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Abbreviations 

ALI – acute lung injury 

DAD – diffuse alveolar damage 

XeMRI - hyperpolarized Xe129 MRI 

 

Summary 

Some patients with moderate to severe COVID-19 have chest CT abnormalities that 

persist at least 1 year after infection and may be associated with symptoms. These CT 

abnormalities show similarities to those described in the 2002–2003 SARS epidemic. 

 

Essentials 

▪ Approximately one-third of patients hospitalized with COVID-19 pneumonia 

have abnormalities at chest CT 12 months after infection. 

▪ CT abnormalities range from residual parenchymal bands to fibrosis as well 

as air trapping and bronchiectasis. 

▪ A very small number of patients have a persistently elevated risk of 

venothromboembolic disease after acute infection. 

▪ The late histopathologic findings of COVID-19 are similar to those of other 

causes of acute lung injury with a mix of organizing and chronic fibrosing 

histologic patterns. Additionally, these findings are comparable to those 

reported with the SARS epidemic. 
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Abstract 

In the third year of the SARS-CoV-2 pandemic, much has been learned about the long-

term effect of COVID-19 pneumonia on the lungs. Approximately one-third of patients 

with moderate-to-severe pneumonia, especially those requiring intensive care therapy 

or mechanical ventilation, have residual abnormalities on chest CT one year after 

presentation. Abnormalities range from parenchymal bands to bronchial dilation to frank 

fibrosis. Less is known about the long-term pulmonary vascular sequelae, but there 

appears to be a persistent, increased risk of venothromboembolic events in a small 

cohort of patients. Finally, the associated histologic abnormalities resulting from SARS-

CoV-2 infection are similar to those of patients with other causes of acute lung injury. 
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Introduction 

Now in the third year of the SARS-CoV-2 pandemic and after the most recent wave of 

the Omicron variant in early 2022, much of the world has shifted to an endemic mode of 

dealing with COVID-19, albeit unofficially, as the World Health Organization has not 

declared the pandemic over at the time of this writing. Vaccines are readily available in 

many countries, and much of the world’s population presumably has some degree of 

immunity from vaccination, previous infection, or both. Unlike SARS-CoV-1, which has 

not been reported in the community since mid-2003 (1), SARS-CoV-2 does not appear 

to be fading out to extinction. Even newer variants of SARS-CoV-2 have been shown to 

escape neutralizing antibodies from previous infection and vaccination (2), contributing 

to the new infections and reinfections globally.   

As the pool of individuals who have suffered one or more episodes of COVID-19 

rapidly grows, the proportion of the population with long-term symptoms and chronic 

lung findings of the disease increases.  Post-COVID conditions, also referred to as “long 

COVID”, “long-haul COVID”, or “post-acute sequelae of COVID-19”, consist of a long list 

of signs and symptoms ranging from shortness of breath to depression and sleep 

disturbance (3-5), reported to occur in up to 10% of patients (6-8). While no universally 

agreed upon definitions exist, The British Medical Journal guidelines define long COVID 

as persistent symptoms after 4 weeks and post-COVID syndrome when symptoms 

continue beyond 12 weeks (3).  While the causes of persistent symptoms are likely 

multifactorial and currently not well understood, the growing radiology literature on 

chronic lung findings in COVID-19 may eventually facilitate understanding of long-term 

respiratory issues and imaging correlates in afflicted individuals. 
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Familiarity with the typical long-term sequelae of COVID-19 pneumonia on chest 

imaging is important in evaluating potential causes of chronic respiratory symptoms in 

survivors, assessing improvement on follow-up imaging, and distinguishing expected 

post-COVID findings from other lung conditions.  This article summarizes current 

knowledge of post-COVID pulmonary parenchymal, airway, pulmonary vascular, and 

histopathologic findings. 

 

Lung parenchymal abnormalities 

 

The acute and subacute CT lung parenchymal findings of COVID-19 pneumonia 

have been well described and are summarized in Table 1. These patterns of lung injury 

are similar to those of SARS-CoV-1 infection (SARS) (9, 10) and H1N1 influenza (11, 

12). 

Several prospective observational studies have evaluated the long-term chest CT 

changes of patients with COVID-19 pneumonia at approximately 12 months after illness 

(13-27). However, these studies are limited by small cohorts with a wide variety of 

illness severity. Further complicating matters are differences in follow-up paradigms and 

CT evaluation methods.  

Fortunately, a recent systematic review and meta-analysis by Watanabe et al. 

provides a better understanding of the observed chest CT findings approximately 12 

months after COVID-19 pneumonia (28). The authors aggregated study data from 15 

observational (21) studies, providing data on 3134 individuals. One must note that the 

populations of these studies are quite heterogeneous (heterogeneity statistic, I2=93%). 
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Eleven studies were from China, three from Italy, and one from the United Kingdom. In 

the combined pool of 3134 patients, 1801 patients had CT scans performed at 12 

months. Twelve of the 15 studies provided data on the proportion of patients with any 

residual lung abnormalities on CT, estimated to be 33%. Ground glass opacity (GGO ) 

and “fibrotic-like changes” were the most common findings at 21% each followed by 

bronchiectasis in 10%, interlobular septal thickening in 8%, reticular opacity in 6%, and 

consolidation in 3%. “Fibrotic-like changes” varied across studies and included 

“architectural distortion with traction bronchiectasis, honeycombing, or both” (Figs. 1-3) 

(15), “traction bronchiectasis/bronchiolectasis, volume loss, or both” (26), “evidence of 

stripe-like fibrosis but not reticular opacity” (21), and “the presence of honeycombing, 

reticulation, and traction bronchiectasis” (27).  

Twelve of the 15 studies reported the proportion of abnormal chest CT findings at 

12 months according to COVID-19 severity. In this subanalyses, 85% of patients with 

severe/critical COVID-19 (950/1112) and 87% (560/641) with mild/moderate COVID-19 

were included. In the severe/critical group, 38% of patients (278 of 816) had residual CT 

abnormalities including GGO, “fibrotic-like changes”, bronchiectasis, and interlobular 

septal thickening. In the mild/moderate group, 24% of patients (91 of 378) had residual 

CT findings consisting mostly of GGO.  The results of this systematic review and meta-

analysis are similar to results published in 2003 from the SARS-CoV-1 epidemic that 

showed 30-40% of survivors of SARS had radiologic abnormalities 6-12 months after 

recovery. Those with residual abnormalities at 12 months had similar findings 15 years 

later (29, 30).  In 
pre
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Confounding full understanding of the long-term chest CT findings of COVID-19 

are the many biases and shortcomings in these longitudinal observational studies. 

Because many studies focus on chest CT scan findings over time, it is not surprising 

that study cohorts favor patients with more severe disease since they were more likely 

to undergo chest CT at the time of diagnosis, and patients with mild or no residual 

abnormalities may not have undergone further imaging. Patients in many of these 

studies were more likely to be hospitalized and require ICU admission and mechanical 

ventilation.  

Another confounder is that these studies primarily involve patients who 

contracted COVID-19 in the earlier part of the pandemic. The virus has evolved over 

time with the more recent, more contagious Omicron variant (BA. 1, BA. 1.1, BA. 2, BA. 

3, BA. 4, and BA. 5 lineages) associated with milder disease than the initial variant and 

the more severe Delta variant (B.1.617.2 and AY lineages). A recent study of 106 

hospitalized patients with COVID-19 of whom 40 had the Omicron variant (earlier 

lineage) and 66 had the Delta variant showed lower CT severity scores in the cohort 

with the Omicron variant (31). Yoon et al. retrospectively reviewed CT scans of 176 

hospitalized patients, 88 with the Delta variant and 88 with early lineage Omicron 

variant (32). Patients with the Omicron variant had a less severe extent of disease and 

more of a peribronchial distribution (rather than peripheral) than patients infected with 

the Delta variant. 

The definition of “fibrosis” on chest CT scans used in these studies is also 

problematic. As highlighted in the systematic review and meta-analysis by Watanabe et 

al. (28), the definition of “fibrotic like abnormalities” used in some studies varied. Since 

In 
pre

ss



tissue confirmation of fibrosis was not obtained (appropriately so), the presence of 

fibrosis is only assumed based on CT findings. Another potential confounder is that 

patients with residual interstitial lung abnormalities on follow-up CT may have had those 

abnormalities before COVID-19 pneumonia. These abnormalities have been reported to 

occur in up to 10% of the population, especially older individuals, who make up the 

majority of patients with more severe COVID-19 pneumonia (33). 

 

Effects on Airways 

 Large and small airway abnormalities can be seen in survivors of COVID-19 

pneumonia, with frequency and severity correlating with the severity of the acute 

disease. The acute and subacute CT airway findings of COVID-19 pneumonia are 

summarized in Table 2. Findings of small airway disease such as mosaic attenuation 

and air trapping have been seen at paired inspiratory and expiratory CT, and studies of 

hyperpolarized Xe129 MRI (XeMRI) show abnormal ventilation and perfusion patterns in 

patients with long-COVID respiratory symptoms, even with a normal CT. 

Airway abnormalities seen in sequela of previous major respiratory viral 

outbreaks provide context for the COVID-19 pandemic.  In avian-origin influenza 

(H7N9), bronchiectasis was common at 12-month follow-up CT, present in 24% of 

patients (10 of 41); restrictive or obstructive PFT abnormalities were found in 55% of 

patients (11 of 20) for whom 12-month follow-up exams were available (34).  

Bronchiectasis as a long-term consequence of infection was also seen in MERS and 

SARS-CoV-1 (35). Air trapping at CT was described as a common finding in survivors of 

SARS-CoV-1 pneumonia, found in 93% of patients (37 of 40) at a mean follow up of 
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51.8 days and in 80% (16 of 20) at mean follow up of 140.7 days (35), and in 23% (11 

of 47) in another study of 6-month CT in children with SARS-CoV-1 (36). 

 

Large airway abnormalities 

Bronchial abnormalities such as wall thickening and dilation are common in 

patients with COVID-19 pneumonia in the acute and early convalescent phases, 

decreasing in frequency and severity over time (37).  Bronchial dilation persists in a 

subset of patients after recovery from COVID-19 pneumonia, more frequently in patients 

with more severe disease, and often as traction bronchiectasis accompanied by other 

signs of fibrosis.  Bronchiectasis after COVID-19 is often peripheral and associated with 

reticulation or bandlike opacities. Besutti et al. found bronchiectasis on CT in 13% of 

patients (52 of 405) when performed 5-7 months after discharge for severe COVID-19 

pneumonia. Of those, 85% of patients (44 of 52) had a peripheral distribution, while only 

2% (1 of 52) had a central distribution, and 13% (7 of 52) had both a central and 

peripheral distribution (38). As in idiopathic interstitial pneumonias, traction 

bronchiectasis may be important to recognize because of a correlation with functional 

impairment.  In one study of COVID-19 survivors, traction bronchiectasis was inversely 

associated with diffusion capacity of the lungs for carbon monoxide (DLCO) percentage 

predicted (R = -0.49, P<.001) and FVC percentage predicted (R = -0.23, P = .04) and 

was directly correlated with cough scale score (R = 0.25, P = .03) (39). 

Although traction bronchiectasis associated with fibrosis may be an important 

chronic finding in COVID-19 survivors, existing studies often fail to distinguish traction 

bronchiectasis (suggesting features of fibrosis) from bronchiectasis broadly construed, 
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which can be caused by any airway injury (Figs. 4-6).  For example, in a prospective CT 

scan study of patients 6 months after discharge for moderate or severe COVID-19 

pneumonia, Caruso et al. reported “fibrosis-like changes” defined as “reticulation and/or 

honeycombing” in 72% of patients (85 of 118), and bronchiectasis in 25% (29 of 118); 

the percentage of patients with traction bronchiectasis was not reported (40). The meta-

analysis by Watanabe et al. similarly includes studies in which the frequencies of 

traction bronchiectasis and other types of bronchiectasis are unclear (28). These 

potentially overlapping categories make it difficult to know if bronchiectasis in survivors 

of COVID-19 represents a primary finding of fibrosis (traction bronchiectasis), airway 

damage from viral infection or barotrauma, or some combination of these etiologies.  

Bronchiectasis has long been recognized as a common finding in ARDS caused 

by conditions other than COVID-19.  Often most extensive in the anterior lungs and 

accompanied by reticulation and architectural distortion, ARDS-related bronchiectasis is 

thought to be a product of barotrauma in the setting of mechanical ventilation, with 

severity correlating with duration of ventilation and high inspiratory pressures (41, 42). 

Of the 7% of patients (28 of 405) with fibrotic abnormalities in a study of survivors of 

severe COVID-19 pneumonia, 36% (10 of 28) had “post-ventilatory fibrosis”, defined as 

anterior predominant subpleural cystic spaces and reticulation, and 90% (9 of 10) of 

these had traction bronchiectasis (38). Traction bronchiectasis may be primarily due to 

ARDS and mechanical ventilation: one study of patients hospitalized with moderate 

COVID-19 pneumonia excluded patients with ARDS, mechanical ventilation, or both 

found any bronchiectasis or bronchiolectasis on CT at 3 and 12 months in only 2% of 

patients (2 of 84); “traction bronchiectasis/bronchiolectasis” as a finding of fibrosis was 
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not identified on CT in any patient at 3 months and had developed in only 2% (2 of 84) 

at 12 months (43).  

Bronchial dilation can be completely reversible even from COVID-19 pneumonia 

complicated by ARDS, underscoring the need for caution in interpreting acute or 

subacute bronchial dilation as a sign of parenchymal fibrosis or lasting airway damage.  

In a study of 41 survivors of COVID-19 pneumonia with ARDS, Hu et al. compared CT 

scans from weeks 1-4 after onset of symptoms to those at least 4 months after infection.  

Twenty-eight patients (68%) had developed varicoid dilation of bronchi (“traction 

bronchiectasis”) within parenchymal opacities in the first month, which resolved in the 

majority (21 of 28, 75%) and significantly improved in the remaining 8 patients (20% of 

the study sample) (44).   In a study of patients hospitalized for COVID-19, Pan et al. 

found dilated bronchi on CT performed at discharge in 27% of patients (57 of 209) and 

in 11% (24 of 209) at 12 months after symptom onset with resolution of bronchial 

dilation in the remaining 33 patients (13).  Luger et al. found bronchial dilation in 11% of 

patients (8 of 76) with mild to severe COVID-19 pneumonia at baseline and in 9% (8 of 

91) at 12-month follow-up CT (45).    

 

Small airway abnormalities 

Recent studies have used paired inspiratory and expiratory CT scans to evaluate 

the possible contribution of small airway disease to persistent symptoms in long-COVID.  

Air trapping is defined as the presence of lobules or regions with less than normal 

increase in attenuation and a lack of decrease in volume on end expiratory CT (46). 

Although obstructive physiology is much less common than limitations in diffusing 
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capacity (DLCO) in survivors of COVID-19, some patients show evidence of small 

airway disease at pulmonary function tests, and air trapping on CT may herald small 

airway disease below the threshold of detection by PFTs (19, 37).     

Air trapping is a common finding in acute respiratory infections and has been 

reported in COVID-19 (47).  Air trapping has also been reported as a long-term finding 

in COVID-19 survivors in several studies.  In a study of 205 patients previously 

hospitalized for COVID-19 pneumonia, air trapping was seen on expiratory CT in 29%, 

with significantly higher quantitative measures of air trapping in the severe pneumonia 

than in the mild pneumonia groups (48).  Additional studies have examined incidence of 

air trapping on CT in symptomatic patients with long-COVID.  Franquet et al. used 

paired inspiratory and expiratory CT to assess patients with persistent respiratory 

symptoms at least 30 days after COVID-19 symptom onset (median 72.5 days); air 

trapping was the most common abnormality (37/48, 77%) (Fig. 7), more common than 

other findings such as GGO (19/48, 40%), reticulation (18/48, 38%), or traction 

bronchiectasis (9/48, 19%); air trapping was more commonly seen in males and 

increased with age (37). In a prospective study of patients with post-acute sequelae of 

COVID-19 who had remained symptomatic for at least 30 days following diagnosis, Cho 

et al. identified air trapping by qualitative inspection in 58% of patients (50 of 86); the 

authors also used quantitative CT with a supervised machine learning method to assess 

percentage air trapping within the lungs, finding similar mean values for groups treated 

in the ambulatory setting (25%), hospitalized patients (25%), and patients who required 

ICU care (27%). However, patients with COVID-19 had significantly greater mean air 

trapping than healthy controls (7%, P<.001) (49). 
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It is uncertain if air trapping is a manifestation of reversible airway inflammation, 

primary airway damage due to COVID-19, postinfectious bronchiolitis obliterans, 

sequela of DAD, or some other process.  Studies of air trapping in COVID-19 survivors 

have been limited by a lack of comparison CT scans before the onset of infection, 

precluding the exclusion of preexisting small airway disease.  In addition, the presence 

of air trapping as a common finding in asymptomatic individuals without evidence of 

small airway disease has been well documented (50).  

XeMRI has also recently emerged as a technique for investigating heterogeneity 

in ventilation and gas transfer in patients with long-COVID symptoms such as 

breathlessness.  129Xe rapidly diffuses across alveolar membranes and into red blood 

cells, allowing reconstruction of gas, tissue/plasma, and red blood cell phase images 

that depict regional ventilation and pulmonary perfusion (51). In a study of 76 COVID-19 

survivors (mean of 13.8 weeks after the index positive COVID-19 test) with persistent 

respiratory symptoms and 9 healthy volunteers without a history of COVID-19, Kooner 

et al. found significantly greater mean ventilation defect percentages (VDP) in 23 

patients previously hospitalized with COVID-19 (8%) than in 53 patients without 

hospitalization (4%); both groups had significantly higher VDP than healthy volunteers 

(1%).  The same study showed abnormal ratios of residual volume to total lung capacity 

in 14/38 (37%) of patients for whom it was measured, suggesting small airway 

obstruction as a cause (52).  However, other XeMRI studies have found relatively 

normal ventilation measured at gas phase, with significant gas exchange deficits as 

evidenced by abnormal RBC phase images and significantly decreased RBC to tissue 

plasma ratio, a marker of gas diffusion across alveolar epithelium (51, 53). The relative 
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contributions of small airway disease and alveolar vascular disease are yet to be 

determined and may vary among individuals and across clinical circumstances. 

 

Pulmonary vascular abnormalities 

 The presence of pulmonary vascular abnormalities was recognized early in the COVID-

19 pandemic.  Dilated pulmonary vasculature in regions of pneumonia was described in initial 

case series (54, 55).  Shortly thereafter, elevated risks of pulmonary emboli and in situ 

thrombosis of the pulmonary arteries were noted, especially in patients with severe 

disease. Over the three years of the pandemic, the spectrum of recognized COVID-19-

associated pulmonary vascular disease has greatly broadened, impacting current 

medical practice.  

In this section, we will review contemporary evidence and insights regarding the 

long-term pulmonary vascular manifestations of SARS-CoV-2 infection with a focus on 

pulmonary vascular disease in “long COVID”. Evolving data related to pulmonary 

vascular disease in acute COVID-19 are summarized in Table 3. A common thread is 

pulmonary endotheliitis (56-58), an important feature of acute COVID-19, which can 

persist in convalesce for an uncertain duration.  

“Long COVID” includes a variety of conditions, including PE, that seem to occur 

at a higher rate among people previously diagnosed with COVID. Bull-Otterson et al. in 

a retrospective matched cohort study of adults from a national EHR dataset with >63 

million records (March 2020-November 2021) followed cohorts for 30-365 days after 

index encounter for 26 incident conditions described to be associated with “long COVID” 
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(59).  The study cohorts of 353 164 patients with COVID-19 and 1 640 776 without 

COVID-19 were stratified by age. The COVID-19 cohort had significantly more incident 

conditions 38% (35.4% for 18-64, 45.4% for 65 years) versus 16% (14.6% for 18-64, 

18.5% for 65 years) compared with the cohort without COVID-19. The highest risk 

ratio (RR) was for PE, 2.1 and 2.2, respectively for younger and older ages.   

The risk of “long-COVID” for patients with breakthrough infections was studied by 

Ziyad Al-Aly et al. in a retrospective cohort study from the Veterans Affairs database.  

Those with breakthrough COVID-19 were studied for a variety of the incident conditions 

described to be associated with “long-COVID” and for mortality.  The breakthrough 

COVID group was compared with contemporary, historical, and unvaccinated controls 

and patients with seasonal influenza (60). Between 30 days and 6 months after 

breakthrough COVID, patients had an elevated HR of 1.5 for post-acute COVID-19 

conditions with the highest risk (HR~4) for PE; this risk was worst for ICU versus 

inpatients versus outpatients both overall and for PE.  Patients with breakthrough 

COVID-19 also had a higher risk of death (HR-1.75). Compared with unvaccinated 

patients with COVID-19 however, these patients had lower risks (long Covid HR-0.85, 

death HR-0.66).  When patients hospitalized with influenza were compared with patients 

hospitalized with breakthrough COVID, patients with COVID-19 had higher risks of 

“long-COVID associated” conditions (HR-1.27) and death (HR-2.43). 

 It is important to distinguish between extremely rare vaccine-associated 

thrombotic adverse events including PE and PE associated with COVID-19, 

breakthrough COVID, and long COVID.  Vaccine-induced immune thrombotic 

thrombocytopenic purpura (VITT) is caused by the development of antibodies to platelet 
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factor 4 (PF4) polyanion complexes and has been reported for all four of the major 

SARS-CoV-2 vaccines in recent use (Pfizer, Moderna, Johnson & Johnson, and 

AstraZeneca), most frequently for ChADOx1nCoV-19 (AstraZeneca) (61-64).  

Symptoms typically develop within four weeks of initial vaccination. Recognition of VITT 

has key therapeutic implications, as heparin is avoided due to the similar mechanism of 

immune-mediated heparin-induced thrombocytopenia. 

The long term pulmonary vascular manifestations of COVID-19 remain 

incompletely understood. The current consensus favors endotheliitis (56, 65, 66) and 

extension of the pulmonary inflammatory process (67) rather than vasculitis as the 

dominant explanation for the wide-ranging COVID-19-associated pulmonary vascular 

abnormalities. These include a persistently elevated risk of PE and possibly the 

development of chronic thromboembolic pulmonary hypertension (68) and pulmonary 

hypertension (69). A variety of intriguing but uncommonly described pulmonary vascular 

abnormalities have occasionally been reported to be associated with COVID-19 and are 

of unclear importance. In a small series of ICU patients, Brito-Azevedo et al. described 

intrapulmonary vascular dilation with shunting on echocardiography, and the authors 

suggest that this may at least in part be responsible for COVID-19-associated 

hypoxemia and dilated vessels on CT with a mechanism similar to hepatopulmonary 

syndrome (70).    

Dhawan et al. proposed using lung scintigraphy (V/Q scans) preferably with 

SPECT as the first line imaging test to assess for residual clot and small pulmonary 

vessel disease for patients who recovered from COVID-19 but who still have persistent 

respiratory symptoms (71). Their rationale is that V/Q scans play a leading role in the 
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evaluation of pulmonary small vessel disease, which may be suboptimally demonstrated 

on CTPA.  They highlight the expected patterns of small vessel disease in addition to 

PE and lung parenchymal disease and suggest that V/Q scans should play a clinical 

and research role in elucidating the evolution of post-acute COVID-19 vascular disease.  

Along with V/Q, longitudinal data from spectral CT should continue to shed light on the 

long term pulmonary vascular sequela of COVID-19 (72). 

 

Pathology of long-term COVID-19 

As the COVID-19 pandemic has progressed, the pathologic findings in the lung 

associated with SARS-CoV-2 infection have slowly materialized. Some of the very first 

reports of the histopathologic changes in COVID-19 pneumonia from living patients 

were reported out of Wuhan, China, where patients undergoing lung cancer surgery 

were also found to have COVID-19 (73). These early reports, unsurprisingly, described 

changes in acute or early organizing diffuse alveolar damage (DAD) or other patterns of 

acute lung injury (ALI). Now, in the third year of the pandemic, a clearer picture of the 

histopathologic changes associated with COVID-19 has emerged. 

SARS-CoV-2 infects cells of the human respiratory tract by binding to ACE2 (74). 

In the acute setting, patients with SARS-CoV-2 and respiratory failure typically have 

histopathologic findings of DAD; other forms of ALI including organizing pneumonia and 

acute fibrinous and organizing pneumonia have been reported but are less commonly 

encountered than DAD. The histopathologic features and pathophysiology of acute 

COVID-19 pneumonia are beyond the scope of this review and have been well 
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described (75-82). Some authors are of the opinion that acute COVID-19 pathology is 

similar to other forms of ALI (83, 84), but others suggest that there are findings more 

commonly present in patients with ALI secondary to COVID-19. While pulmonary 

microthrombi are often observed as a component of DAD of any cause, they are 

frequently mentioned as being a prominent finding in acute COVID-19 or occur more 

often than other viral pneumonias (77, 85-87). Other vascular lesions have been 

described including old, recanalized thrombi, vascular congestion, and 

hemangiomatosis-like lesions (Figs. 8-9) in areas without features of ALI (88). While the 

exact pathophysiology is still debated, these findings suggest the possibility of a distinct 

vascular phenotype of lung injury occurring in patients with COVID-19. 

A patient with DAD, either secondary to COVID-19 or other cause, typically 

progresses through an acute phase characterized by hyaline membrane formation then 

to an organizing phase with fibroblast proliferation (Fig. 10) (89). A dichotomy exists in 

how the lung resolves DAD. While most patients with DAD will have some long-term 

respiratory symptoms, there may be a gradual resolution of DAD, or the DAD 

progresses to a fibrotic phase (89, 90).  

In the ongoing pandemic, most patients show a complete resolution of pulmonary 

pathology without histologic evidence of identifiable disease and are unlikely to be 

imaged further (91). It is now known that this is not true for all patients. Long-term 

pulmonary sequelae of acute COVID-19 may manifest as organizing pneumonia weeks 

after initial infection, and this may spontaneously resolve (92). Some of the earliest 

reports of pulmonary histopathologic changes associated with fibrosis in patients with 

In 
pre

ss



severe COVID-19 were from explanted lungs from patients who underwent transplant 

(93, 94). The authors of these studies identified diffuse interstitial fibrosis with rather 

uniform collagenous thickening of alveolar septa. Honeycomb change was also 

identified along with cystic spaces lined by histiocytes and giant cells. Some of these 

findings have also been observed in a lung explant specimen in a preprint article and 

from an autopsy (95, 96). In a series of transbronchial biopsies from Brazil, septal 

thickening and airway remodeling were identified (97). Beyond airway remodeling, there 

are reports of chronic bronchiolitis and peribronchiolar metaplasia (98, 99) These 

aforementioned cases (93, 94, 97) probably represent the fibrotic phase of DAD and is 

well described in an autopsy study from China and from a small series of explanted 

lungs in the US with very similar findings (Fig. 11) (98, 100).  

Complicating the histopathologic picture, another series of cases based on 

surgical lung biopsies, identified usual interstitial pneumonia (UIP) as the pattern of 

fibrosis in patients with persistent interstitial lung disease following COVID-19 (99). 

These authors also found other patterns of lung injury, including DAD superimposed 

upon UIP, desquamative interstitial pneumonia, and acute organizing pneumonia. Last, 

it should be noted that acute lung injury, especially DAD, is frequently encountered by 

the pathologist in overlapping stages (i.e. acute on chronic/acute and organizing) (89). 

Secondary infection can also occur at this phase (Fig. 12) (93). At the time of this 

writing, the pulmonary pathology community is actively studying the histopathologic 

findings in “long COVID”, and much is to be said in this area in the near future. 
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Conclusion 

The scientific and medical communities have learned much about diagnosing and 

treating COVID-19 over two-and-half years since the first cases were reported in 

Wuhan, China. Although many studies published on the late-term effects of COVID-19, 

important limitations exist including small numbers for some described entities, and 

publication biases towards positive studies and severe spectrum disease. Furthermore, 

“big data” electronic health record studies are prone to selection bias and information 

bias. The meta-analyses discussed in this review offer some clarity on the data but 

ultimately are impacted by the variable studies they include. 

No consensus currently exists for imaging management of patients with long-

term sequelae of COVID-19 pneumonia.  A reasonable approach may include 

inspiratory thin-section chest CT to characterize suspected parenchymal disease, with 

expiratory imaging as deemed appropriate for assessment of small airway disease.  

Imaging for suspected acute or chronic PE can be performed with chest CT pulmonary 

angiography or VQ scan.  XeMRI has shown early promise in detecting abnormalities in 

patients with chronic symptoms and otherwise normal imaging but is considered a 

research modality and is not widely available.  Imaging decisions should be based on 

patient signs and symptoms, careful clinical evaluation, and the question(s) needed to 

be answered.   
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Tables 
 
Table 1. Acute, Subacute, and Chronic CT Findings of COVID-19 Pneumonia 
 

Timeframe Pattern CT Findings  

Acute (101) Organizing pneumonia  Patchy peripheral and 
peribronchial ground glass 
opacity (GGO)and consolidation  
 
Perilobular thickening 
 
Small, round GGOs 

 Diffuse alveolar 
damage  

Diffuse GGO 
Admixed consolidation or crazy-
paving 
Volume loss 

Subacute (102-107)  GGO (66%) 
Reticular lesions (49%) 
“Fibrotic patterns” (21%) 
Traction bronchiectasis (21-26%) 
 

Chronic (13-27) Fibrosis GGO and “fibrotic-like changes*” 
(21%)  
Bronchiectasis (10%,) 
Interlobular septal thickening 
(8%) 
Reticular opacity (6%) 
Consolidation (3%).  
 
*“Fibrotic-like changes” 
- architectural distortion with 
traction bronchiectasis 
- honeycombing  
- traction 
bronchiectasis/bronchiolectasis 
-volume loss 
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Table 2.  Acute, Subacute, and Chronic Airway Findings of COVID-19 Pneumonia 

Timeframe Type CT Findings  

Acute / subacute (37-38, 
45-46) 

  

  Large airway Bronchial wall thickening  

  Bronchial dilation (often 
reversible)  

   

 Small airway Air trapping 

   

   

Chronic (19, 45-46, 48-50, 
52-54) 

Large airway Peripheral, central, or diffuse 
bronchiectasis associated with 
residual opacities 

  Anterior bronchiectasis with 
fibrosis and air cysts (adult 
respiratory distress syndrome 
survivors) 

   

 Small airway Mosaic attenuation (inspiration) 

  Air trapping (expiration) 

  Ventilation defects and 
abnormal gas diffusion 
(hyperpolarized 129Xe MRI) 
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Table 3. Acute Pulmonary Vascular Manifestations: COVID-19 Infection 

Timeframe Clinical Findings Contributing Factors Imaging Findings 

Acute (61-65) Elevated risk of 
pulmonary embolus 
and in situ 
thrombosis 
 
Multiorgan venous 
thromboembolism 
and microthrombosis, 
including in the 
pulmonary vascular 
bed 
 
Pulmonary vein 
thrombosis - case 
reports (78,79 ) 
 
Vaccination reduces 
the risk of COVID-19 
associated 
pulmonary embolus 
during combined 
Delta and Omicron 
variant waves 

Disease severity 
Patient immunity 
Possibly strain of 
SARS-CoV-2 
 

Pulmonary 
embolism 
 
 
Possible 
relationship 
between venous 
thromboembolism 
risk and lung 
parenchymal CT 
severity score  
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Figures 
 

  

A       B 

Figure 1. 63-year-old man with residual lung abnormalities from SARS-CoV-2 infection. 

(A) Contrast-enhanced axial CT image at presentation shows peripheral and 

peribronchial ground glass opacity and consolidation along with perilobular thickening 

(arrows). (B) Unenhanced axial CT image 1 year later shows patchy residual ground 

glass opacity, persistent perilobular thickening (arrows), and mild bronchial dilation 

(arrowheads) in areas of ground glass opacity. 
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A                    B 

 

C 

Figure 2. 57-year-old man with fibrosis resulting from SARS-CoV-2 infection. (A) 

Contrast-enhanced axial CT image at presentation shows peripheral predominant 

ground glass opacity with a small amount of consolidation. (B) Unenhanced axial CT 

image 3 months later shows marked clearing of ground glass opacity but development 

of reticulation and mild bronchial dilation (arrow). (C) Unenhanced axial CT image 6 

months after infections shows further decrease of ground glass opacity and a lesser 

extent of reticulation. The area of bronchial dilation in the left upper lobe has resolved, 

although there is a small peripheral area of traction bronchiectasis (arrow). 
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A       B 

Figure 3. 56-year-old man with fibrosis resulting from SARS-CoV-2 infection. (A) 

Contrast-enhanced axial CT image early during infection shows extensive ground glass 

opacity with posterior and peripheral predominant consolidation and some areas of 

crazy-paving. (B) Unenhanced axial CT image from 10 months later shows lower lobe 

predominant reticulation, traction bronchiectasis, and ground glass opacity with lower 

lobe volume loss. 
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Figure 4. 74-year-old man with history of SARS-CoV-2 infection. Axial unenhanced 

axial CT image 5 months after acute infection shows bilateral residual peripheral ground 

glass opacity and bandlike opacities. Varicoid traction bronchiectasis and 

bronchiololectasis occurs within areas of reticulation and architectural distortion, in 

keeping with fibrosis (arrows). 

 

  

In 
pre

ss



  

A            B 

 

C 

Figure 5. 77-year-old woman hospitalized with ARDS resulting from SARS-CoV-2 infection. 

(A) Unenhanced axial CT image during acute infection and mechanical ventilation shows 

typical findings of alveolar damage, with dependent consolidation and ground glass opacity 

throughout the remainder of the lungs. Varicoid bronchial dilation and an air cyst have 

developed within the anterior right lung (arrow).  (B, C) Unenhanced axial CT images 10 

months after infection show anterior predominant varicoid bronchiectasis (arrows), slightly 

decreased in severity and accompanied by reticulation and architectural distortion.  A 

background of residual ground glass opacity, peripheral parenchymal bands, and 

reticulation is also present. 

In 
pre

ss



  

A       B 

 

C 

Figure 6. 51-year-old woman with history of SARS-CoV-2 infection, noninvasive 

positive pressure ventilation, and chronic dyspnea requiring home oxygen therapy. (A) 

Contrast-enhanced axial CT image during acute infection shows bilateral ground glass 

opacity with a peripheral predominance (arrows). (B) Contrast-enhanced axial CT 

image after discharge, 2 months after presentation, shows diffuse ground glass opacity 

and architectural distortion with diffuse varicoid bronchial dilation (arrows). (C) 

Unenhanced axial CT image 6 months after presentation shows decrease in ground 

glass opacity but persistent diffuse varicoid bronchiectasis (arrows); a small left 

pneumothorax is also present. 
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A         B 

Figure 7. 58-year-old woman with history of SARS-CoV-2 infection, ongoing dyspnea 

after infection, and history of sleep apnea. (A) Unenhanced axial CT image at full 

inspiration performed 2 years after acute infection shows subtle diffuse mosaic 

attenuation. (B) Paired expiratory axial CT image shows extensive lobular and regional 

low attenuation indicative of air trapping (arrows). 
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Figure 8. Recanalized pulmonary arteriole with neolumen formation. This finding was 

observed in an explanted lung 4 months after acute COVID-19. (Hematoxylin and eosin 

stain, 200X magnification) 
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Figure 9.  Alveolar septa showing vascular congestion and hemangiomatosis-like 

(VCHL) lesion. Notice the absence of acute lung injury, inflammation, and hyaline 

membrane formation. While originally described in the acute setting, this VCHL lesion 

was identified in an explanted lung approximately 4 months after acute COVID-19 

pneumonia. (Hematoxylin and eosin stain, 200X magnification) 
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Figure 10. Section of pulmonary parenchyma showing organizing diffuse alveolar 

damage. There are residual alveolar spaces with marked increase in the interstitium by 

cellular fibroblastic proliferations. Some fibroblastic proliferations are also likely within 

alveoli. Type 2 pneumocyte hyperplasia is present. These findings were observed in an 

explanted lung approximately 6 months post-acute COVID-19 (Hematoxylin and eosin 

stain, 100X magnification) 
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Figure 11. Diffuse pulmonary fibrosis in an explanted lung, 6 months following acute 

COVID-19. There is deposition of paucicellular, eosinophilic material within the 

pulmonary interstitium. Some residual alveolar spaces are present but appear 

compressed. These findings have been previously described in explanted lungs, and 

likely represent fibrotic phase of diffuse alveolar damage. (Hematoxylin and eosin stain, 

100X magnification) 
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Figure 12. There are numerous fungal hyphae evident on hematoxylin and eosin stain 

with acute angle branching and septations. These fungal hyphae are favored to 

represent Aspergillus, but there no culture data was available. These fungi are seen in a 

background of marked neutrophilia, consistent with a necrotizing abscess. (Hematoxylin 

and eosin stain, 100X magnification) 
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