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Purpose:

Materials and
Methods:

Results:

Conclusion:

To retrospectively assess the accuracy of thin-section com-
puted tomography (CT) in distinguishing chronic hyper-
sensitivity pneumonitis (HP) from idiopathic pulmonary
fibrosis (IPF) and nonspecific interstitial pneumonia (NSIP),
with histologic results as the reference standard.

This retrospective study was approved by the institutional
research boards of the participating centers, and informed
consent was waived. There was HIPAA compliance for all
U.S. patients. The study included 66 patients (36 men, 30
women; mean age, 58.8 years = 10.9 [standard devia-
tion]) with proved chronic HP (n = 18), IPF (n = 23), or
NSIP (n = 25) who underwent CT. Two independent read-
ers assessed the CT images, made a first-choice diagnosis,
and noted the degree of confidence in the diagnosis. A
general linear model was used to identify CT features that
independently differentiated chronic HP from IPF and
NSIP. Weighted « statistic was used to assess interob-
server agreement.

The CT features that best differentiated chronic HP were
lobular areas with decreased attenuation and vascularity,
centrilobular nodules, and absence of lower zone predom-
inance of abnormalities (P = .008). The features that best
differentiated NSIP were relative subpleural sparing, ab-
sence of lobular areas with decreased attenuation, and
lack of honeycombing (P = .002). The features that best
differentiated IPF were basal predominance of honey-
combing, absence of relative subpleural sparing, and ab-
sence centrilobular nodules (P = .004). A confident diag-
nosis was made in 70 (53%) of 132 readings. This diagno-
sis was correct in 66 (94%) of 70 readings. The accuracy
for the entire cohort was 80%. Interobserver agreement
for confident diagnosis was good to excellent (k = 0.77-

0.96).
Characteristic CT features of chronic HP, IPF, and NSIP
allow confident distinction between these entities in ap-

proximately 50% of patients.

© RSNA, 2008
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hronic hypersensitivity pneumoni-

tis (HP) is often difficult to diagnose

because the clinical and functional
manifestations are nonspecific and fre-
quently mimic those of chronic interstitial
pneumonias, particularly idiopathic pul-
monary fibrosis (IPF) and nonspecific in-
terstitial pneumonia (NSIP). The distinc-
tion of HP from IPF and NSIP is important
because each disease is managed differ-
ently (1). Avoidance of the inciting anti-
gen is the most important factor in the
management of HP (1).

A multicenter study by Lacasse et al
(2) showed that thin-section computed
tomography (CT) can play an important
role in the diagnosis of HP. Lacasse et al
demonstrated that a combination of
clinical and thin-section CT findings of-
ten enables a confident diagnosis of HP
(2). However, the study did not assess
the reliability of CT in helping to distin-
guish chronic HP from NSIP and IPF.
Previous studies suggested that thin-
section CT can be used to distinguish
HP from IPF and other chronic intersti-
tial diseases (3-6).

These studies, however, predate the
new American Thoracic Society and Eu-
ropean Respiratory Society classifica-
tion of idiopathic interstitial pneumo-
nias and did not assess the accuracy of
CT in helping to distinguish chronic HP
from NSIP (7). Furthermore, although
HP can have a distinctive histologic ap-
pearance characterized by bronchiolo-
centric interstitial pneumonia, noncase-
ating granulomas, and cellular bronch-
iolitis, recent studies have shown that

Advances in Knowledge

B The thin-section CT findings most
helpful in differentiating chronic
hypersensitivity pneumonitis (HP)
from idiopathic pulmonary fibro-
sis (IPF) and nonspecific intersti-
tial pneumonia (NSIP) are lobular
areas with decreased attenuation
and vascularity, centrilobular nod-
ules, and lack of lower zone pre-
dominance of abnormalities.

B The thin-section CT findings allow
confident distinction of chronic
HP from IPF and NSIP approxi-
mately 50% of the time.

chronic HP can manifest histologic pat-
terns of usual interstitial pneumonia or
NSIP (8-10).

The aim of our study was to retro-
spectively assess the accuracy of thin-
section CT in helping to distinguish
chronic HP from IPF and NSIP by using
histologic findings as the reference stan-
dard.

Materials and Methods

This retrospective study was approved
by the institutional research boards of
the three centers (Vancouver General
Hospital, Vancouver, Canada; Univer-
sity of Colorado, Denver, Colo; and
Sungkyunkwan University, Seoul, Ko-
rea) participating in the study and in-
formed consent was waived. There was
Health Insurance Portability and Ac-
countability Act compliance for all U.S.
patients.

Patients

Patient selection was made by using a
review of the medical records of all pa-
tients who had received a diagnosis of
HP, usual interstitial pneumonia, or NSIP
on the basis of surgical lung biopsy re-
trieval at a large academic institution
between 1998 and 2005. Only those pa-
tients with a final clinical diagnosis of
chronic HP and known causative anti-
gens, IPF, and NSIP and who underwent
thin-section CT of the chest were in-
cluded.

Chronic HP was defined by the pres-
ence of fibrosis at thin-section CT. All
consecutive patients with chronic HP di-
agnosed since 1998 and an equivalent
number of patients with biopsy-proved
NSIP and IPF at two other academic
centers that had CT images and patho-
logic slides for review were also in-

Implications for Patient Care

B CT can play an important role in
the differential diagnosis of
chronic HP from IPF and NSIP.

B Diagnosis of HP at CT prompts a
thorough clinical history to deter-
mine inciting antigens and re-
moval of the patient from the
source.

cluded in the study. The patient group
(n = 66) consisted of 18 patients with
chronic HP, 23 with IPF, and 25 with
NSIP.

The causative antigens of chronic
HP were determined on the basis of
clinical history or serum precipitin stud-
ies. Exposure to bird antigens (bird-
breeder lung) was the most common
etiologic agent of HP, being identified in
nine (50%) of 18 patients. Other sources
included mold (n = 4), red cedar (n =
2), feathers (n = 1), down-filled bed-
ding (n = 1), and isocyanate (n = 1).
Seven of the NSIP patients manifested a
clinical syndrome consistent with un-
derlying connective tissue disease: sclero-
derma (n = 2), rheumatoid arthritis
(n = 1), polymyositis (n = 1), mixed
connective tissue disease (n = 1), and
undifferentiated connective tissue dis-
ease (n = 2). The remaining 18 patients
had idiopathic NSIP.

The 66 patients (Table 1) included
36 men and 30 women with a mean age
of 58.8 years = 10.9 (standard devia-
tion). The proportion of men to women
was statistically different in chronic HP,
IPF, and NSIP. There was a larger pro-
portion of men in IPF (17 of 23, 74%)
and chronic HP (13 of 18, 72%) than in
NSIP (six of 25, 24%) (P < .001). There
was no significant difference in age be-
tween the chronic HP (mean age, 61.1
years = 10.2) and IPF groups (mean
age, 62.0 years * 6.9), but the av-
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erage age of the patients with NSIP
(mean age, 34.1 years * 12.9) was
lower than that of patients with chronic
HP and IPF (P = .02).

Reference Standard for Histologic
Diagnosis

The histologic diagnosis of chronic HP,
IPF, or NSIP was initially made at each
institution and was confirmed by an ex-
perienced lung pathologist (A.C., with
32 years experience) by using current
diagnostic criteria (7,8,11,12). The in-
terval between the surgical lung biopsy
retrieval and CT ranged from 1 day to
36 months (median, 1 month). The 23
patients with NSIP included 21 with fi-
brotic NSIP, three with mixed fibrotic
and cellular NSIP, and one with cellular
NSIP.

CT Scanning Protocol

The thin-section CT examinations were
performed with a variety of scanners,
with 1.0-1.5-mm collimation (n = 36)
at 10- or 20-mm intervals from the apex
of the lung to the diaphragm or volu-

metrically with a multidetector CT scan-
ner (n = 30) with 1.00-1.25-mm recon-
struction. The scans were obtained with
the patient in supine position at full in-
spiration and were reconstructed by us-
ing a high-spatial-frequency algorithm.
Expiratory CT scans were obtained in
32 (48%) of 66 patients, including 12
(67%) of 18 patients with chronic HP,
10 (43%) of 23 with IPF, and 10 (40%)
of 25 with NSIP. The expiratory images
consisted of three to 12 thin-section im-
ages obtained at preselected levels (n =
18) or volumetrically with a multidetec-
tor CT scanner (n = 14).

Image Evaluation

The thin-section CT scans were ran-
domized and reviewed independently by
two thoracic radiologists (N.L.M. and
C.I.S.S., with 22 and 4 years experi-
ence, respectively) without knowledge
of clinical information or histologic diag-
nosis. The readers knew that only pa-
tients with chronic HP, IPF, and NSIP
were included in the study, but did not
know the frequency of occurrence for

Table 1

Demographic Data of Patients with Chronic HP, IPF, and NSIP

Characteristic Chronic HP (n = 18) IPF (n = 23) NSIP (n = 25) PValue
Sex <.001
Male 13(72) 17 (74) 6 (24)
Female 5(28) 6 (26) 19 (76)
Age (y)
Mean = standard deviation 61.1 = 10.2 62.0 = 6.9 541 =129 .02
Range 44-75 52-74 24-79 NA

Note.—Numbers in parentheses are percentages. NA = not applicable. P < .05 indicates significant difference.

each. All images were reviewed at a
workstation at window settings opti-
mized for assessment of lung paren-
chyma (width, 1000-1500 HU; level,
—600 to —700 HU). The images were
assessed for the presence of reticulation
(irregular linear opacities), areas of
ground-glass opacification (GGO), con-
solidation, lobular areas with decreased
attenuation associated with decreased
vascularity, centrilobular nodules, cysts,
honeycombing, traction bronchiectasis,
and traction bronchiolectasis. The CT
findings were interpreted on the basis of
the recommendations of the Nomencla-
ture Committee of the Fleischner Soci-
ety (13).

The anatomic distribution was clas-
sified as peribronchovascular if there
was a predominance of abnormalities
along the bronchi and vessels, as pe-
ripheral if there was a predominance of
abnormalities in the outer third of the
lung, and as random if there was no
peribronchovascular or peripheral pre-
dominance. Zone predominance was as-
sessed as being upper, lower, or ran-
dom. Upper lung zone predominance
was considered present when the pa-
renchymal abnormalities were most ex-
tensive above the level of the tracheal
carina; and lower zone predominance,
when they were most extensive below
this level.

Relative subpleural sparing in the
lung immediately adjacent to the pleura
in the dorsal regions of the lower lobes
(14), relative sparing of the lung below
the level of the dome of the diaphragm
(4), presence of fibrosis in upper lobes,
basal and peripheral predominance of

Table 2

Diagnostic Criteria for Chronic HP, IPF, and NSIP at Thin-Section CT

Level of Confidence

Diagnosis Confident

Probable

Chronic HP

NSIP

Centrilobular nodules, lobular areas of decreased attenuation and
vascularity, mild to moderate extent of GGO away from fibrosis, no
or minimal honeycombing, relative basal sparing

IPF Reticulation in all lobes, extensive honeycombing, no or minimal GGO,
peripheral and basal predominance

Extensive GGO, no or only mild reticulation, traction bronchiectasis, no
honeycombing, basal predominance, relative subpleural sparing

cysts

Mild to moderate extent of GGO, predominant peribronchovascular distribution
and/or upper or middle zone predominance, no or minimal hoeneycombing,

Bilateral reticulation, minimal honeycombing, minimal to moderate GGO,

peripheral and basal predominance

Moderate GGO, moderate reticulation, traction bronchiectasis, no or minimal
honeycombing, basal predominance
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fibrosis, and basal predominance of
honeycombing were also assessed. Sub-
pleural refers to the region immediately
adjacent to the costal pleura, for exam-
ple, within 1 ecm or less of the pleura,
whereas peripheral refers to the outer
third of the lung. The overall extent of
areas of GGO, consolidation, and cen-
trilobular nodules was classified inde-
pendently as involving less than 25%,
25%-50%, or more than 50% of the
lung parenchyma.

The extent of lobular areas with de-
creased attenuation when present was

evaluated by counting the number of
secondary lobules with decreased atten-
uation on all inspiratory images and was
classified into one of the following cate-
gories: class 1 (up to four lobules), class
2 (five or more lobules and involving
two to four lobes), and class 3 (five or
more lobules in more than four lobes,
the lingula being considered a separate
lobe). Quantification of lobular areas
with decreased attenuation and vascu-
larity was limited to presence in nonde-
pendent lung and away from the supe-
rior segment of the lower lobe or the tip

of the lingula or right middle lobe or
within areas of severe fibrosis (13).

Cysts were considered as circum-
scribed, thin-walled, low-attenuating ar-
eas in the lungs. The number, size (<3
mm, 5-9 mm, or >9 mm), location (up-
per, middle, or lower lung zone), and
distribution (peripheral or central) of
lung cysts were also noted. The pre-
dominant background parenchymal pat-
tern of lobes containing lung cysts (ie,
areas of GGO or centrilobular nodules)
was also recorded (16).

Following the initial assessment of

Table 3

Thin-Section CT Features of Patients with Chronic HP, IPF, and NSIP

Percentages
Characteristic Chronic HP (n = 18) IPF (n = 23) NSIP (n = 25) P Value
Reticulation 100 (36/36) 100 (46/46) 100 (50/50) NA
GGO 100 (36/36) 96 (44/46) 100 (50/50) 15
<25% 36 (13/36) 70 (32/46) 40 (20/50) =.007
25%—-50% 36 (13/36) 23 (11/46) 30 (15/50) 72
>50% 28 (10/36) 7 (3/48) 30 (15/50) =.02
Consolidation 6 (2/36) 0 (0/46) 4 (2/50) .31
Lobular areas of decreased attenuation and vascularity 80 (29/36) 43 (20/46) 34 (17/50) <.001
Class 1 19 (7/36) 26 (12/46) 26 (13/50) 74
Class 2 22 (8/36) 13 (6/46) 8 (4/50) a7
Class 3 39 (14/36) 4 (2/486) 0(0/50) <.001
Centrilobular nodules 56 (20/36)* 15 (7/46) 14 (7/50) <.001
Cysts 39 (14/36) 0 (0/46) 12 (6/50) <.001
Honeycombing 64 (23/36) 67 (31/46) 8 (4/50) <.001
Traction bronchiectasis 94 (34/36) 100 (46/46) 100 (50/50) .07
Traction bronchiolectasis 100 (36/36) 100 (46/46) 100 (50/50) NA
Relative subpleural sparing 11 (4/36) 4 (2/46) 64 (32/50)* <.001
Zonal predominance
Upper 11 (4/36) 2 (1/46) 0 (0/50) .02
Lower 31 (11/36)" 83 (38/46) 94 (47/50) <.001
Random 58 (21/36) 15 (7/46) 6 (3/50) <.001
Anatomic distribution
Peripheral 25 (9/36) 78 (36/46) 72 (36/50) <.001
Peribronchovascular 22 (8/36) 0 (0/46) 0 (0/50) <.001
Peripheral and peribronchovascular 17 (6/36) 9 (4/46) 10 (5/50) .50
Random 36 (13/36) 13 (6/46) 18 (9/50) .03
Fibrosis
Upper lobe 100 (36/36) 96 (44/46) 62 (31/50) <.001
Peripheral predominance 78 (28/36) 100 (46/46) 92 (46/50) .002
Basal predominance 39 (14/36) 76 (35/46) 84 (42/50) <.001
Basal predominance of honeycombing 11 (4/36) 52 (24/46) 4(2/50) <.001
Relative sparing of lung bases 39 (14/36)* 11 (5/46) 6 (3/50) <.001
Air trapping* 75 (18/24) 35 (7/20) 10 (2/20) <.003

Note.—NA = not available. Numbers in parentheses are readings by two independent observers. P < .05 indicates a significant difference (Fisher exact test).

* Higher than other two percentages.
T Lower than other two percentages.

¥ Expiratory CT images were available in 32 of 66 patients (64 readings).
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Figure 1: ~ Chronic HP in 44-year-old man exposed to red cedar. Transverse
thin-section CT scans at level of (a) distal trachea and (b, ¢) lung bases show bilat-
eral patchy areas of GGO superimposed on fine reticulation. Note bilateral centri-
lobular nodules (arrowheads) and multiple lobules with decreased attenuation and
vascularity (arrows). (c) Transverse CT image below diaphragmatic dome shows
relative sparing. These are characteristic of chronic HP findings.

the thin-section CT images, each reader
made a first-choice diagnosis of chronic
HP, IPF, or NSIP for each patient and
graded the degree of confidence in this
diagnosis as being high (confident diag-
nosis) or low (probable diagnosis) ac-
cording to specific diagnostic criteria
(Table 2) (3-5,17-23). When the CT
findings did not fit into any of the three
diagnoses, the first-choice diagnosis
was “indeterminate.”

After reviewing the inspiratory CT
images and making the first-choice diag-
nosis, the readers reviewed the expira-
tory CT images, when available, and
noted the presence of air trapping. The

readers also assessed whether the pres-
ence of air trapping on expiratory CT
images changed the first-choice diagno-
sis and the level of confidence.

Statistical Analysis

Results are given as means * standard
deviations or medians and ranges (for
nonnormally distributed variables). Com-
parisons between thin-section CT find-
ings and the extent and distribution of
abnormalities of chronic HP, IPF, and
NSIP were performed with a two-tailed
Fisher exact test. Group comparisons of
the average CT scores of the two read-
ers with their degree of confidence in

the CT diagnosis for chronic HP, IPF,
and NSIP were assessed by using a gen-
eral linear model (eg, analysis of vari-
ance and regression) in which the two
readers were considered to be repli-
cates, duplicate observers whose read-
ings could differ.

CT features predictive of chronic
HP, IPF, and NSIP were identified by
using a two-step process. First, for each
reader, stepwise logistic regression was
used to identify the CT features that
predicted each disease type. These vari-
ables were then pooled and used in a
general linear model in which the two
readers were considered to be repli-
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cates. A P value of less than .05 was
considered to indicate a significant dif-
ference.

Sensitivity, specificity, positive pre-
dictive value, and accuracy of CT in
helping distinguish these diseases were
calculated with standard methods. The
accuracy of CT for differentiating chronic
HP from IPF and NSIP was calculated by
comparing the CT diagnosis by the two
readers with the final histologic and
clinical diagnoses. Agreement between
the observers in the assessment of find-
ings and CT diagnosis was assessed by
using the weighted k statistic. The inter-

Figure 2

observer agreement was classified as
follows: poor, k = 0-0.20; fair, k =
0.21-0.40; moderate, k = 0.41-0.60;
good, k = 0.61-0.80; and excellent, k =
0.81-1.00 (24).

Thin-Section CT Findings

Interobserver agreement in the assess-
ment of the CT findings was good to
excellent (k = 0.68-1.00). All 66 pa-
tients had reticulation, and at least 94%
had traction bronchiectasis and bron-

Figure 2:  Chronic HP in 55-
year-old man exposed to red ce-
dar. Transverse thin-section CT
scan at level of bronchus interme-
dius shows patchy GGO and fine
reticulation with associated ill-
defined centrilobular nodules
(short straight arrows). Note lobu-
|ar areas with decreased attenua-
tion and vascularity bilaterally
(curved arrows) and isolated cyst
in left upper lobe (long straight
arrow).

b.

Figure 3: = Chronic HP in 72-year-old man exposed to birds. (a) Transverse thin-section CT scan of upper lobes shows patchy GGO and superimposed reticulation in
predominant peribronchovascular distribution. Note bronchial tortuosity and irregularity (traction bronchiectasis, arrowheads) due to fibrosis and peripheral lobule (ar-
row) with decreased attenuation and vascularity in left upper lobe. (b) Coronal reformation shows predominant distribution of abnormalities in upper lobes.

chiolectasis and GGO according to both
readers (Table 3). Although GGO was
commonly seen at CT in patients with
IPF (96%), it was more likely to involve
less than 25% of the lung parenchyma
(P = .007). Only 7% of readings in pa-
tients with IPF had a greater than 50%
extent of GGO, compared with 28%
for HP and 30% for NSIP (P = .02).
Patients with chronic HP (Fig 1) were
more likely to have lobular areas with
decreased attenuation (80%), centri-
lobular nodules (56%), and cysts (39%)
than patients with IPF (43%, 15%, and
0%, respectively) and NSIP (34%, 14%,
and 12%, respectively) (P = .001).

One to three cysts were identified in
10 of 14 readings of chronic HP with
cysts, and four or more cysts were seen
at four of 14 readings. The cysts were
always present in areas of GGO. Centri-
lobular nodules and areas of decreased
lobular attenuation occurred in 86%
and 100% of patients with chronic HP
who had cysts, respectively (Fig 2).
Cysts, when present in patients with
NSIP, were three or fewer in number
and were not associated with centri-
lobular nodules.

Lower zone predominance of ab-
normalities was more common in pa-
tients with IPF (83%) and NSIP (94%)

Radiology: \/olume 246: Number 1—January 2008
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than in those with chronic HP (31%)
(P < .001). Although upper zone pre-
dominance of abnormalities was un-
common, it was seen more frequently
in patients with chronic HP (11%)
than in those with IPF (2%) or NSIP
(0%) (P < .02) (Fig 3). Upper lobe
fibrosis was seen in all patients with
chronic HP, compared with those with
IPE (96%) and NSIP (62%) (P <
.001). Random distribution of abnor-
malities was more common in patients
with chronic HP (58%) than in those
with IPF (15%) or NSIP (6%) (P <
.001). Peribronchovascular distribu-
tion of abnormalities was uncommon
but was seen only in patients with
chronic HP (22%) (P < .001) (Fig 3).

Patients with IPF and NSIP were
more likely to have peripheral predomi-
nance of abnormalities (78% and 72%,
respectively) (P < .001) and fibrosis
(100% and 92%, respectively) than
those with chronic HP (25% and 78%,
respectively) (P = .002). Similarly,
basal predominance of fibrosis was seen
more commonly in IPF (76%) and NSIP
(84%) than in chronic HP (39%) (P <
.001). No significant difference was ob-
served in the frequency of honeycomb-
ing in patients with chronic HP (64%)
and IPF (67%); however, patients with
IPF (52%) were more likely to have
basal predominance of honeycombing
than were those with chronic HP (11%)
(P <.001).

From the general linear model, the
CT features that best differentiated
chronic HP from NSIP and IPF were
lobular areas with decreased attenua-
tion, absence of lower zone predomi-
nance, and presence of centrilobular
nodules (P = .008). Extensive lobular
areas with decreased attenuation (class
3) (P < .001) and centrilobular nodules
involving more than 25% of the lung
parenchyma (P < .001) were more
common in chronic HP; lower zone pre-
dominance was uncommon (P < .001).
Although relative sparing of the lung be-
low the level of the diaphragmatic dome
was more common in patients with
chronic HP (P < .001), it was not an
important predictor (Figs 1, 3).

The best predictors of NSIP were
relative subpleural sparing, absence of

Figure 4:  NSIP in 62-year-old
woman. Transverse thin-section
CT scan of basal segments of
lower lobes shows peripheral GGO
and mild reticulation with relative
subpleural sparing (arrowheads)

- of lung immediately adjacent to
pleuraindorsal lung regions. Note
dorsal subpleural region is not

normal butis less severely in-
volved than region more than 1 ¢cm
away frompleura.

Table 4

Thin-Section CT Diagnosis of Chronic HP, IPF, and NSIP

Positive Predictive

Diagnosis Sensitivity (%)  Specificity (%)  Value (%) Accuracy (%)
Chronic HP
First-choice diagnosis (7 = 40) 78 (28/36) 88 (84/96) 70 (28/40) 85 (112/132)
Confident diagnosis (n = 24) 61 (22/36) 98 (94/96) 92 (22/24) 88 (116/132)
Probable diagnosis (n = 16) 17 (6/36) 90 (86/96) 38 (6/16) 70 (92/132)
IPF
First-choice diagnosis (n = 31) 57 (26/46) 94 (81/86) 84 (26/31) 81(107/132)
Confident diagnosis (n = 15) 33 (15/46) 100 (86/86) 100 (15/15) 77 (101/132)
Probable diagnosis (n = 16) 24 (11/46) 94 (81/86) 69 (11/16) 70 (92/132)
NSIP
First-choice diagnosis (n = 42) 76 (38/50) 95 (78/82) 90 (38/42) 88(116/132)
Confident diagnosis (n = 31) 58 (29/50) 98 (80/82) 94 (29/31) 83 (109/132)
Probable diagnosis (n = 11) 18 (9/50) 98 (80/82) 82 (9/11) 67 (89/132)

Note.—Numbers in parentheses are readings of two independent observers.

honeycombing, and absence of lobular
areas with decreased attenuation (P =
.002) (Fig 4).

The CT features that best differenti-
ated IPF were basal predominance of
honeycombing and an absence of rela-
tive subpleural sparing and centrilobu-
lar nodules (P = .004).

Expiratory scans were obtained in
32 (48%) of 66 patients. Air trapping
was significantly more common in pa-
tients with chronic HP (75%) than in
those with IPF (35%) or NSIP (10%)
(P < .003); however, its presence did
not change the first-choice diagnosis or
the level of confidence for any patient.

Accuracy of CT Diagnosis

There was good interobserver agree-
ment for overall CT diagnosis (k =
0.64). The interobserver agreement for
confident CT diagnosis of chronic HP,
IPF, and NSIP was k = 0.90, 0.77, and
0.96, respectively.

A first-choice diagnosis of chronic HP,
IPF, or NSIP independent of the level of
confidence was made in 113 (86%) of 132
readings (Table 4). These included 40 read-
ings of chronic HP, 31 of IPF, and 42 of
NSIP, as well as 19 of indeterminate diagno-
sis. A correct first-choice diagnosis was
made in 92 (81%) of 113 readings, includ-
ing 28 (70%) readings of chronic HP, 26

294

Radiology: \/olume 246: Number 1—January 2008



Radiology

THORACIC IMAGING: Chronic Hypersensitivity Pneumonitis Findings at CT

Silvaetal

(84%) of IPF, and 38 (90%) of NSIP (Fig 5).
A diagnosis with a high level of confidence
was made in 70 (53%) of 132 observations.
This diagnosis was correct in 66 (94%) of
70 readings, including 22 (92%) of 24 read-
ings for chronic HP, 15 (100%) of 15 read-
ings for IPF, and 29 (94%) of 31 readings
for NSIP. In only one patient was chronic
HP misdiagnosed as NSIP with a high level
of confidence by both readers. In two pa-
tients, one of the observers misdiagnosed
IPF as chronic HP (Fig 6) with a high level of
confidence, but none of the observers mis-
diagnosed chronic HP as IPF when they
made a confident diagnosis with CT imag-
ing.

The overall accuracy of the entire
cohort for a confident diagnosis was
80% (326 of 403), with a sensitivity of
50% (66 of 132), a specificity of 98%
(260 of 264), and a positive predictive
value of 94% (66 of 70).

In our study, a confident first-choice di-
agnosis at thin-section CT was made in
70 (53%) of 132 readings in patients
with chronic HP, IPF, and NSIP and was
correct in 94% of these readings. These
results are similar to those obtained by
Lynch et al (4) in a study that included

patients with IPF and HP; in that study,
a first-choice diagnosis with a high level
of confidence was made in 62% of
cases, and this diagnosis was correct
in 90% of observations. However, the
study by Lynch et al predates the
American Thoracic Society and Euro-
pean Respiratory Society classification
of idiopathic interstitial pneumonias
(7), included three patients with a his-
tologic diagnosis of desquamative in-
terstitial pneumonia as part of the
spectrum of IPF, and did not include
patients with NSIP. Furthermore,
their analysis also included patients
with subacute HP, which is easier to
distinguish from IPF at CT because of
the lack of fibrosis.

An important aspect of our study
was the inclusion of patients with NSIP,
a disease that has a variable appearance
at CT and may mimic IPF or chronic HP
(21). Although initial reports suggested
that the CT findings of NSIP were non-
specific, more recent studies have shown
that CT may allow distinction of NSIP
from IPF in approximately 70% of pa-
tients (19,22). The findings that favor a
diagnosis of NSIP include extensive
GGO, mild reticulation, and absence of
honeycombing. In our study, we added
relative subpleural sparing as a charac-
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Figure 5:  Patient flow diagram.

teristic feature of NSIP and found that it
was one of the best predictors of NSIP,
being present in 64% of patients with
NSIP, in 11% with chronic HP, and in
4% with IPF (14,25). This may explain
the higher diagnostic accuracy with con-
fident diagnosis of NSIP in our study.

The thin-section CT features that
best differentiated chronic HP from
IPF and NSIP were the presence of
lobular areas with decreased attenua-
tion and centrilobular nodules and the
lack of lower zone predominance. The
extent of centrilobular nodules was
greater in patients with chronic HP
and is commonly associated with sub-
acute changes. At histologic examina-
tion, centrilobular nodules correspond
to cellular bronchiolitis, noncaseating
granulomas, and bronchiolocentric in-
terstitial pneumonitis (11).

The lobular areas with decreased at-
tenuation and air trapping are pre-
sumed to be secondary to small airway
obstruction due to cellular bronchiolitis
or, less commonly, constrictive bronchi-
olitis (23,26). The presence of lobular
areas with decreased attenuation in pa-
tients with chronic HP seen in our study
(80%) was similar to that seen in the
studies by Hansell et al (19 of 22 pa-
tients, 86%) (23) and Small et al (15 of
20 patients, 75%) (206), although the
majority of patients in those studies had
subacute HP.

In our patients with HP, the pres-
ence of centrilobular nodules (56%)
was similar to that described by Lynch
et al (4) in eight (42%) of 19 patients
with chronic HP and Hansell et al (23) in
12 (54%) of 22 patients. Centrilobular
nodules appear to be less common in
chronic HP than in subacute HP and
were seen in 14 (70%) of 20 patients
with subacute HP reported by Small
et al (26).

Cysts were also seen more com-
monly in patients with chronic HP
(39%) than in those with IPF or NSIP.
Recently, Franquet et al (16) described
lung cysts in 13% of patients with sub-
acute HP. Similar to the cysts described
in subacute HP, the cysts in chronic HP
were only seen in areas of GGO. They
are presumed to result from bronchioli-
tis and bronchiolar obstruction (16).
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Figure 6:  IPF mimicking chronic HP in 76-year-old woman. (a) Transverse thin-section GT scan of upper lobes shows minimal GGO and fine reticulation in predomi-
nantly peripheral distribution and honeycomb cysts (arrowheads). (b) Transverse thin-section CT scan of lung bases shows mild reticulation and traction bronchiectasis
(curved arrow), patchy GGO, and several lobules with decreased attenuation and vascularity (straight arrow). Two observers made incorrect first-choice diagnosis of
chronic HP, ane with low and one with high level of confidence. The histologic findings were characteristic of IPF. No etiologic agent was identified.

The higher prevalence of cysts in pa-
tients with chronic HP compared with
that seen in patients with subacute dis-
ease in the study by Franquet et al (16)
may be related to the greater duration
of the disease or the presence of fibro-
sis.

Lobular areas with decreased atten-
uation were seen in 43% of patients
with IPF and in 34% with NSIP. The
anatomic cause of decreased attenua-
tion in these conditions is unclear. It
may be the result of fibrosis leading to
compensatory overinflation of adjacent
relatively uninvolved lobules. To mini-
mize this potential effect we did not as-
sess lobular areas with decreased atten-
uation in areas of severe fibrosis. Hon-
eycombing was seen in 64% of patients
with chronic HP in our study, which is
similar to the frequency seen in the
study by Adler et al (5) in patients with
chronic HP (11 of 16, 69%), but higher
than that seen by Lynch et al (three of
19, 16%) (4).

No significant difference was ob-
served in the frequency of honeycomb-
ing in patients with chronic HP and IPF;
however, patients with IPF were more
likely to have basal predominance of
honeycombing than were those with
chronic HP (P < .001). Similar to previ-

ous studies, we found that patients with
IPF were more likely to have basal pre-
dominance of honeycombing and lower
zone and peripheral predominance of
abnormalities (22,27). As shown in pre-
vious studies (7,14,19,25), we found
that patients with IPF tend to be older
than those with NSIP. The average age
of patients with chronic HP in our study
(61 years) was similar to that of patients
with IPF.

Our study had limitations. It was
retrospective, included a small sample
size, and only included patients with
proved chronic HP, IPF, and NSIP. In
clinical practice the differential diagno-
sis would include other interstitial lung
diseases. However, the selection of pa-
tients was intentional, owing to the con-
siderable overlap of the clinical, func-
tional, and radiologic manifestations of
chronic HP, IPF, and NSIP. Most of the
other interstitial lung diseases can be
readily distinguished by their character-
istic clinical, functional, or CT findings.
The presence of only three consider-
ations in the differential diagnosis also
may have resulted in an artificially high
interobserver agreement and sensitivity
and specificity of CT in each diagnosis.

Another limitation of our study was
that we only included patients with bi-

opsy-proved disease from three large
referral centers, creating bias toward
patients with less typical findings. Pa-
tients with characteristic thin-section
CT findings of IPF and clinical history
consistent with IPF seldom undergo
lung biopsy. Also, patients with charac-
teristic CT findings of chronic HP and
history of exposure seldom require lung
biopsy for definitive diagnosis. A selec-
tion bias may also have been introduced
into the study by only including patients
with proved chronic HP and known in-
citing antigens.

In clinical practice a histologic and
clinical diagnosis of chronic HP is some-
times made without the inciting antigen
ever being identified. On the other
hand, the inclusion of a small number of
patients with NSIP associated with con-
nective tissue disease may have resulted
in an overestimation of small airway dis-
eases in NSIP and led to an underesti-
mation of the value of thin-section CT in
distinguishing chronic HP from NSIP.
Despite these limitations, our study dem-
onstrates that the CT findings are often
characteristic enough to allow confident
distinction of chronic HP from IPF and
NSIP.

In conclusion, the features that best
differentiate chronic HP from IPF and
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NSIP at thin-section CT are lobular ar-
eas with decreased attenuation, pres-
ence of centrilobular nodules, and a lack
of lower zone predominance of the ab-
normalities. NSIP can be differentiated
from chronic HP mainly by the presence
of relative subpleural sparing, absence
of lobular areas with decreased attenua-
tion, and lack of honeycombing. IPF can
be differentiated from chronic HP by
the basal predominance of honeycomb-
ing and absence of relative subpleural
sparing and centrilobular nodules. In
approximately 50% of patients the char-
acteristic pattern and distribution of
findings at thin-section CT allow confi-
dent distinction between chronic HP,
IPF, and NSIP. The CT findings com-
bined with the clinical history, which
was not available to the readers in our
study, may preclude the need for hiopsy
in selected patients.
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