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Abstract
Coronavirus disease 2019 (COVID-19) emerged in early December 2019 in China, as an acute lower respiratory tract infection
and spread rapidly worldwide being declared a pandemic in March 2020. Chest-computed tomography (CT) has been utilized in
different clinical settings of COVID-19 patients; however, COVID-19 imaging appearance is highly variable and nonspecific.
Indeed, many pulmonary infections and non-infectious diseases can show similar CT findings and mimic COVID-19 pneumonia.
In this review, we discuss clinical conditions that share a similar imaging appearance with COVID-19 pneumonia, in order to
identify imaging and clinical characteristics useful in the differential diagnosis.
Keywords COVID-19 pneumonia . Chest HRCT . Differential diagnosis

Introduction
Coronavirus disease 2019 (COVID-19) was first reported in
Wuhan, China, in early December 2019 as an acute lower
respiratory tract infection [1] with subsequent rapid outbreak
worldwide, being declared pandemic in March 2020.
Currently, WHO estimates report that there have been
42.966.344 confirmed cases and 1.152.604 confirmed deaths
due to COVID-19 worldwide, with 9.472.859 confirmed
cases in Europe and 525.782 cases in Italy [2].
COVID-19 clinical presentation is highly variable and nonspecific, with fever, cough, dyspnea, anosmia, dysgeusia,
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fatigue, and muscle aches being the most common symptoms.
Some cases progress to a severe viral pneumonia with respiratory failure and even death, while others recover completely.
Moreover, COVID-19 infection can be asymptomatic in a
significant number of cases.
The standard diagnostic method for COVID-19 infection is
the reverse-transcription polymerase chain reaction (RTPCR), which detects virus nucleotides in oropharyngeal and
nasopharyngeal swab samples, bronchoalveolar lavage or tracheal aspirate.
RT-PCR sensitivity is estimated between 60 and 71% [3],
probably due to error sampling, specimen type, and viral load
at the time of examination. RT-PCR limitations include sample
collection and transportation, kit shortage, and processing period.
Chest-computed tomography (CT) is a rapid and widely
used diagnostic tool for thoracic pathology, including lung
infectious and non-infectious diseases. Some studies report
that chest-CT may show pulmonary abnormalities in
COVID-19 patients with a false-negative RT-PCR test in the
early stages of disease [4, 5], and can also identify features
compatible with COVID-19 pneumonia, in asymptomatic patients undergoing CT examination for other reasons in the
setting of community transmission.
Chest-CT has been widely used during the COVID-19 pandemic, being a fast and easily accessible technique in most
healthcare centers. CT has a high sensitivity, about 94–97%
[6, 7], in detecting early signs of COVID-19 pneumonia, disease progression, complications, and possible alternative diagnoses such as heart failure or pulmonary embolism.
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However, the specificity of CT is low (about 37%) [6], since
many lung diseases that can mimic COVID-19 pneumonia CT
appearance. Indeed, many radiology professionals societies
recommend against performing CT as a primary technique
for the diagnosis of COVID-19 pneumonia [8].
Particularly, the Fleischner Society Multinational
Consensus Statement attempts to standardize the criteria for
the use and interpretation of CT in COVID-19 pandemic, by
stratifying patients according to risk and severity of symptoms
[9]. According to the Multinational Consensus Statement [9],
CT is not recommended as a screening tool for COVID-19
infection in asymptomatic patients nor in patients with mild
symptoms compatible with COVID-19 infection, unless there
are risk factors for progression. CT is indicated in patients
with moderate to severe symptoms, regardless of the RTPCR result, and in patients with confirmed COVID-19 infection with worsening respiratory symptoms.
Nowadays, in most institutions, pulmonary CT is usually
performed using 64-, 256-, or 128-slice multidetector row CT
scanners. Images are acquired with the use of standard tube
voltage and current settings (120 kV, 200 mAs, varying depending on patients’ body mass index, 16 × 0.75 collimation
and pitch = 0.938) with a scanning range covering the area
from lungs apices to the diaphragm, generally with a craniocaudal scanning direction.
Patients are generally scanned in supine position during a
deep-inspiration breath hold. However, prone position can be
particularly useful to differentiate between parenchymal abnormalities in the posterior regions and dependent lung atelectasis. Expiratory acquisition may be needed to distinguish
air-trapping from hypo-vascular mosaic attenuation; it needs
to be noted though, that expiratory acquisitions are not routinely performed as it might be physically demanding for patients with acute disease, such as COVID-19 pneumonia.
Images are reconstructed with a slice thickness of 1.00 or
1.25 mm and photographed at window settings levels appropriate
for the examination of lung parenchyma (window level, − 600 to
– 700 HU; window width, 1200–1500 HU) and the mediastinum
(window level, 20–40 HU; window width, 400 HU).
The key imaging finding in COVID-19 pneumonia is
ground-glass opacity (GGO), defined as an area of hazy increased lung attenuation which do not conceal bronchial and
vascular structures [10]. It represents the partial filling of alveolar airspaces and may be due to countless different causes
so its diagnostic value in isolation is scarce. Causes of GGO
may be usefully divided into vascular (i.e., increased capillary
blood volume or pressure such as in case of cardiac insufficiency) and non-vascular (i.e., partial filling or collapse of
alveoli, and interstitial thickening due to fluid, cells or fibrosis) or a combination of these.
The most frequent CT findings in COVID-19 pneumonia
are bilateral, multifocal, patchy GGO, with or without concurrent areas of consolidation, typically with a basal peripheral
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distribution [8] (Fig. 1). Reticular and/or interlobular septal
thickening can also be seen, superimposed on the GGO,
resulting in a “crazy-paving pattern” [9, 11, 12] (Fig. 2).
Pure consolidation is uncommon and found in elder patients
(> 50 years), in progressive cases and more severe disease [1].
In patients developing an organizing pneumonia (OP) pattern,
CT may show the “reverse halo sign” (an irregular opacity
with a dense peripheral ring of consolidation and a central area
of GGO), which was reported in 32,1% of patients with moderate disease and in 13% of more severe cases [13] (Fig. 2).
COVID-19 infection is associated with microvascular
thrombosis, and an increased frequency of pulmonary embolism and pulmonary infarctions, visualized on CT as peripheral opacities [14].
CT may also help differentiate other lung diseases, acute
heart failure, and, when performed with contrast medium, pulmonary thromboembolism [9].
CT manifestations of COVID-19 pneumonia may widely
vary also depending on the phase and on the severity of the
disease, and in 10.6% of symptomatic patients chest-CT can
be normal [15].
The aim of this essay is to present a set of pathological
conditions that can mimic COVID-19 pneumonia based on
the similarities of CT appearance, and to describe imaging
features and clinical characteristics that can be helpful in the
differential diagnosis.

Pulmonary infections
Bacterial pneumonia
Lung infections are common in clinical practice and bacterial
pneumonia is one of the most frequent causes. It is classified
as community acquired pneumonia (CAP), aspiration pneumonia or nosocomial pneumonia (NP) based on clinical scenario [16].
CAP is commonly caused by Streptococcus pneumoniae
and Mycoplasma pneumoniae; Staphylococcus aureus and
Gram-negative (Enterobacteriae or E. coli) often cause NP,
while aspiration pneumonia is due to microorganisms found
in oropharynx such as Gram-negative cocci.
Clinical manifestations are fever, chills, cough, and sometimes chest pain; symptoms can be milder or absent in immunocompromised patients [17].
When pneumonia is suspected, diagnosis is confirmed by
imaging evaluation, with chest X-ray (CXR) being the most
used tool. CT is more sensitive but usually performed in unclear cases or when complications are suspected [16].
Imaging findings are variable: in CAP, CT images classically show airspace consolidation and can also evidence
GGO, centrilobular nodules and bronchial walls thickening,
with or without pleural effusion. Rarer presentations are round
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Fig. 1 a–c Axial HRCT images of three different patients with COVID-19 pneumonia (a–c) showing bilateral, patchy ground-glass parenchymal
opacities with prevalent peripheral and mid-lower lobes distribution

and multi-lobar pneumonia. The first, mainly seen in children,
is typically characterized by a focal, round-shaped consolidation at imaging. Round pneumonia should be suspected in
case of a rapid growing pulmonary nodule/mass, which disappears after antibiotic therapy [18].
Multi-lobar or bilateral pneumonia are non-focal patterns of
CAP, with greater extent, often seen in patient with an underlying lung disease causing parenchymal distortion [17, 19].
Aspiration pneumonia is secondary to inhalation of oropharyngeal or gastric secretions into the lower respiratory
tract. Imaging generally shows bilateral and peri-hilar airspace consolidations, involving lower lobes, especially in
the right lung [20].
NP is a complication of hospitalized patients defined as a
pneumonia occurring 48 h after the admission or 48 h after
hospital discharge [21]. Imaging findings are bilateral, diffuse, or multiple foci of consolidation involving more than
one lobe, frequently associated with pleural effusion [22].
Complications may occur in any pneumonia but are more
frequent in CAP and NP, especially in immunocompromised
patients, and are usually detected by CT. Lung cavitation

Fig. 2 a–b Axial HRCT images
of two patients with COVID-19
pneumonia showing an organizing pneumonia pattern (a), with
bilateral ground-glass opacities,
lower lobes prevalent distribution,
and the classic reverse halo sign,
or atoll sign (black arrows in a), in
the right lower lobe; and a “crazy
paving” pattern (b) resulting from
ground-glass opacities
superimposed to interlobular septal thickening (black arrows in b)

suggests bacterial etiology, with S. aureus and anaerobic bacteria being the most frequent agents in immunocompetent patients, and Aspergillus in immunocompromised ones. Pleural
effusions are frequent during uncomplicated CAP and are reactive in nature, resolving after antibiotic therapy, 5–10% of
these might complicate and progress to empyema [16].

Viral pneumonia
Viruses are the main cause of acute respiratory infections.
Viral pneumonia can be caused by different viruses depending
on patient’s age and immune status. Clinical symptoms are
non-specific and depend on immunological status (being more
severe in immunocompromised patients), age, and virus’s
prevalence [23].
Imaging features are variable and non-specific since they
overlap and are shared with other non-viral lung diseases. CT
findings reflect the pathogenesis of viral infection: viruses of
the same family, sharing similar pathogenesis, generally show
similar CT appearance [23].
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Adenovirus manifests as a mild upper respiratory tract infection in most immunocompetent patients. However, it can
also cause acute bronchiolitis and evolve to bronchopneumonia. CT findings in acute adenovirus pneumonia are bilateral,
multifocal GGO with patchy consolidations, often with a
segmental-lobar distribution, suggestive of bronchopneumonia, associated with tree-in-bud-opacities [23]. Sometimes,
expiratory acquisitions may demonstrate areas of air trapping,
visualized as areas of decreased attenuation of lung parenchyma during expiration, due to small airway obstruction and
reduced lung compliance. They are usually related to chronic
bronchiolitis.
Cytomegalovirus (CMV) pneumonia is more frequent in
immunocompromised patients, such as HIV patients, patients
on long-term corticosteroid therapy or organ transplant receivers, especially in the early phase (30–100 days) after transplantation. Immunocompetent patients are usually
asymptomatic.
CT in CMV pneumonia demonstrates bilateral and asymmetric GGO, associated with random distributed, poorly defined pulmonary nodules and air-space consolidation.
Interlobular septal thickening can be observed [23, 24].
Influenza viruses are a diffuse group of infective agents
(influenza virus A, B, C, and D) causing seasonal epidemic,
or pandemic, upper respiratory tract infections. Infections are
usually mild and self-limited but, in immunocompromised
patients, children or elderly people, pneumonia may occur,
mostly caused by Influenza A virus.
CT can show focal or diffuse, bilateral GGO, associated
with consolidations that tend to be confluent (Fig. 3).
Bronchiectasis and small centrilobular nodules are frequently
observed in Influenza pneumonia while are rare in COVID-19
[25]. During influenza pneumonia, pleural effusion and cavitation can develop [25, 26].
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Human metapneumovirus (HMPV) causes approximately
4% of CAP in winter. Immunocompetent patients generally recover with no sequelae, while immunocompromised patients
may develop a severe, life-threatening pneumonia. HMPV infection causes alveolar damage with mucous plugging, resulting in a
CT pattern of branching centrilobular nodules and GGO [23].
Human coronaviruses are an important group of pathogens
that cause upper and lower acute respiratory tract infections,
and acute respiratory distress syndrome. SARS and MERS
viruses belong to this group.
Imaging features of SARS pneumonia resemble those observed in other CAP: most common findings are airspace consolidations with unifocal pattern being more frequent than the
multifocal one. Parenchymal involvement is predominately in
the lower lobes with peripheral distribution.
MERS pneumonia is a severe condition that can lead to
respiratory failure more rapidly than SARS pneumonia does.
CT in MERS pneumonia usually demonstrates multifocal
patchy nodular consolidations with extensive GGO involving
basal and subpleural regions of both lungs [12, 27].
CT features of COVID-19 pneumonia can widely overlap
with those observed in other viral pneumonias. However,
some findings have been reported to be more indicative of
COVID-19 pneumonia rather than other etiology and can help
to differentiate this entity.
Pure GGO or mixed GGO and consolidation patterns are
the most typical in COVID-19 pneumonia, while pure consolidations are rarely seen and more common in other viral pneumonia such as influenza pneumonia.
COVID-19 infection generally causes bilateral large parenchymal lesions (> 5–10 cm), often round-shaped, involving multiple lobes, with a characteristic peripheral distribution.
Interlobular septal thickening, bronchial wall thickening, linear
opacities, and vascular enlargement are other common findings.
“Crazy paving” pattern is more frequent in COVID-19 pneumonia compared to other viral infections, particularly influenza [25].
Conversely, tree-in-bud opacities, multiple nodules, bronchiectasis, extensive air-space consolidations, pleural effusions, and lymph node enlargement are unusual in COVID19 pneumonia and more suggestive of other agents [12, 26,
27]. Cavitations are unusual in COVID-19 infections and suggestive of bacterial etiology [28].
In severe cases, requiring assisted ventilation, diffuse lung
opacities due to diffuse alveolar damage (DAD) or OP can be
observed. Currently, little has been written about the longterm sequelae of COVID-19 pneumonia and further studies
are required.

Pneumocystis jiroveci pneumonia (PJP)
Fig. 3 Axial HRCT scan of a patient with H1N1 pneumonia shows
bilateral patchy ground-glass opacities associated with small areas of
consolidation (black arrows)

Pneumocystis jiroveci is an atypical fungus that can cause lifethreatening infections in immunocompromised patients, especially in case of cell-mediated immunity deficiency [29].
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PJP is among the most frequent opportunistic infections in
HIV patients, particularly when the CD4+ cells count are
<200 cell/mm3 [24, 29].
Onset is gradual with non-specific signs and symptoms,
such as fever, dry cough, and dyspnoea which can last up to
1 month [30].
In some cases, PJP can lead to acute respiratory distress
syndrome (ARDS) with severe hypoxemia and necessity of
mechanical ventilation [29]. PJP rarely affects non-HIV patients, but, when it does, it shows a more aggressive course
leading to respiratory failure, due to the severe inflammatory
response [31].
CT is the most used imaging tool to evaluate pneumonia in
immunocompromised patients.
The main findings of PJP are extensive, homogeneous
symmetric GGO, with a central and mid-upper lobe distribution and relative sub-pleural sparing, although diffuse pattern
sometimes occurs. In more advanced stages, a “crazy paving”
pattern can be seen. A mosaic attenuation pattern is described
in about 50% of cases [29] (Fig. 4).
Lung consolidations are more common in rapidly progressive cases in non-HIV patients, reflecting the parenchymal
damage secondary to the host immune response [24, 29].
Lung air-containing cysts, variable in shape and size, are
present in 1/3 of patients and are more frequent in HIV patients. Cysts are associated with a higher risk of pneumothorax
and can resolve after appropriate infection treatment.
Sometimes, a granulomatous inflammation may develop as
solitary or multiple nodules ranging from few millimeters to
1 cm. Architectural distortion and residual fibrosis may persist
after recovery [24, 29].
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The latest proposed classification is based on the degree of
radiological and/or histopathological fibrosis and divide HP in
fibrotic (i.e., presence of fibrosis with or without inflammation) or nonfibrotic (i.e., purely inflammatory) [32].
This new approach is easier to apply and better reflects the
disease’s clinical course, being parenchymal fibrosis the principal prognostic factor [34, 35].
The imaging features that might mimic COVID-19 pneumonia, mainly concern the non-fibrotic HP, whose main findings are bilateral and symmetric patchy ground-glass areas
and consolidations, associated with mosaic pattern
attenuation.
However, in non-fibrotic HP, parenchymal alterations are
more diffusely distributed, without a definite cranial-caudal or
axial gradient; diffuse and bilateral ill-defined, centrilobular
nodules are often observed (representing small airway involvement) as well as significative air trapping, which can
be confidently identified only by expiratory acquisitions
(Fig. 5). These characteristics are unusual in COVID-19 and
may be useful, together with the history of antigenic exposure,
to differentiate the two entities.

Acute fibrinous and organizing pneumonia
(AFOP)

HP is an inflammatory and/or fibrotic disease affecting lung
parenchyma and small airways, provoked by an immune reaction in susceptible individuals after repeated exposure to
one or more inciting agents [32].
Historical classification of HP in acute, subacute, and
chronic has long since been abandoned [33].

AFOP is a rare and little-known interstitial lung disease, associated with acute lung injury and poor prognosis, first described in 2002 by Beasley et al. [36].
The distinctive histopathological features are intra-alveolar
fibrin deposits (fibrin “balls”) and the presence of OP, while
hyaline membranes of DAD and eosinophils are absent [37].
AFOP may be idiopathic or secondary to infections, collagen vascular diseases, hematological malignancy, lung transplantation, drugs, and toxic exposure [38, 39].
Two principal clinical patterns have been described: acute,
with a rapidly progressive course leading to respiratory failure, and chronic, less aggressive and slower in clinical progression [36, 39].
CT features are variable with no pathognomonic signs:
bilateral multifocal ground-glass opacities with basal

Fig. 4 a–c Axial HRCT images of three patients with different stages of
Pneumocystis jiroveci pneumonia showing, at an early stage (a), bilateral,
diffuse ground-glass opacities with a mosaic attenuation pattern; and in

advanced stages (b–c) more extensive ground-glass opacities and parenchymal, variable in shape and size cysts (arrows in b and c), whose
rupture can sometimes lead to pneumothorax (white * in c)

Hypersensitivity pneumonitis (HP)
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Fig. 5 a–b Axial supine (a) and
prone (b) HRCT images of a
patient with non-fibrotic hypersensitivity pneumonitis showing
small bilateral ground-glass
centrilobular nodules (a) and bilateral patchy ground-glass opacities with lobular air-trapping (arrows in b) resulting in a mosaic
pattern attenuation

predominance and “crazy paving” are frequent. Occasionally,
diffuse areas of consolidation with broncho-vascular bundles
thickening can be present, some of them with the crescentic
morphology and a central GGO (reversed halo or atoll sign)
typical of OP [36, 40].

Acute eosinophilic pneumonia (AEP)
Eosinophilic lung disorders represent a group of diffuse parenchymal diseases, characterized by eosinophil infiltration in
alveolar spaces and interstitium, with or without peripheral
blood eosinophilia [41].
AEP is an acute febrile illness, with a significant morbidity
and mortality if not promptly treated [42].
Some cases are idiopathic, but there is a strong relation with
cigarette smoking, particularly with changes in smoking
habits, (i.e., starting or restarting after cessation) [43], even
exposure to passive smoking can cause AEP [44]. The mean
age is 30 years old with a male sex predominance [45].
AEP has an acute onset with fever, cough, and dyspnoea
which last about 5 days, and can rapidly progress to respiratory failure if not treated [46]. AEP rapidly responds to glucocorticoids with complete resolution, without relapse or
withdrawal [47].
Peripheral eosinophilia is uncommon at presentation but is
frequent later in the disease course, while BAL eosinophilia
(defined as >25% eosinophils on BAL fluid differential cell
count) is characteristic of AEP from the beginning [48].
CT findings are bilateral patchy GGO, frequently associated with consolidations and smooth interlobular septal thickening, similar to what can be observed in COVID-19 (Fig. 6).
These findings usually have no preferential cranio-caudal or
axial gradient, but a peripheral and lower lobes prevalent distribution can be observed [49].
Pleural effusions, often bilateral, are typical and seen in
>90% of cases, as well as lymph nodes enlargement [48].

Diffuse alveolar hemorrhage (DAH)
DAH is a clinicopathologic syndrome consisting in diffuse
bleeding into alveolar spaces due to an injury to the alveolar
capillaries (pulmonary capillaritis) [50].
DAH can appear at any age, without sex predilection and
can be secondary to a wide variety of conditions such as systemic vasculitis, connective tissue diseases, infections, coagulation disorders, drug toxicities, or hematopoietic stem cells
transplantation (SCT) [50].
Clinical course is unpredictable and variable in severity,
ranging from complete resolution to life-threatening progressive forms [50, 51].
The classical clinical sign of DAH, hemoptysis, is absent in
one third of cases [52]. Other common clinical features are
nonspecific such as fever, cough, dyspnea, and chest pain.
Imaging features are equally nonspecific and can mimic
any other acute disease that causes diffuse alveolar filling.
Diagnosis often requires BAL, which shows a persistent or
increasingly bloodier return from lavage [51].
In the early acute phase, chest imaging can be normal in
20–50% of cases [50]; when present, common findings are
patchy ground-glass, centrilobular opacities without interlobular septal thickening, with a prevalent middle/lower lung
zones distribution or batwing appearance (Fig. 7). In the subacute phase, interlobular and intralobular septal thickening
may develop leading to a crazy-paving pattern.
CT abnormalities resolve in about 2 weeks. In case of recurrent episodes of DAH, fibrotic abnormalities might progressively develop, with architectural distortion and volume
loss, coexisting with residual speared lung areas [51].

Pulmonary edema
Pulmonary edema is a condition characterized by an abnormal
accumulation of fluid in lung interstitium and airspaces [53].
Pulmonary edema can be classified according to the
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Fig. 6 a–b Axial HRCT images
of two patient with acute
eosinophilic pneumonia (a–b)
show parenchymal ground-glass
opacities and consolidations with
a peripheral and lower lobes
prevalent distribution; thickening
of interlobular septa (black arrows
in b) and broncho-vascular bundles (white arrows in b) are also
seen

pathogenesis in a) hydrostatic pressure edema, due to an increased hydrostatic capillary pressure with left-sided heart
failure and fluid overload being the most common causes; b)
permeability edema, due to an increased permeability of capillary endothelium, as observed in cases of inhalation injury,
infections, aspiration or trauma with or without accompanying
ARDS and DAD; and c) mixed pulmonary edema, such as reexpansion or re-perfusion pulmonary edema [53].
Pulmonary edema is a very common finding in clinical
practice and hydrostatic edema is reported to be the main
non-infectious cause of widespread GGO in hospitalized patients [54].
In hydrostatic edema, common CT features are bilateral
GGO, usually symmetric, mostly distributed in the dependent
regions of lower lobes and in peri-hilar location. Peribronchial cuffing and interlobular septal thickening are also
observed, reflecting lymphatic drainage overload [55].
Small bilateral pleural effusions are frequent and help
confirming the diagnosis [24, 55].
Permeability edema is caused by changes in capillary epithelium leading to fluid diffusion in presence of normal values
of hydrostatic pressure. CT features are similar to those observed in hydrostatic edema, but GGO generally is more confluent, prevalent distribution is usually not in the dependent
regions and air-space consolidations are more frequent.
Fig. 7 a–b Axial HRCT images
of two different patients with
diffuse alveolar hemorrhage show
bilateral, diffuse hazy groundglass (a–b) and centrilobular
opacities (black circle in a) with
subtle sub-pleural sparing and a
prevalent middle/lower lung
zones distribution or “batwing”
appearance

Consolidations are prominent in cases of permeability edema
associated to ARDS [55]. Conversely, septal thickening and
pleural effusion are unusual.

Pulmonary lymphangitis carcinomatosa (PLC)
Pulmonary lymphangitis carcinomatosa (PLC) is a form of
metastatic pattern in advanced malignant tumors, due to the
metastatic spreading through the pulmonary lymphatic circle
[56]. Tumor spreading into pulmonary lymphatic capillaries
hinders lymphatic flow causing accumulation of interstitial
and alveolar fluid leading to respiratory dysfunctions [57].
PLC is usually a late complication occurring in patients with
a known malignant tumor, more rarely PLC can be the first
manifestation of an occult disease. Although it can occur in
any malignant disease with chest involvement [56], PLC is
frequently associated with adenocarcinomas (80%) [58] with
breast cancer (33%), gastric cancer (29%), and lung cancer
(17%) being the most common primary tumors [56, 57].
Clinical symptoms are generally progressive dyspnea and
dry cough, observed in about half of the patients. PLC is
associated with a poor prognosis with an average survival of
three month after the onset of respiratory symptoms [57].
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CT is the technique of choice for the diagnosis of PLC and
should be performed when suspected. CT common features
are nodular and irregular thickening of interlobular septa and
broncho-vascular bundles with preserved lung architecture
(contrary to what observed in fibrotic lung diseases), hilar
and mediastinal lymph node enlargement and pleural effusions. Lung infiltrates, GGO or consolidations, can also be
observed. These findings tend to be unilateral, commonly on
the right side, with prevalent lower lobes involvement [56,
59].

Transfusion-related acute lung injury (TRALI)
TRALI is the most common cause of hemotherapy-related
morbidity and mortality, with an estimated incidence ranging
between 0.01% and 0.08% per plasma-containing unit transfused, and a mortality rate of 5–14% [60].
TRALI is an acute non cardiogenic pulmonary edema, generally occurring within 6 h following the transfusion of plasma
containing blood products, usually between 30 min and 2 h
after transfusion [60, 61].
The pathogenesis of TRALI is not completely clear, but
neutrophils have a central role because of their cytotoxic effect
on pulmonary endothelium resulting in an increased capillary
permeability.
Clinical presentation is non-specific and characterized by
cough, dyspnea, fever, hypoxemia, cyanosis, leukopenia, and
sometimes respiratory failure.
Imaging features are those of pulmonary edema with CT
showing bilateral, extensive GGO with broncho-vascular bundles and interlobular septal thickening; air-space consolidation
appear with progressive alveolar filling. Cardiac appearance is
normal [60, 61]. Despite non-specific symptoms and imaging
features, the anamnestic data of a recent blood product transfusion should suggest this entity.

Acute exacerbation of interstitial lung
diseases (AE-ILDs)
Fibrosing interstitial lung diseases (ILD) are a group of chronic lung diseases with variable course in individual patients.
Episodes of rapid deterioration are quite common and unpredictable as they can occur at any stage during the disease
course [62].
Acute exacerbation of ILDs (AE-ILD) is an acute respiratory deterioration (increasing hypoxemia and dyspnea) that
can rapidly progress to respiratory failure, typically less than
1 month in duration, accompanied by extensive CT lung abnormalities [63].
AE is a well-known complication of idiopathic pulmonary
fibrosis (IPF) but it can occur in many other ILDs, including
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nonspecific interstitial pneumonia (NSIP), chronic hypersensitivity pneumonitis (CHP), and ILD associated with connective tissue disease [62, 64].
Sometimes, an episode of AE-ILD in a previously healthy
patient, can be the first manifestation of an unknown ILD.
AE-ILD episodes are more frequent in winter and spring,
suggesting that infections could be trigger factors [63].
In ILDs other than IPF, AE is more frequent in those cases
with radiological or histopathological pattern of usual interstitial pneumonia (UIP) [65, 66].
AE represents a life-threatening event associated with a
poor prognosis with a short-term mortality of 50% despite
therapy [67].
AE-ILD diagnosis is based on clinical and radiological
findings, especially CT.
CT in AE-ILD shows new extensive bilateral GGOs, sometimes with focal consolidations, associated to a background
pattern consistent with an underlying ILD (often, but not exclusively, UIP) (Fig. 8). Pleural effusion is not common unless
cardiac overload coexists [62, 63]. The distribution of the new
lung abnormalities is variable and has been classified as peripheral, multifocal, or diffuse [68]; however, the most significant prognostic factor is the extent of the disease on CT, the
greater the extension the worse the survival rate [69].

Electronic cigarette or vaping product
use–associated lung injury (EVALI)
Electronic cigarettes (vaping) are devices which aerosolize
nicotine and a mixture of chemical components, proposed as
a safer alternative to tobacco smoking.
Cases of acute respiratory symptoms associated with CT
and histopathologic lung abnormalities have been found in
patients with a history of vaping. This suggested that some
inhaled components could be harmful, and these cases were
referred to as e-cigarette or vaping-product use associated lung
injury (EVALI) [70, 71].
EVALI patients are frequently young, with 79% of patients
being younger than 35 years old [72].
Clinical presentation consists in a combination of respiratory (cough, dyspnea, and chest pain), gastrointestinal, and
constitutional symptoms. The suspension of vaping and steroid therapy rapidly lead to clinical improvement and recovery
[70, 73].
EVALI diagnosis is strictly dependent on a recent history
of vaping (within 90 days) associated with acute respiratory
symptoms, CT lung abnormalities, and exclusion of other
possible causes [70].
CT demonstrates various patterns of lung involvement, the
most frequent being DAD and OP [73].
CT findings in EVALI are multiple, bilateral, hazy GGO
centrally distributed with subpleural sparing, evident along both
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Fig. 8 a–b Axial HRCT images
of two patients with acute
exacerbation of interstitial lung
disease (ILD) show extensive bilateral ground-glass opacities and
focal consolidations,
superimposed to a background
parenchymal pattern consistent
with an underlying ILD compatible with non-specific interstitial
pneumonia pattern (a) and with
usual interstitial pneumonia pattern (b)

the chest wall and mediastinum surface. Areas of consolidations can be present but generally with a lesser extent than
GGO.
Sometimes, pleural effusion and interlobular septal thickening occur, resulting in a crazy paving pattern. Centrilobular
nodules are frequent, typically showing an upper lobe distribution just like the majority of the inhalation injuries [70, 71, 73].

Drug-induced lung injury (DLI)
Adverse drug reactions, including DLI, are a major cause of
morbidity and mortality, accounting for 5% of hospitalisations
[74]. DLI can occur after the assumption of multiple drugs
(more rarely after discontinuation of therapy) in the form of
Fig. 9 a–d Axial HRCT images
of two patients who developed
drug-induced lung injury secondary to amiodarone (a–b) and to
anthracyclines (c–d) therapy,
show bilateral patchy groundglass opacities, consolidations,
and fibrotic septal thickening (a–
b); and extensive bilateral
ground-glass opacities involving
all lobes with subpleural sparing
(c–d)

various patterns of lung damage. Immunosuppressive drugs
and chemotherapies are the most frequently associated with
DLI.
The non-specificity of symptoms and imaging findings implies an integration of clinical, laboratory, and imaging information to reach the diagnosis [74, 75]. DLI is a diagnosis of
exclusion, based on the temporal relationship between the
introduction of a suspected drug and the onset symptoms
and imaging lung abnormalities, excluding other possible
causes.
Four CT patterns have been described as the most common
in DLI: a) HP pattern, frequently associated to a low dose
methotrexate treatment, characterized by patchy or diffuse
GGO, small poorly-defined centrilobular nodules without architectural distortion; b) DAD, the most severe form of DLI,
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often secondary to cytotoxic chemotherapeutic agents leading
to diffuse GGO and consolidation with septal thickening and
fibrotic parenchymal distortion; c) NSIP, with consolidation/
GGO in a peri-broncho-vascular distribution and subpleural
sparing, and d) OP consisting in multiple, non-segmental,
subpleural consolidations with or without the reverse halo
sign [74, 75] (Fig. 9).
Sometimes there is not one specific CT pattern, with most
common findings being bilateral diffuse GGO and/or consolidations, with or without septal thickening [74].
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