LETTER TO THE EDITOR

Reversed halo sign in radiation L)
induced organizing pneumonia:
natural course of the underlying
pathophysiology

The reversed halo sign (RHS) refers to a focal rounded area
of ground-glass opacity surrounded by a more or less com-
plete ring of consolidation." It was initially described by
Voloudaki et al. in two patients with cryptogenic organiz-
ing pneumonia (COP). Zompatori et al. used the term atoll
sign,® while the term RHS was first introduced by Kim et al.*
Initially, it was considered to be relatively specific to COP.
Subsequently, the RHS has been reported in a wide variety
of pulmonary diseases including infectious, neoplastic and
non infectious/non neoplastic, thus losing its specificity.

Despite the fact that the RHS is quite extensively stud-
ied in terms of radiology,” data on corresponding pathology
are actually scarce. In the initial report by Voloudaki et al.,?
histology from the periphery of the lesions showed the pres-
ence of buds of granulation-fibromyxoid tissue in the lumen
of alveolar ducts and alveoli, while the central area of the
ground glass attenuation showed less granulation tissue and
more alveolar septal inflammation. These findings were con-
firmed in a much larger cohort of 43 patients, where the
“‘ring’’ of the RHS corresponded pathologically to intralu-
minal organizing fibrosis in distal air spaces.® The RHS has
no specificity as it can be observed in a wide variety of
diseases. Furthermore, it can appear in different phases of
disease progression. The pathology remains vague as to what
this image implies. In order to delineate the pathology cor-
relation, it is essential to specify the actual timeframe at
which the RHS appears. We present a representative case
of radiation induced organizing pneumonia (RIOP) in which
the temporal evolution of imaging findings sheds light on the
pathological and clinical significance of the RHS.

A 68-year-old female was diagnosed with right breast
cancer. She was managed with breast conserving surgery
(lumpectomy) followed by radiotherapy. The patient pre-
sented with progressive dyspnea and fatigue 16 weeks after
completion of radiotherapy. CT revealed areas of consoli-
dation in the right upper and right middle lobe (Fig. 1a,b),
ipsilateral to the irradiated side. A presumptive diagnosis
of radiation pneumonitis was made at an outside facility
and the patient was started on corticosteroids with gradual
tapering. A subsequent CT after 4 months showed a com-
plete resolution of the lung opacities in the right upper
lobe but appearance of a new consolidative area in the
right lower lobe (Fig. 1¢,d). Corticosteroid therapy contin-
ued and after 3 months all opacities completely resolved
(Fig. 1e,f). After 5 months from corticosteroid discontinua-
tion, the patient complained again of fatigue. At that time,
she was referred to our interstitial lung disease unit. A new
HRCT exhibited several areas of ring consolidation surround-
ing a central area of ground glass opacity in the right upper
and right lower lobe (Fig. 2). Based on history, clinical exam-
ination and imaging findings, a diagnosis of relapsing RIOP
was established.” This time, azithromycin was administered
to the patient at a dose of 250 mg three times weekly. After
2 months of treatment, the patient reported resolution of
her symptoms. A chest radiograph showed an almost com-
plete resolution of the abnormal imaging findings as well

(Fig. 3).The patient reports no symptoms and has a nor-
mal chest radiograph and laboratory work-up, at 1 year. It
is worth noting that the administration of steroids in the
context of RIOP is related to a higher rate of relapse.?

The incidence of organizing pneumonia (OP) follow-
ing breast radiotherapy is 1-3% and the interval period
between completion of radiotherapy and onset of symptoms
is 2.3-47 weeks (usually 4-24 weeks).””"* Increasing age
(=50 years),”" concurrent endocrine therapy,’ smoking, '
increasing lung volume within the radiation field'® and
increasing central lung distance’>'® have been associated
with the development of RIOP. Usually, the initial imag-
ing findings are unilateral (ipsilateral to the irradiated
side), however, bilateral involvement can also be seen
at presentation.”®'0 In patients with migratory infiltrates
and relapsing disease, it is more likely to have bilat-
eral involvement.'® The exact pathogenesis and pathology
of RIOP has not been clarified. Proposed mechanisms are
radiation induced injury of alveolar epithelial cells (DNA
double-strand breaks) and mutations in the ATM (ataxia
telangiectasia mutated) gene.'” The ATM gene plays a key
role in the repair of DNA double-strand breaks.'® How-
ever, it is important to highlight that radiation in the lung
causes endothelial damage and impairs the stability of the
alveolar-capillary membrane.' The increased permeabil-
ity of the latter leads to the exudation of plasma protein,
intra-alveolar clotting, deposition of fibrin, and finally col-
onization by matrix-producing fibroblasts resulting in the
formation of intraluminal bus of connective tissue.

In order to understand the radiology-pathology corre-
lation, reviewing diseases in which the RHS is the initial
radiological manifestation of the healing response can
provide significant insight. Such characteristic paradigms
are pulmonary infarction, mucormycosis and pulmonary
radiofrequency ablation. The study of underlying pathology
in these cases reveals a common pathology and response to
injury.

The RHS has been described in cases of pulmonary
infarcts, consisting of a thick consolidative ‘‘ring’’ sur-
rounding a central ground glass area. Pathologically,
the external rim of consolidation corresponds to orga-
nizing granulation tissue associated with the presence
of histiocytes, foamy macrophages, hemosiderin-laden
macrophages, and activated fibroblasts. The central area
corresponds to coagulative necrosis associated with hem-
orrhage. Necrosis often assumes a geographic pattern,
crisscrossing the parenchyma and traversing interlobular
septa.?’ Fluorodeoxyglucose-positron emission tomography
computed tomography (FDG-PET/CT) provides valuable
information delineating the metabolic pathophysiology of
the RHS in the context of pulmonary infarction. Specifi-
cally, in cancer patients with pulmonary infarction, the ‘‘rim
sign’’ has been described.?' It corresponds to slight FDG
uptake strictly along the periphery of the infarct, while
the central area shows no uptake. This finding has a strong
correlation with the pathological features of pulmonary
infarction as the increased peripheral uptake is due to the
increased metabolic activity of the activated fibroblasts and
macrophages that are located in this area.

The RHS seems to be consistent in cases of pulmonary
infarction regardless of the cause of interrupted blood flow.
In the clinical setting of immunosuppression (especially neu-
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Figure 1  Areas of consolidation in the right upper and middle lobe. The consolidative area in the right middle lobe has a ‘‘bird
nest’’ appearance (panel a, b). After 4 months under steroid treatment there is clearance of the infiltrates in the right upper and
middle lobe. There is a new area of consolidation in the right lower lobe consistent with a migratory pattern (panel c, d). After 6
months under steroid treatment there is a complete resolution of the imaging findings (panel e, f).

~

Figure 2 Same patient as Figure 1. Five months after treatment cessation. In the right upper and lower lobe there are areas
consisting of an external rim of consolidation surrounding a central area of ground glass attenuation (reverse halo sign).
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Figure 3

Same patient as Figure 1. Chest roentgenogram 5 months after cessation of steroids with areas of consolidation in the

right upper and lower lung zone (panel a). After two months of treatment with azithromycin (250 mg thrice weekly), there is a

complete resolution of abnormal findings (panel b).

tropenic patients with hematologic malignancies receiving
chemotherapy or bone marrow transplantation), the RHS is
considered highly suggestive of underlying fungal infection,
especially pulmonary mucormycosis.??2* It is worth empha-
sizing that Mucorales infections are more angioinvasive than
aspergillus infections,?® resulting in vessel thrombosis, thus
infarction of infected tissues is a hallmark of the disease.
The lesions are mainly peripheral in distribution.?* When the
RHS is present in mucormycosis, the central ground glass
area corresponds pathologically to coagulative necrosis,
while the outer rim of consolidation to organization.?” From
an imaging point of view, the RHS presents different mor-
phological characteristics when present in OP and invasive
fungal infections. The presence of reticulation within the
central area, increased thickness of the outer rim exceed-
ing 1cm (and the presence of pleural effusion), favors the
diagnosis of the latter.?

Radiofrequency ablation (RFA) has been used for the
management of selected patients with Non-Small Cell Lung
Cancer (NSCLC) unable to undergo curative surgical resec-
tion, selected patients with pulmonary metastases or those
with recurrences after surgery, chemotherapy, or radia-
tion treatment.?’ RFA leads to coagulative necrosis and, as
expected based on the previous observations, it is a cause
of the RHS with a **bird nest’’ morphology.?®

In our case of RIOP, it is important to note that when
relapse occurred, the patient sought medical advice almost
immediately, thus imaging findings correspond to the ini-
tial phase of the healing process. Based on the paradigms
of pulmonary infarction, angioinvasive mucormycosis and
RFA, it seems that when the RHS is observed at the initial
stages, it corresponds pathologically to activated fibrob-
lasts encircling certain areas of lung injury. In the above
mentioned entities, the initial lung injury results in coagu-
lative necrosis. The actual nature of injury in cases of RIOP
remains unknown. Intriguingly, radiation induced necrosis is
also coagulative.

This type of response follows a specific course which is
typically depicted by the resolution of a pulmonary infarc-
tion. Specifically, the resolution follows a centripetal course
from the periphery to the center of the infracted area, which
preserves its initial shape. On the other hand, there are
cases where the clearance of an infiltrate starts from the
center and expands centrifugally, creating an image consis-
tent with the RHS.%?3° However, in such cases the RHS is not
the initial radiological manifestation, it is observed during
the healing phase and it does not have the pathophysiolog-
ical significance as described above. Interestingly, Covid-19
represents an example where the RHS is observed at later
stages of the disease, when consolidation develops around
GGO or when the absorption of infiltrates starts from the
center as mentioned before.>" %

From a pathological point of view, the presence of the
RHS depends on a variety of parameters. The presence of
low dense tissue in the central part (when necrosis, and/or
edema is present) with dense (granulation) tissue in the sur-
rounding area can manifest the RHS. Also, as mentioned
earlier, there are cases when the healing process of OP starts
from the central part. Finally, the presence of inflamma-
tory aspects in the central area (NSIP like pattern, alveolar
macrophages etc.) surrounded by a rim of granulation tissue
can give the appearance of a lobular pattern or reversed halo
sign. 3334

Given the wide range of clinical entities that can present
with the RHS, it is important to determine the actual time-
frame at which it occurs, i.e. at the beginning or during the
response of the lung to injury. This can increase the clinical
significance of the RHS by narrowing differential diagnosis.
Treatment for OP is based on steroids. The recommended
doses are significantly high®>*¢ and one of the main prob-
lems in the management of OP is not the disease itself
but the management of steroid induced complications (e.g.,
obesity, osteoporosis, diabetes, depression, and immuno-
suppression). Based on the above observations, the RHS
reflects the initial step of a successful response to lung
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injury. The type of injury is coagulative necrosis, regardless
of the actual cause of reduced blood flow (e.g., thrombi in
pulmonary embolism, fungal angioinvasion in mucormyco-
sis, and thermal injury in case of RFA). In cases of RIOP, the
RHS also seems to represent an initial response to injury. The
actual cause of injury (parenchymal or vascular) is unknown.
It is intriguing that radiation causes coagulative necrosis
and impairs the permeability of the basement membrane
leading to intra-alveolar clotting, deposition of fibrin, and
finally colonization by matrix-producing fibroblasts resulting
in the organizing pneumonia pattern. Equally intriguing is
the fact that steroid treatment increases the recurrence of
RIOP after breast-conserving therapy, thus prolonging dis-
ease duration.® Given the fact that the RHS represents the
initial phase of a successful healing response, it would be
important to clarify the natural history of these cases with-
out the administration of drugs. In conclusion, phenotyping
cases of OP based on clinical and imaging characteristics,
can lead to more specific management, avoiding unneces-
sary adverse events.
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Hypersensitivity pneumonitis in a
patient with pulmonary alveolar
proteinosis — A case report

Dear Editor,

Pulmonary alveolar proteinosis (PAP) is a rare syndrome cha-
racterized by the alveolar accumulation of surfactant due
to a deficient macrophage activity, resulting in impaired gas
exchange.’

PAP can be classified into different types. Autoim-
mune PAP is the most common (90-95%), and results from
autoantibodies against granulocyte-macrophage colony-
stimulating factor (GM-CSF)."? Secondary PAP is related with
an underlying condition." Additional forms of PAP, such as
Congenital, are associated with genetic abnormalities. >

The diagnosis of auto-immune PAP is based on three
findings: crazy paving pattern on high resolution chest
tomography (HRCT) as a consequence of intra and interlob-
ular septal thickening superimposed on patchy ground-glass
opacities; positive GM-CSF autoantibody; and bronchoalve-
olar lavage (BAL) with milky appearance and finding of
lipid-rich proteinaceous material, positive to periodic acid-
Schiff stain. Lung biopsy may be required if the previous
findings are indefinite.’

Therapeutic decisions are made in accordance with PAP
classification and disease severity." Whole-lung lavage (WLL)
has been the cornerstone therapy,’ but treatment with
inhaled GM-CSF has shown improvement in measures of pul-
monary gas transfer, functional health status and pathologic
features, when compared to placebo.? Corticosteroid ther-
apy suggested more damage than gain.'

Hypersensitivity pneumonitis (HP) is an immunologically
mediated interstitial lung disease, caused by repeated
exposure to inducing environmental agents in a genet-
ically predisposed individual. Its diagnosis relied on a
multidisciplinary discussion focused on typical chest CT
scan, histological findings and high lymphocytosis in BAL.*
Although HP may be triggered by a comprehensive number
of antigens, the antigen responsible is often not identified,
and chronic forms of HP can even be indistinguishable from
idiopathic pulmonary fibrosis.>°

The authors present the case of a 43-year-old Caucasian
male, former smoker (10 pack-year), volunteer firefighter,
and with medical history of peptic ulcer, that presented
in 2011 a 12-month history of progressive exertional dys-
pnoea and cough. Symptoms initiated after exposure to
smoke. He denied fever, weight loss, arthralgia, haemop-
tysis or chest pain. No history of infections, malignancy or
previous respiratory lung disease. Physical examination was
unremarkable.

He was diagnosed as having PAP based on chest HRCT
findings (Fig. 1A), BAL (significant amount of periodic Acid-
Schiff material, namely with various cell bodies) and positive
anti-GM-CSF antibodies. Lung function tests showed a mild
defect in carbon monoxide transfer factor (TLCO).

In 2013 he presented symptomatic, functional (PaO2
74 mmHg; shunt fraction 20.8%) and radiological deteriora-
tion; therefore, therapeutic WLL was carried out, resulting
in symptom and gas exchange improvement.

Five years later, despite clinical and functional stability,
chest HRCT (Fig. 1B) revealed a shift in its pattern, charac-
terized by peripheral and peribronchovascular reticulation,
and traction bronchiectasis. New flexible bronchoscopy with
BAL analysis was performed, revealing intense lymphocyto-
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