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Abstract  

Background 

The typical CT manifestations of COVID-19 pneumonia include ground-glass opacity 

(GGO) with or without consolidation and superimposed interlobular septal thickening. 

These are often rounded in morphology and frequently bilateral, multilobar, posterior, 

peripheral, and basilar in distribution. The various atypical CT features of COVID-19 are 

seldom described in the literature. The study aims to enumerate the atypical pulmonary 

CT features in patients with COVID-19 pneumonia and their distribution among different 

age groups. 

Results 

A total of 298 confirmed cases of COVID-19 pneumonia with positive reverse 

transcription polymerase chain reaction (RT-PCR) who underwent chest CT scans were 

retrospectively evaluated. The cohort included 298 cases of COVID-19 pneumonia and 

the mean age was 53.48. Out of the 298 cases, 218 cases (73.1%) showed typical CT 

features while 63 cases (21.1%) showed atypical CT features with concurrent classical 

findings and the remaining 17 cases (5.8%) were normal. Among the atypical CT 

features, the most common was pleural effusion [n = 30 (10.0%)]. The other features in 

the order of frequency included nodules [n = 19 (6.3%)], pulmonary cysts [n = 16 

(5.3%)], cavitation [n = 4 (1.3%)], spontaneous pneumothorax [n = 2 (0.6%)], 

spontaneous pneumo-mediastinum with subcutaneous emphysema [n = 1 (0.3%)]. 

Conclusion 

CT imaging features of COVID-19 pneumonia while in a vast majority of cases is 

classical, atypical diverse patterns are also encountered. A comprehensive knowledge of 

various atypical presentations on imaging plays an important role in the early diagnosis 

and management of COVID-19. 

Introduction 
In December 2019, a novel coronavirus, severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2), was identified as the cause of a cluster of pneumonia cases in Wuhan, a 

city in the Hubei province of China (1).  

Although SARS-CoV-2 disease (or coronavirus disease 2019 [COVID-19]) primarily 

manifests as a lung infection, with symptoms ranging from those of a mild upper 

respiratory infection to severe pneumonia and acute respiratory distress syndrome 
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(ARDS), other multisystemic manifestations of this disease and related complications are 

becoming more commonly recognized (2). 

Literature review 

Virology 

Coronaviruses are large, enveloped RNA viruses that contain an unsegmented genome of 

single-stranded RNA (3).  

Phylogenic analysis revealed that SARS-CoV-2 is closely related to the beta-

coronaviruses. Similar to other coronaviruses, the genome of SARS-CoV-2 is positive-

sense single-stranded RNA [(+) ssRNA] with a 5′-cap, 3'-UTR poly(A) tail. The length of 

the SARS-CoV-2 genome is less than 30 kb, in which there are 14 open reading frames 

(ORFs), encoding non-structural proteins (NSPs) for virus replication and assembly 

processes, structural proteins including spike (S), envelope (E), membrane/matrix (M) 

and nucleocapsid (N), and accessory proteins (4, 5). The first ORF contains 

approximately 65% of the viral genome and translates into either polyprotein pp1a (nsp1–

11) or pp1ab (nsp1–16). Among them, six NSPs (NSP3, NSP9, NSP10, NSP12, NSP15 

and NSP16) play critical roles in viral replication. Other ORFs encode structural and 

accessory proteins (6, 7). 

The S protein is a transmembrane protein that facilitates the binding of viral envelop to 

angiotensin-converting enzyme 2 (ACE2) receptors expressed on host cell surfaces (8). 

The N protein attaches to the viral genome and is involved in RNA replication, virion 

formation and immune evasion (9). The M protein is one of the most abundant and well-

conserved proteins in the virion structure. This protein promotes the assembly and 

budding of viral particles through interaction with N and accessory proteins 3a and 7a 

(10). The E protein is the smallest component in the SARS-CoV-2 structure that 

facilitates the production, maturation and release of virions (6). 

Pathophysiology 

The entry of the SARS-CoV-2 into host cells and release their genomes into target cells is 

dependent on a sequence of steps. The virus uses the protein spike, which is important for 

assessing tropism and virus transmissibility. Additionally, SARS-CoV-2 even targets 

human respiratory epithelial cells with ACE2 receptors, indicating a structure of RBD 

similar to SARS-CoV (11). 
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Following virus entry, the uncoated genomic RNA is translated into polyproteins (pp1a 

and pp1ab) and then assembled into replication/transcription complexes with virus-

induced double-membrane vesicles (DMVs). Subsequently, this complex replicates and 

synthesizes a nested set of subgenomic RNA by genome transcription, encoding 

structural proteins and some accessory proteins. Newly formed virus particles are 

assembled by mediating the endoplasmic reticulum and the Golgi complex. Finally, virus 

particles are budded and released into the extracellular milieu compartment. Thus, both 

the viral replication cycle and progression begin (12). 

Inside the host cells, survival of SARS CoVs is maintained by multiple strategies to 

evade the host immune mechanism, which can also be generalized to SARS-CoV-2. As a 

result of the lack of pathogen-associated molecular patterns on DMVs originating from 

the first step of SARS-CoVs infection, they are not recognized by pattern recognition 

receptors of the host immune system (13). 

Nsp1 can impede the interferon (IFN)-I responses through several mechanisms, such as a 

silencing of the host translational system, the induction of host mRNA degradation and 

the repression of transcription factor signal transducer and activator of transcription 

(STAT)1 phosphorylation. Nsp3 antagonizes interferon and cytokine production by 

blocking the phosphorylation of interferon regulation factor 3 (IRF3) and interrupting the 

nuclear factor-kappa B (NF-ΚB) signaling pathway. NSPs 14 and 16 cooperate to form a 

viral 5′ cap similar to that of the host. Thus, the viral RNA genome is not recognized by 

immune system cells (14). 

Clinical features 

COVID-19 manifests with a wide clinical spectrum ranging from asymptomatic patients 

to septic shock and multiorgan dysfunction (15). COVID-19 is classified based on the 

severity of the presentation (15). 

The disease may be classified into mild, moderate, severe, and critical (16). The most 

common symptoms of patients include fever (98.6%), fatigue (69.6%), dry cough, and 

diarrhea (16) 

Mild Disease 

Patients with mild illness may present with symptoms of an upper respiratory tract viral 

infection (15). These include dry cough, mild fever, nasal congestion, sore throat, 

headache, muscle pain, and malaise (15). It is also characterized by the absence of serious 
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symptoms such as dyspnea. The majority (81%) of COVID-19 cases are mild in severity. 

Furthermore, radiograph features are also absent in such cases. Patients with mild disease 

can quickly deteriorate into severe or critical cases (15). 

Moderate Disease 

These patients present with respiratory symptoms of cough, shortness of breath, and 

tachypnea (15). However, no signs and symptoms of severe disease are present. 

Severe Disease 

Patients with severe disease present with severe pneumonia. acute respiratory distress 

syndrome (ARDS), sepsis, or septic shock. Diagnosis is clinical, and complications can 

be excluded with the help of radiographic studies. Clinical presentations include the 

presence of severe dyspnea, tachypnea (respiratory rate > 30/minute), respiratory distress, 

SpO2 ≤ 93%, PaO2/FiO2 < 300, and/or greater than 50% lung infiltrates within 24 to 48 

hours. Even in severe forms of the disease, fever can be absent or moderate [15]. 

In addition, 5% of patients can develop a critical disease with features of respiratory 

failure, RNAaemia, cardiac injury, septic shock, or multiple organ dysfunction [15, 16]. 

Data from the Chinese Centers for Disease Control and Prevention (CDC) suggest that 

the case fatality rate for critical patients is 49% (15). Patients with preexisting 

comorbidities have a higher case fatality rate. These comorbidities include diabetes 

(7.3%), respiratory disease (6.5%), cardiovascular disease (10.5%), hypertension (6%), 

and oncological complications (5.6%) [16]. Patients without comorbidities have a lower 

case fatality rate (0.9%) [16] 

Acute Respiratory Distress Syndrome 

The development of ARDS indicates new-onset or worsening respiratory failure. It 

occurs as a complication within one week of known clinical insult. The values of 

PaO2/FiO2 are used to distinguish ARDS based on varying degrees of hypoxia. 

PaO2/FiO2 ≤ 100 mm Hg is indicative of severe ARDS [15]. PaO2/FiO2 values between 

100 mm Hg and 200 mm Hg are diagnostic for moderate ARDS [15]. PaO2/FiO2 values 

between 200 mmHg and 300 mmHg support the diagnosis of mild ARDS (15). Levels of 

AST (aspartate transaminase) and ALT (alanine transaminase) at the time of admission 

correlate with clinical deterioration to ARDS. Therefore, higher levels at admission result 

in rapid clinical deterioration to ARDS. 
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In addition to the clinical and ventilatory criteria, chest imaging modalities such as chest 

X-ray, computed tomography (CT) scan, and lung ultrasound can be used to support the 

diagnosis. The most frequent finding on CT scan includes ground-glass opacity (86%), 

consolidation (29%), crazy paving (19%), bilateral disease distribution (76%), and 

peripheral disease distribution (33%) [17]. It is important to note that a chest X-ray has a 

lower sensitivity (59%) to detect subtle opacities. A CT scan can further detect 

mediastinal lymphadenopathy, nodules, cystic changes, and pleural effusion. The 

aforementioned abnormalities might be detectable before the onset of symptoms. 

Sepsis and Septic Shock 

Patients with COVID-19 and sepsis are deemed the most critical of them all. The 

accompanying multiorgan dysfunction results as a consequence of dysregulated host 

response to infection. Signs of organ dysfunction include severe dyspnea, low oxygen 

saturation, reduced urine output, tachycardia, hypotension, cold extremities, skin 

mottling, and altered mentation [15]. Laboratory evidence of other homeostatic 

dysregulation includes acidosis, high lactate, hyperbilirubinemia, thrombocytopenia, and 

evidence of coagulopathy [15]. 

Patients with septic shock are persistently hypotensive despite volume resuscitation. They 

may also have an accompanying serum lactate level of >2 mmol/L. 

Laboratory investigations 

Nucleic acid testing 

RNA testing is done with polymerase chain reaction (PCR) is cost-effective, easy to 

perform, and available (18). However, the PCR test has accuracy issues. Sensitivity of 

FDA-approved viral RNA tests range from 63%–95% (19, 20, 21, 22). Sensitivity of 

RNA tests is dependent on the site of specimen collection. Sensitivity was highest in 

bronchioalveolar lavage (93%), then sputum (73%), nasal swab (63%), feces (29%) and 

blood (1%) (19). Another study found that patients with pneumonia often have negative 

nasopharyngeal samples, but positive lower airway samples (23). The sensitivity of PCR 

tests have been estimated at 71%, resulting in ~30% of infected patients having a 

negative finding. Another drawback is the presence of viral RNA does not mean the virus 

is live, therefore, detection does not necessarily mean the virus can be transmitted (23). 

RNA-based tests are limited to the setting of acute illness. Saliva-based tests offer 

promising results as a non-invasive and non-aerosol generating method of specimen 

collection (24). Compared to nasopharyngeal tests, saliva specimens have high sensitivity 
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(84.2%) (24). and can be self-administered (24). Another study reported that SARS-CoV-

2 viral load in posterior oropharyngeal saliva samples was higher at initial presentation of 

COVID-19 symptomatic patients, increased with age, presence of comorbidities, and 

severity of the COVID-19 disease (25). Reduced variability in samples taken from self-

administered tests is helpful for mass testing because it preserves collection reliability 

and allows patients to send in their own samples from the comfort of their home. 

SEROLOGICAL TEST 

The second type of test is serologic, which detects immunoglobulins (IgG and IgM) 

specific for SARS-CoV-2 and provides an estimation of population virus exposure (18). 

One drawback of serologic testing is the lag period between symptoms and antibody 

formation-one analysis found patients do not begin to seroconvert until 11–12 days post-

symptom onset (26). The sensitivity and specificity of FDA-approved serologic tests 

ranges from 61.1%–98% and 90%–100% (27). Many FDA-approved serologic tests have 

high sensitivity and specificity. For example, Cellex Inc. developed a rapid diagnostic 

test with 93.8% sensitivity and 95.6% specificity. Bio-Rad manufactured an ELISA test 

with sensitivity and specificity of 98% and 99%, respectively (27). 

BIOCHEMICAL TEST 

Biochemical findings specific to COVID-19 include elevated prothrombin time, LDH 

(lactate dehydrogenase), D-dimer, ALT, C-reactive protein (CRP), and creatine kinase 

[16]. In the early stages of the disease, a marked reduction in CD4 and CD8 lymphocytes 

can also be noted [16]. Patients in the intensive care unit have shown higher levels of 

interleukin (IL) 2, IL-7, IL-10, GCSF (granulocyte colony-stimulating factor), IP10 

(interferon gamma-induced protein 10), MCP1 (monocyte chemotactic protein 1), 

MIP1A (macrophage inflammatory protein alpha), and TNF-α (tumor necrosis factor-α) 

(28). They also displayed other abnormal findings indicative of coagulation activation, 

cellular immune deficiency, myocardial injury, renal injury, and hepatic injury [16]. In 

critical patients, amylase and D-dimer levels are significantly elevated (15, 28). However, 

blood lymphocyte counts progressively decreased (15, 28). Common to non-survivors are 

the elevations in ferritin, neutrophil count, D-dimer, blood urea, and creatinine levels 

(29). Elevations in procalcitonin levels are not a feature of COVID-19. Therefore, an 

elevated level of procalcitonin may suggest an alternative diagnosis such as bacterial 

pneumonia. Levels of CRP correlate directly with disease severity and progression. 
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Imaging in COVID-19 

Imaging indications 

The threshold for the imaging of patients with potential/confirmed COVID-19 

demonstrates a degree of variation globally due to local resources, the published 

guidelines of individual learned bodies and sociocultural approaches to imaging. 

The use of CT as a primary screening tool is discouraged, not least because these studies 

tended to suffer from selection bias (30, 31).  

With a meta-analysis in April 2020, reporting a pooled sensitivity of 94% and specificity 

37%. In low prevalence (<10%) countries, the positive predictive value of RT-PCR was 

ten-fold that of CT chest  

According to a Fleischner Society consensus statement published on 7 April 2020 (32) 

 imaging is indicated in a patient with COVID-19 and worsening respiratory status 

 imaging is indicated for medical triage of patients with suspected COVID-19 who 

present with moderate-severe clinical features and a high pretest probability of 

disease 

 imaging is not indicated in patients with suspected COVID-19 and mild clinical 

features unless they are at risk for disease progression 

Moreover, performing CT routinely for large cohorts of patients carries additional risks 

(33) 

 additional ionizing radiation exposures 

 increased risk of viral transmission (to staff, patients and carers) as COVID-19 

positive and negative patients come into close proximity in the radiology 

department 

 

Radiographic features 

The primary findings of COVID-19 on chest radiograph and CT are those of atypical 

pneumonia or organizing pneumonia (34) 

However, imaging has limited sensitivity for COVID-19, as up to 18% demonstrate 

normal chest radiographs or CT when mild or early in the disease course, but this 

decreases to 3% in severe disease. Bilateral and/or multilobar involvement is common  
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The current recommendation of the vast majority of learned societies and professional 

radiological associations is that imaging should not be employed as a 

screening/diagnostic tool for COVID-19, but reserved for the evaluation of complications 

Chest X-ray Findings 

Although chest x-ray has a lower sensitivity than chest CT in detection of COVID-19, 

findings on chest x-ray correlate with chest CT. Bilateral, lower lobe, and peripheral 

distribution of opacities are the most common expected findings on chest x-ray of 

COVID-19 cases .In contrast to parenchymal abnormalities, pleural effusion is rare (3%) 

(30, 35) 

Chest radiographs may be normal in early/mild disease. In those COVID-19 cases 

requiring hospitalization, 69% had an abnormal chest radiograph at the initial time of 

admission, and 80% had radiographic abnormalities sometime during hospitalization. 

Findings are most extensive about 10-12 days after symptom onset (35) 

CT scan 

The typical findings on CT in adults have been reported as (36): 

 ground-glass opacities (GGO): bilateral, subpleural, peripheral 

 crazy paving appearance (GGOs and inter-/intra-lobular septal thickening) 

 air space consolidation 

 bronchovascular thickening in the lesion 

 traction bronchiectasis 

The ground-glass and/or consolidative opacities are usually bilateral, peripheral, and 

basal in distribution  

A small number of patients have shown a pulmonary target sign, which has only been 

reported in COVID-19 patients so far. At present it is unclear if this new sign is 

pathognomonic or simply newly recognized. (37) 

Atypical CT findings 

These findings only seen in a small minority of patients should raise concern for 

superadded bacterial pneumonia or other diagnoses (34, 38): 

 mediastinal lymphadenopathy 

 pleural effusions: may occur as a complication of COVID-19 
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 multiple tiny pulmonary nodules (unlike many other types of viral pneumonia) 

 tree-in-bud 

 pneumothorax 

 cavitation 

 atoll sign 

 pneumomediastinum 

Four stages on CT have been described (34) 

1. early/initial stage (0-4 days): normal CT or GGO only up to half of patients have 

normal CT scans within two days of symptom onset 

2. progressive stage (5-8 days): increased GGO and crazy paving appearance 

3. peak stage (9-13 days): consolidation 

4. absorption stage (>14 days): with an improvement in the disease course, "fibrous 

stripes" appear and the abnormalities resolve at one month and beyond. 

Ultrasound 

The following patterns have been observed, tending to have a bilateral and posterobasal 

predominance (39): 

 multiple B-lines 

o -ranging from focal to diffuse with spared areas  

o -representing thickened subpleural interlobular septa 

 may also manifest as a light beam sign, an evanescent, broad-based vertical 

reverberation artifact arising from a regular pleural line  

 irregular, thickened pleural line with scattered discontinuities  

 subpleural consolidations 

o can be associated with a discrete, localized pleural effusion 

o relatively avascular with color flow Doppler interrogation 

o pneumonic consolidation typically associated with preservation of flow or 

hyperemia  

 alveolar consolidation 

tissue-like appearance with dynamic and static air bronchograms associated with severe, 

progressive disease  
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Nuclear medicine 

PET-CT 

FDG uptake is increased in ground-glass opacities in those with presumed/confirmed 

COVID-19. It has been hypothesized that those with higher SUVs in lung lesions take 

longer to heal (34). 

Method  

This was a retrospective study using data collected from the database in Al-Hussain 

teaching hospital in Thi-Qar, Iraq. During the period from June 2020 to November 2020 

Inclusion criteria: Reverse-transcriptase polymerase chain reaction (RT-PCR) 

confirmed COVID-19 pneumonia patients who underwent chest CT scans were 

considered. 

Exclusion criteria: Patients with negative RT-PCR results. 

Results 
A total of 298 reverse-transcriptase polymerase chain reaction (RT-PCR) confirmed 

COVID-19 pneumonia patients admitted between 1 June and 31 November 2020 were 

retrospectively evaluated. The demographics pertaining to age, gender, presenting 

symptoms, presence of comorbidities/risk factors. 

The mean age in our cohort was 53.48 years. The age was further classified into 3 groups: 

(20-40), (11–40), (41–60), (61-90) as depicted in the Table 1. The age group (41–60) had 

highest atypical cases with total of 28 cases (44.44%). 

Age groups Total of 63 percentage 

20 – 40 14 22.2% 

41 – 60 28 44.4% 

61 – 90 21 33.4% 

 

Out of 298 cases of COVID-19 pneumonia, 218 cases (73.1%) showed typical CT 

features while 63 cases (21.1%) showed atypical CT features with concurrent classical 

findings and the remaining 17 cases (5.8%) were normal. Among the atypical CT 

imaging features, pleural effusions were the most common feature in our study. Other 

various atypical imaging features with their incidences in our study. 

Atypical presentations Number of cases Percentage per 298 cases 

Pleural effusion 30 10% 

https://ejrnm.springeropen.com/articles/10.1186/s43055-021-00448-7#Tab1
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Nodules 19 6.3 

Pulmonary cysts 16 5.3 

Cavitations 4 1.3 

Spontaneous pneumothorax 2 0.6 

Spontaneous 

pneumomediastinum with 

subcutaneous emphysema 

1 0.3 

Discussion 
Coronavirus disease 2019 (COVID-19) is caused by severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2). This has rapidly resulted in a worldwide pandemic with 

significant increase in morbidity and mortality (40). The imaging changes in COVID-19 

pneumonia are diverse with the various atypical CT features being less clearly described. 

The study conducted herein explains the atypical CT features in COVID-19 pneumonia. 

based on current literature, the typical imaging features of COVID-19 pneumonia on CT 

include bilateral, multilobar GGOs with/without consolidation, and superimposed 

interlobar septal thickening (41, 42) They show a peripheral, posterior, and basilar 

distribution (41) In our study, majority of the patients (73.1%) showed typical CT 

features and only 21.1% patients showed atypical CT features with concurrent above 

classical findings. Among the atypical CT features, the most common was pleural 

effusion. The other features in the order of frequency included pleural effusion, nodules, 

cavitation, spontaneous pneumothorax, hilar lymphadenopathy, spontaneous pneumo-

mediastinum with subcutaneous emphysema, halo sign, empyema, and necrotizing 

pneumonia with abscess. 

The incidence of pleural effusion in our study was 10%. However, the incidence of 

pleural effusion in COVID-19 has been reported to be varying as per the available 

literature, for instance the study of Woon H.Chong et al (43) showed an incidence of 

7.3%, meanwhile, according to the study by Shi et al., the prevalence of pleural effusion 

varies depending on the stage of the disease, with a reported prevalence of 13% in the 

third week after onset of symptoms (44). Pleural effusion may also be predictive of worse 

prognosis (45). 



 
14 

 

Figure 1: CT scan showing effusion of the right lung with a small amount of effusion on 

the left side 

In our study, the incidence of pulmonary nodules was 6.3%. The reported incidence of 

nodules in COVID-19 has been found to be varying, 3 ~ 13% as per the available 

literature (46, 47). 

 

Figure 2:  CT scan showing pulmonary nodule of the right lung. 

The incidence of pulmonary cysts in our study was 5.3% while the study by Shi H et al 

(44) showed an incidence of 10%. Recent studies speculate that the pulmonary cystic 

change in COVID-19 might be secondary to ischemic parenchymal damage, lung fibrosis 

and low lung compliance (48). Another explanation is blockage of the bronchioles by 
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mucus and mucus plugs followed by the over-inflation of the alveoli and resultant 

rupturing of the alveolar septum with subsequent formation of small cysts (49). 

 

Figure 3: CT scan showing cystic lesion in the right lung. 

Lung cavitation due to COVID-19 pneumonia is an uncommon finding which usually is 

seen in the late stage (50, 51), The incidence in our study was 1.3%. There are few 

reports of intrapulmonary cavities of COVID-19-infection (45, 50, 52, 53). 

 

Figure 4: CT scan sowing multiple cavitations on both sides of the lung. 

Spontaneous pneumomediastinum refers to the presence of air in the mediastinum 

occurring in the absence of traumatic or an iatrogenic origin (41, 54), In current limited 

research, only few case reports of SPM in COVID-19 have been made (41. 55, 56, 57). 

The incidence of SPM in our study was 0.3% and isolated spontaneous pneumothorax 
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was 0.6%. Chen N et al. showed incidence of isolated spontaneous pneumothorax of 1% 

in COVID-19 patients (58).  

It is believed that the possible causes of SPM in COVID-19 were similar to those in 

SARS showing severe diffuse alveolar damage. This diffuse alveolar damage results in 

alveolar rupture which can be further precipitated by high interalveolar pressure caused 

by factors like artificial ventilation, coughing or straining. This results in air migration 

into the mediastinum through the Macklin effect (41, 59, 60, 61). he SPM can lead to 

other complications such as pneumothorax, extensive subcutaneous emphysema, and an 

uncommon complication of lung infections (41). 

Conclusion 
During the course of the pandemic, much of the literature published describes the 

classical imaging features encountered in COVID-19, with anecdotal references made to 

the atypical CT imaging features. A small subset of cases with COVID-19 pneumonia 

show diverse imaging manifestations, which if ignorant can confound the clinical 

approach to the patient leading to misdiagnosis. The present study aimed not only to 

illustrate the various atypical CT features in COVID-19 pneumonia but also correlated 

with age groups. The atypical features observed includes pleural effusion, nodules, 

pulmonary cystic changes, cavitation, hilar lymphadenopathy, spontaneous 

pneumothorax, spontaneous pneumo-mediastinum, empyema and abscess. There was a 

significant increase in the percentage of atypical findings in middle and old age groups 

(age >40) in comparison to young age group (age <40). Thus, older patients may 

represent a radiological diagnostic challenge and higher index of suspicion with prompt 

clinical correlation is needed. 
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