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ABSTRACT: Combined pulmonary fibrosis and emphysema
syndrome: a radiologic perspective. I.B. Oliva, F. Cortopassi,
C.L. Rochester, A.N. Rubinowitz.

Chronic obstructive pulmonary disease (that in-
cludes emphysema) results in significant morbidity and
mortality worldwide. Idiopathic pulmonary fibrosis (IPF)
is also a chronic and progressive parenchymal lung dis-
ease with an average survival of less than 5 years after di-
agnosis. Combined pulmonary fibrosis and emphysema
(CPFE) is an important but still underdiagnosed syn-
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Introduction

Chronic obstructive pulmonary disease
(COPD) and pulmonary fibrosis (PF) are chronic
progressive lung diseases both of which account
for significant morbidity and mortality. COPD is
currently predicted to become the third leading
cause of death worldwide in 2020 [1, 2]. The im-
pact is so great because it affects such a large pop-
ulation during the prime of their life. Pulmonary fi-
brosis is a progressive disease with average an sur-
vival of 3 to 5 years following diagnosis [3]. Both
of these diseases have different etiologies with dis-
tinct pathogenic, clinical, functional, radiological,
and pathological characteristics. The syndrome of
combined pulmonary fibrosis and emphysema
(CPFE) is a newly recognized syndrome which has
a much worse prognosis than emphysema or fibro-
sis when occurring in isolation.

Combined pulmonary fibrosis and emphysema
syndrome was first described in a series of eight
patients by Wiggins et al. in 1990 [4]. Some have
questioned whether CPFE is really a new and dis-
tinct disease, or simply represents the coexistence
of the two distinct pathological alterations. How-
ever, more recently, CPFE has been characterized
as an individual entity that is separate from both
pulmonary fibrosis and emphysema alone because
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drome. Its diagnosis is based on the radiological findings
at computed tomography which consists of emphysema of
the upper lung zones and fibrosis of the lower lung zones.
Since this syndrome has a very bad prognosis, even worse
than isolated finding of emphysema or fibrosis alone, ear-
ly recognition and rapid treatment are important. In this
article we will review and elucidate the radiologic ap-
pearance of this syndrome and highlight its clinical im-
portance.
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when occurring together they are associated with
distinct symptoms and clinical manifestations [5].
Computed tomography (CT) of the chest is the
most important modality used in the diagnosis of
CPFE. It shows emphysema of the upper lung
zones and fibrosis predominating in the lower lung
zones. Fibrotic changes are seen on the chest CT as
honeycombing, architectural distortion, reticular
markings, traction bronchiectasis, and occasional-
ly ground glass opacities (representing fine fibro-
sis), all with a peripheral distribution. Clinically,
the patients demonstrate severe hypoxemia with
normal to slightly reduced lung volumes and se-
verely reduced diffusing lung capacity for carbon
monoxide (DLCO). CPFE syndrome is often ac-
companied by pulmonary arterial hypertension,
which worsens with disease progression and nega-
tively impacts patient prognosis.

Given that radiology plays a key role in early di-
agnosis of CPFE syndrome, our intention is to not
only elucidate the clinical manifestations of this dis-
ease but also its the radiologic features, reviewing
fundamental points and findings of this syndrome.

Pulmonary Fibrosis: definition and background

The American Thoracic Society/European
Respiratory Society consensus statement lists sev-
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en idiopathic interstitial pneumonias (IIP’s) based
on histopathological patterns. The seven clinico-
pathological entities include: nonspecific intersti-
tial pneumonia (NSIP), organizing pneumonia
(OP), acute interstitial pneumonia (AIP), respirato-
ry bronchiolitis-interstitial lung disease (RB-ILD),
desquamative interstitial pneumonia (DIP), lym-
phocytic interstitial pneumonia (LIP), and usual
interstitial pneumonia (UIP) [5]. UIP is the most
common of the IIP’s accounting for 50-60% of
cases [6]. The histological pattern of UIP may de-
velop secondary to dust exposure (e.g., asbestosis),
drug toxicity, and collagen-vascular diseases (e.g.,
rheumatoid arthritis), or it can be seen in the set-
ting of chronic hypersensitivity pneumonitis [5].
In many cases, after detailed clinical evaluation,
no etiology is found so the morphologic pattern of
UIP is considered synonymous with the clinical
syndrome of idiopathic pulmonary fibrosis (IPF).
Histopathologic characteristics of UIP include
heterogeneous areas of pulmonary fibrosis with fi-
broblastic foci in association with areas of normal
lung, interstitial inflammation, and honeycomb
changes with the temporal heterogeneity being the
most characteristic feature [5, 7]. There may also
be mild inflammatory cell infiltration to a lesser
extent [8]. The factors that initiate and maintain
the inflammatory and fibrotic responses observed
in IPF remain unknown but the current hypothesis
is that IPF pathogenesis involves different mecha-
nisms that include repetitive lung injury, deposi-
tion of collagen and extracellular matrix, inflam-
mation, proliferation of fibroblasts, in the setting
of an inappropriate healing response [9].
Idiopathic pulmonary fibrosis is a chronic and
progressive fibrosing interstitial lung disease with
a highly variable clinical course [10-12] and an av-
erage survival of less than 5 years after diagnosis.
IPF has a worse prognosis when compared with
other causes of pulmonary fibrosis. It affects ap-
proximately 14-20 per 100,000 people in the gen-
eral population [13, 14] and currently has no cura-
tive treatment. Lung transplant is an option for se-
lect patients and can help increase short term sur-
vival but is not without its own complications.

Table 1. - High-resolution CT criteria for UIP pattern

The diagnosis of IPF is based on clinical, radi-
ographic, and histopathologic characteristics and
the accuracy increases with multidisciplinary dis-
cussion between pulmonologists, radiologists, and
pathologists experienced in the diagnosis of inter-
stitial lung disease [12, 14]. According to the offi-
cial ATS/ERS/JRS/ALAT 2011 consensus the di-
agnosis of IPF requires: exclusion of other known
causes of interstitial lung disease; presence of a
UIP pattern on high-resolution computed tomogra-
phy (HRCT) in patients not subjected to surgical
lung biopsy; or specific combinations of HRCT
and surgical lung biopsy pattern in patients who
have undergone lung biopsy [12] (table 1). Com-
mon clinical features include progressive dyspnea,
dry cough, and the presence of basilar ‘velcro’
crackles on physical exam. Digital clubbing and
signs of cor-pulmonale may also be present. IPF is
rare before the age of 50 and is more prevalent in
men, with the majority of patients having a history
of cigarette smoking [15-18].

High-resolution computed tomography plays a
vital role in the diagnosis of IPF and can help dis-
tinguish UIP from other 1IPs [19]. When classic
features of UIP are present on HRCT, tissue biop-
sy of the lungs is not needed. If HRCT does not
demonstrate the classic features, a definitive
pathological diagnosis of UIP can be made from
open or video-assisted thoracoscopic biopsy. The
presence of coexisting pleural abnormalities such
as pleural plaques, calcifications, or significant
pleural effusion suggests an alternative etiology
for the UIP pattern.

The course of IPF is variable, with few patients
remaining stable for long periods of time while a
significant proportion developing progressive dys-
pnea. The dyspnea is particularly present during
exertion and worsens in periods of acute exacerba-
tion. It can resolve rapidly or progress to respirato-
ry failure and death, especially when associated
with pulmonary arterial hypertension [20].

Pulmonary arterial hypertension (PAH) is de-
fined as a mean pulmonary artery pressure of > 25
mm Hg at rest. When present secondary to underly-
ing pulmonary fibrosis, there is an increase in the al-

Definite UIP pattern
(all four features)

Possible UIP pattern
(all three features)

Inconsistent with UIP pattern

Subpleural, basal predominance
Reticular abnormality

Honeycombing with or without
traction bronchiectasis

Absence of features listed
as inconsistent with UIP pattern

Subpleural, basal predominance
Reticular abnormality

Absence of features listed
as inconsistent with UIP pattern

Upper or mid-lung predominance
Peribronchovascular predominance
Extensive ground glass opacities
Profuse micronodules
Discrete cysts
Diffuse mosaic attenuation/air-trappping

Consolidation in bronchopulmonary
segment(s)/lobe(s)
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ready high mortality rate in these patients [21]. Ear-
ly studies showed that patients with IPF had higher
mean pulmonary arterial pressures compared to pa-
tients with other non-IPF interstitial lung diseases
[22]. Pulmonary fibrosis probably contributes to the
pathogenesis of pulmonary arterial hypertension as
a result of chronic alveolar hypoxia and vascular re-
modeling, but the most important mechanism is
likely the reduction in the pulmonary vascular bed
secondary to extension of fibrosis itself [23]. Pa-
tients with pulmonary fibrosis are also at increased
risk for pulmonary embolism, which is probably
secondary to endothelial damage [24].

COPD: definition and background

Chronic obstructive pulmonary disease was
the 12th leading cause of disability in the world
during the 1990’s [25] but is estimated to increase
in prevalence, with current predictions that it will
be among the top five leading causes of death by
2030 [26]. It results in great economic and social
burden that is both substantial and increasing be-
cause it affects a population during their most pro-
ductive work years. In the United States, COPD
was responsible for 126,000 deaths in 2005 [27].
The estimated prevalence of COPD varies from 7
to 19% in several well-conducted studies around
the world [28-33]. However COPD still remains
underdiagnosed, especially because it often stays
clinically silent until it is at an advanced and irre-
versible stage [34, 35].

COPD is a preventable disease characterized
by airflow limitation that is not fully reversible and
is staged on the basis of the severity of irreversible
airflow obstruction quantification [36]. The air-
flow obstruction is secondary to an abnormal in-
flammatory response of the lungs to noxious parti-
cles or gases, primarily caused by tobacco smok-
ing. It is usually progressive and can be the end re-
sult of multiple distinct events. Other important
risk factors include occupational and organic dusts
exposures, socio-economic status, and genetic fac-
tors. COPD has a variable natural history with dif-
ferent individuals developing distinct clinical
courses [37]. With the progression of the disease,
COPD patients demonstrate compromised gas ex-
change leading to respiratory failure with poor
prognosis. Death is frequently secondary to associ-
ated co-morbidities that are also related to ciga-
rette smoking such as heart disease and lung can-
cer [36, 38].

Table 2. - Types of pulmonary emphysema

Repetitive airway injury from inhaled tobacco
smoke toxins, chronic oxidative stress, and imbal-
ance of proteinases and antiproteinases trigger an
inflammatory response that leads to structural
changes in the airways and lung parenchyma [39,
40]. COPD comprises pathological changes in four
different compartments: central airways, peripher-
al airways, lung parenchyma, and pulmonary vas-
culature. The main physiologic abnormalities in
COPD are mucous hypersecretion and ciliary dys-
function; airflow limitation and hyperinflation; gas
exchange abnormalities; systemic effects and pul-
monary hypertension [41].

Emphysema and obstructive airway disease
are two commonly described subtypes of COPD.
Considerable overlap with different proportions of
each of these processes exists in COPD subjects
[42]. Clinically, patients with COPD are classified
according to Global Obstructive Lung Disease
(GOLD) stages based on the severity of airway
obstruction [36] but individuals with the same
GOLD stage can exhibit markedly different de-
grees of emphysema radiographically. Emphyse-
ma is a pathologic diagnosis defined as “perma-
nent abnormal enlargement of the airspaces distal
to the terminal bronchiole associated with de-
struction of their walls and no obvious fibrosis”
[43]. There are three main subtypes of emphyse-
ma based on the anatomic distribution: centriaci-
nar (also known as centrilobular), panacinar (also
known as panlobular), and paraseptal (table 2).
These subtypes of emphysema are better distin-
guished morphologically during early stages but
when they become more severe, their distinction
becomes more difficult.

Centriacinar emphysema primarily affects the
respiratory bronchioles and alveoli in the central
portion of the secondary pulmonary lobule. This
subtype of emphysema predominantly involves the
upper lung zones and typically results from ciga-
rette smoking. With increasing severity of cen-
triacinar emphysema, destruction progresses to in-
volve the entire secondary pulmonary lobule, mak-
ing it more difficult to distinct from the pancinar
subtype of emphysema.

Panacinar emphysema destroys the entire sec-
ondary pulmonary lobule uniformly creating mul-
tiple areas of decreased lung attenuation with
paucity of vessels in the affected regions. It pre-
dominates in the lower lobes. This type of emphy-
sema is classically associated with alpha-1 antit-
rypsin deficiency but can be seen without protease

Emphysema  Involvement Distribution Etiology Wall Bulla
Centriacinar ~ Center of SPL Upper lobes Cigarette smoking Absent Common
Panacinar Entire SPL Lower lobes AAgtin Ul eiligynin Ceisioney, Absent  Uncommon
smokers, age or drug related
Paraseptal Distal SPL  Upper lobes and subpleural Cigarette smoking or idiopathic Thin Common

* SPL = secondary pulmonary.
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deficiency in smokers, elderly patients, and in as-
sociation to certain drugs [43].

Paraseptal emphysema predominantly in-
volves the alveolar ducts and sacs at the distal as-
pect of the acini with the areas of destruction often
marginated by interlobular septa. It can be an iso-
lated finding in young patients often associated
with spontaneous pneumothorax or can be seen in
older patients with centrilobular emphysema [43,
44]. This type of emphysema is usually seen in as-
sociation with the centriacinar type in patients who
are cigarette smokers but can also be idiopathic in
etiology.

Pulmonary hypertension is present in a signif-
icant proportion of patients with advanced COPD
due to hypoxic vasoconstriction and secondary re-
modeling of distal small pulmonary arterial
branches. The loss of pulmonary capillary bed in
emphysema can also contribute to increased pres-
sure in the pulmonary circulation [45, 46]. The
progression of the pulmonary arterial hypertension
usually leads to elevated right heart pressures,
right ventricular hypertrophy, ultimately resulting
in right-sided cardiac failure (cor pulmonale).

Combined pulmonary fibrosis
and emphysema (CPFE)

The combination of pulmonary fibrosis and
emphysema was initially thought to be an inciden-
tal coexistence of the two diseases and it is still un-
clear whether both entities coexist by coincidence
with each one having distinct pathogenesis, or if
some individuals share a common pathway that
leads to both fibrosis and emphysema. Animal
models suggested a shared mechanism through
which cigarette smoke leads to both pulmonary
emphysema and fibrosis [47-49]. Such theory has
yet to be demonstrated in human subjects however
several studies have demonstrated an increased
prevalence of IPF in patients with smoking histo-
ry, suggesting this may indeed be a common
pathogen [15-18].

Nonetheless, CPFE has been treated as a dis-
tinct disease after Cottin, et al. in 2005 presented a
case series in heavy smokers [50]. Patients with
combined pulmonary fibrosis and emphysema
(CPFE) syndrome demonstrate clinically severe
hypoxemia and decreased DLCO with normal to
mildly reduced lung volumes. They often have se-
vere secondary pulmonary arterial hypertension,
which worsens the prognosis dramatically [50, 51].

In the retrospective study conducted by Cottin
et al. in 2005 [50], all of the 61 patients were smok-
ers or ex-smokers and most were males, with a
mean age of 65 years. The CPFE syndrome was di-
agnosed by chest computed tomography. This
study was one of the first to describe several clini-
cal characteristics of this syndrome. Dyspnea on
exertion was present in all patients; bibasilar
crackles in 87% of patients; clubbing in 43% of
patients; and pulmonary arterial hypertension pre-
sent in 47% of patients at diagnosis and in 55%
during follow-up. Patients were followed in this
study for a mean of 2.1 + 2.8 years after diagnosis.

Survival was 87.5% at 2 yrs and 54.6% at 5 yrs,
with a median survival of 6.1 yrs. The presence of
PAH at diagnosis was a critical determinant of
prognosis in this syndrome.

Recently Cottin et al., not only confirmed but
also demonstrated in a retrospective multicenter
study conducted in 40 patients (38 males; age 68 £
9 years; 39 smokers) with CPFE and pulmonary
arterial hypertension (confirmed by right heart
catheterization), that higher pulmonary vascular
resistance, higher heart rate, lower cardiac index
and lower carbon monoxide diffusion transfer
were associated with increased mortality [52].
This study provides several new and important in-
sights. For example, they found that the mean time
to diagnose PAH after diagnosing CPFE was 16
months, suggesting that pulmonary arterial hyper-
tension occurs rapidly after diagnosing CPFE.
They also showed that patients with CPEF who de-
velop pulmonary arterial hypertension have a
worse prognosis with an estimated survival of on-
ly 60% at 1 year.

Pulmonary arterial hypertension is one of the
leading causes of symptoms and negatively im-
pacts the prognosis in these patients to a level
much worse than that seen among patients with ei-
ther pulmonary fibrosis or emphysema alone. Lit-
erature has shown that at the time the diagnosis of
CPFEE is made, 47% of patients are found to have
PAH with the percentage increasing with progres-
sion of disease [50-52]. It still remains uncertain if
PAH is a response to CPFE alone or a product of
emphysema or fibrosis separately.

Spirometry and lung volume components of
pulmonary function testing (PFT) in patients with
CPFE are usually normal or demonstrate only mild
obstructive or restrictive pattern. The basis for this
finding, despite the presence of severe underlying
parenchymal lung disease may be the opposing
physiologic forces of emphysema, which leads to
outflow obstruction and hyperinflation, as opposed
to fibrosis which decreases lung compliance, de-
creases lung volumes, and increases outward teth-
ering of small airways [53]. This may be one of the
reasons why this syndrome remains underdiag-
nosed until an advanced stage, when it is already
associated with severe PAH. However, the diffus-
ing capacity component of PFT’s is typically se-
verely impaired due to loss of intact alveolar-cap-
illary surface area for gas exchange, increased dif-
fusion distance across alveolar-capillary bed, and
impaired pulmonary capillary blood flow. It is typ-
ical for CPFE patients to demonstrate hypoxemic
respiratory failure with significantly reduced dif-
fusing capacity and normal to only mildly reduced
lung volumes [54].

Radiology Perspective
Chest x-ray
Chest radiographs are a standard part of the
routine clinical evaluation of subjects with COPD

and IPF. Such images are not expensive, are read-
ily available, and involve minimal radiation expo-
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sure when compared with computed tomography
(CT) [55].

The chest x-ray of patients with pulmonary
emphysema usually demonstrates the combination
of increased lung volumes seen as flattening of the
diaphragms with right diaphragm’s height measur-
ing less than 2.7 cm on the lateral projection, in-
creased sternodiaphragmatic angle measuring
more than 90 degrees, widening of the retrosternal
clear space measuring more than 4.4 cm when
measured 3 cm below the manubrial-sternal junc-
tion, increased AP diameter; and upper lobe pre-
dominant destruction manifested by relative in-
creased lucency and paucity of vessels in the lung
apices and apparent increased interstitial markings
at the lower lung zones (fig. 1). Hyperinflation al-
so results in a narrowed, elongated cardiomedisti-
nal silhouette but this is a secondary sign that is
neither specific nor sensitive for emphysema [56-
60]. Visualization of associated bullae is diagnos-
tic of emphysema but is seldom seen radiographi-
cally. A sensitivity of 80% has been reported when
these findings are used in diagnosis but the likeli-
hood of diagnosis based on chest x-ray depends on
the severity of disease with mild forms being al-
most impossible to detect [61] (fig. 2).

Approximately 10% of patients with IPF have
normal chest radiography [62, 63], particularly in
early stages of the disease (fig. 3). The radi-
ographic appearance of IPF is nonspecific and cor-
relates poorly with histological findings and sever-
ity of disease [6]. When abnormal, chest x-ray may
show lower lobe and peripherally predominant

(a)

space, and increased AP diameter of the thorax.

reticular markings associated with decreased lung
volumes and relative sparing of the lung apices
(fig. 4). With more advanced disease, lung vol-
umes become even smaller and the reticular mark-
ings progress from fine to coarse. Lower lobe pre-
dominant cystic spaces, which represent traction
bronchiectasis and/or honeycombing, may also be
apparent. The disease classically starts at the pos-
terior costophrenic sulci, which are better assessed
on the lateral radiograph.

While chest radiographs are neither sensitive
nor specific in diagnosing emphysema or pul-
monary fibrosis, when evaluating CPFE syndrome
the sensitivity is even lower because the presence
of increased lung volumes seen in patients with
emphysema is usually masked by the decreased
volumes secondary to the concomitant pulmonary
fibrosis resulting in normal lung volumes. Other
findings of each disease separately may help in the
diagnosis but since the lung volumes play an im-
portant role in diagnosing each entity separately,
with the loss of this finding, accuracy decreases
even more.

Some findings that may provide clues to the
presence of underlying CPFE include: increased
lucency of the upper lungs which is seen in pa-
tients with emphysema, in conjunction with in-
creased reticular markings in the lower lobes, that
is characteristic of patients with pulmonary fibro-
sis (fig. 5). However, chest x-rays are of limited
value and insensitive in diagnosing this syndrome
with computed tomography remaining the most
sensitive and specific method of diagnosis.

(b)

Fig. 1. - Frontal radiograph of the chest (a) shows upper lobe predominant pulmonary parenchyma destruction due to emphysema seen as lucen-
cy and paucity of vessels in upper lung zones. The lateral projection demonstrates flattening of the diaphragms, widening of the retrosternal clear
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(©)

(d)

Fig. 2. - Normal frontal (a) and lateral (b) radiographs of the chest in a patient with mild pulmonary emphysema. Two axial images from the chest

CT of the same patient demonstrate upper lobe predominant emphysema.

Computed Tomography

Computed Tomography is much more expen-
sive than radiographs and exposes the patients to
significantly higher radiation doses with mean ef-
fective dose using a 64-slice CT scanner of ap-
proximately 19.9 mSv [64]. On the other hand,
with the advancement of technology, the scanners
have become faster and are now able to provide
the same image quality with less radiation expo-
sure. CT is as widely available as chest x-rays and
remains the most accurate diagnostic modality for
patients with pulmonary emphysema and fibrosis.
It is much more sensitive and specific in diagnos-
ing and classifying pulmonary emphysema when
compared to chest radiography and was recently
proven to reduce mortality when used for lung
cancer screening [65], which these patients are at
increased risk of.

Emphysema is characterized on high resolu-
tion computed tomography (HRCT) by areas of
abnormal low attenuation contrasted by the normal

surrounding lung parenchyma [66-68]. Areas of
centriacinar emphysema are seen as focal lucency
centered in the middle of the secondary pulmonary
lobule, surrounding the centrilobular artery, and
without definable walls (fig. 6, 7). This type of em-
physema is typically seen in cigarette smokers and
has an upper lobe predominance. Panacinar em-
physema is seen as widespread abnormal low at-
tenuation areas marginated by the interlobular sep-
ta and also centered on the centrilobular artery. It
maintains the polyhedric shape of the secondary
pulmonary lobule and predominates in the lower
lobes (fig. 8). Paraseptal emphysema involves the
distal aspect of the secondary pulmonary lobule
and therefore has a subpleural distribution. It has
an elongated shape with perceivable thin walls,
which generally correspond to the interlobular sep-
ta. With paraseptal emphysema, there is a single
row of subpleural cystic spaces (bullae). This is in
contrast to honeycombing which is secondary to
pulmonary fibrosis in which, by definition, there
are at least 2 rows of subpleural cysts as well as
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(©

tient demonstrating lower lobe predominant reticular markings.

other associated findings of fibrosis (ie: architec-
tural distortion and traction bronchiectasis).
Paraseptal emphysema predominates in the upper
lobe. When the involved area is larger than 1 cm in
diameter, it is termed a bulla (fig. 9). Bullae are di-
agnostic of emphysema but are seldom seen on
chest radiograph or CT.

Computed tomography scanning of the chest
allows quantitative assessment of the extent and
severity of pulmonary emphysema as well as elu-
cidating additional features such as the distribution
(eg, apical, basal, diffuse) and subtype (eg, cen-
triacinar, panacinar, paraseptal) cof emphysema
[69]. Visual scoring by one or more observers [70]
was the initial approach utilized when evaluating
CT scan data in patients with pulmonary emphyse-
ma. As with any subjective form of evaluation, in-
terobserver variability remains a concern. In a
study of severe COPD patients [71], interobserver
agreement was good for the overall severity of em-
physema but was poor in the determination of lo-
bar predominance of emphysema.

Fig. 3. - Normal chest radiograph (a, b) of a patient with early stage of pulmonary fibrosis. Two axial images from the chest CT of the same pa-

Many studies have used CT of the chest to
quantify the extent and severity of emphysema
and to document progression, but this ability de-
pends on several technical factors including: scan-
ner calibration, collimation, threshold values,
window settings, radiation dose, phase of respira-
tory cycle, reconstruction algorithm, and use of
intravenous contrast [72-77]. Subjective quantifi-
cation of emphysema is the simplest method and
is based on visual assessment of the CT images
[78-80]. Each part of the lung that appears em-
physematous is graded from 1 to 4 (1=1% to 25%,
2=26% to 50%, 3=51% to 75%, and 4=76% to
100% of the area) with the total score expressed as
percentage of total lung involved at that assigned
level [81, 82].

Conventional chest CT and HRCT are also
much more sensitive than routine chest radiogra-
phy when assessing patients with IPF, and their
findings correlate well with symptoms and pul-
monary function test results [83]. It has also been
proven that the extent of ground glass opacity cor-
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(d)

Fig. 4. - Frontal (a) and lateral (b) radiographs of the chest in a patient with idiopathic pulmonary fibrosis demonstrating decreased lung volumes
and lower lobe predominant increased reticular markings with relative sparing of the upper lobes. Axial (c) and coronal reformatted (d) CT im-
ages of the same patient better depict the peripheral and lower lobe predominant involvement by fibrosis with honeycombing formation.

AP PORT
ERECT
6:15AM

@ ' )
Fig. 5. - Chest x-rays of a patient with combined pulmonary emphysema and fibrosis syndrome. The lung volumes are normal but the frontal ra-
diograph (a) shows lower lobe predominant reticular markings in conjunction with increased lucency of the upper lobes. The lateral projection (b)
demonstrates relative flattening of diaphragms and mildly increased retrosternal clear space.
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(a)

relates well with the severity of dyspnea and re-
duction in carbon monoxide diffusing capacity
(DLCO), with patients having lower DLCO
demonstrating more extensive ground glass opaci-
ties by CT [84].

|

Fig. 7. - Single CT image of a patient with centriacinar emphysema
shows the central involvement of the secondary pulmonary lobule
with preservation of its polyhedral shape. The interlobular septa ap-
pear as walls surrounding the lucent area (arrow) and the centrilobu-
lar artery is seen in the middle of it.

(a)

also seen in middle of a few of these lucent areas (white arrows).

(b)

Fig. 6. - Axial CT images (a, b) of a patient with centriacinar emphysema demonstrating multiple areas of increased lucency involving the sec-
ondary pulmonary lobule, centered around the centrilobular artery (white arrows). Note the absence of perceivable walls in the lucent areas.

Computed tomography of patients with IPF
demonstrates lower lobe and peripherally predomi-
nant intra and inter-lobular septal thickening, trac-
tion bronchiectasis, honeycombing and architectur-
al distortion, all reflecting underlying parenchymal
fibrosis (fig. 10). Honeycombing is the most reli-
able CT finding of fibrosis. Ground glass opacities
may also be appreciated, especially early in the
course of the disease, or during acute exacerbations,
but are never the dominant finding in patients with
idiopathic pulmonary fibrosis in the chronic pro-
gressive stage. The ground glass opacities can either
represent active alveolitis or very fine fibrosis. Thin
section CT images can sometimes help distinguish
between the two. In about 70-95% of patients, retic-
ulations involve mainly the subpleural areas and
have the classic apicobasal gradient of severity with
the abnormality being worse at the lung bases, par-
ticularly at the costophrenic angles [19, 85, 86]. Be-
cause this is a restrictive lung disease, decreased
lung volumes result in elevation of the hemidi-
aphragms with decreased craniocaudal dimension, a
typical finding in patients with lung fibrosis.

(b)

Fig. 8. - Axial (a) and coronal reformatted (b) CT images of a patient with alpha one antitrypsin deficiency showing lower lobe predominant
panacinar emphysema. Note that the parenchymal destruction involves multiple secondary pulmonary lobules entirely. The centrilobular artery is
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()

Fig. 9. - Axial (a) and coronal reformatted (b) CT images show upper lobe
paraseptal emphysema. Note the subpleural location and elongated shape of
the lucent areas with thin visible walls (arrow) that represent the surrounding
interlobular septa. A few of these areas measure more than 1 cm in diameter,

and are therefore termed bulla.

The interpretation of HRCT scans in patients
with diffuse parenchymal lung diseases (DPLD)
can be difficult, as findings may be nonspecific in
50% of cases [87, 88]. While difficulty exists
with diagnosing DPLDs overall, specialized tho-
racic radiologists can become quite good at inter-
preting HRCT scans of patients with IPF and oth-
er idiopathic interstitial pneumonias [19, 89, 90].
The positive predictive value of a HRCT diagno-
sis of UIP is 90-100% in several studies [91-93].

A multidisciplinary approach with review of
the case by pulmonologists, pulmonary patholo-
gists, and thoracic radiologists is most beneficial
when evaluating these often times complicated pa-
tients. As discussed above, HRCT plays a key role
in distinguishing a UIP pattern from other IIPs.
The HRCT criteria for diagnosing UIP pattern is
based in the presence of basal and subpleural pre-
dominant reticular abnormalities in conjunction
with honeycombing and absence of findings that

Fig. 10. - 71 year old male with biopsy proven idiopathic pulmonary
fibrosis. Axial CT image shows peripheral and lower lobe predomi-
nant end-stage fibrotic changes with architectural distortion, traction
bronchiectasis, and subpleural honeycombing.

(b)

suggest an alternative diagnosis such as peribron-
chovascular predominance, extensive ground glass
abnormality, discrete cysts, segmental/lobar con-
solidations, and diffuse mosaic attenuation [12].

In clinical practice, the visual assessment of
disease extent by HRCT can be used in association
with pulmonary function test results to monitor
progression of IPF, as well as to evaluate response
to therapy and aid with prognosis. This measure-
ment should be made with intermediate interval
follow-ups rather than short-term interval follow-
up since longitudinal changes in HRCT scans dur-
ing short-term follow-up are less predictive of sur-
vival when compared to physiologic measure-
ments [94, 95].

Given that CT is accurate in diagnosing both
pulmonary emphysema and fibrosis alone and that
each distinct disease demonstrates different imag-
ing characteristics, it is not difficult to make the di-
agnosis of CPFE using computed tomography of
the chest. Patients demonstrate lucent areas of lung
destruction in the upper lobes associated with low-
er lobe predominant reticular markings, honey-
combing, and traction bronchiectasis that reflect
underlying pulmonary fibrosis (fig. 11).

As discussed above, pulmonary arterial hyper-
tension is seen in patients with emphysema and
pulmonary fibrosis. Chest radiography of patients
with PAH classically demonstrates the “pruned
tree” appearance made by the enlargement of the
central pulmonary arteries and abrupt decrease in
caliber of the pulmonary vasculature peripherally
(fig. 12). Chest CT of these patients can demon-
strate enlargement of the central pulmonary arter-
ies but this finding is neither specific nor sensitive.
It may also show abrupt narrowing and tapering of
the peripheral pulmonary vessels, right ventricular
hypertrophy, right ventricular and right atrial en-
largement, dilated bronchial arteries, and a mosaic
pattern of attenuation due to variable lung perfu-
sion (fig. 13) [96].
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Fig. 11. - 60 year old female with smoking history, worsening short-
ness of breath and dry cough. Axial (a, b) and coronal reformatted (c)
CT images showing the concomitant presence of upper lobe predom-
inant emphysema with lucent areas of lung destrucion as well as pe-
ripheral and lower lobe predominant fibrotic changes seen as in-
creased reticular markings and traction bronchiectasis.

IPF patients are also at increased risk of pul-
monary embolism, which is likely secondary to en-
dothelial damage. Chest CT, when tailored to eval-
uate the pulmonary arteries, is very sensitive and
specific in diagnosing pulmonary embolism, espe-
cially when using multidetector CT scanners [97,
98]. Patients with pulmonary fibrosis are also at in-
creased risk of developing bronchogenic carcino-
ma. CT is more sensitive than chest radiography at
detecting lung cancer, and can pick them up when
they are smaller and at an earlier stage [99-102].

Radiation Considerations

It is important to keep in mind that patients
who undergo multiple serial CT scans are exposed
to a higher cumulative radiation dose over time.
Therefore the benefits and risks related to this ex-
am should always be weighed prior to imaging. In
the early days of CT, the radiation exposure could
not be reduced, since the technology available at
that time did not allow for a reduction in the dose

without increasing image noise. A large amount of
image noise degrades image contrast and quality,
thus impairing diagnostic accuracy [77]. With ad-
vancement of technology, the CT scanners are now
able to produce the same image quality with a
much lower radiation dose to the patient. While the
risk of radiation is still dependent mostly on the
patient’s age, the body part that is being scanned,
and how much of the patient’s body is covered
(length of the scan), the effective radiation dose re-
ceived during a routine computed tomography of
the chest is about 8 mSv, which is equivalent to ap-
proximately 100 chest x-rays [103].

In conclusion, combined pulmonary fibrosis
and emphysema is an important but still under-
diagnosed syndrome that has imaging findings of
both pulmonary emphysema and fibrosis but is as-
sociated with a worse prognosis when compared to
each of these diseases alone. Since radiology plays
a key role in making this diagnosis, it is important
that radiologists be familiar with the existence and
appearance of this syndrome, which will facilitate
early and accurate diagnosis to potentially improve
prognosis.
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