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Abstract

Objectives To identify CT findings in chronic hypersensitivity
pneumonitis (CHP) associated with survival.

Material and methods Two thoracic radiologists assessed CT
scans for specific imaging findings and patterns in 132 sub-
jects with cHP. Survival analyses were performed.

Results The majority of subjects had an inconsistent with usu-
al interstitial pneumonitis pattern on CT (55.3%,73/132).
Hypersensitivity pneumonitis (HP) diagnosis on CT was less
common in those with fibrosis (66.1%, 74/112) than those
without fibrosis (85%,17/20). Smoking was associated with
a lower prevalence of HP on CT (p=0.04). CT features of
pulmonary fibrosis, especially traction bronchiectasis (HR
8.34, 95% CI 1.98-35.21) and increased pulmonary artery
(PA)/aorta ratio (HR 2.49, 95% CI 1.27-4.89) were associated
with worse survival, while ground-glass opacity (HR 0.31,
95% CI 0.12-0.79) was associated with improved survival.
Survival association with imaging was less pronounced after
adjustment for gender, age and physiology score.
Conclusions A substantial proportion of cHP cases have a
non-HP-like appearance. Ground-glass opacity, pulmonary
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fibrosis features and elevated PA/aorta ratio on CT likely re-

flect varying degrees of disease severity in cHP and may in-

form future clinical prediction models.

Key Points

* A substantial proportion of subjects with chronic HP have a
UIP-like pattern.

* A UIP pattern in HP may be potentiated by smoking.

* A diagnosis of HP should not be excluded based solely on
CT appearance.

» CT fibrosis and increased PA/aorta ratio signal worse
survival.

Keywords Chronic hypersensitivity pneumonitis - CT -
Survival - Usual interstitial pneumonitis - Pulmonary
hypertension

Introduction

Hypersensitivity pneumonitis (HP) is caused by inhalation of
organic and/or inorganic antigens that results in lung inflam-
mation. While a two-category cluster classification system for
HP has been proposed based on clinical presentation, pulmo-
nary function and imaging, it has not been validated and the
classic three-tier classification (acute, subacute and chronic) is
still commonly used in clinical practice [1]. With recurrent or
chronic exposure, patients may develop pulmonary fibrosis,
including CT imaging findings consistent with usual intersti-
tial pneumonia (UIP). While the patterns associated with sub-
acute disease are well established, heterogeneity exists among
the reported imaging patterns of chronic HP [2—7]. Such het-
erogeneity may reflect differences in how HP diagnosis was
achieved and/or how chronic HP was defined as no consensus
guidelines have been established [2, 6, 8]. While the presence
of pulmonary fibrosis has been shown to predict early
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mortality in chronic HP, other imaging variables associated
with survival have been incompletely characterised [2, 9—12].

Among imaging findings with potential clinical relevance
are those commonly observed in the presence of pulmonary
hypertension. This co-morbid condition is a well-described
complication of pulmonary fibrosis. Recent studies showed
that pulmonary hypertension complicates HP in a substantial
minority (20-50%) of symptomatic patients and was associ-
ated with worse survival [8, 9]. The impact of CT findings of
pulmonary hypertension (specifically, pulmonary artery [PA]
size and PA/aorta size ratio) on survival in patients with chron-
ic HP are unknown. Though a seemingly trivial issue, as PA
enlargement on CT has long been associated with pulmonary
hypertension, previous studies have failed to show an associ-
ation between PA size and pulmonary hypertension in the
setting of pulmonary fibrosis [13—15].

The purposes of this study were to:

1. Evaluate the imaging patterns of chronic HP in a large
cohort of patients,

2. Assess whether pulmonary imaging findings were associ-
ated with survival, and

3. Assess whether CT findings of pulmonary hypertension
were associated with survival.

We hypothesised that among subjects with chronic HP,
imaging findings of pulmonary fibrosis, UIP pattern and in-
creased PA size and PA/aorta ratio would be associated with
worse survival.

Methods
Study population

We searched our interstitial lung disease registry for
patients with chronic HP from 2006-2015. This registry
is approved by our Institutional Review Board
(#14163A) and informed consent was obtained from
all subjects included in the study. The diagnosis of
chronic HP was achieved through a multidisciplinary
approach including input from pulmonologists, dedicat-
ed chest radiologists and pathologists, all with expertise
in the diagnosis of interstitial lung diseases, according
to American Thoracic Society criteria [16].

Clinical data

We collected all pertinent clinical data from the first clinic
visit using electronic medical records (EMRs). Patient de-
mographics, surgical and medical history, tobacco use, oc-
cupational history, environmental antigen exposure history,
medications, physical examination findings, pertinent
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laboratory results, thoracic pathology findings, echocardio-
graphic data and pulmonary functional data were
abstracted.

HRCT evaluation

The earliest available chest CT of diagnostic quality for
each subject was scored by two thoracic radiologists
(JHC and SMM, 11 and 32 years of imaging experience,
respectively) by consensus. Outside hospital CT scans
were also eligible for scoring if they were of diagnostic
quality. CT scans were considered of diagnostic quality if
they included all of the lung, were free of motion artifact
severe enough to obscure underlying pulmonary architec-
ture and were of thin-slice reconstruction or acquisition
(1.5 mm or less); axial acquisition or helical CT acquisi-
tion were both considered adequate. The extent of retic-
ulation, ground-glass opacity, honeycombing, traction
bronchiectasis and mosaic attenuation (on inspiration)
or air-trapping (on expiratory images) were scored to
the closest 5%. The predominant axial (central or
peribronchovascular, peripheral or diffuse) and zonal (up-
per, mid, lower or diffuse) distributions were abstracted.
The lungs were considered fibrotic if there was presence
of reticulation with traction bronchiectasis, traction
bronchiolectasis and/or honeycombing [17]. The largest
main PA diameter was also measured in the axial plane
at the level of the right pulmonary artery bifurcation
[18]; the ascending aorta was also measured on the same
image orthogonal to the oblique course of the ascending
aorta.

The UIP pattern on CT was scored according to re-
cent guidelines: UIP, possible UIP and inconsistent with
UIP (Figs. 1, 2 and 3) [19]. If the CT pattern was not
definitively UIP, the most likely CT interstitial pneumo-
nia pattern was also recorded (with level of confidence)
including but not exclusive to HP, nonspecific interstitial
pneumonitis (NSIP), sarcoidosis, obliterative bronchioli-
tis and pleuroparenchymal fibroelastosis. Level of con-
fidence in diagnosis was scored as possible, probable or
definite depending on the likelihood of the diagnosis
(possible: 1-50% likelihood of diagnosis, probable:
51-89% likelihood of diagnosis, and definite: greater
than 90% likelihood of diagnosis). Given the focus on
HP subjects, we specifically defined the confidence of
HP patterns based on CT appearance [6]. A definite HP
pattern was defined as profuse centrilobular nodules or
widespread mosaic attenuation and air trapping with rel-
ative basal sparing. Probable HP was defined as a mod-
erate degree of centrilobular nodularity, mosaic attenua-
tion or air-trapping in all lobes. Possible HP was de-
fined as any combination of the CT findings associated
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Fig. 1 A 53-year-old woman with chronic hypersensitivity pneumonitis
and an inconsistent with usual interstitial pneumonitis (UIP) pattern on
CT. Axial (A) and coronal (B) images from chest CT demonstrate axially
central and zonally upper lung preponderant disease characterised by
ground-glass opacity, mosaic attenuation and reticulation. Findings are
diagnostic of an inconsistent with UIP pattern given substantial ground-
glass opacity and central/upper lung preponderance

with a definite or probable HP pattern but not meeting
the criteria for probable or definite disease.

Statistical analysis

Continuous data were presented as means with standard devi-
ation and categorical data as counts with percentage. Means
were compared using a two-tailed Student’s t-test and propor-
tions were compared using a Chi-square test. Correlation as-
sessments were pursued using a general linear model. Survival
analysis was performed using univariable and multivariable
Cox proportional hazard regression and unadjusted log rank
testing. Iterative multivariable Cox regression models were
constructed to assess individual components of UIP, including
reticulation, traction bronchiectasis and honeycombing, as
these variables are collinear and cannot be assessed together
in a single model. The first model was adjusted for indepen-
dent CT predictors of mortality in univariate analysis, while
the second model included CT predictors plus gender, age and
physiology (GAP) score. Survival was displayed graphically
using the Kaplan-Meier survival estimator and was defined as
time from diagnosis to lung transplantation or death.
Statistical evaluation was performed using Stata (StataCorp.
2015. Release 14. College Station, TX, USA).

Fig. 2 A 42-year-old woman with chronic hypersensitivity pneumonitis
and a possible usual interstitial pneumonitis (UIP) pattern on CT. Axial
(A) and coronal (B) images from chest CT demonstrate peripheral and
basilar predominant pulmonary fibrosis characterised by reticulation and
traction bronchiolectasis without subpleural honeycombing consistent
with a possible UIP pattern

Results

Of the 1,250 patients in our ILD registry, there were 132
subjects who were diagnosed with HP based on a multidisci-
plinary ILD evaluation. The average age of the cohort was
62.1 (£11.5) years (Table 1) with a slight female predomi-
nance (60.6%). Most of the cohort was comprised of non-
Hispanic whites (84.8%) with fewer Hispanic (7.6%),
African American (5.3%) and Asian (2.2%) subjects.
Approximately half of the subjects were ‘ever smokers’
(56.1%). The likely antigen could not be identified in approx-
imately one-third of the subjects.

CT findings

Most subjects (112/132, 84.8%) had findings of fibrotic dis-
ease on CT. Those with fibrosis were older than those without
fibrosis (64.0 + 10.8 years vs. 52.2 + 9.1 years; p<0.001), but
groups were similar with regard to sex or smoking history
(Table 2). In those with reticulation, an average of 22 +
12.4% of the lung was involved. In those with non-fibrotic
disease, ground-glass opacity was present in half (10/20) with
27.4 +£30.0% of lung involvement, and air-trapping was pres-
ent in 80% (16/20) of subjects with 19.6 + 9.0% of lung

@ Springer



5130

Eur Radiol (2017) 27:5127-5135

Fig. 3 A 49-year-old woman with chronic hypersensitivity pneumonitis
and a usual interstitial pneumonitis (UIP) pattern on CT. Axial (A) and
coronal (B) images from chest CT demonstrate peripheral and basilar
predominant pulmonary fibrosis characterised by reticulation, traction
bronchiectasis, traction bronchiolectasis and subpleural honeycombing
consistent with UIP

involvement. There was no difference in prevalence or extent
of lung involvement with regard to ground-glass opacity or
air-trapping among fibrotic subjects as compared to the non-
fibrotic subjects. In those with fibrotic disease, ground-glass

Table 1 Demographic characteristics for patients with chronic
hypersensitivity pneumonitis

Characteristic
Mean age (SD), years 62.1 (11.5)
Male, n (%) 52 (39.4)
Race/ethnicity, n (%)
Caucasian 112 (84.8)
Hispanic 10 (7.6)
African American 7(5.3)
Asian 3(2.2)
Ever smoker, n (%) 74 (56.1)
Surgical lung biopsy, n (%) 80 (60.6)
Exposure*
Mold, n (%) 39 (29.5)
Bird, n (%) 62 (47.0)
Hot tub, n (%) 3(23)
Unknown, n (%) 40 (30.3)

* Some individuals had exposure to >1 identified environmental antigen
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opacity was present in 29.5% (33/112) with 23.9 + 18.5% of
lung involvement and air-trapping was present in 63.4% (71/
112) of subjects with 16.8 £ 11.1% of lung involvement.

Centrilobular nodularity was more common in those with-
out fibrosis (9/20, 45.0%) as compared to those with fibrosis
(13/112, 11.6%) [p=0.001]. In those with fibrosis,
honeycombing was present in 57/112 with an average of 4.2
+5.5% of lung involvement; traction bronchiectasis was ubig-
uitous in those with fibrosis, affecting 12.8 + 8.4% of the
bronchial tree.

Distribution of disease varied between those with and with-
out fibrotic disease (p<0.001 for both axial and zonal distri-
bution). In those without fibrosis, the axial distribution was
always diffuse and the zonal distribution was most often dif-
fuse (14/20, 70.0%). In those with fibrosis, axially peripheral
(58/112, 51.8%) and zonally lower (60/112, 53.6%) distribu-
tions were most common, followed by diffuse axial (43/112,
38.4%) and zonal (30/112, 26.8%) distributions. Only a small
proportion of subjects had an upper lung preponderant distri-
bution in the fibrotic setting (19/112, 17.0%). There was no
significant difference in the size of the PA or PA/aorta ratio in
those with and without fibrosis (PA diameter 29.1 + 4.4 mm
vs. 28.4 £ 4.2 mm, PA/aorta ratio 0.866 = 0.111 vs. 0.872 +
0.156, respectively).

HP pattern on CT relative to UIP diagnosis in those
with pulmonary fibrosis

The majority of our subjects with pulmonary fibrosis had an
inconsistent with UIP pattern (65.2%, 73/112); however, a
substantial minority of subjects had a UIP (18.8%, 21/112)
or possible UIP (9.8%, 11/112) pattern on CT. In 6.3% of
subjects (7/112), the CT pattern could not be scored within
the confines of current UIP classification guidelines. The most
common finding on CT scans considered inconsistent with
UIP was the presence of air-trapping (78.1%, 57/73) followed
by the presence of ground-glass opacity (49.3%, 36/73), dif-
fuse nodules (21.9%, 16/73), and upper lung preponderance
(24.7%, 18/73).

Single best imaging pattern in HP cases

With regard to the single best diagnosis based on imaging
pattern, those without fibrotic disease had an HP pattern in
the majority of cases (85%, 17/20), with the remainder dem-
onstrating a CT pattern that was nonspecific (15%, 3/20).
Those with fibrosis most often had an HP CT pattern
(66.1%, 74/112), followed by a UIP pattern (25.0%, 28/
112). There was no significant difference in subjects with an
HP CT pattern as compared to those without an HP pattern
relative to smoking history, age or sex (Table 2). However,
when only considering those with a high confidence CT pat-
tern (probable or definite), there was a higher proportion of
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Table 2 Demographic variables relative to fibrosis and hypersensitivity pneumonitis (HP) pattern

Fibrosis present No fibrosis HP pattern No HP pattern High confidence HP High confidence not HP
Smoker 65 (89%) 8 (11%) 48 (76%) 15 (24%) 26 (60%)* 17 (40%)*
Non-smoker 47 (81%) 11 (19%) 43 (62%) 26 (38%) 30 (81%)* 7 (19%)*
Men 46 (88%) 6 (12%) 38 (73%) 14 (28%) 22 (69%) 10 (31%)
Women 66 (83%) 14 (17%) 53 (66%) 27 (34%) 32 (67%) 16 (33%)
Mean age (SD), y 64.0 (10.8)* 52.2 (9.2)* 62.4 (11.2) 60.4 (12.2) 62.7 (11.9) 58.9 (14.3)

*Statistically significant difference

never smokers with an HP pattern on CT as compared to
smokers or former smokers with an HP pattern on CT
(81.1% (30/37) vs. 60.5% (26/43); p=0.04) (Table 2).

Survival and CT findings

On univariate analysis (Table 4), the presence of ground-glass
opacity was associated with improved survival (HR 0.31, 95%
CI 0.12-0.79). Each increase of 5% in reticulation was asso-
ciated with a 6% increase in mortality risk (HR 1.06, 95% CI
1.03—1.08). Other CT characteristics that were associated with
an increase in mortality risk included the presence of traction
bronchiectasis (HR 8.34, 95% CI 1.98-35.21), honeycombing
(HR 2.47,95% CI1 1.25-4.87), UIP CT pattern (HR 1.36, 95%
CI 1.01-1.82) and PA/aorta ratio greater than 0.9 (HR 2.49,
95% CI 1.27-4.89) (Table 3, Figs. 4 and 5). PA dilation (not
corrected for aortic size) and distribution of lung disease were
not significant predictors of survival.

Increasing reticulation (HR 1.04; 95% CI 1.02-1.07)
and traction bronchiectasis (HR 5.88; 95% CI 1.39-
24.90) were independent predictors of reduced survival
after adjustment for the presence of ground-glass opaci-
ties and PA/aorta ratio, while the presence of
honeycombing was not (HR1.51; 95% 0.74-3.07)
(Table 4). In the same model, PA/aorta ratio remained
an independent predictor of reduced survival (HR 2.36;
95% CI 1.20-4.63). None of the UIP components nor the
PA/aorta ratio remained independent predictors of surviv-
al after GAP score was added to the multivariable model.
However, GAP score was consistently associated with
survival regardless of which finding of fibrosis (reticula-
tion, traction bronchiectasis or honeycombing) was in-
cluded in the model (HR 1.44-1.53, 95% CI 1.14-1.86).

Correlation of PA/aorta ratio with parameters associated
with pulmonary hypertension

In regard to clinical or laboratory parameters that are associ-
ated with pulmonary hypertension, 120 of the 132 subjects
had N-terminal pro b-type natriuretic peptide (NT-proBNP)
values. In 95 of the 132 subjects, right heart catheter

angiography, echocardiography or both were performed. Of
these 95 subjects, in only 38 subjects could right ventricle
systolic pressure (RVSP) values be quantitatively estimated
on echocardiography, and in only nine of these 38 subjects
was mean pulmonary artery pressure (mPAP) estimated on
cardiac catheter angiography. There was a positive but weak
correlation between elevated NT-proBNP (>125) and CT

Table 3 Cox unadjusted CT prognostic features in chronic
hypersensitivity pneumonitis

Characteristic HR 95% CI1 p-value
Radiographic fibrosis

Reticulation 1.06  1.03-1.08 <0.001

Traction bronchiectasis 834  1.98-35.21 0.004

Honeycombing 247 125487 0.009

UIP pattern 136 1.01-1.82 0.042
Distribution Zonal distribution*®

Upper 1.99  0.81-4.90 0.134

Middle 136 0.18-10.31 0.768

Diffuse 1.06  0.50-2.27 0.878
Axial distribution**

Central 0.00  0.00-0.01 1.000

Peripheral 1.05  0.54-2.06 0.879

Peripheral with subpleural sparing ~ 0.00  0.00-0.01 1.000
Other radiographic parenchymal features

Ground-glass opacities 031  0.12-0.79 0.015

Centrilobular nodules 039  0.12-1.29 0.122

Mosaic attenuation 0.84  043-1.65 0.616
Radiographic mediastinal features

PA diameter, mm 1.07  0.99-1.16 0.076

PA-aorta ratio 249 127489 0.008

Survival = transplant-free survival; reticulation= greater than 5% involve-
ment; traction bronchiectasis= greater than 40% involvement; zonal
distribution=upper, middle, lower, diffuse; axial distribution=central/
bronchovascular, peripheral, peripheral with subpleural sparing, diffuse

*in comparison to diffuse pattern
**in comparison to diffuse pattern
HR hazard ratio
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measurement of PA/Aorta (>0.9) in our cohort (r=0.232;
p=0.011). There was no statistically significant correlation
between elevated echocardiography measurement of RVSP
(>40 mmHg) and CT measurement of PA/Aorta (>0.9)
(r=0.167; p=0.331). Due to the small number of subjects with
mPAP, further analysis in regard to this variable was not
possible.
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4 Fig. 4 Kaplan-Meier survival curves for CT findings of pulmonary

fibrosis. (A) Kaplan-Meier survival curves for presence and absence of
reticulation show that those with reticulation had significantly worse sur-
vival than those without reticulation (log rank test p-value 0.016). (B)
Kaplan-Meier survival curves for presence and absence of traction bron-
chiectasis show that those with traction bronchiectasis had significantly
worse survival than those without traction bronchiectasis (log rank test p-
value <0.001). (C) Kaplan-Meier survival curves for presence and ab-
sence of honeycombing show that those with honeycombing had signif-
icantly worse survival than those without honeycombing (log rank test p-
value 0.007)

Discussion

The main goals of this study were to determine the imaging
patterns of chronic HP and assess whether pulmonary paren-
chymal and arterial imaging findings were associated with
survival. The main findings of this study were as follows:
(1) a substantial minority (approximately 1/4th) of subjects
with chronic HP had a UIP or possible UIP pattern on CT;
(2) in the setting of high-confidence CT patterns, smoking
history was associated with a 20% lower rate of an HP pattern
on CT; (3) those with fibrotic disease most often had a periph-
eral and basilar distribution as opposed to the near universal
axially and zonally diffuse distributions that were present in
those without fibrosis; and (4) findings of pulmonary fibrosis
and increased PA/aorta ratio were associated with worse sur-
vival, but this association was less pronounced after adjust-
ment for GAP score.

Many previous studies have evaluated the CT pattern in
chronic HP; ground-glass opacity, centrilobular nodularity
and air-trapping or mosaic attenuation are well-known find-
ings in HP [6, 17, 20, 21]. However, there is a substantial
proportion of cases in which chronic HP cannot be differenti-
ated from other types of pulmonary fibrosis based on CT [6].
Many cases of chronic HP have been shown to mimic UIP on
imaging, and differentiation from idiopathic pulmonary
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Fig.5 Kaplan-Meier survival curves relative to pulmonary artery (PA) to
aorta ratio on CT show that those with a PA/aorta ratio larger than or equal
to 0.9 had significantly worse survival (log rank test p-value 0.006)
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Table 4 Cox multivariable CT prognostic features in chronic
hypersensitivity pneumonitis

HCRT pattern of fibrosis HR 95% C1 p-value
Model 1 (Radiographic pattern of reticulation)
Reticulation 1.04 1.02-1.07 0.001
Ground-glass opacities 0.97 0.93-1.01 0.107
PA/aorta 1.59 0.75-3.39 0.228
Model 2 (Radiographic pattern of honeycombing)
Traction bronchiectasis 5.88 1.39-24.90 0.016
Ground-glass opacities 0.96 0.92-1.00 0.055
PA/aorta 2.36 1.20-4.63 0.013
Model 3 (Radiographics pattern of honeycombing)
Honeycombing 1.51 0.74-3.07 0.259
Ground-glass opacities 0.96 0.92-1.00 0.045
PA/aorta 243 1.23-4.83 0.011

PA/aorta = pulmonary artery diameter to aorta diameter ratio > 0.9

fibrosis (IPF) must be achieved based on multidisciplinary
review [6, 17, 22]. Our study was in agreement with the liter-
ature; one-fifth of subjects with chronic HP had a UIP pattern
on CT.

The association between smoking history and a lower prev-
alence of an HP pattern on CT was not entirely surprising.
Previous evidence suggests that smoking is protective against
the development of HP, unlike the association between
smoking and an increased risk of IPF [10, 23]. Many have
postulated that this is due to the mildly immunosuppressive
nature of cigarette smoke on the lungs, likely due to nicotine
[24, 25]. However, there is evidence that suggests that
smokers who do develop HP are more likely to develop chron-
ic disease with worse survival as compared to non-smokers
[26]. The modest immunosuppressant effect of cigarette
smoke may not be able to alter the natural disease course in
patients who are genetically predisposed to develop severe,
fibrotic HP, but may mitigate the inflammatory changes in
those less predisposed to developing severe disease.
Alternatively, smoking may have a bitemporal effect based
on the chronicity of exposure: early on, smoking may protect
from HP, but with prolonged exposure, it may potentiate the
fibrosis, as suggested in a study using a murine model [27].
Our results raise a third possibility: chronic HP cases in
smokers may be misdiagnosed as IPF. Smoking in HP may
lead to a CT pattern that is not typical for HP, increasing the
risk of misdiagnosis. Given that lung biopsy is becoming less
common and that the causative antigen is not identified in up
to half of HP cases, an atypical HP pattern on CT could result
in an incorrect diagnosis even if achieved using multidisci-
plinary discussion [19, 28].

The distribution of disease in chronic HP has not been
definitively established, with conflicting reports in the litera-
ture [2, 6, 29]. Upper zone parenchymal lung disease is

commonly associated with HP and is one of the most helpful
findings to differentiate HP from UIP/IPF [6]. However, the
current study and previous work show that only a small pro-
portion of chronic HP cases have upper lung zone preponder-
ance [2, 6, 29]. One study showed that only 11% of those with
fibrotic HP had upper lung preponderant disease [6]. An older
study showed that the distribution of HP was most often bas-
ilar and peripheral preponderant, though relative basilar spar-
ing of the lower lung zone was present in approximately half
of subjects [8]. Others showed an almost ubiquitously diffuse
axial and zonal distribution in HP independent of chronicity
[2]. The variability in the reported distribution of chronic HP
on CT is likely due to diverse inclusion criteria in the different
studies. Chronic HP is often defined either as disease of
prolonged duration (6—12 months) or in which frank fibrosis
is evident on imaging or pathology. The current study implies
that disease distribution may evolve as inflammatory HP pro-
gresses to fibrotic disease, though our study was not optimized
to explore this possibility. Other interstitial processes can also
change from a non-UIP imaging pattern into a more UIP-like
pattern, and underlines the need to examine the earliest CT
scan available to accurately diagnose interstitial lung disease
[6, 30-32].

We also found that CT findings of pulmonary fibrosis and
UIP CT pattern were associated with worse survival in HP,
with traction bronchiectasis having the greatest effect size.
Previous data have also shown that fibrosis on CT predicts
worse survival [2, 9-12]. Ground-glass opacity on CT was
also associated with improved survival and may be a marker
for reversible lung inflammation as opposed to end-stage lung
fibrosis. Our findings likely reflect varying disease severity, as
survival associations for reticulation, traction bronchiectasis
and PA/aorta ratio were no longer significant after adjustment
for GAP score. The presence of ground-glass opacity and PA/
aorta ratio did retain a marginal survival association after GAP
score adjustment, suggesting these variables may inform fu-
ture clinical prediction models derived using larger cohorts.

We postulate that the association between PA enlargement
and mortality in our study is due transitively to the well-
established relationship between PA size on CT and chronic
pulmonary hypertension [33, 34]. However, there is poor cor-
relation between pulmonary hypertension and PA size on CT
in patients with pulmonary fibrosis [13—15]. Therefore, one
must be cautious in assuming that PA enlargement is simply a
marker of pulmonary hypertension given the high prevalence
of pulmonary fibrosis in the current study. Our study showed a
significant but weak correlation between PA/aorta ratio and
serum NT-proBNP values, but no correlation between PA/
aorta ratio and elevated RVSP on echocardiography, suggest-
ing that though PA size may partially affect survival by its
transitive association with pulmonary hypertension, there
may be other pathophysiological factors associated with PA
size that alter survival.
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Our study was limited by its retrospective design and could
only assess association, not causation. Also, though our study
included a larger chronic HP cohort compared to other studies
in the literature, the power of the study remains limited. Third,
we were unable to standardise CT protocols, as some scans
were not performed at our medical centre. However, we only
included CT scans of high diagnostic quality for assessment of
ILD in this study. Finally, our study was performed at a refer-
ral centre for ILD, which may limit the generalisability of our
findings.

In conclusion, we showed that a UIP pattern on CT was not
uncommon in chronic HP. This suggests that a diagnosis of
HP should not be excluded based solely on imaging. Smoking
may also augment the CT appearance of chronic HP. More
research is necessary to explain the sometimes paradoxical,
effect of smoking in HP. Our study also showed that the dis-
tribution of lung disease in those with and without CT fibrosis
were different (diffuse in non-fibrotic disease with a peripheral
and basilar distribution in fibrotic disease); we postulate in-
flammation in HP may be diffuse early in disease but that
recurrent inflammation may affect the lungs more asymmetri-
cally as HP progresses. A study that systematically assesses
the pattern of HP over time in individual patients is necessary
before any definitive conclusions can be made in this regard.
Finally, CT findings of pulmonary fibrosis, ground-glass
opacity and increased PA/aorta ratio were associated with dif-
ferential survival risk and likely reflect varying degrees of
disease severity based on multivariable modelling. The rela-
tionship between survival and CT features of HP, along with
PA size and pulmonary hypertension, should be explored in
larger studies with adequate power to detect smaller differ-
ences in survival risk.
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