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Dear Editor:

We read with great interest the letter by Rotzinger et al. [1], dis-
cussing the role of chest computed tomography (CT) in the manage-
ment of COVID-19 pneumonia.

They comment that CT has become a cornerstone in both the di-
agnostic workup and follow-up of COVID-19 pneumonia and highlight
the incidence of acute pulmonary embolism in patients diagnosed with
COVID-19. They also comment that CT is usually performed without
intravenous contrast agent injection, and in patients with elevated D-
dimer levels on admission or sudden clinical worsening, CT pulmonary
angiography should be considered since pulmonary embolism is a life-
threatening but potentially treatable condition [1].

The predominant CT findings of Covid-19 pneumonia are multi-
focal, bilateral ground-glass opacities, with or without the crazy-paving
pattern, and/or consolidation. Another tomographycal finding recently
related to Covid-19 pneumonia is the reversed halo sign (RHS).

The reversed halo sign (RHS) has gained prominence recently as a
tomographic sign observed in patients with COVID-19 pneumonia
(Fig. 1). The Radiological Society of North America, Society of Thoracic
Radiology, and American College of Radiology recently published an
Expert Consensus Statement on the reporting of COVID-19-related CT
findings [2], with the aim of helping radiologists recognize findings
potentially attributable to COVID-19 pneumonia. In this statement, the
RHS is characterized as a typical feature of the infection, that is, a
commonly reported imaging finding of greater specificity for COVID-19
pneumonia.

The tomographic presentation of the RHS in most patients with
COVID-19 is the same as that of the RHS secondary to organizing
pneumonia: a focal, rounded area of ground-glass opacity surrounded
by a nearly complete ring of consolidation. This similarity can be ex-
plained easily, as the organization of diffuse alveolar damage is the
most likely mechanism of RHS appearance in patients with COVID-19.
Histopathological reports have demonstrated the presence of orga-
nizing pneumonia in patients with COVID-19, with the RHS appearing
at later stages, after symptom onset [3]. Bernstein et al. [3] found that
the RHS was absent in the early phase of COVID-19 and appeared in the
late phase, and hypothesized that the frequency of certain findings
depended on the time course of infection.

A review of the pathophysiology of lung injury is important to gain
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an understanding of RHS formation in patients with COVID-19. The few
published studies addressing the histopathological aspects of COVID-19
have revealed the basic evolution of initial lesions (diffuse alveolar
damage) to an early stage of organization [4-6]. After the first week,
the organizing phase of diffuse alveolar damage predominates, and is
characterized by organizing fibroblastic tissue and fibrosis. The term
“organizing pneumonia” is used to describe a histological pattern that is
a nonspecific response to lung injury, namely the organization of fi-
broblastic tissue plugs composed of spindle-shaped cells in a pale-
staining matrix [4]. Zhang et al. [6] described the histopathological
findings of a lung biopsy performed postmortem in a patient who died
3 weeks after being diagnosed with COVID-19. The study revealed
diffuse alveolar damage in the organizing phase. The authors noted the
presence of loose intra-alveolar fibrous plugs of organizing pneumonia,
with intra-alveolar organizing fibrin at most foci [6]. These findings
suggest that COVID-19, like other viral infections [e.g., influenza A
(H1IN1)], may progress early in the disease course to a pattern of or-
ganizing pneumonia, explaining the presence of the RHS.

Another possible mechanism of virus aggression has attracted re-
searchers' attention. A series of publications has addressed the re-
lationship between COVID-19 and thrombogenesis [1]. Among patients
with acute respiratory distress syndrome referred to intensive care
units, Helms et al. [7] found that patients with this syndrome secondary
to COVID-19 developed significantly more thrombotic complications,
mainly pulmonary embolism, than did those without COVID-19 (11.7%
versus 2.1%, p < 0.008), and that > 95% of patients with COVID-19
had elevated D-dimer and fibrinogen levels. The mechanisms involved
in this manifestation of thrombosis remain unclear. The pathophy-
siology of vascular disease in patients with COVID-19 is controversial,
and could involve in situ microvascular thrombosis or pulmonary em-
bolism originating from pelvic or lower-limb veins. As pulmonary
vascular disease in COVID-19 involves mainly the segmental and sub-
segmental arteries, some authors have suggested that the development
of pulmonary thromboembolism in COVID-19 is attributable to pul-
monary artery thrombosis caused by severe lung inflammation and
hypercoagulability, rather than thromboembolism [8,9]. In this situa-
tion, we hypothesize that the RHS could be interpreted as an indirect
sign of pulmonary embolism. In a minimally invasive autopsy study
including 10 patients with COVID-19, Dolhnikoff et al. [5] found a
variable number of small fibrinous thrombi in the small pulmonary
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Fig. 1. (A) Enhanced axial chest CT image of a 48-year-old man with confirmed COVID-19 pneumonia, showing bilateral consolidations and ground-glass opacities,
and a reversed halo sign (asterisk) in the right lung. Reconstructed axial (B), coronal (C), and sagittal (D) chest CT images of a 54-year-old man with confirmed
COVID-19 pneumonia show a reversed halo sign in the basal posterior segment of the right lung, with internal reticulation (arrows); pulmonary CT angiography (E)
showed emboli in arterial branches of the basal posterior segment of the right lower lobe (arrow).

arterioles. They concluded that the pathological observations supported
the current concept of hypercoagulative status in these critically ill
patients, with a high frequency of pulmonary microthrombosis. These
pathological findings have been matched in imaging studies. Chest CT
angiography has revealed the presence of pulmonary thrombi, in-
cluding the formation of pulmonary infarctions [10]. Pulmonary CT
angiography demonstrated acute pulmonary emboli in 32 of 106 (30%);
95% confidence interval, 22-40%) patients with COVID-19 infection
[11].

In this context, we must recognize that the RHS, atypical non-con-
trast CT finding among patients with COVID-19, may be related not
only to the organization of the infectious process, but also to pulmonary
infarction. This differential diagnosis is extremely important, as dif-
ferent therapeutic approaches will be taken in the presence of throm-
boembolic disease. The reported frequency of the RHS in patients with
COVID-19 ranges from 2% to 5% [12-15]. In patients with pulmonary
embolism and no COVID-19, the frequency of the RHS ranges from 16%
to 18% [16,17]. The morphological characteristics of the RHS may help
to narrow its origin. Areas of low attenuation inside the halo, with or
without reticulation, strongly suggest pulmonary infarction. Subpleural
and lower-lung localization, as well as pleural effusion in association
with the RHS, may also favor pulmonary infarction [16]. These chest
CT findings indicate the need for additional examination by pulmonary
CT angiography in patients with unsuspected pulmonary embolism.
Given the significant rate of acute kidney injury in patients with
COVID-19, however, intravenous contrast injection for imaging should
be used with caution. Duplex ultrasonography, echocardiography, and
even clinical suspicion alone can play larger roles in these cases.

In conclusion, the RHS is a common COVID-19-related non-contrast
CT finding, and may be related to either of two distinct pathophysio-
logical events with different imaging characteristics. The RHS with
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homogeneous internal ground-glass density is more common, and
suggests the diagnosis of organizing pneumonia. Alternatively, the
presence of low-attenuation areas inside the halo, with or without re-
ticulation, should prompt consideration of pulmonary infarction,
especially when accompanied by pleural effusion, D-dimer elevation, or
sudden clinical worsening. In these conditions, unless contraindicated,
the use of pulmonary CT angiography should be considered.
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