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Abstract The reversed halo sign (RHS) is a chest com-

puted tomography (CT) pattern defined as a focal round

area of ground-glass attenuation surrounded by a crescent

or ring of consolidation. The RHS was first described as

being relatively specific for cryptogenic organizing pneu-

monia but was later observed in several other infectious

and noninfectious diseases. Although the presence of the

RHS on CT may help narrow the range of diseases con-

sidered in differential diagnoses, final diagnoses should be

based on correlation with the clinical scenario and the

presence of additional disease-specific CT findings. How-

ever, frequently a biopsy may be needed to establish the

diagnosis. Organizing pneumonia is the most frequent

cause of the RHS. This is a distinct clinical and pathologic

entity that can be cryptogenic or secondary to other known

causes. Morphologic aspects of the halo, particularly the

presence of small nodules in the wall or inside the lesion,

usually indicate an active granulomatous disease (tuber-

culosis or sarcoidosis) rather than organizing pneumonia.

Immunocompromised patients presenting with the RHS

on CT examination should be considered to have an infec-

tion until further analyses prove otherwise. Pulmonary

zygomycosis and invasive pulmonary aspergillosis are

typically seen in patients with severe immunosuppression,

most commonly secondary to hematological malignancies.

Other causes of the RHS include noninvasive fungal

infections such as paracoccidioidomycosis, histoplasmosis,

and Pneumocystis jiroveci pneumonia. Furthermore, We-

gener’s granulomatosis, radiofrequency ablation, and

lymphomatoid granulomatosis may also lead to this find-

ing. Based on a search of the PubMed and Scopus dat-

abases, we review the different diseases that can manifest

with the RHS on CT.
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Introduction

The computed tomography (CT) finding currently known

as the reversed halo sign (RHS) was initially described in

1996 by Voloudaki et al. [1], who reported two cases of

cryptogenic organizing pneumonia (COP; formerly known

as bronchiolitis obliterans organizing pneumonia) that

manifested on CT as ‘‘crescentic and ring-shaped opacities,

surrounding areas of ground-glass attenuation.’’ The RHS

was described as a new CT finding that could be a char-

acteristic feature for the diagnosis of COP. The central

areas of ground-glass attenuation within the lesions were

shown to correspond to alveolar septal inflammation, and

the denser peripheral area corresponded to a granulomatous

process [1].

In 1999, Zompatori et al. [2] described similar CT

findings in one patient with COP. They used the term ‘‘atoll

sign’’ because of its resemblance to the ‘‘ring-shaped coral

reefs of the tropics that enclose a lagoon with shallow
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waters.’’ They also noted that this CT presentation

resembled the photographic negative of the ‘‘halo sign’’

often found in angioinvasive aspergillosis. The authors

suggested that this CT sign should be considered highly

specific for COP.

In a review of the CT scans of 31 patients with COP in

2003, Kim et al. [3] identified six patients with a central

ground-glass opacity surrounded by a crescentic or ring-

shaped denser consolidation, similar to the findings

described by Voloudaki et al. [1] and Zompatori et al. [2].

Kim et al. [3] named this finding the RHS and, like pre-

vious authors, considered it to be relatively specific for

COP.

The Fleischner Society [4] currently defines the RHS as

‘‘a focal, rounded area of ground-glass opacity surrounded

by a more or less complete ring of consolidation’’ observed

on CT images. Although some authors [5, 6] still prefer the

term ‘‘atoll sign,’’ the term RHS should be preferred to

avoid confusion and to standardize the keywords used in

literature searches [7].

Until 2005/2006, the RHS was considered exclusively

diagnostic of organizing pneumonia (OP), as claimed by

Polverosi et al. [6]: ‘‘This sign is typical of OP, as OP is the

only disease in which it has been reported.’’ However, in

2005, Gasparetto et al. [8] reported that they had observed

the RHS in 15 patients with paracoccidioidomycosis,

which indicated that the RHS could be seen in patients with

active infection and was therefore not specific for COP.

Subsequently, various authors have demonstrated the

presence of this sign in a wide spectrum of diseases,

including infectious and noninfectious pulmonary disor-

ders, confirming the nonspecific nature of the RHS [9–12].

We performed searches of the US National Library of

Medicine (PubMed) and Scopus databases using the key-

words ‘‘reversed halo sign,’’ ‘‘reverse halo sign,’’ ‘‘atoll

sign,’’ and ‘‘fairy ring’’ (another term associated with the

RHS) to identify cases in which the RHS had been

described. We identified 42 English-language reports (full-

length articles, case reports, and letters) published between

1996 and 2011. Based on these data, in this article we

review the infectious diseases and noninfectious conditions

that can manifest with the RHS on CT.

Organizing Pneumonia

OP is the most frequent cause of the RHS [10, 12–14]

(Fig. 1). The described incidence of the RHS in patients

with OP ranges from 12 to 19 % [3, 15]. OP is a distinct

clinical and pathologic entity that can be cryptogenic or

secondary to other known causes. COP is classified as an

idiopathic interstitial pneumonia, whereas secondary OP

is associated with a variety of diseases presenting with OP

clinical syndrome and the characteristic pathologic pat-

tern. These entities include connective tissue diseases,

infections, malignancies, drugs, radiation injury, organ

transplantation, hypersensitivity pneumonitis, chronic

eosinophilic pneumonia, diffuse alveolar damage, and

aspiration, among others [15–17]. COP is diagnosed in

the appropriate clinical, radiographic, and pathologic

setting after excluding diseases associated with secondary

OP. The clinical presentation and radiographic findings of

COP and secondary OP are similar. The distinction

between COP and secondary OP is clinically important

because the management of patients with secondary OP

includes not only treatment of OP, but also treatment of

the underlying disease and avoidance of any known

offending agents. To date, it remains unclear whether

COP and secondary OP represent two distinct clinical

entities or whether they are a single entity of nonspecific

lung injury and repair [16].

Although several publications have attributed the RHS

directly to different diseases (dermatomyositis [18], lipoid

pneumonia [19], radiotherapy [17], nonspecific interstitial

pneumonia [20]), descriptions of the pathologic findings in

these cases show evidence of secondary OP (e.g., presence

of polypoid granulation tissue).Thus, the RHS most likely

represented secondary OP as a response to the primary

disease in these cases. In other cases, such as in one patient

with pneumococcal pneumonia [21], the RHS appeared

during the resolution phase of the disease, days or weeks

after the diagnosis of pulmonary infection had been made.

This timing suggests that the RHS probably represented

secondary OP, although no histopathologic sample was

obtained.

Fig. 1 Computed tomography image of the lung in a 36-year-old

woman with cryptogenic organizing pneumonia, showing localized

round areas containing central homogeneous ground-glass opacities

and a smooth ring of consolidation (reversed halo sign) in the right

upper lobe
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Sarcoidosis and Tuberculosis: The Nodular Reversed

Halo Sign

In 1999, K Marlow et al. [22] reported a peculiar CT

finding in a patient with pulmonary sarcoidosis: a ring of

granulomatous tissue extending concentrically from a

specific point in the lung. The central area of the lesion was

composed of normal lung tissue, and the peripheral opacity

had a nodular border. The authors named this lesion the

‘‘fairy ring’’ sign, based on Celtic mythology [23]. This

pattern can be considered a variant of the RHS.

Later, Kumazoe et al. [24] reported the RHS in a case

of sarcoidosis in which high-resolution computed

tomography (HRCT) images showed multiple, central

ground-glass opacities surrounded by crescentic or ring-

shaped areas of consolidation in both lungs. The authors

also noted the presence of miliary nodules within the

central ground-glass opacities and around the outer areas

of consolidation [23, 24]. Several other authors subse-

quently emphasized the need to include the RHS within

the spectrum of HRCT findings of pulmonary sarcoidosis

[25–27].

Kumazoe et al. [24] reported that the mechanism of

RHS formation in pulmonary sarcoidosis was unclear but

was possibly related to secondary OP or noncaseating

granulomatous inflammation. However, subsequent studies

with pathologic confirmation have shown that the RHS is

caused in most cases by the presence of non-necrotizing

granulomas [11, 28].

Two initial case reports described the RHS in patients

with tuberculosis [29, 30]; both had anatomopathologic

confirmation showing multiple caseating granulomas and

positive cultures for Mycobacterium tuberculosis.

Recently, a study comparing 12 cases of the RHS in

patients with tuberculosis and 10 in patients with COP

[31] showed that all patients with tuberculosis presented

the RHS with nodular walls and that small nodules were

also observed inside the ground-glass component of the

RHS in 83 % of these cases. No patient with COP pre-

sented the RHS with nodular walls or central nodules.

The authors concluded that although COP is considered

the most frequent cause of the RHS, the presence of

nodular walls or nodules inside the RHS strongly favors

the diagnosis of active pulmonary tuberculosis instead of

COP.

The nodular aspect of the RHS (Fig. 2) usually corre-

sponds to the presence of granulomatous disease and most

likely represents active pulmonary sarcoidosis or a granu-

lomatous infection, particularly tuberculosis. Histopatho-

logic analysis of such specimens has revealed the presence

of granulomas within the ring portion of the RHS and/or

inside the RHS [12, 27, 31, 32].

Invasive Fungal Infections Associated

with the Reversed Halo Sign in Immunocompromised

Hosts

Although invasive pulmonary aspergillosis (IPA) is the

most common type of invasive fungal infection (IFI), other

angioinvasive molds such as Fusarium and Zygomycetes

species are increasingly encountered in severely immuno-

compromised hosts [33–35]. In immunosuppressed

patients, the presence of the RHS (Fig. 3) on CT should be

considered an indication of IFI until proven otherwise.

Fig. 2 Computed tomography image of the lower pulmonary regions

in a 59-year-old woman with active pulmonary tuberculosis, showing

bilateral random nodules and a reversed halo sign in the right lower

lobe. Note that the lesion walls are nodular and small nodules are also

present within the lesions

Fig. 3 Chest computed tomography image of a 24-year-old woman

with leukemia and pulmonary zygomycosis, showing a focal round

area of ground-glass attenuation surrounded by a ring of consolidation

in the right lung, consistent with the reversed halo sign. The

mediastinal windows (not shown) also demonstrated a right pleural

effusion
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Wahba et al. [33] found the RHS in 4 % of immunocom-

promised patients with IFI. It is an early sign that is more

frequently seen in patients with pulmonary zygomycosis

(PZ) than in those with IPA [35]. The RHS was seen in

19 % of patients with PZ, in \1 % of patients with IPA,

and in no patient with fusariosis [36]. Histopathologic

correlation showed that the RHS was associated with

infarcted lung tissue, with a greater amount of hemorrhage

at the periphery than in the center [33].

It is important to distinguish PZ from IPA because the

therapy for presumed fungal pneumonia in this population is

often aimed at IPA due to its higher incidence, and because

the preferred antifungal agent for IPA is voriconazole, which

is not effective against PZ. The presence of the RHS, in the

appropriate context, should prompt the consideration of PZ

and the selection of an antifungal therapy with coverage

against Zygomycetes species [33–35, 37].

Paracoccidioidomycosis and Other Noninvasive Fungal

Infections

Gasparetto et al. [8] reviewed the CT scans of 148 patients

with paracoccidioidomycosis and observed the RHS in

10 % of the cases (Fig. 4). Open lung biopsy specimens

from three of these patients showed that the central area of

ground-glass attenuation of the RHS on CT corresponded

to inflammatory infiltrate involving mainly the alveolar

septa, with relative preservation of the alveolar spaces. The

peripheral regions of consolidation on CT consisted of

dense and homogeneous intra-alveolar inflammatory infil-

trates. No evidence of OP was found. Grocott-Gomori

methenamine-silver stain confirmed the presence of the

fungus Paracoccidioides brasiliensis in the alveolar septa

and within the air spaces [8, 38].

A few isolated cases of other noninvasive fungal

infections presenting with the RHS have been described,

including histoplasmosis [10] and Pneumocystis jiroveci

pneumonia [39], the latter occurring in immunocompro-

mised patients with acquired immune deficiency syndrome

(AIDS).

Other Diseases Presenting with the Reversed Halo Sign

The RHS was reported in two cases of Wegener’s granu-

lomatosis [40, 41], both showing multiple lesions. In one

case [40], histopathologic examination with elastic staining

for the evaluation of vascular structures revealed necro-

tizing vasculitis, confirming the diagnosis of Wegener’s

granulomatosis. In the other case [41], no pulmonary

biopsy was performed. However, a renal biopsy was sug-

gestive of necrotizing vasculitis with crescentic glomeru-

lonephritis; immunofluorescence microscopy revealed

pauci-immune immunoglobulin G deposits. Antineutrophil

cytoplasmic antibodies, detected by indirect immunofluo-

rescence, displayed a diffuse granular cytoplasmic pattern.

A final diagnosis of Wegener’s granulomatosis was made

based on these findings.

The RHS has also been described following radiofre-

quency ablation (RFA) of a lung nodule [42]. Although

pathologic correlation was not available, imaging up to

13 months after treatment demonstrated a gradual reduc-

tion of lesion size, consistent with successful ablation. The

authors postulated that the central ground-glass opacity of

the RHS corresponded to coagulation necrosis of the tumor

and adjacent pulmonary parenchyma, whereas the periph-

eral consolidative component of the RHS might have rep-

resented fibrotic tissue with inflammatory cells. This

presumption was based on histopathologic findings

described in animal models after RFA.

Lymphomatoid granulomatosis was also reported as a

cause of RHS. Benamore et al. [43] described a patient who

presented with multiple RHSs. Histopathologic analysis was

compatible with grade 1 lymphomatoid granulomatosis.

Final Considerations

The RHS is not as specific as initially reported. Although

the presence of the RHS on CT may help narrow the range

of diseases considered in differential diagnoses, final

diagnoses should be based on correlation with the clinical

scenario and the presence of additional disease-specific CT

findings. When the RHS is the sole abnormality on CT, the

correlation with clinical findings is essential for the final

diagnosis [11, 12]. Although a biopsy may be needed to

establish the diagnosis of many of the diseases that can

Fig. 4 Computed tomography image of a 51-year-old man with

pulmonary paracoccidioidomycosis, showing multiple, bilateral,

rounded lesions containing central ground-glass opacities and a ring

of consolidation (reversed halo sign) in the lower lobes
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present with the RHS, in certain scenarios a biopsy can be

avoided.

The interpretation of the RHS should be based on

information from the patient’s history, clinical examina-

tion, and other radiologic findings. The clinical context of

the patient is crucial. Any extrapulmonary symptom or sign

that is not compatible with COP should suggest other

diagnoses [21]. The patient’s immune status is the most

relevant clinical information in the differential diagnosis of

infectious diseases. Immunocompromised patients pre-

senting with the RHS on CT examination should be con-

sidered to have an infection until further analyses prove

otherwise. PZ and IPA are typically seen in patients with

severe immunosuppression, most commonly secondary to

hematological malignancies. Pneumocystis jiroveci pneu-

monia is more prevalent in patients with AIDS. The

patient’s epidemiological history is also very important in

differential diagnoses. For example, residence in or recent

travel to South America should lead the clinician to suspect

paracoccidioidomycosis. Patients from endemic areas or

those who have had contact with soil contaminated with

bird or bat guano are at increased risk for histoplasmosis

[12]. In addition to pertinent clinical findings, the presence

of small nodules in the wall or within the RHS usually

indicates an active granulomatous disease, either granu-

lomatous infection or sarcoidosis [12].

In conclusion, the term RHS should be favored over

other previously described similar terms to maintain a

standardized approach. The RHS should be considered a

nonspecific CT sign seen in a variety of pulmonary dis-

eases, which, in conjunction with the clinical findings, may

help to narrow the differential diagnosis.
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