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A reversed halo sign (RHS) is defined as the presence of a focal ring-shaped area of ground-glass
opacity within a peripheral rim of consolidation. Although originally described in patients with
cryptogenic organizing pneumonia, it has been described with several other noninfectious and
infectious diseases, including fungal infections. Thus, it is imperative that a proper diagnosis be
established befor einitiatingtreatment. I nthisarticle, wesystematically review theliter atur e (PubM ed
and Embase) for the associations of the RHS. We have also proposed a diagnostic algorithm for an
approach to a patient with an RHS. Key words: reversed halo sign; RHS, computed tomography;
HRCT; MDCT,; Aspergillus; mucormycosis. [Respir Care 2014;59(9):1440-1449. © 2014 Daedalus En-

terprises]

Introduction

The presence of central annular ground-glass opacity
surrounded by a peripheral rim of consolidation, the so-
called reversed halo sign (RHS), was first described in
patients with cryptogenic organizing pneumonia® and was
considered fairly specific for this disease.2 Subsequently,
several case reports and case series have reported the oc-
currence of the RHS in several other diseases (both infec-
tious and noninfectious), thereby questioning the specific-
ity of this sign. In this article, we systematically review
the literature for the association of the RHS with various
disorders. Furthermore, we also provide an algorithmic
approach for a patient presenting with an RHS.

M ethods

We first searched the PubMed and Embase databases
for any systematic review reporting the association of the
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RHS with various diseases. Only narrative reviews were
found. We then independently searched the PubMed and
Embase databases (January 1993 to November 2013) us-
ing the following free text terms: “reversed halo sign” OR
“reverse halo sign” OR *“atoll sign” OR “fairy ring sign”
without any language restriction (Fig. 1). We included
studies (case reports and original articles) describing the
association of the RHS with various diseases. We excluded
editorials and reviews. Any disagreement was resolved by
discussion between the authors. The database created from
the electronic searches was compiled in a reference man-
ager package (EndNote X7, Thomson Reuters, Philadel-
phia, Pennsylvania), and all duplicate citations were elim-
inated. The citations were first screened by both authors to
capture relevant studies. The full text of each citation was
then obtained and reviewed in detail.

Data were recorded on a standard data extraction form.
The following items were extracted: (1) publication details
(title, authors, and other citation details), including country
where the study was conducted; (2) patient demographics
(age, sex, and immune status of the patient); and (3) mo-
dality used for establishing the diagnosis.

An institutional review board clearance was not required
for this study, as this was a systematic review of published
studies.

Results

Our initial database search yielded 94 citations, of which
58 case reports or case series (209 patients with an RHS)
were included in the final review (Table 1).1-58 The RHS
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Initial search
94 citations

Excluded citations
6

Citations retrieved for more
detailed evaluation
88

Excluded review articles/
letters and citations with
possibility of patient overlap
30

Included in the systematic review
58 case reports/case series

Fig. 1. Citation selection process for systematic review.

has been demonstrated to be present in several diseases,
infectious as well as noninfectious (Table 2). The largest
case series was published by Marchiori et al46 and in-
cluded 79 patients.

I nfectious Diseases

The RHS is most commonly associated with invasive
fungal infections, most commonly with mucormycosis (see
Table 2). It has not been described in candidiasis or fusa-
riosis. All the case reports of invasive fungal infections
with an RHS are in immunocompromised hosts (hemato-
logic malignancies, diabetes mellitus, and post-chemother-
apy state). The RHS has also been described in endemic
infections such as paracoccidioidomycosis and tuberculo-
sis. In invasive fungal infection complicating immunosup-
pressed individuals, the sign appears as one or more large
lesions, whereas in endemic mycoses, the lesions are bi-
lateral and asymmetric, associated with ground-glass opac-
ities, centrilobular nodules, or areas of consolidation.841
Other infections where it is uncommonly seen are histo-
plasmosis, cryptococcosis, influenza, psittacosis, Pneumo-
cystis, and Legionella pneumonia. In patients with pneu-
mococcal pneumonia, the RHS has been seen in the
resolution phase and thus represents a post-infectious or-
ganizing pneumonia.33

Noninfectious Diseases

The RHS was first described in cryptogenic organizing
pneumonia, and this sign is most commonly associated
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with this condition. The RHS has been described in orga-
nizing pneumonia secondary to various causes (see Table
1). Other noninfectious diseases associated with the RHS
are sarcoidosis, vasculitis, and a cellular variant of non-
specific interstitial pneumonia. Another important condi-
tion associated with the RHS is pulmonary thromboembo-
lism,46.49 where the diagnosis would be based on
clinicoradiologic grounds. There are also case reports of
association with other diseases such as lipoid pneumonia,
lymphomatoid granulomatosis, lymphocytic interstitial
pneumonia, tuberous sclerosis complex, hypersensitivity
pneumonia, and bronchoalveolar carcinoma.

Histopathologic Correlation of the RHS

The first pathologic description of the RHS was given
by Voloudaki et alt in cryptogenic organizing pneumonia.
The central ground-glass opacity was due to alveolar sep-
tal inflammation with intact alveolar air spaces. The denser
rim was due to inflammation/granulation tissue within the
air space itself. A similar pathologic description has also
been provided in other reports.6854 In all the aforemen-
tioned cases, the central ground-glass area had only alve-
olar septal inflammation, whereas the denser rim was com-
posed of intra-alveolar infiltrate. However, in invasive
fungal infections, the RHS is due to infarct, with greater
hemorrhage at the periphery than in the center.2° The cen-
tral infarct may show multiple levels of pulmonary arteries
and veins extensively occluded by thrombi containing nu-
merous Zygomycetes hyphae. In the peripheral ring, in-
flammation, massive hemorrhage, and fibrinous exudates
were noted.*> In a patient with tumor emboli, the RHS
lesion at autopsy was composed of central necrotic islands
surrounded by a peripheral ring-like hemorrhagic band.
The pulmonary vasculature and lymphatics near the hem-
orrhagic band were occluded by tumor emboli.52 In lym-
phomatoid granulomatosis, the central ground-glass opac-
ity is due to central necrosis, whereas the peripheral rim is
due to the angioinvasive nature of lymphomatoid granu-
lomatosis.1 Thus, a similar computed tomography (CT)
appearance of the RHS may occur due to differing path-
ological processes. In angioinvasive fungal infections (and
possibly in pulmonary thromboembolism), the central
ground-glass opacity is due to infarct with preserved air
spaces, whereas in organizing pneumonia, the central
ground-glass opacity is due to inflammation of the alveo-
lar septa alone. The rim of consolidation is due to dense
inflammation, granulation tissue, or hemorrhage within the
alveolar air spaces.

Discussion

The CT appearance of central ground-glass opacity
within a ring- or crescent-shaped rim of consolidation (Fig.
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Table 2. Disorders Manifesting With the Reversed Halo Sign on

Computed Tomography of the Chest

No.
Infectious diseases
Pulmonary mucormycosis20.25.:36.44,45,50,54,55,65 23
Invasive pulmonary aspergillosis20.65 8
Histoplasmosis*t 1
Cryptococcosis*® 1
Paracoccidioidomycosis846 27
Pneumocystis jirovecii pneumonia3146 2
HIN1 ARDS#8 3
Tuberculosis246.58 30
Psittacosis” 1
Legionella pneumophila pneumonial8 2
Noninfectious diseases
Cryptogenic organizing 36
pneumonia1,2,4,10,13,23,24,26,28,34,39,53,65
Secondary organizing 30

pneumonia5.6.9,10.15,27,32.33,35.37,40‘43.47,65
Vasculitis?11:46 4
Sarcoidosis®2246 7
Lymphomatoid granulomatosis421 2
Idiopathic nonspecific interstitial pneumonial®.38 2
Lipoid pneumoniat® 1
Pulmonary thromboembolism46.49 19
Pulmonary tumor embolus®? 1
Pulmonary edema#“® 3
Bronchoalveolar carcinoma#® 3
Hypersensitivity pneumonitiss” 1
Tuberous sclerosis complexsé 1
Lymphocytic interstitial pneumoniast 1
Total 209

2) was first described by Voloudaki et al* in two patients
with cryptogenic organizing pneumonia. Similar descrip-
tions of such ring or annular opacities were also provided
by Kondo et al® and Fujii et al,® who described this pattern
in patients with secondary organizing pneumonia. The term
“reversed halo sign” was first used by Moon et al>® when
they described four patients with cryptogenic organizing
pneumonia with this radiologic sign. Subsequently, the
same group compared the CT findings of 31 patients with
biopsy-proven cryptogenic organizing pneumonia with 30
patients without cryptogenic organizing pneumonia. The
RHS was noted in 6 patients with cryptogenic organizing
pneumonia (19%) and in none with other diseases.2 The
authors concluded that the presence of the RHS is a spe-
cific radiologic finding of cryptogenic organizing pneu-
monia.

The RHS was initially defined by Kim et al? as a central
ground-glass opacity surrounded by a denser consolidation
with a crescentic (forming more than three fourths of a
circle) or ring (forming a complete circle) shape of at least
2 mm in thickness. This description was slightly modified
by the Fleischner Society in 2008,5° which describes the
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Fig. 2. High-resolution computed tomography of the chest wall
showing multiple areas with the reversed halo sign (arrows).

RHS as a focal rounded area of ground-glass opacity sur-
rounded by a more or less complete ring of consolidation.
This CT appearance has been variously described by dif-
ferent authors as reversed halo sign, reverse halo sign,
atoll sign, or fairy ring sign. Even before the term RHS
was coined, Zompatori et al* used the term “atoll sign” to
describe the same CT finding in 1999. The word atoll is
derived from atholhu, a Maldivian word meaning an island
consisting of a lagoon surrounded by a circular coral reef.

In 1999, Marlow et al3 used the term “fairy ring sign” in
a patient with sarcoidosis to describe a ring-shaped opacity
with normal appearing lung parenchyma in the center. The
term “fairy ring” is derived from Gaelic mythology. Fair-
ies would dance in small circles at night, and when tired,
they would rest on the toadstools. The next day, one would
see only a circle in the grass with a ring of mushrooms,
which is described as a fairy ring. In a strict sense, the
fairy ring sign differs from the RHS in that the center of
the ring is normal appearing lung parenchyma in the for-
mer and ground-glass opacity in the latter. However, some
authors tend to use the terms interchangeably, as the dif-
ference between the two is only minor, and both signs are
seen in the same diseases. On occasion, the same chest CT
may show both the fairy ring sign and the RHS.34 As the
terms atoll sign and fairy ring sign are not mentioned in
the Fleischner glossary of radiologic terms, we suggest
using the term RHS to describe this CT finding.

It was suggested previously that in an immunocompe-
tent host, the presence of an RHS would be sufficient
evidence for a trial of steroids and obviate the need for a
lung biopsy.26 As shown in the systematic review, the
RHS is associated with a number of diseases, both infec-
tious and noninfectious. In fact, the presence of the RHS in
an immunocompromised host should be attributed to in-
vasive fungal infection unless proven otherwise. The RHS
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Fig. 3. Algorithmic approach for the reversed halo sign.

is also an early indicator of fungal infection, as it usually
occurs within the first week of infection.6* In a study on
sequential morphological changes in CT scan in pulmo-
nary mucormycosis, it was shown that the halo sign and
the RHS are the initial radiologic features. With treatment,
they develop areas of central cavitation.5© As opposed to
the halo sign, which is more common with invasive asper-
gillosis, the RHS is most commonly seen with mucormy-
cosis, and thus, its presence would indicate the need for a
Mucor-specific antifungal agent such as amphotericin B or
posaconazole.52 Also, it would be appropriate to rule out
endemic infections such as paracoccidioidomycosis and
tuberculosis depending on the patient’s geographic loca-
tion by appropriate investigations in patients presenting
with RHS. To date, the RHS has not been described in
typical community-acquired bacterial pneumonia, and
hence, the presence of this sign should rule out a diagnosis
of community-acquired pneumonia. With the growing num-
ber of diseases with which it is being associated, especially
infectious causes, we would not recommend an empiric

1446
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steroid trial (as proposed earlier) without an attempt made
to confirm the diagnosis.26

Of the noninfectious causes of the RHS, the most com-
monly associated disease is organizing pneumonia. As the
RHS can be encountered in both primary (cryptogenic
organizing pneumonia) and secondary organizing pneu-
monia, it does not help in differentiating between crypto-
genic and other causes. Thus, appropriate investigations
should be carried out to rule out secondary causes (history
of drugs, radiation exposure, connective tissue disease),
which, if present, need to be treated simultaneously. Al-
though many noninfectious diseases associated with the
RHS (organizing pneumonia, hypersensitivity pneumoni-
tis, sarcoidosis, vasculitis, cellular nonspecific interstitial
pneumonia) might eventually need immunosuppression
with steroids, it is important to confirm the diagnosis be-
fore starting therapy, as the degree and duration of immu-
nosuppression needed in the individual disorders may
vary. There are also reports of association with other rare
diseases such as lipoid pneumonia, lymphomatoid granu-
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lomatosis, and bronchoalveolar carcinoma, further under-
scoring the need for a lung biopsy.

Marchiori et al®3-65 have proposed several radiologic
criteria to distinguish various diseases based upon the mor-
phologic appearance of the RHS on the CT scan. They
propose that the presence of nodular walls or nodules within
the lesion indicates granulomatous diseases such as tuber-
culosis and sarcoidosis rather than organizing pneumo-
nia.®364 Similarly, a greater thickness of the rim (>1 cm),
the presence of reticulation within the rim of consolida-
tion, and the presence of an associated pleural effusion
point toward a fungal pneumonia rather than organizing
pneumonia.®s

Clinical Approach to a Case with RHS

As the RHS is not specific for any disorder, we recom-
mend an algorithmic approach as outlined in Figure 3. The
overall clinical presentation needs to be considered while
approaching a patient with RHS. In an immunocompro-
mised host, amphotericin B should be initiated empirically
for presumed invasive fungal infection, and further inves-
tigations should proceed depending on the clinical circum-
stances. In an immunocompetent host, we recommend lung
biopsy wherever feasible before initiating treatment. Flex-
ible bronchoscopy with bronchoalveolar lavage and lung
biopsy should be the initial investigation, with CT-guided
or surgical lung biopsy as alternative options. However, if
a lung biopsy is not feasible, is contraindicated, or is in-
conclusive, focused noninvasive investigations should be
performed as guided by the clinicoradiologic presentation
of the patient to achieve a diagnosis. In countries endemic
for tuberculosis or paracoccidioidomycosis, appropriate
investigations have to be carried out to rule out these in-
fections. Other investigations such as anti-neutrophil cy-
toplasmic antibody may be useful in the diagnosis of vas-
culitides. It is important to make a conclusive diagnosis
before initiating treatment, as this sign is associated with
both infectious and noninfectious diseases, for which the
treatment approaches are totally differ. If lung biopsy and
noninvasive investigations do not help in reaching a diag-
nosis, a trial of empiric steroids may be started once in-
fections have been reasonably excluded.

Finally, our review is not without limitations. Although
a systematic review, the data presented are a collection of
case reports and case series, and hence, we cannot exclude
publication and reporting biases.

Conclusions
The RHS, previously considered to be a hallmark of
cryptogenic organizing pneumonia, can be encountered in

a variety of pulmonary disorders, both infectious and non-
infectious. The two most commonly associated diseases
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are the organizing pneumonias and invasive fungal pneu-
monias (especially mucormycosis). As the treatment ap-
proach for these two diseases is diametrically opposite,
we recommend obtaining a tissue diagnosis whenever fea-
sible. The clinical presentation, immune status of the pa-
tient, and associated radiologic findings can help in nar-
rowing down the differential diagnosis. In an immuno-
compromised host, antifungal therapy for mucormycosis
should be initiated pending further investigations.
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