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This case presents a patient with severe COVID-19 pneumonia requiring intensive care unit admission and a prolonged hospital
stay. The infection resulted in long-term morbidity, functional decline, and abnormal chest CT findings. The mechanisms for long-
term lung injury after COVID-19 infection, imaging appearances, and the role of imaging in follow-up are discussed.
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Case Presentation (Dr Mark C. Murphy)

A 51-year-old man with hypertension and chronic renal
impairment presented to the emergency department in
late 2020 with acute hypoxemic respiratory failure. A
nasopharyngeal viral polymerase chain reaction test was
positive for SARS-CoV-2. Chest radiography revealed
bilateral lower lung—predominant airspace disease typi-
cal for COVID-19 pneumonia (Fig 1). He developed
acute respiratory distress syndrome (ARDS) and re-
quired intensive care unit transfer, mechanical ventila-
tion, and venovenous extracorporeal membrane oxy-
genation. Chest CT revealed a diffuse alveolar damage
(DAD) pattern with extensive ground-glass opacities
and dependent consolidation (Fig 2). He received extra-
corporeal membrane oxygenation for 5 weeks, then tra-
cheostomy ventilation for a further 3 weeks. Repeat CT
1 month after presentation demonstrated an organizing
lung injury pattern with multifocal consolidation, mild
bronchial dilation, and small-volume pneumomedias-
tinum (Fig 3). After continued improvement, he was
discharged 4 months after his initial presentation.

After discharge, he completed physical and respira-
tory rehabilitation. He returned to work but had per-
sistent shortness of breath and hypoxemia, with oxygen
saturation transiently dropping to 90% with dyspnea
on exertion. Five months after presentation, pulmonary
function tests showed a forced vital capacity (FVC) at
the lower limit of normal; forced expiratory volume in
one second (FEV)) and FEV -to-FVC ratio were within
the normal range. Outpatient CT performed 6 months
after presentation revealed improvement of the previous
ground-glass opacities, with mild bronchiectasis and
residual lower lung—predominant parenchymal bands.
Expiratory imaging showed air trapping (Fig 4).

One week after outpatient CT, the patient presented
with new chest pain, increased shortness of breath, right
lower extremity edema, elevated D-dimer level, and
anemia. CT pulmonary angiography demonstrated bi-
lateral segmental and subsegmental pulmonary emboli
(PE); bilateral asymmetric ground-glass opacities and

consolidation were new from 1 week prior (Fig 5). FEV,
and FVC were mildly decreased, FEV -to-FVC ratio was
normal, total lung capacity was moderately decreased,
and diffusing capacity of the lung for carbon monoxide
(Drco) was mildly decreased at 62%. Bronchoalveolar
lavage findings were positive for Pneumocystis jiroveci
(PJP) microorganisms. Treatment consisted of high-
flow oxygen administered via a nasal cannula, piperacil-
lin and tazobactam (Zosyn; Pfizer), and trimethoprim
and sulfamethoxazole (Bactrim; Roche) for presumed
bacterial pneumonia and PJP, and intravenous heparin
for PE. Given the relatively rapid onset and asymmetric
distribution of pulmonary opacities, it was unclear if the
findings were secondary to PJP or if the positive culture
represented colonization, with another type of pneumo-
nia as the primary cause. His condition improved, and
he was discharged on apixaban.

After discharge, shortness of breath and exercise toler-
ance gradually improved. FEV -to-FVC ratio and FEV,
were normal, FVC and total lung capacity remained
mildly decreased, and a mildly decreased Drco was un-
changed. Repeat chest CT was performed at this time
and demonstrated mild residual parenchymal bands,
bronchiectasis, and trace ground-glass opacity (Fig 6).
The patient had a subsequent mild SARS-CoV-2 infec-
tion that did not require hospitalization and has been
followed with plans for repeat chest CT and spirometry
for 1 year.

Case Discussion (Dr Brent P. Little)

What is the Clinical Importance of Postacute Sequelae of
COVID-19, Long COVID, and Post-COVID Syndrome?

Mortality from the ongoing COVID-19 pandemic has
been devastating, with an estimated 680 million cases and
6.8 million deaths to date worldwide (1). However, many
survivors have chronic symptoms and functional limitations
that can be considered a pandemic within a pandemic. The
variety of respiratory, neurologic, cardiac, musculoskeletal,
and other signs and symptoms have been termed post-acute
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Abbreviations

ARDS = acute respiratory distress syndrome, DAD = diffuse alveolar
damage, Drco = diffusing capacity of the lung for carbon monoxide,
FEV, = forced expiratory volume in 1 second, FVC = forced vital capac-
ity, ILD = interstitial lung disease, OP = organizing pneumonia, PASC
= post-acute sequelac of COVID-19, PE = pulmonary emboli, VTE =
venous thromboembolic disease

Summary

The sequelae of diffuse alveolar damage and organizing pneumonia can
be seen after COVID-19 infection; most findings will slowly improve
or resolve, with persistent parenchymal scarring in a small subset of
patients.

Teaching Points

= The cause of lung injury with COVID-19 includes direct viral
injury, host immune response, and barotrauma, with each having
the potential to cause long-term lung damage.

= Common residual CT findings after COVID-19 infection include
faint ground-glass and perilobular opacities, bronchiectasis, and
parenchymal bands.

= The term fibrosis should be initially avoided, as appearances usu-
ally improve or resolve over time. Improving CT findings correlate
with measures of respiratory function.

= An increased risk of thrombosis relates to a hyperinflammatory
state and can persist for 3-6 months, decreasing over time.

= Thin-section noncontrast chest CT should be used for follow-
up. Inspiratory-expiratory CT, CT pulmonary angiography, and
ventilation-perfusion studies have roles in select cases.

sequelae of COVID-19 (PASC), with the term long COVID gener-
ally used for symptoms lasting more than 30 days and the term
post-COVID syndrome being used for symptoms persisting for at
least 12 weeks (2). Although previous coronavirus outbreaks of
SARS-CoV-1 and Middle East respiratory syndrome were also
associated with long-term sequelae, many more individuals have
already experienced PASC, estimated at 5%—10% of individuals
with documented COVID-19 (3). Ongoing viral mutation, fre-
quent reinfection, vaccine hesitancy, and reduced vaccine efficacy
all contribute to an expanding number of individuals with long-
term sequelae of COVID-19. Although post-COVID symptoms
are more frequent and severe in those with severe initial infection
(3), individuals who experience PASC are not limited to those
with severe COVID-19; for example, PASC was reported by 15%
of patients with mild infection at 8 months in one study (4) and in
4% of patients who did not require hospitalization in another (3).
In addition, a substantal proportion of individuals—56% in a
recent study of the COVID-19 Omicron variant—were unaware
of their own previous SARS-CoV-2 infection (5) and could expe-
rience PASC without recognition of the cause.

What Is the Typical Evolution of Lung Imaging in COVID-19
and What Are the Typical Chronic Lung Findings?

Acute findings and pathology.—Typical acute findings include
bilateral ground-glass opacities and consolidation with a periph-
eral and bronchocentric predominance, an appearance that can
be seen in other viral pneumonias and organizing pneumonia

(OP) (Figs 1, 2) (6,7). Ground-glass opacities appear in the first

Figure 1: A 51-year-old man with COVID-19 infection. Anteroposterior chest
radiograph shows extensive pulmonary opacities bilaterally with a lower lung and
peripheral predominance.

Figure 2: A 51-year-old man with COVID-19 infection. Axial contrast-
enhanced CT image obtained the week of initial presentation after infensive care

unit transfer. There is dense consolidation within the dependent portions of the
lungs bilaterally (dashed arrows) and multifocal ground-glass opacity within the
nondependent portions of the lungs (solid arrows). These findings are suggestive of
a diffuse alveolar damage pattern of lung injury.

few days, followed by mixed consolidation and ground-glass
opacity (8). Vaccination and SARS-CoV-2 variants can modu-
late this appearance (9—11). Other features that can be seen in
OP including perilobular and bandlike opacities, are also fre-
quently reported (12,13). In severe disease, findings of DAD,
such as diffuse ground-glass opacities, bronchial dilatation, and
dependent consolidation, are common (Figs 2, 3) (14). Autopsy
studies have shown acute fibrinous OP and edema with blends
of proliferative and exudative DAD, type II pneumocyte hyper-
plasia, and bronchiolar epithelial necrosis (15,16). Biopsy sam-
ples from living patients have shown various patterns of OP and
other forms of pneumonitis (17).

Long-term parenchymal findings.—Chronic lung abnormali-

ties of COVID-19 likely represent a complex mixture of se-
quelae of direct viral damage, acute lung injury with DAD,
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ventilator-associated lung injury, and immune-mediated
processes. The likelihood and magnitude of chronic findings
increase with the severity of infection, ARDS, the duration
of hospitalization and mechanical ventilation, older age (18-
20), and inflammatory markers, such as C-reactive protein
(CRP) and p-dimer (20).

In convalescing patients, ground-glass opacities may tran-
siently increase in extent but take on lower attenuation, a find-
ing known as the “tinted sign” and a feature of improving OP
or DAD (21). Ground-glass opacities decrease in extent and
attenuation over the next few weeks, and consolidation almost
invariably resolves or evolves to thin strips of peripheral band-
like opacity (Figs 4, 6). Complete resolution of imaging abnor-
malities occurs in most patients. In a study of severe COVID-19
pneumonia, full resolution of pulmonary findings occurred in
58% of patients, with over half showing resolution at 3 months
and the remainder showing resolution at 6 months; although
35% of these patients were deemed to have fibrotic-like find-
ings at 6 months, the authors used a liberal definition of fibrosis,
and many residual abnormalities were mild (20). However, some
patients with severe COVID-19 have substantial lung abnor-
malities, including fibrosis, necessitating lung transplantation in
some cases (22).

The severity of COVID-19 pneumonia correlates with the
incidence and morphology of residual chronic lung abnormali-
ties. In a large meta-analysis, chronic abnormalities accompa-
nied 38% of severe COVID-19 cases and only 21% of mild or

moderate cases. Ground-glass opacity was the most common
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abnormality in the mild or moderate disease group, while fi-
brotic-like findings were seen more commonly in the severe or
critical group (23). In severe cases, DAD and associated ventila-
tor-induced lung injury in the ARDS setting may be the major
cause of residual lung abnormalities; an anterior predominance

Figure 3: A 51-year-old man with COVID-19 infection. Axial contrast-
enhanced CT image obtained 1 month after initial presentation. There is improved
aeration of the dependent portions of the lungs; however, there is residual con-
solidation with contraction and architectural distortion (solid arrows). There is also
persistent ground-glass opacity (dashed arrows) and new bronchial dilatation
bilaterally. This appearance is suggestive of the organizing phase of acute lung
injury. There is pneumomediastinum (round arrow) likely secondary to barotrauma
from mechanical ventilation.

Figure 4: A 51-year-old man 6 months after COVID-19 infection.
Axial contrast-enhanced CT images from a series obtained at (A, B)
inspiration and (€) expiration. (A) Persistent faint ground-glass opacifies
scattered throughout the lung parenchyma (solid arrows) have decreased
in aftenuation since prior imaging but remain extensive (finted sign). Sub-
pleural curvilinear opacities represent parenchymal bands and perilobular
opacities (dashed arrows). (B) Mild anterior varicose bronchiectasis ap-
preciated anteriorly in the right middle lobe ({round arrows). Faint persistent
ground-glass opacities (solid arrows). (€) Lobular and regional areas of
persistent low attenuation (dashed arrows) on expiratory images consistent
with air frapping, suggestive of small airway disease.
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Figure 5:

A 51-year-old man 6 months after COVID-19 infection with shortness of breath. Axial CT pulmonary angiograms obtained with (A)

soft-tissue and (B) lung window settings at second acute presentation to the emergency department. There are filling defects within several pulmo-
nary artery branches (solid white arrows), consistent with acute pulmonary emboli. Multifocal patchy and linear ground-glass opacities and consoli-

dation (solid black arows) are new from 2 weeks prior. New bronchial wall thickening (dashed black arrows) and bilateral small pleural effusions

(dashed white arrows). These findings suggest a superimposed acute process.

Figure 6: A 51-year-old man 9 months after COVID-19 infection. Axial contrast-
enhanced CT image shows mild persistent anterior varicose bronchiectasis and ar-
chitectural distortion best appreciated in the right middle lobe (dashed arrows). Faint
patchy ground-glass opacities and reficulation are improved from 6-month imaging
and barely perceptible {round arrows). Faint linear parenchymal bands have greatly
improved (solid arrow). This may reflect the patient's new baseline.

of bronchiectasis, reticulation, architectural distortion, and an-
terior air cysts is a well-known pattern of barotrauma-associated
lung injury in the post-ARDS fibrosis setting and can occur in
patients with severe COVID-19 (Fig 6) (24).

The incidence of residual lung abnormalities is lower for
mild or moderate COVID-19 pneumonia; in a 1-year follow-
up CT study, fibrotic-like abnormalities were present in 50%
of patients with moderate pneumonia at 3 months, 42% of
patients at 6 months, and only 5% of patients at 12 months
(25). Residual thin parenchymal bands in a peripheral distribu-
tion with sparing of the subpleural lung are common (Figs 4, 6,
7); however, while some studies have considered parenchymal
bands a form of fibrosis, they often resolve or become barely
perceptible and should not be considered true fibrosis with-
out long-term follow-up (26). Faint geographic ground-glass

opacities that follow the pattern of initial lung involvement are
frequent and can resemble the sequelae of nonspecific intersti-
tial pneumonia or OP (Figs 4, 6, 7).

A mosaic pattern of lung attenuation has been reported in
some COVID-19 survivors. Although the relative contribu-
tions of small-airway and small-vessel disease remain unclear,
air trapping at paired inspiratory or expiratory CT has been
reported in 29%-77% of survivors, although many cases are
mild (Fig 4C, 4D) (27,28). However, available studies do not
compare preinfection imaging and cannot account for preexist-
ing airway disease.

What Is Post-COVID Interstitial Lung Disease?
The term post-COVID interstitial lung disease (ILD) involves
many uncertainties, as several groups have emphasized (29-31).
Although many COVID-19 survivors have residual lung paren-
chymal abnormalities, many of these abnormalities are mild,
fibrosis is uncommon except in severe pneumonia, and a pro-
gressive course is not typical (23). Longitudinal CT imaging is
helpful in some patients with symptoms for (2) distinguishing
findings representing fibrosis from findings that may improve
or resolve (Fig 7); (b) documenting the rate of improvement
and the plateau after which findings are unlikely to substantially
change; (¢) evaluating uncommon cases of progressive fibrosis
or cases of ILD associated with COVID-19, such as OP; and
(d) assessment of worsening of existing ILD due to COVID-19.
It can be problematic to distinguish irreversible fibrosis from
fibrotic-like findings that may improve. Many researchers have
liberally applied the term post-COVID fibrosis to a wide range
of parenchymal abnormalities at CT, such as irregular bron-
chial dilatation, reticulation, parenchymal bands, architectural
distortion, and ground-glass opacities (Fig 8), without patho-
logic proof (32,33). However, these findings may improve over
the course of weeks or months, similar to previous long-term
studies of SARS-CoV-1, Middle East respiratory syndrome,
and ARDS due to other causes (34,35). Irregular bronchial
dilatation is common in DAD due to fibroblastic activity but
frequently resolves in convalescence, arguing against use of the
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term traction bronchiectasis until long-term follow-up shows ir-
reversibility. Honeycombing, the most certain sign of fibrosis, is
uncommonly reported at CT in patients with COVID-19—in
most series reported as 0%—5% (18,36). Parenchymal bands and
residual perilobular opacities seen in many patients may repre-
sent previous organizing lung injury and do not always represent
fibrosis. These issues have likely led to an overestimation of the

Figure 7: A 60-year-old woman with a history of hospitalization for moder-

ate COVID-19 pneumonia requiring supplemental oxygen but not mechanical
ventilation. Axial noncontrast CT image obtained 25 months after presentation for
COVID-19 pneumonia shows bilateral thin parenchymal bands (white arrows),
peripheral reficulation (black arrows), patchy ground-glass attenuation and reficula-
tion, and traction bronchiectasis with architectural distortion (dashed black arrows).
The fibrotic-like findings shown here appear to represent a new baseline given the
2-year period and have a pattern suggesting fibrotic sequelae of organizing lung
injury in the setting of COVID-19. In other cases, parenchymal bands, ground-glass
opacities, reficulation, and bronchial dilatation improve or resolve at follow-up im-
aging and cannot be interpreted as irreversible fibrosis without follow-up imaging.

Anterior Bronchiectasis =

Peri-lobular
opacification /

Parenchymal Bands

Figure 8: Commonly seen chronic CT findings after COVID-19 infection.
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frequency and degree of fibrosis, leading some authors to adopt
the noncommittal term fibrotic-like changes. In addition, ground-
glass opacities and reticulation can be reversible but could also
represent fine fibrosis, correlating with nonspecific interstitial
pneumonia in some pathology studies (17,29). A primary role
for serial imaging is therefore assessing improvement and estab-
lishing the timing and extent of disease at the new baseline (Figs
6, 7). Improving CT findings should prompt the expectation of
potential further clinical improvement, while a plateau in find-
ings may suggest a new baseline and prompt optimization of
other clinical factors. If the trajectory of CT findings is discrep-
ant from changes in clinical status, other contributors should be
considered, including pulmonary vascular disease.

A limited but substantial percentage of patients may have
persistent or new OP after COVID-19 pneumonia. A trans-
bronchial biopsy study of 50 selected patients from a post-
COVID clinic with ongoing dyspnea and CT abnormalities
(median, 108 days after diagnosis) showed histology of OP
in most patients (32%) (37). Case reports and imaging and
pathology series have also shown findings of OP and non-
specific interstitial pneumonia (17), and there are reports of
new or worsening OP in the first few weeks to months after
COVID-19 (38,39). However, reports of OP attributed to
COVID-19 in the longer term (>6 months) are lacking. Al-
though corticosteroid therapy is common in the case litera-
ture, there is no consensus guideline on the timing and use of
steroids in post-COVID-19 OP (39).

In a small subset of patients, preexisting ILD may be wors-
ened by COVID-19. A small surgical lung biopsy study of 18
patients with persistent respiratory symptoms after COVID-19
infection showed usual interstitial pneumonia fibrosis in 50% of
cases. Of the usual interstitial pneumonia cases, nearly half had
evidence of preexisting lung disease, and many had peripheral
reticulation and bronchiectasis
(40). Other reports suggest that

an acute exacerbation of ILD

Reticulation

may be responsible for the wors-
Ground.giass Opaciy  ing of existing lung disease af-
. ter COVID-19 (41).

Do Chronic Imaging Findings
of COVID-19 Correlate with
Symptoms and Respiratory
Status?

Many studies show correlations
between late imaging findings,
symptoms, and pulmonary
function tests. In a quantitative
analysis of lung parenchymal
findings 3 months after dis-
charge for severe COVID-19
pneumonia, the extent of in-
volvement showed significant
4 . —— correlations with fatigue, short-
ness of breath, cough, memory
loss, and dizziness (18). Among
pulmonary function tests, a de-
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Mild-Moderate

Infection

Persistent
Symptoms?

Severe
Infection

3-month Chest CT

Lung abnormalities resolved?
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P

Symptoms Improved?

No Routine Follow
Up Imaging

Figure 9:

Consider PE imaging
with CTPA or VQ
and/or expiratory
phase imaging

Consider chest CT at 6
and 12 months, or
until new baseline.

Consider PE imaging
with CTPA or VQ
and/or expiratory
phase imaging for
disproportionate
symptoms

Flowchart shows the timing of imaging follow-up and the role of imaging modalities after COVID-19 infection. CTPA = CT pul-

monary angiography, PE = pulmonary embolus, V/Q = ventilation-perfusion.

creased Drco has been the most frequently reported abnor-
mality (36), found in 35% of cases in a recent meta-anal-
ysis (42), and correlates with residual ground-glass opacity,
reticulation, and air trapping (27). Spirometry findings are
often normal or only mildly abnormal, even for severe cases;
although total lung capacity is mildly decreased in some pa-
tients with CT abnormalities at 3 months after mechanical
ventilation (43), lasting substantial restriction or obstruction
is uncommon (27,44), with restriction seen in only 7% and
obstruction seen in 3.8% at 12 months in a multicenter pro-
spective study of 287 patients (36) and similar frequencies in
a meta-analysis (42). The functional limitations that many
patients with long COVID experience may also be a result
of other factors, such as skeletal, cardiac, and respiratory
muscle deconditioning and pulmonary vascular changes. For
example, one study showed residual lung findings in 75% of
ARDS survivors at 5 years, including ground-glass opacities,
septal thickening, honeycombing, and mosaic attenuation,
but findings were mild and not correlated with symptoms,
pulmonary function test results, 6-minute walk test results, or
quality of life (45). Long-term studies of swine flu (HIN1)-
associated ARDS and SARS-CoV-1 survivors showed similar
findings (35,46).

Are Patients with Post-COVID-19 at Increased Risk for PE and
Other Pulmonary Vascular Abnormalities?

COVID-19 infection is associated with an increased risk of ve-
nous thromboembolic disease (VTE) (Fig 5), seen in approxi-
mately 5%-15% of patients, with a cumulative incidence as
high as 49% at varying time points, with higher incidence in
those with severe disease (47). Thrombotic events are seen de-
spite VTE prophylaxis, in excess of baseline risk associated with
hospitalization (47). The 90-day risk of thrombosis is higher in
patients with COVID-19 infection than in those with influenza
(hazard ratio, 1.89) (48). The increased risk of VTE in acute
COVID-19 infection decreases after infection but persists into
the early and late subacute phases. A national registry self-control
case series study showed a significantly increased incidence rate
ratio among patients with COVID-19 for deep vein thrombosis
(DVT) for up to 70 days and for PE for up to 110 days (49).
The incidence rate ratio for pulmonary embolism was 46.4 for
days 8-14 after infection, 20.2 for days 15-30 after infection,
4.14 for days 31-60 after infection, and 2.48 for days 61-90
after infection. The incidence rate ratio for days 91180 after
infection was 1.4. The true risk for VTE beyond this is unknown
buct likely even lower. Factors associated with an increased risk of

VTE after discharge include prior VTE, predischarge C-reactive
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Potential Roles of Imaging after COVID-19 Infection

Modality

Potential Uses

Additional Considerations

Thin-section noncontrast

chest CT

ILD protocol chest CT with
inspiratory, expiratory, and

Track improvement in acute parenchymal findings
Assess for developing fibrosis

Evaluate new or worsening symptoms

Establish new baseline

Evaluate for small airway disease or air trapping
Assessment of symptoms or PFT findings not

Thin-section CT preferred for evaluation of fine
parenchymal detail

Increased radiation dose compared with single-series

chest CT

prone imaging

explained by standard CT

Single-energy CT pulmonary
angiography

Dual-energy CT pulmonary
angiography abnormalities

PE

Ventilation-perfusion nuclear
imaging SPECT V/Q of acute PE

Accurate evaluation of chronic PE

Prone or supine may differentiate fine interstitial
abnormalities from dependent atelectasis

Detailed evaluation of the central pulmonary arteries

Allows for concurrent assessment of fine lung detail

Evaluation of both pulmonary arteries and perfusion

Higher sensitivity for detection of distal subsegmental

Comparable to single-energy CT in evaluation

Suboptimal evaluation of distal subsegmental
arteries

Does not evaluate pulmonary perfusion
abnormalities

May be preferred over single-energy CT pulmonary
angiography for evaluation of chronic PE and
large burden of tiny thrombi in COVID-19

No evaluation of lung parenchymal detail
Evaluation of large-volume tiny thrombi below the
resolution of CT pulmonary angiography

V/Q = ventilation-perfusion.

Note.—ILD = interstitial lung disease, PE = pulmonary embolus, PFT = pulmonary function tests, SPECT = single positron emission CT,

protein level greater than 10 mg/ml, and peak p-dimer level
greater than 3 pg/mL (50). Anticoagulation is associated with a
decreased incidence of postdischarge VTE in patients previously
hospitalized with COVID-19, although evidence does not cur-
rently support extended prophylaxis (50).

Several causes for the incidence of VTE with COVID-19
have been proposed. Severe cytokine release can activate the
clotting cascade. Markedly elevated p-dimer level correlates
with disease severity (51). Incidence of PE is higher than inci-
dence of DVT, suggesting in situ thrombus formation is more
frequent than embolic disease (52). Extensive endotheliitis
may contribute to in situ thrombus formation (53), and local
hypoxia may play a role (54).

Although the risk of acute VTE diminishes over time,
long-term morbidity can be associated with prior VTE. Some
patients will subsequently develop chronic thromboembolic
pulmonary hypertension, with an estimated frequency of
0.1%-9.1% in patients without COVID-19 (55). In addition
to the long-term morbidity of VTE, persistent endotheliitis
and microthrombotic disease associated with COVID-19 in-
fection may contribute to PASC symptoms, with the risk re-
lated to the duration of the hyperinflammatory state (2). A
recent pathology series documented chronic vascular abnor-
malities with dilated and tortuous vessels and inflammatory
cells with background normal parenchyma (17), echoing the
known vascular abnormalities of acute COVID-19 (56). Pul-
monary vascular and perfusion abnormalities at single-energy
CT and dual-energy CT have been well documented in acute
COVID-19 (57,58); the extent to which dual-energy CT an-
giography imaging and ventilation-perfusion imaging may be
used to detect small perfusion abnormalities due to chronic

Radiology: Volume 307: Number 2—April 2023 = radiology.rsna.org

microthrombotic disease in post-COVID-19 imaging is an
area of active investigation.

What Imaging Should be Considered in the Follow-up of
Post-COVID-19 Lung Abnormalities?

Strong evidence-based guidelines for follow-up of chronic pul-
monary findings of COVID-19 are currently lacking. The few
published recommendations are largely based on expert con-
sensus. However, understanding of the various potential clini-
cal roles of long-term imaging can provide a rational approach.
Patients requiring hospitalization for moderate and severe CO-
VID-19 have a high frequency of chronic imaging abnormali-
ties and symptoms, and thin-section noncontrast CT at 3 and
6 months is reasonable in patients with symptoms and in pa-
tients in whom radiographic abnormalities have not completely
resolved (24,59). Follow-up can establish the trajectory of im-
provement in findings, potentially informing clinical expecta-
tions and guiding any alternative clinical work-up or therapy.
CT can track the evolution of any fibrotic-like findings or detect
persistent, worsening, or new findings of potentially treatable
disease, such as OB infection, or other inflammatory lung dis-
case. We agree with other groups that recommend typical non-
contrast thin-section ILD-protocol CT, with supine inspiratory
and expiratory series (to assess for air trapping), and with prone
imaging as needed (31).

An additional CT examination at 12 months seems reason-
able in symptomatic patients with persistent CT abnormali-
ties at 6 months, as findings can continue to evolve for 1 year
(23,60), paralleling long-term improvement in pulmonary
function test results in some studies (61). In patients hospi-
talized with moderate COVID-19 pneumonia, fibrotic-like
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findings, such as bronchiectasis, parenchymal bands, and lin-
ear opacities, improved from 6 months to 1 year, while fibrotic
findings of traction bronchiectasis and reticulation remained
stable at a low frequency (2%) (23).

For patients with mild to moderate COVID-19 not requiring
hospitalization, the chance of long-term lung parenchymal ab-
normalities is lower, and imaging should be limited to those with
persistent and unexplained symptoms and chest radiographic or
pulmonary function test abnormalities. Some patients with per-
sistent symptoms and decreased Drco have normal or mildly
abnormal inspiratory chest CT findings; thus, a standard thin-
section ILD protocol noncontrast CT with inspiratory and ex-
piratory series may also be prudent for these patients to detect
subtle interstitial abnormalities or air trapping.

Chest CT may be appropriate at any time to evaluate acute,
new, or worsening respiratory symptoms after COVID-19 if
radiography is inconclusive (24). Pulmonary CT angiography
with single or dual energy is appropriate for any patient with
symptoms of acute PE, clinical evidence of chronic pulmonary
vascular disease, or respiratory findings disproportionate to the
severity of CT findings (59). Ventilation-perfusion imaging
can be used as an alternative modality; although it does not
enable assessment of the pulmonary parenchyma, it could have
a potential advantage in evaluation for a large volume of tiny
thrombi that may be below the resolution of conventional pul-

monary CT angiography (62) (Fig 9, Table).

Conclusion

Many patients demonstrate persistent lung abnormalities after
COVID-19 infection. CT appearance can usually continue to
improve for up to 1 year, and fibrosis is uncommon except in
severe disease. The risk of PE is increased in the early con-
valescent period but decreases after several months. Imaging
follow-up of symptomatic patients should include thin-section
noncontrast chest CT. Inspiratory and expiratory CT, pulmo-
nary CT angiography, and ventilation-perfusion nuclear imag-
ing may play an important role in select cases.
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