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Hypersensitivity pneumonitis (HP) is a complicated and heterogeneous interstitial lung disease (ILD) caused by an
excessive immune response to an inhaled antigen in susceptible individuals. HP, also previously known as extrinsic
allergic alveolitis, is the culmination of a dysregulated immune response to a provocative inhaled antigen appearing

as inflammation and/or fibrosis of the lung parenchyma and small airways.

hypersensitivity pneumonitis thoracic imaging fibrotic HP

| 1. Chest HRCT Scanning Protocol

The suggested scanning protocol for suspected HP examination is provided in the ATS/ERS/JRS/ALAT diagnosis-
of-IPF guidelines 2. It is based on high-resolution scanning of the chest, with particular care paid to parameter
selection to ensure motion-free images and appropriate image quality at a low radiation dosage. Three sets of
images are usually obtained for HRCT evaluation of ILD: (A) Axial scan in supine position after deep inspiration, for
which helical (volumetric CT) acquisition is recommended. (B) Axial scan in supine position after prolonged
expiration, for which one can employ volumetric scanning or incremental scanning. (C) Axial scan in prone position

after deep inspiration which can also be obtained via volumetric or incremental scanning.

Incremental scanning in the prone position and expiratory phase imaging should be obtained with non-irradiated
increments of 10-20 mm or more to decrease the radiation dose. Nominal slice thickness for axial and helical CT
should be 1.5 mm or less. Gantry rotation speed of 1 s or less is acceptable. In volumetric acquisition, highest
pitch, shortest rotation time, and sub-millimetric collimation should be used. Tube potential and tube current should
be according to patient’s size, which is typically 120 kVp (kilovolt peak) and 240 mAs (milliampere-seconds) and/or
less. For patients with a lower body size, lower tube potential (100 kVp) is recommended. Tube current modulation
is used to decrease radiation exposure 28], |n order to solve image noise, iterative reconstruction techniques (with
special caution) should be utilized &l Utilizing the high-spatial-frequency reconstruction algorithm (e.g., bone
algorithm) is recommended. However, using a sharp reconstruction algorithm should be inhibited as it can create
image noise . Except for air trapping, which is an expiratory HRCT finding, all signs of lung infiltration can be
seen on inspiratory images 2. For accurate lung parenchyma and small airway evaluation, intravenous iodinated

contrast should not be administered (€.

| 2. HRCT for Diagnosis of HP
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There is a large spectrum of sensitivity and specificity in both BAL, tissue sampling, and serologic findings in HP. In
addition, obtaining a thorough history of exposures to related antigens is difficult . Therefore, this highlights the
significance of HRCT for radiologists and pulmonologists, so that they can recognize fibrotic and non-fibrotic HP.
HRCT is preferable due to its sensitivity to detect and evaluate lung abnormalities through suggesting radiographic
patterns and distinguishing fibrosis [¢. Typical HP, Compatible with HP, and Indeterminate for HP are the
classification schemes proposed by the ATS/JRS/ALAT Clinical Practice guideline for HRCT patterns related with
NFHP and FHP 2.

The usual computed tomography (CT) presentations of HP are similar to the bronchiolocentric inflammation seen in
histology, which results in small, ill-defined ground-glass nodules that are widely distributed throughout all lung
zones. This bronchiolocentric inflammation may also cause minor airway constriction, resulting in lobular air-
trapping. Ground-glass opacities and an increase in lung parenchyma density may result from more extensive
interstitial inflammation, with vessels and bronchial walls remaining visible. This ground glass opacity usually has a

patchy distribution in HP, which is referred to as mosaic attenuation & (Figure 1).
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Figure 1. Flow diagram showing the heterogeneous lung attenuation patterns. Mosaic attenuation is a terminology
reserved for inspiratory phase imaging and can be seen in vascular diseases, small airway disease or infiltrative
diseases such as hypersensitivity pneumonitis. Mosaic perfusion is a feature of primary vascular disease but can

also be seen with small airway disease due to hypoxic vasoconstriction.

According to the latest classification (according to the New ATS/JRS/ALAT Clinical Practice Guideline), HP is

divided into fibrotic and non-fibrotic forms: NFHP is a mild form of HP compared to FHP. However, NFHP often
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progresses to fibrosis, yet is recurrent . Diffuse infiltrative parenchymal abnormalities with GGO or mosaic
attenuation, as well as at least one abnormality suggesting small airway disease (ill-defined, 5 mm centrilobular
nodules on inspiratory images or air trapping on expiratory images) are important HRCT characteristics of Typical
NFHP. Mosaic attenuation in NFHP is typically caused by lobules with pneumonitis (high attenuation) juxtaposed
with lobules with normal or lower attenuation due to bronchial congestion. Features of uniform or subtle GGO,
airspace consolidation, or lung cysts which are 3 to 25 mm [, may be regarded as Compatible with NFHP in the
appropriate clinical context 9. These patterns are often bilateral and symmetric and diffuse both in the axial and

craniocaudal views of the lungs.

Concomitant fibrosis and bronchiolar obstruction indicate FHP. Lung fibrosis is more common in the mid/lower lung
zones in Typical FHP, or it is evenly distributed with basilar sparing and no central or peripheral predominance. Ill-
defined centrilobular nodules, GGO, mosaic attenuation, air trapping, and/or the three-density pattern, which is
highly specific for FHP, are all signs of bronchial obstruction 1. HRCT features of Compatible with FHP show
fibrosis pattern (UIP or extensive GGO with superimposed fibrosis) and distribution (upper lobe, peri-broncho-
vascular, or subpleural predominance) of small airway disease, which is represented by ill-defined centrilobular
nodules, or three-density pattern and/or air trapping on HRCT. Fibrosis without coexisting bronchial obstruction
(UIP, nonspecific interstitial pneumonitis (NSIP), or organized pneumonia pattern) is indeterminate for FHP 29, |n
patients with fibrotic HP without occupational exposure or history of smoking, emphysema is seen in more than
15% on chest radiographs, and 27% on HRCT [11],

Extensive lobular air trapping, centrilobular nodules, and the absence of a lower zone predominance to fibrosis can

all assist in ruling out idiopathic pulmonary fibrosis (IPF) as a viable diagnosis 22!,

| 3. Radiologic Terms for Heterogeneous Lung Attenuation

There are several radiologic terms linked with heterogeneous lung attenuation that need to be known and
differentiated by radiologists to ensure correct final diagnosis in suspected HP cases. These include mosaic

attenuation, air trapping, mosaic perfusion, and three-density pattern.

“Mosaic attenuation” is a term reserved for inspiratory phase CT. It is defined as sharply demarcated areas of low
and high attenuation. Mosaic attenuation can be seen in vascular diseases, airway diseases, or infiltrative diseases
(23] (Figure 1 and Figure 2). As opposed to mosaic attenuation, the term “air trapping” is only used on expiratory
phase CT (Figure 1, Figure 2 and Figure 3). This term represents abnormal air retention distal to airway
obstruction and manifests as areas of lucent lung on a background of normal relatively high attenuation lung
parenchyma on expiratory imaging . Like mosaic attenuation, the term “mosaic perfusion” (Figure 4) is also
reserved for inspiratory CT. In mosaic perfusion abnormality, one may see a smaller caliber of the pulmonary
vasculature within areas of low attenuation compared to normal vessel caliber in areas of higher attenuation.
However, mosaic perfusion can be seen because of a vascular disease (pure perfusion abnormality), or in airway
diseases where there is mosaic perfusion secondary to abnormal ventilation. Hence, the role of expiratory CT to

aid differentiation of mosaic perfusion is secondary to vascular diseases from airway disease. If there is a similar

https://encyclopedia.pub/entry/36134 3/14



Imaging of Hypersensitivity Pneumonitis | Encyclopedia.pub

gradient of attenuation between low and high attenuation areas on inspiratory and expiratory scans, mosaic
perfusion is secondary to a vascular disease. If a higher attenuation gradient is measured on expiratory scans, an

airway disease is the likely cause of mosaic perfusion 4],

Air trapping Three-density pattern
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Figure 2. Pictorial representation of heterogeneous lung attenuation patterns at the level of the secondary
pulmonary lobule. Top panel shows expected appearance on inspiratory images and the bottom panel shows
changes in lung parenchymal density on expiratory images. Notice that mosaic perfusion can be seen with primary

vascular disease and small airway disease, with change in lobule size being the differentiating feature.
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Figure 3. Air trapping (A,B). Axial inspiratory (A,C,E,G) and expiratory phase (B,D,F,H) CTs. On expiratory images
the normal lung shows increase in the parenchymal density and decrease in volume. Interspersed geographic
areas of air trapping lack the expected increase in density and volume reduction. Accentuated attenuation
difference between areas of low and high density (32 versus 98 HU on image (C) and (D) respectively) indicates

airway disease.
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Figure 4. Mosaic perfusion (C). Axial (A) and coronal (B) inspiratory phase CTs show sharply demarcated regions
of low attenuation (asterisk) interspersed in a background of normal (high) lung attenuation. Small caliber of
vessels (short arrow) in the lucent areas relative to the normal lung vasculature (long arrow). Similar gradient of
attenuation between low and high attenuation areas measuring 64 HU during inspiration (D) and 69 HU during
expiration (E) indicating small vessel disease. Notice the expected decrease in volume of both hypo- and hyper-

attenuating areas (E).
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Given the fact that most people do not relate to the “headcheese” sign (121, the term “three-density pattern” (Figure
5 and Figure 6) is now a favored terminology. This term is used when there is both an obstructive and infiltrative
process in addition to areas of normal lung parenchyma manifesting as clearly delineated zones with three different
attenuations 18, The manifestations of obstructive abnormalities are areas of decreased attenuation and
decreased vascularity with no significant increase in attenuation on expiratory scans. Areas with an infiltrative
disorder manifest as GGO or even consolidative opacities with increase in attenuation on expiratory scans. Areas
of interposed normal lung present as demarcated normal lungs with expected increased attenuation on expiratory

scans. Three-density pattern is specific for fibrotic HP [2I[17],

F N

Figure 5. Axial inspiratory phase CT image shows sharply demarcated regions of three attenuations (three-density
pattern): (a) Normal-appearing lung; (b) Lucent lung (i.e., regions of decreased attenuation and decreased
vascularity; (c) High attenuation GGO.
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Figure 6. Three density pattern depicts simultaneous obstructive and infiltrative processes manifesting as air
trapping (low density) and ground glass attenuation (high density), respectively, with areas of intervening normal
lung parenchyma of intermediate density. Normal lung parenchyma (A) shows expected increased attenuation on
expiration (B). Obstructive airway disease (air trapping) with decreased attenuation and vascularity on inspiration

and expiration (C,D). GGO (E) with further increased attenuation on expiration (F).

| 4. HRCT Patterns of HP
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Three categories of NFHP (Table 1, Figure 7) and FHP (Table 2, Figure 8, Figure 9, Figure 10 and Figure 11)
have been described.

Figure 7. Typical non-fibrotic HP. Inspiratory phase CT (top row) shows ground glass opacities (red arrows) and
expiratory phase CT (bottom row) shows air trapping (yellow arrows). Note the diffuse axial and craniocaudal

distribution.
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Figure 8. Typical fibrotic HP. Baseline CT (A) shows patchy GGOs. Follow up CT 3 years later (B—D) shows
traction bronchiectasis (curved arrow), reticulations, patchy GGOs, and consolidations. Random axial and
craniocaudal distribution of fibrosis. Axial inspiratory (C) and expiratory phase (D) shows three-density sign with
expected increased attenuation of normal lung (short arrows) and GGOs (black asterisk). Lucent areas of

decreased attenuation and vascularity depict air trapping (long arrow).

A%

Figure 9. Compatible with fibrotic HP. Axial and coronal expiratory phase CT (A,B) shows coarse reticulations and

minimal traction bronchiectasis superimposed on extensive upper lung predominant GGOs with

peribronchovascular and subpleural distribution. Air trapping (arrows) is evident.

Figure 10. Compatible with fibrotic HP. Inspiratory phase CT (top row) shows ground glass opacities and subtle
fibrosis. Note the variant upper lung predominant distribution. Expiratory phase CT (bottom row) shows air

trapping (arrows).
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Figure 11. Compatible with fibrotic HP. Axial inspiratory phase CT shows (A) variant pattern of lung fibrosis with

diffuse reticulations superimposed on a background of GGO and (B) lobular air trapping (arrow).

Table 1. Patterns of non-fibrotic HP on chest HRCT scan.

Typical HP Pattern (Sl_lul:?)gests a Diagnosis of Compatible with HP Indeterlr]:ll:nate for

At least one finding indicative of small airway disease
Air trapping
lll-defined <5 mm centrilobular nodules

At least one finding indicative of parenchymal infiltration

Mosaic attenuation Diffuse and subtle GGO
GGOs Airspace consolidation Not applicable
Lung cysts

Distribution of findings

Craniocaudal: diffuse
Craniocaudal: diffuse +/- basal sparing (variant:
lower lobe predominance)

Axial: diffuse (variant:

Axial: diffuse ]
peribronchovascular)

Table 2. Patterns of fibrotic HP on a chest HRCT scan.
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Typical HP Pattern (Suggests a
Diagnosis of HP)

At least one finding indicative of small
airway disease

Three-density pattern
Air trapping

Ill-defined <5 mm centrilobular
nodules

At least one finding indicative of
pulmonary fibrosis

Coarse reticulations with distortion
Traction bronchiectasis

Honeycombing (not dominant)

Distribution of findings
Random axially and craniocaudally

Mid zone predominant

Relative sparing of the bases
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