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ABSTRACT

Background: The reversed halo sign described in the pre-COVID era in certain pulmonary pathologies,

most notably cryptogenic organizing pneumonia, has been reported with varying frequency in

coronavirus disease 2019 (COVID-19) pneumonia caused by the novel severe acute respiratory

syndrome coronavirus 2 (SARS-CoV-2). In this study, we aimed to analyze the pattern of the reversed

halo sign and its variant, the bullseye sign in patients with COVID-19 pneumonia.

Methods: In this study, a retrospective analysis of chest CT scans performed in the CT unit of Al-

Imammain Al-Kadhymain Medical City for a three-month duration (from June to August 2020) was

done. Of the 490 CT scans performed for patients with COVID-19, 330 had signs of COVID-19

pneumonia. These were evaluated for the presence of reversed halo or bullseye sign, and only obvious

signs detected in at least two orthogonal planes were included. The number of these signs in each scan

was documented, and an analysis of individual signs was performed. The following features were

recorded; size, location, shape, and type of the peripheral rim (whether complete or incomplete, thin or

thick, distinct or hazy, and uniform or non-uniform).

Results: A total of 26 CT exams were included in the study. The average age of the patients was

44.85 ^ 20.14 years, and the total number of typical reversed halo or bullseye sign lesions was 63. The

rate of reversed halo/bullseye sign in this study was 7.88%. In 15 patients, the typical sign of reversed

halo was seen, the bullseye sign was noted in eight patients, and three patients had both the reversed

halo and bullseye signs. Nearly all the patients had other CT findings of COVID-19 pneumonia, except

one with only a solitary bullseye lesion. The number of lesions ranged from one to nine with the

average number of lesions per patient being 2.42. The mean size of the lesions was 3.39 cm with a size

range 1–8.5 cm. Lesions were located in the periphery of the lung in most patients (93.7%). Basal

predominance was seen in 76.19% patients, located in the lower lobes. A higher percent of bullseye

lesions located in the upper and right middle lobes was observed (n ¼ 12/23) than the typical reversed

halo lesions (n ¼ 3/40). Most lesions were oval (52.38%) or rounded (48.86%). In 77.78%, the

peripheral rim was incomplete. The thickness of the peripheral rim was variable ranging from 2–19

mm. Most lesions (92.06%) exhibited a thin peripheral rim (,1 cm). The rim was clearly distinct in

53.97% of lesions. It was non-uniform in thickness in most cases (95.24%).

Conclusion: The reversed halo sign is not infrequent among CT findings in patients with COVID-19

pneumonia. The typical reversed halo sign is more common than its variant, the bullseye sign.

Variability in morphology and size does exist. In patients with COVID-19, these lesions exhibit thin,

incomplete peripheral rims and are multiple in most cases.
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INTRODUCTION

The coronavirus disease 2019 (COVID-19) caused by the novel severe acute respiratory syndrome

coronavirus2 (SARS-CoV-2) spread rapidly worldwide in the past couple of years1–3. Chest computed

tomography (CT) scan has a pivotal role in the primary diagnosis, evaluation of disease extent,

detection of potential complications, and as a prognostic indicator in COVID-19 infection4.

Ground glass opacities (GGOs) are reported as the most frequent pulmonary parenchymal finding on

a CT scan in COVID-19 pneumonia, the pattern of distribution is bilateral and peripherally predominant

with basal predilection5–7.

The reversed halo sign (RHS) also known as the Atoll sign, has been described in COVID-19

pneumonia8–10. The reported frequency of this sign in patients with COVID-19 is variable, ranging from

1.7% to 15.111.

The RHS is a patch of ground glass attenuation with a surrounding incomplete or complete ring of

consolidation12. It is suggestive but not specific for cryptogenic pneumonia; moreover, it has been

described in several other infectious and noninfectious pulmonary diseases 13,14.

The RHS in COVID-19 is similar in morphology to that identified in organizing pneumonia. The

similarity can be explained by the proposed pathogenesis of the sign. The RHS sign typically occurs

long after symptom onset in the intermediate and late stages of the disease, indicating that this is a

part of the underlying pathophysiology of the disease9.

A variant of RHS was described on CT scans of patients with COVID-19 and was called the bullseye

sign (BES),15 which is a central GGO with a surrounding air ring and an outer ring of ground-glass

consolidation. The latter sign has also been described as the “target sign”16–18. The simultaneous

presence of both of these signs has also been reported19.

In this study, we aimed to delineate the morphological patterns of the reversed halo and bullseye

signs in patients with COVID-19 pneumonia.

PATIENTS AND METHOD

Study design and study population

This observational cross-sectional study included patients with COVID-19 disease referred to the CT

unit at the Al-Imammain Al-Kadhymain Medical City for a period of three months from June to August

2020. All the patients had laboratory confirmation of COVID-19 infection using the reverse-transcriptase

polymerase chain reaction (RT-PCR) test of nasopharyngeal swabs.

Data collection

A total of 490 patients with COVID-19 had chest CT scans during the study period. The collection of

cases was consecutive. We retrospectively analyzed the CT scans of these patients, and 330 of them

had chest CT findings consistent with COVID-19 pneumonia, and these were eligible for image analysis.

Examination protocol

The chest CT scans were performed using two multidetector scanners; a 64 scanner (SOMATOM Definition

AS, SiemensHealthineers, Germany) anda256 scanner (SOMATOMDefinitionEdge, SiemensHealthineers,

Germany). For both scanners, the scanning parameters were a slice thickness of 1 mm with 1 mm gap and

tube voltage 120 kV with automatic tube current modulation. No contrast medium was administered. The

patients were examined in the supine position at the end of full inspiration when possible.

Image interpretation

Eligible chest CT scans were analyzed for the presence of RHS or BES by two specialist radiologists. RHS

was defined as an area of GGO surrounded by a complete or incomplete rim of consolidation. BES was

defined as a focus of GGO surrounded by normal lung and an outer rim of consolidation or GGO. The

type and number of lesions were recorded. An analysis of individual lesions was performed. The size,

shape, and location of the lesions were documented. A detailed analysis of the peripheral rim included:

. Type of rim, whether complete or incomplete.

. Thickness of the rim in millimeters.

. Whether the rim was distinct or hazy. It was considered distinct if it is clearly demarcated from

the internal density.

. The outline of the rim whether uniform in thickness or non-uniform (nodular).
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Statistical analysis

Microsoft Excel (Microsoft Office, 2019) was used for data analysis. Continuous data were presented as

mean ^ standard deviation. Countable data were presented in frequency and percentages as tables

and graphs.

RESULTS

Demographic data

The study included a total of 26 patients with CT scans exhibiting the typical RHS, BES, or both. The

men to women ratio was 3.3:1. The mean age of the patients was 44.85 ^ 20.14 (28–62) years.

Frequency of RHS and BES

The total number of lesions in all 26 patients was 63, of which 40 was RHS and 23 BES (Figure 1). The

typical RHS was more frequent, observed in 15 patients, BES was seen in eight patients, and three

patients had a combination of both signs (Figure 2). The overall frequency of these signs in this study

was 7.88% with the frequency of typical RHS being 5.45% (18/330), and the frequency of BES being

3.33% (11/330). The number of RHS and BES for each patient ranged from 1 to 9 lesions with the

average number of lesions per patient being 2.42. In the majority of patients (n ¼ 25), other CT findings

of COVID-19 pneumonia were present. Only one patient had one BES as the only imaging manifestation

of COVID-19 pneumonia (Figure 3).

Size and shape

The average size of the lesions was 3.39 cm with a size range 1–8.3 cm. The average size of the RHS

lesions was 3.49 cm, and the average size of BES was 3.22 cm. Most lesions were oval (n ¼ 33) or

rounded (n ¼ 27). Only three lesions had an irregular shape (Table 1).

Figure 1. The number of reversed halo and bullseye signs in the study population.

Figure 2. Sagittal reformatted chest CT scan image in a 38-year-old male patient with COVID-19 pneumonia

showing the simultaneous presence of reversed halo sign (yellow arrow) and the bullseye sign (red arrow).
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Location of the lesions

In most cases (59/63), the lesions were located within the periphery of the lungs. Most of the lesions

were pinpointed in the lower lobes (48/63). BES lesions were more frequently seen in the upper lobes

and right middle lobe compared to the RHS lesions (Figure 4).

Analysis of the peripheral rim

The thickness of the peripheral rim was variable ranging from 2 to 19 mm with an average thickness of

5.79 mm. Most patients (92.06%) had a relatively thin peripheral rim, measuring less than 1 cm at

maximum thickness. In the majority of patients, the peripheral rim was incomplete and non-uniform in

thickness (Table 2).

Figure 3. A-axial and B-sagittal reformatted CT scan of a 35-year-old male who presented with COVID-19

pneumonia. The images show bullseye sign in the apico-posterior segment of the left upper lobe. No additional

signs of COVID-19 infection were seen in this patient.

Table 1. Shape of reversed halo and bullseye sign lesions.

Shape Reversed halo sign (n=40) Bullseye sign (n=23) Total (n=63)

Oval 26 (65) 7 (30.43) 33 (52.38)
Round 12 (30) 15 (65.22) 27 (42.86)
Irregular 2 (5) 1 (4.35) 3 (4.76)

Note: Data are numbers of patients with percentages in parenthesis.

Figure 4. Lobar distribution of reversed halo (RHS) and bullseye (BES) signs.
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DISCUSSION

The RHS (Atoll sign) is frequently observed in patients with COVID-19 pneumonia. This sign has been

documented in several case reports and case series published in the first few months of the global

COVID-19 pandemic8,10. Later on, multiple studies addressing the CT findings in patients with COVID-19

have reported this sign with varying frequencies11. The frequency observed in this study (5.45%) was

within the range reported in prior studies11. Adams et al.22 reported 11.1% pooled frequency of RHS in

the 28 studies included in their systematic review.

Zhang et al.23 studied the postmortem histopathological changes in a patient with COVID-19

pneumonia and demonstrated changes of alveolar damage (organization phase) similar to the

changes described in organizing pneumonia, and this may explain the presence of RHS in the lungs of

patients with COVID-19 disease. Marchiori et al.24 hypothesized another possible pathophysiologic

mechanism for RHS in COVID-19 related to the presence of arterial injury, microvascular thrombi, and

hypercoagulable status.

Several other signs were described as variants of RHS, including BES analyzed in this study, which

has also been referred to as target sign by several authors15– 17, the double halo sign25,26 and the target

sign described by Farias et al.27 in three patients with COVID-19 which manifests as multiple concentric

rings of consolidation alternating with normal lung tissue. The latter two signs (double halo and target)

were not observed in our study.

In this study, multiple target-like lesions (Figure 5) were observed appearing as foci of GGO/

consolidation surrounded by normal appearing lung embedded within diffuse areas of GGOs and

consolidation, and these were not included in our analysis as individual lesions did not have definable

walls. Another observation in our study that could not be categorized was noted in a young male

patient who had multiple relatively large nodules of consolidation surrounded by very thin inner rim of

normal lung and an outer rim of consolidation (Figure 6). Although this morphological pattern is similar

to BES, the central area was relatively large and composed of consolidated lung rather than the GGO

typically described in BES.

Table 2. Criteria of the peripheral rim in reversed halo and bullseye signs.

Criterion Reversed halo sign Bullseye sign Total

Complete 11(27.5) 3 (13.04) 14 (22.22)
Incomplete 29 (72.5) 20 (86.94%) 49 (77.78)
Uniform 1 (2.5%) 2 (8.7) 3 (4.76)
Non-uniform 39 (97.5) 21 (91.3) 60 (95.24)
Distinct 17 (41.5) 17 (73.91) 34 (53.97)
Hazy 23 (57.5) 6 (26.09) 29 (46.03)

Note: Data are numbers of patients with percentages in parenthesis.

Figure 5. Axial CT scan of a young male patient showing bilateral predominantly posterior areas of consolidation

involving the lower lobes and part of the lingula. Within the areas of consolidation in the lower lobes, target-like

lesions (black arrows) are observed appearing as foci of consolidation surrounded by apparently normal lung

tissue embedded within areas of diffuse consolidation. Note also the presence of bullseye sign (white arrow) in

the subpleural location within the right middle lobe.
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Wu et al.28 described the development of RHS in two patients infected with the coronavirus “delta

variant”. They observed that the lesions of reversed halo showed temporal changes within days

converting into areas of consolidation and ultimately either disappearing or changing into fibrous

bands. In an earlier publication, Wu et al.8 documented serial follow-up chest CT scans in a patient with

COVID-19 pneumonia, demonstrating a pattern of organizing pneumonia with RHS developing during

the time course of the patient’s illness in the late phase of the disease.

The RHS and BES observed in this study showed a great variability in size and number of lesions per

patient. RHS in patients with COVID-19 show peripheral and lower lobe predominance with a thin and

mostly incomplete surrounding rim of consolidation. BES, however, may be located in the central or

peripheral parts of the lung with a higher percent of these lesions being observed in the upper lobes

compared to RHS. The presence of either of these signs in clusters or as an isolated finding should alert

the interpreting radiologist to the possibility of a COVID-19 infection. Recognizing these signs in

patients with known COVID-19 disease could alter the management plan pointing to the presence of

organizing pneumonia or the possibility of associated pulmonary infarction/embolism.

One limitation of this study was the lack of data regarding the timing of the CT scans in relation to

the onset of the patient’s symptoms. Further studies are needed linking the presence of RHS and

its variants with disease progression, prognosis, and possibly with the later development of post

COVID-19 lung fibrosis.
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