which soft tissue density surrounds more central ground-glass opacity has been
described (33). In some patients these changes will evolve to include mild and focal reticular
abnormalities by week 2 and an increase in consolidative abnormalities by week 3 (29) while others will
have decrease in CT findings by week 3 (27).

The extent of lung involvement in the acute phase of infection is associated with the degree of
underlying systemic inflammation and portends a worse outcome (34, 35). The resolution of these acute
changes is variable (27) and some patients will go on to develop post-acute fibrosis. In spite of the
prevalence of lung involvement in acute COVID-19 and the recognition of characteristic patterns, these
patterns in acute disease are nonspecific. Imaging however plays a central role in the diagnosis and
management of patients with suspected acute COVID-19, including the identification of alternative
diagnoses and the presence of complications as pulmonary embolism (36).

POST-ACUTE SEQUELAE OF COVID-19

The recovery from SARS-CoV-2 infection is variable. Though most will make a total recovery, others will
suffer from post-infection sequalae long after they recover from the acute infection with severity of
symptoms ranging from mild to debilitating. In a study of healthcare workers with mild COVID-19, 26%
had moderate to severe symptoms for 2 months and 15% had moderate to severe symptoms for 8
months (37). The most common symptoms reported were lost of taste or smell, fatigue and shortness of
breath. Identified risk factors for post-infection symptoms include increasing age and body mass index,
female sex and a higher number of symptoms during the acute illness (38). This constellation of
symptomes, initially referred to as “Long COVID”, is now called “Post-Acute Sequelae of COVID-19”
(PASC), and the National Institutes of Health (NIH) convened a workshop in December 2020 to
summarize existing knowledge and identify knowledge gaps and research priorities (39). Lingering
guestions that were addressed include the cause and risk factors for PASC as well as management.

POST-COVID LUNG DISEASE

Studies from other viral infections with pulmonary involvement suggest that functional and radiologic
impairments persist beyond hospital discharge. In the original SARS-CoV outbreak in 2003, which had
8,000 confirmed cases and a 9% mortality rate (40), reticular abnormalities were first noticed at 2 weeks
when CT abnormalities were most severe (41). While the GGOs and consolidations slowly improved,
fibrosis was seen in 50 to 60% of patients on follow-up scans after discharge (41, 42). Fibrosis was more
common in the elderly, those with a longer length of stay, those with a higher lactate dehydrogenase
(LDH) in the acute phase (43) and those with notable exercise intolerance after recovery (44). In 2012,
Middle East Respiratory Syndrome (MERS), caused by the coronavirus MERS-CoV, was first identified in
Saudi Arabia. As of January 2020 there were 2,519 confirmed cases with just over a 34% mortality rate
(45). A study of 36 patients who had follow up chest X-rays (median of 43 days) after recovering from
MERS showed that 33% had residual reticular opacities suggestive of fibrosis (46). Similar to the SARS
data, these patients also had significantly longer ICU stays, higher peak LDH levels, and were older
compared to those without reticulations. Post-acute fibrosis has also been reported in other viral



infections with lower morbidity and mortality. In HIN1 influenza infection, which was benign in most
cases and had an overall 0.5% mortality, there are reports of post-infection fibrosis (47-49) though the
exact incidence is unknown. A recent meta-analysis in preprint of 60 studies looking at follow-up
imaging after inpatient admissions for SARS-CoV, SARS-CoV-2, MERS or influenza pneumonia found
inflammatory changes (ground glass opacity or consolidation) in 56% of scans and “fibrosis”
(reticulation, lung architectural distortion, interlobular septal thickening, traction bronchiectasis, or
honeycombing) in 40% (50). Given the known association between other viral pneumonias and fibrosis
as well as the incidence of pulmonary involvement in COVID-19 during the acute illness and persistent
respiratory symptoms after recovery, there has been a focus on the post-acute lung disease in COVID-19
(51).

In the evaluation of subjects with post-covid lung disease, clinical phenotypes have emerged. The
majority of patients with significant radiographic abnormalities will have accompanying symptoms (i.e.,
breathlessness with or without cough) or abnormalities on lung physiology. However, it is recognized
that a subset of patients will have symptoms suggestive of lung involvement without imaging
abnormalities; conversely significant imaging abnormalities may be present without attributable
symptomes.

ETIOLOGY OF POST-COVID LUNG DISEASE

It is unclear if post-acute changes are a sequela of lung injury/acute respiratory distress syndrome
(ARDS), the effects of mechanical ventilation or direct injury from the virus. Pulmonary fibrosis is known
to develop in a subset of patients with ARDS (52) and the duration of acute respiratory failure in ARDS
has been independently implicated in the development of pulmonary fibrosis (53). In a subset of ARDS
survivors, persistent fibrotic changes often correlate with restrictive physiology on pulmonary function
tests (PFTs) and a worse health- and pulmonary-related quality of life up to 2 years after index
hospitalization (54, 55). Ventilator-induced lung injury, a direct injury to alveoli that leads to pulmonary
interstitial edema, hyaline membrane formation and alveolar collapse, is commonly seen in patients
with ARDS (56) and can directly contribute to the development of pulmonary fibrosis (57). It may have a
role in the development of post-COVID lung disease given the longer duration of mechanical ventilation
(58) and higher incidence of barotrauma (59) seen in subjects with COVID-19 ARDS compared to non-
COVID ARDS. Autopsy studies of subjects dying from COVID-19 show evidence of ARDS on biopsy as well
as SARS-CoV-2 in pneumocytes (60, 61), fibroblast proliferation and microscopic honeycombing (62).
Viruses are known to influence responses to other fibrotic stimuli and in select cases cause fibrosis on
their own (63). The relative contributions of these factors to post-COVID lung disease are currently
unknown. In a small subset of patients, the etiology of post-COVID lung disease appears to be an
exacerbation of underlying interstitial lung disease (Fig 3) (64), a known complication in these patients
after lung infection (65).

CT EVALUATION

A comprehensive CT examination of a patient who has dyspnea following COVID-19 should include
helical supine inspiratory chest CT acquisition with contiguous or overlapping thin (<1.5 mm) section
reconstructions and expiratory thin-section CT (66, 67). The identification of new emphysema, cysts, and
mosaic attenuation in some patients after COVID-19 infection suggests that the infection may
sometimes result in airflow obstruction (Fig 4). Persistent air trapping was previously identified after
SARS infection (68), and can also be seen after other viral infections. For this reason, expiratory CT



should be routine in the post-COVID patient. Prone thin-section imaging through the lung bases is often
important to clarify whether dependent opacities on supine imaging represent atelectasis or true
abnormality. As discussed below, acute or chronic pulmonary thromboembolic disease may also be a
cause of symptoms in the post-acute COVID patient (Fig 5), and the threshold for performing CT
angiography should be low. Comparison with acute-phase imaging is important to understand the
temporal course of the abnormality.

CT FEATURES IN POST-COVID LUNG DISEASE

In the early convalescent phase of COVID-19, radiologic changes are common, though the prevalence
clearly varies depending on the study population, the interval after infection, and the severity of initial
illness. Reticular abnormality was found at about two weeks after onset of symptoms in seven of 20
patients who had isolated abnormality on baseline CT (25). In 51 hospitalized patients studied at about
four weeks after discharge, there was substantial improvement in CT findings in most patients, but 54%
had persistent abnormalities, most commonly interlobular septal thickening and focal or multifocal GGO
(Fig 2) (69). About 75% of discharged subjects will have abnormalities in pulmonary function at 30 days
(70), most commonly a reduced diffusing capacity for carbon monoxide (DLCO). The reduction in DLCO
and the extent of lung abnormality and fibrotic abnormality on CT are correlated with severity of illness
during hospitalization (70).

In a subset of patients, these early convalescent changes persist. In a study of follow-up scans at 3
months in 52 subjects with COVID-19 and abnormal initial CT (25% of whom were never hospitalized) 22
(42%) showed residual abnormalities (71). Those with residual disease were more likely to be
symptomatic with dyspnea, chest pain or cough, but 10 of 30 patients with complete resolution of CT
abnormality were also symptomatic. The most common findings at follow-up were GGO and subpleural
parenchymal bands (Fig 6). A study of three-month scans in 48 survivors of severe COVID-19 who
required mechanical ventilation found normal imaging in only 4% (72). GGO was seen in 89%, and signs
of fibrosis (described as coarse fibrous bands either with or without obvious parenchymal distortion,
bronchiectasis, and bronchiolectasis) were seen in 67%. CT severity scores were elevated and patients
had corresponding PFT abnormalities (reductions in lung volumes and DLCO). Residual abnormalities
were predominantly located in areas that showed GGO with reticulation on baseline scans. Areas that
had consolidation at baseline usually cleared on follow-up and the distribution of fibrosis in this cohort
was diffuse. Areas of decreased attenuation attributed to small airways disease or hypoperfusion were
seen in 46%, and new emphysematous or cystic lesions were seen in 25%.

Longer follow-up studies on these patients are currently limited. A study of 171 patients scanned 4
months after hospitalization for COVID-19 found abnormalities in 76% of intubated patients and 58%
non-intubated patients (73). GGO was the most common abnormality but 19% had fibrotic lesions
predominately in a subpleural location involving less than 25% of the lung parenchyma. There was a high
prevalence of dyspnea and reduced lung function in those with CT abnormalities, and the prevalence of
fibrotic abnormalities was higher in those who had ARDS during the acute phase. In a 6-month follow-up
study of 114 survivors of severe COVID-19 pneumonia, 35% had CT evidence of fibrotic-like changes
(traction bronchiectasis, parenchymal bands and/or honeycombing) and a portion of these had
reductions in DLCO (74). GGO was present in 21%, but the extent of GGO and consolidation was clearly
decreased in extent from baseline, while the prevalence of reticular abnormality increased from
baseline. Predictors of fibrotic-like changes at six months included ARDS, extensive baseline CT



abnormality, noninvasive mechanical ventilation, prolonged hospital stay, and age>50. A brief report on
6 month scans in 12 patients showed that the fibrotic-appearing abnormality occurs in areas of the
original changes during the acute phase of infection (75). A more recent follow-up study of 118 patients
who had moderate or severe COVID-19 pneumonia, which adopted a stricter definition of fibrotic-like
changes, found fibrotic-like changes in 72% (Caruso et al [119]). On multivariate analysis, these fibrotic
like changes were correlated with age >65 years, and need for mechanical ventilation, and inversely
correlated with the extent of aerated lung at baseline.

The identification of a subgroup of patients with persistent or slowly resolving groundglass and/or
consolidative opacities has led to the speculation that some patients recovering from COVID-19 will have
persistent organizing pneumonia (OP) or its histologic variant acute and fibrinous organizing pneumonia
(AFOP) (76). It is certainly true that some patients with PASC have typical CT findings of OP including
perilobular thickening (Fig 7) and atoll sign (Fig 8), which usually resolve with time. It is our experience
that the majority of subjects have opacities in areas of abnormalities during the acute infection
suggesting resolving lung injury as opposed to new areas of injury. OP is a known post-viral response
that has been reported in both HIN1 and SARS (77, 78) and early post-mortem studies in COVID-19 have
reported histopathologic evidence of AFOP (79, 80). Though reports of temporal changes vary, it seems
a third will resolve in one to two months after acute infection (76). Corticosteroids have been reported
to speed resolution of these abnormalities (81, 82) and it is speculated that the impact of steroids on
outcome measures in acute COVID-19 (83, 84) may be in part due to treatment of OP or AFOP. However,
in the absence of clinical trials, we would caution against the use of steroid treatment based on imaging
findings alone.

THE ROLE OF PULMONARY EMBOLISM IN PASC

Given the evidence of direct invasion of the endothelium by SARS-CoV-2 (85) as well as the associated
hypercoagulable state and increased risk of deep vein thrombosis and pulmonary embolism in acute
infection (86), there is concern that venous thromboembolism (VTE) may play a role in a subset of
patients with PASC. The prevalence of VTE in hospitalized acute COVID-19 patients may be as high as
25% (87, 88) and one study found the rate of pulmonary embolism to be 24% for patients on the general
wards and 49% for patients in the ICU (89). A meta-analysis of 3342 patients showed that pulmonary
embolism and deep venous thrombosis occurred in 16.5% and 14.8%, primarily in the acute phase of
infection, and more commonly in those admitted to the intensive care unit (90). Two thirds of the
pulmonary emboli in the acute setting are found in the segmental and subsegmental arteries (89). Given
that the duration of the hypercoagulable state is unknown, patients in the recovery phase may still be at
increased risk for new pulmonary emboli or suffering from symptoms of undiagnosed pulmonary emboli
in the acute setting. Evaluation for pulmonary emboli should be considered in patients with pulmonary
symptoms unexplained by imaging and/or unexplained reductions in DLCO with some recommending
lung perfusion imaging as a routine triage tool in survivors of COVID-19 (91).

Dual energy CT may have an important role in evaluating post-COVID patients with persistent
symptomes. In a study of 55 patients who underwent dual-energy CT angiography for persistent
symptoms at three months after COVID-19, three had filling defects compatible with thromboembolism,
but 32 (58%) had perfusion defects, (including four patients who had normal-appearing lung
parenchyma) suggesting persistent microvascular abnormalities in these patients (92). Interestingly 15



patients had areas of increased perfusion, which corresponded to areas of GGO, parenchymal bands or
tree-in-bud pattern. These findings suggest that vascular dysregulation is common after COVID-19.

CLASSIFYING PATTERNS OF POST COVID LUNG DISEASE

Interpretation of the published studies of CT following COVID-19 is complicated by the varying definition
of CT findings and lack of histologic correlation. Although the finding of GGO in PASC is often assumed to
represent inflammatory abnormality, there is little or no histologic or other evidence to support this
assumption, and it is possible that GGO represents immature fibrosis which may either resolve or
progress with time (93). Conversely, the term fibrosis is often used to encompass post-COVID findings
such as parenchymal bands, subpleural bands which likely represent focal atelectasis or scarring rather
than diffuse fibrosis. Reticular abnormality and interlobular septal thickening without other evidence of
fibrosis may reflect inflammatory interstitial thickening. These changes may resolve on further follow-up

(Fig 6).

The broad definition of “fibrosis” in above-cited studies of post-acute COVID may have inflated its
prevalence. We believe that the term fibrosis should be reserved for more specific signs such as traction
bronchiectasis or bronchiolectasis, honeycombing, or architectural distortion (Figs 9, 10) (94). The
natural history of these fibrotic-like abnormalities remains unclear. In our experience at least some
reticular abnormality improves slowly with time (Fig 6), but there also appears to be a subset of patients
who develop progressive lung fibrosis (Figs 3, 11). We propose that CT appearances in PASC should be
classified as follows: 1) predominantly ground glass; 2) mixed ground glass and fibrotic; 3)
predominantly fibrotic. Parenchymal or subpleural bands without other fibrotic abnormality can usually
be ignored.

POTENTIAL ROLE FOR QUANTITATIVE IMAGING IN POST-COVID LUNG DISEASE

A variety of quantitative techniques have been used to quantify COVID-19 infection in the early phase,
ranging from simple densitometry to deep learning methods (95, 96). Quantitative CT (QCT) assessment
of severity of COVID-19 infection in the early phase of infection is an independent predictor of ICU
admission and of mortality (97-99). QCT may also be used to assess sequential change in lung volumes
and pulmonary opacity (99). Evaluation of QCT in the post-acute stage of COVID has been more limited.
A study of 41 COVID survivors and a similar study of 29 subjects both showed that QCT metrics of
pneumonia decreased progressively over 6-7 months (100, 101). However, in order for QCT to have a
useful role in assessment of PASC in the lung, it will be important to develop distinct metrics to
differentiate between ground glass opacity (which may be identified by densitometry) and fibrotic
appearing abnormality.

Quantitative CT metrics of fibrotic lung disease may have a role in the evaluation of post-COVID lung
disease (102). For example, data-Driven Textural Analysis (DTA), a deep learning based technique (103-
107), when used in chronic fibrotic lung disease, correlates with visually estimated fibrosis and with
physiologic impairment, and can predict progression (104, 105). In a pilot evaluation, we have found
that DTA effectively discriminates between ground glass and fibrotic-appearing abnormality and can
detect improvement in fibrotic-appearing abnormality over time (Fig 12). Other texture-based analysis
systems (108) will likely demonstrate similar performance. However, much more technical and clinical
validation will be necessary in order for QCT to have a clinical role in assessment of PASC



PREDICTORS OF POST-COVID LUNG DISEASE

Studies are beginning to identify risk factors for post-COVID lung disease. In a study of patients that
looked at HRCT scans 5 months after discharge, there was a correlation between the extent of
abnormality on HRCT and the severity of illness as measured by the need for admission, oxygen and
mechanical ventilation (109). Pulmonary function testing in these subjects revealed a correlation
between reduced DLCO and severity of illness with women and elderly patients having a higher
likelihood of having a diffusion impairment. Other studies have found that higher inflammatory markers
(C-reactive protein, LDH and interleukin-6) (102, 110-112), high d-dimer (113), white blood cell count
(110), albumin level (102), older age (74, 113), male sex (113, 114), underlying co-morbidities (113), ICU
admission (114), longer hospital stay (74, 111), the need for mechanical ventilation (73, 112), the
duration of mechanical ventilation (112) and a diagnosis of ARDS (73, 74) have been associated with
worse fibrosis on follow-up scan. Recently, shorter leukocyte telomere length, a risk factor for other
fibrotic lung diseases including idiopathic pulmonary fibrosis (IPF), has been associated with post-COVID
fibrotic changes on CT (112). Tobacco smoking may not predict residual disease (71). COVID-19 that
develops in patients with pre-existing pulmonary fibrosis may lead to accelerated fibrosis (Fig 3).

TREATMENT OF POST-COVID LUNG DISEASE

Therapies for patients with post-COVID lung disease are beginning to be investigated. In the early stages
after acute infection with CT patterns suggestive of OP, corticosteroids are being considered as
discussed above. In addition, agents to mitigate or prevent fibrosis are actively being investigated. The
antifibrotic therapies used in chronic fibrotic lung disease (nintedanib and pirfenidone) have biologic
plausibility in post-COVID lung fibrosis (115) and nintedanib, a tyrosine-kinase inhibitor shown to slow
progression in idiopathic pulmonary fibrosis (116), is being investigated as an agent to mitigate the
fibrosis after COVID-19 (ClinicalTrials.gov # NCT04619680). Genistein is a selective agonist of estrogen
receptor beta (ER[). ERB activation promotes DNA repair, cell cycle regulation, and importantly, anti-
inflammatory and ant-fibrotic effects through repression of expression and activation of nuclear factor
kappa light-chain-enhancer of activated B cells (NF-kB) (117). It is currently being investigated, in a
National Institute of Allergy and Infectious Diseases (NIAID) supported trial, as an oral agent to mitigate
fibrosis post COVID. The role of emerging treatments in the subset of patients with asymptomatic lung
disease is currently unclear.

CONCLUSION

A detailed high-resolution CT should be performed in all patients with dyspnea following SARS-CoV-2
infection. The most common abnormalities are GGO, parenchymal bands, reticular abnormality, traction
bronchiectasis, and mosaic attenuation. The prevalence of CT abnormalities varies depending on the
severity of initial lung involvement, and the time interval since infection. Longitudinal studies suggest
that GGO can be replaced with fibrotic-appearing abnormalities, and abnormalities may persist in
patients with known risk factors. However multiple areas of uncertainty persist and will require further
research (Table 2). Although no therapy is approved for post-COVID lung fibrosis, investigations of
candidate drugs are ongoing. The long-term impact of CT findings on respiratory symptoms, pulmonary
function or quality of life is unknown.
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Figure 1. 59-year-old woman with sequelae of COVID-related acute respiratory distress syndrome
(ARDS). (A) CT on admission shows patchy consolidation and ground glass abnormality. This
subsequently progressed to ARDS. (B) Two months later, the consolidation has resolved but there is
moderate ground glass abnormality, multifocal linear abnormality and mild bronchiectasis. (C) Seven
months after admission, these abnormalities had almost completely resolved, and restrictive pulmonary
function also resolved.



Figure 2. 59-year-old woman with sequelae of COVID-related acute respiratory distress syndrome
(ARDS). (A) CT on admission shows patchy nodular consolidation. A halo of ground glass opacity is
present around the largest left lower lobe nodule. The patient subsequently developed ARDS. (B) Two
months later, the consolidation has resolved with moderate ground glass abnormality. (C) Three months
after admission there is further improvement in ground glass. (D) Eleven months after admission there is
still mild residual ground glass abnormality, but symptoms had resolved and pulmonary function was
normal.



Figure 3. Progressive pulmonary fibrosis in a 67-year-old man with a history of relatively mild, stable
fibrotic hypersensitivity pneumonitis. (A) Baseline CT shows mild ground glass and reticular abnormality.
(B) CT angiogram obtained two months after infection shows substantially increased reticular
abnormality with mild traction bronchiectasis. (C) CT obtained two months later shows increased
traction bronchiectasis indicating progressive fibrosis.
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Figure 4. Obstructive lung disease after COVID-19 in a 60-year-old woman. (A) Inspiratory CT with
persistent shortness of breath and chest tightness eight months following COVID-19 infection shows
subtle mosaic attenuation, best seen in the anterior left upper lobe. (B) Expiratory CT confirms lobular
air trapping, which was present on multiple images, indicating small airway obstruction.



Figure 5. Pulmonary vascular disease after COVID-19 in a 63-year-old woman. (A) CT pulmonary
arteriogram with persistent shortness of breath and elevated d-Dimer, seven weeks after onset of
infection, shows obstructive thrombus in right interlobar pulmonary artery. (B) CT with lung windows at
a lower level shows patchy ground glass opacity, and a focal wedge-shaped consolidative abnormality in
the right middle lobe typical for pulmonary infarct. (C) Three months later, the large central thrombus
had resolved, but nonocclusive linear webs were present in segmental vessels (arrows), typical for
chronic thromboembolic disease.



Figure 6. Resolving reticular abnormality and subpleural bands following COVID-related acute
respiratory distress syndrome (ARDS). (A) CT two months after infection shows ground glass abnormality
with mild reticular abnormality and subpleural bands. No traction bronchiectasis or architectural
distortion is visible. (B) CT six months after infection shows partial clearing. (C) CT eleven months after
infection shows near complete resolution, with mild residual ground glass abnormality. Pulmonary
function returned to normal.



Figure 7. Organizing pneumonia pattern after COVID-19 infection in 64-year-old man. (A) CT obtained
four months after infection onset shows patchy ground glass abnormality with bilateral peri-lobular
thickening (arrows). (B) CT obtained three months later shows near complete resolution, with mild
residual ground glass and linear abnormality. The patient had mild residual pulmonary symptoms.



Figure 8. Organizing pneumonia pattern with atoll sign following COVID-19. (A, B) Axial and coronal CT
images show multiple areas of sharply demarcated ground glass abnormality with thin peripheral rim
(arrows).



Figure 9. 54-year-old man with COVID-related acute respiratory distress syndrome (ARDS) and
subsequent fibrosis. (A) CT two weeks after admission shows diffuse ground glass abnormality with
reticular abnormality and traction bronchiectasis in the right middle lobe indicating an organizing phase
of lung injury. (B) CT six months after admission shows decreased ground glass abnormality but
extensive traction bronchiectasis and architectural distortion suggesting fibrosis. The patient remained
symptomatic with restricted pulmonary function.



Figure 10. Post-COVID fibrosis in a 79-year-old woman. CT obtained three months after acute infection
with acute respiratory distress syndrome (ARDS) shows reticular abnormality with traction
bronchiectasis. Mild patchy ground glass abnormality is also present. The findings were new from a pre-
COVID-19 CT scan, and the patient had persistent exertional dyspnea.



Figure 11. Progressive fibrosis following COVID-19 in 64-year-old man. The patient had a relatively mild
COVID-19 infection which did not require intensive care unit (ICU) care, but subsequently developed
progressive shortness of breath. (A) CT obtained six weeks after infection shows moderately extensive
reticular abnormality with traction bronchiectasis. (B) CT obtained six months later shows progressive
reticular abnormality and traction bronchiectasis. The patient had progressive shortness of breath and
physiologic impairment.



Figure 12. Quantitative CT assessment of linear/reticular abnormality following COVID-19 acute
respiratory distress syndrome (ARDS) in a 59-year-old woman. (A) Coronal CT obtained ten weeks after
onset of infection shows ground glass abnormality with linear and reticular abnormality at both bases.
(B) Corresponding quantitative CT image delineates the linear/reticular abnormality, quantified at 10.5%
of the lung volume. (C) Four months later, the extent of ground glass and of linear/reticular abnormality
has decreased substantially. Symptoms had resolved, and pulmonary function had returned to normal.
(D) Corresponding quantitative CT indicates decrease in linear/reticular abnormality, now 4.6%.



Table 1: Glossary of Terms Used in Postacute Sequelae of COVID-19

SARS-CoV-2 Severe Acute Respiratory Syndrome A virus that causes respiratory illness in
Coronavirus 2 humans, first reported in 2019

COVID-19 Coronavirus Disease 19 A disease caused by the SARS-CoV-2 virus

PASC Post-acute sequelae of COVID-19

Persistent symptoms and/or delayed or
long-term complications of SARS-CoV-2
infection beyond 4 weeks from the onset of
symptoms(118)




Table 2. Imaging of Postacute Sequelae of COVID-19: Areas of Uncertainty

Clinical and functional significance of CT findings

Relationship between preexisting interstitial lung disease and post-COVID-19 fibrosis

Relationship between preexisting interstitial lung abnormality and post-COVID-19 fibrosis

Pathologic correlation of CT findings

Long-term outcome

Predictors of improvement versus progressive fibrosis






