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Usual Interstitial Pneumonia: Histologic
Correlation with High-Resolution CT'

The authors reviewed 46 cases of id-
iopathic pulmonary fibrosis with
usual interstitial pneumonia (UIP),
correlating findings on high-resolu-
tion computed tomographic (HRCT)
scans with findings in specimens ob-
tained at open lung biopsy and au-
topsy. The following HRCT findings
were observed: (a) an accumulation
of small cystic spaces with thick
walls, (b) air bronchiolograms within
areas of intense lung attenuation,

(c) rugged pleural surfaces, (d) irregu-
larly thickened pulmonary vessels,
(e) bronchial wall thickening, and

(f) slightly increased lung attenua-
tion. Macroscopic honeycombing cor-
relating with small cystic spaces was
demonstrated at HRCT and patho-
logic examination. Air bronchiolo-
grams in the areas of intense lung
attenuation (ie, microscopic honey-
combing) corresponded to dilated
bronchioles (>1 mm in diameter)
with fibrosis. Irregularly thickened
vessels and bronchial walls and ir-
regular pleural surfaces were the re-
sult of fibrosis in the periphery of the
secondary pulmonary lobules. Areas
of slightly increased lung attenuation
seen on the HRCT scans correlated
with patchy alveolar septal fibrosis or
inflammation. The authors conclude
that microscopic honeycombing and
a perilobular distribution in UIP may
be clearly identified with HRCT.
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THERE have been reports on the
application of computed tomog-
raphy (CT) in evaluation of periph-
eral pulmonary lesions in diffuse infil-
trative lung diseases (1-3). In some
cases, high-resolution computed to-
mography (HRCT) has been used
(4,5). Mathieson et al reported that CT
was superior to chest radiography for
specific diagnosis in 118 patients with
chronic diffuse infiltrative lung disor-
ders (6). However, there have been
only a limited number of studies cor-
relating findings at CT with findings
at pathologic examination. Findings
in recently published articles have
shown that secondary pulmonary
lobules can be identified with HRCT
(7-11). Murata et al reported that use
of HRCT enables classification of pul-
monary parenchymal disease into
centrilobular, panlobular, bronchovascu-
lar, and perilobular distributions (12).
Idiopathic pulmonary fibrosis,
found relatively frequently among
diffuse infiltrative lung disorders, has
a progressive course. There are two
histologic forms of idiopathic pulmo-
nary fibrosis: usual interstitial pneu-
monia (UIP) and desquamative inter-
stitial pneumonia. Many investigators
believe, however, that UIP and des-
quamative interstitial pneumonia rep-
resent different stages of the same
disease (13,14). Several articles have
been published that describe CT-
pathologic correlations in idiopathic
pulmonary fibrosis. Miiller et al de-
scribed three main patterns of CT
findings for idiopathic pulmonary
fibrosis: a reticular pattern, honey-
combing, and areas of air-space opaci-
fication (ground-glass opacities)
(7,15,16). Pathologically, the reticular
pattern corresponded to irregular fi-
brosis or small (< 5 mm) cystic
spaces, and the honeycombing corre-
sponded to cystic spaces that were
2-20 mm in diameter. The areas of
air-space opacification corresponded
to areas of active alveolitis. These data

are based on findings in a limited
number of patients, and the authors
did not assess the distribution of ab-
normalities in relation to the second-
ary pulmonary lobules. Westcott and
Cole reported that traction bronchiec-
tasis was found with standard CT
scanning in end-stage pulmonary fi-
brosis (17).

To evaluate further the early find-
ings of UIP with HRCT, we per-
formed correlative studies between
findings on HRCT scans and findings
in inflated specimens obtained at
open lung biopsy and autopsy in 46
patients with idiopathic pulmonary
fibrosis.

MATERIALS AND METHODS

CT scanning was performed with a
model T8800 scanner (GE Medical Sys-
tems, Milwaukee) with 5-mm collimation,
while patients held their breath for 9.6 sec-
onds at deep end-inspiration. A high-spa-
tial-resolution algorithm (bone algorithm)
was used to analyze the CT scans of all the
patients. Scans were obtained with HRCT
at a window level appropriate for pulmo-
nary parenchyma (—800 HU) and a width
of 1,000 HU. The mediastinum, hilum, and
chest wall were observed at a window
level appropriate for soft tissue (0 HU) and
a width of 250 HU.

By using the criteria described by Car-
rington et al (13), the histologic diagnosis
of UIP was confirmed with an open lung
biopsy in 46 patients. In all patients, the
diagnosis was idiopathic UIP, that is, idio-
pathic pulmonary fibrosis (14). The pa-
tients consisted of 36 men and 10 women,
who ranged in age from 42 to 71 years
(mean, 58.2 years * 7.9). Eighteen patients
were current smokers; 17 were former
smokers; and 11 had never smoked. Short-
ness of breath that had been present for 12
months or less was reported in 16 cases,
for 2-3 years in 10 cases, and for over 4
years in eight cases. Ten patients were
asymptomatic but were referred for CT

Abbreviations: HRCT = high-resolution CT,
UIP = usual interstitial pneumonia.
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Figure 1. Schematic representation of the HRCT findings in UIP.

scanning because of abnormal findings on
chest radiographs that had been obtained
during routine examinations. Two pa-
tients complained of a cough without
shortness of breath. HRCT images of 13
patients were obtained within a week
prior to biopsy; the period from CT to
open biopsy was 2-94 days (mean, 28.1
days). The patients were clinically stable
prior to both CT and the biopsy proce-
dure; no deterioration in findings on chest
radiographs was observed in any case dur-
ing the period between CT and biopsy.

Open lung biopsy was performed on
the left lung of 29 patients and on the
right lung of 17. Biopsy samples were ob-
tained from two or three different lobes;
three biopsy specimens were obtained in
nine cases, and two specimens were ob-
tained in 37. Each specimen obtained from
open biopsy was inflated and fixed with
multiple injections of formaldehyde solu-
tion by using a transpleurally inserted
26.5-gauge needle. Specimens were
stained with hematoxylin-eosin stain and
the Weigert method for elastic fibers. After
fixation, sliced specimens were observed
with a stereomicroscope. Histologic find-
ings under low magnification were com-
pared with findings on the prebiopsy
HRCT images of the biopsy site. To obtain
arigorous CT-pathologic correlation, one
radiologist (M.K. or H.1.) and one patholo-
gist (M.K.) observed the lung macroscopi-
cally during thoracotomy and recorded
the site from which each biopsy specimen
was taken. These stereomicroscopic find-
ings were of assistance in correlation of
findings in histologic studies with those
on HRCT images.

Although lung cancer was found during
biopsy in three cases and hamartoma was
found in one, these neoplastic lesions
were all resectable. After biopsy had been
performed, lung cancer developed in two
patients, laryngeal cancer in one, and car-
cinoma of the gallbladder in one. Thirteen
of the 46 patients have subsequently died.
Three patients died of cancer 8-29 months
after biopsy, and 10 patients died of pro-
gressive respiratory failure 1-34 months
(mean, 15.6 months) after biopsy.

Autopsies were performed on four pa-
tients who died of progressive respiratory
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failure and on two patients who died of
lung cancer. To inflate and fix the lungs in
these cases, a solution containing formal-
dehyde and polyethylene glycol, as de-
scribed by Heitzman, was injected into the
bronchus of either the right or left lung
(18). After the solution was removed and
the lungs were dried, the lungs were
sliced into either 1- or 5-mm-thick sections
and contact radiographs of each specimen
were made. The stereomicroscopic and
histologic findings were studied and com-
pared with findings on HRCT scans ob-
tained while the patient was alive. Subse-
quently, comparisons were made of
findings on the contact radiographs and
on the HRCT scans with findings from the
stereomicroscopic and histologic examina-
tions of inflated and sliced lungs.

RESULTS

The major HRCT findings for the 46
UIP cases were as follows (Figs 1, 2):
(a) an accumulation of cystic spaces
greater than 5 mm in diameter that
have thick walls and extend from the
subpleural region toward the inner
lung (n = 11 [23.9%]); (b) air bronchi-
olograms within areas of intense lung
attenuation (n = 44 [95.7%]); (c) rug-
ged pleural surfaces or pleural or sub-
pleural involvement (n = 43 [93.5%]);
(d) irregular enlargement of the pul-
monary vessels (n = 45 [97.8%]);

(e) thickening of the bronchial wall
(n =16 [34.8%]); and (f) slightly in-
creased lung attenuation (n = 44
[95.7%]).

In the four cases in which the lungs
were inflated and fixed post mortem,
it was clearly evident that the accu-
mulated cystic lesions depicted on the
HRCT images represented gross hon-
eycombing. The presence of 1-2-mm-
diameter air bronchiolograms at
HRCT suggested that the peripheral
airways were dilated in the regions
with markedly increased lung attenu-
ation (Fig 3). In the corresponding

Figure 2. HRCT image shows accumulated
small cystic lesions with thick walls (arrows)
and irregularly thickened bronchovascular
bundles (arrowheads). These CT findings are
representative of UIP in our series.

biopsy specimens, 1-2-mm-diameter
dilated bronchioles were surrounded
by airless fibrotic lung tissue. These
areas of mild bronchiolar dilatation
with surrounding fibrosis had the
same histologic findings as those of
the gross honeycombing lesions.
Therefore, the term “microscopic
honeycombing” was used. Dilated
bronchioles leading toward the area
of microscopic honeycombing were
sometimes filled with mucinous secre-
tions, perhaps accounting for some
occasional indistinctness of air bron-
chiolograms within regions of high
attenuation.

In HRCT scans, apparent enlarge-
ment of the vascular structure was
observed along the relatively large
vessels, including both pulmonary
arteries and veins (Fig 4). Histologi-
cally, dilatation of the vessels them-
selves was not detected in biopsy or
autopsy specimens. Although the
walls of the bronchi were seldom
thickened, the walls of the large air-
ways often seemed to be thickened.
Apparent thickening of vessels and
bronchial walls was the result of fi-
brosis in the lung tissue surrounding
the vessels and airways. Subpleural
areas were also affected by fibrotic
changes in UIP, which resulted in the
appearance of a rugged pleural sur-
face on the HRCT images (Fig 5). In-
deed, these three HRCT findings—
thickened vessels and bronchial walls
and subpleural involvement—seemed
to be caused by the tendency for fi-
brosis to occur in the periphery of the
secondary pulmonary lobule (Fig 6).
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Figure 3.

Focal areas of slightly increased at-
tenuation of lung parenchyma were
also identified (Fig 7). This HRCT
finding in UIP often had ill-defined
boundaries with normal lung paren-
chyma. Histologic sections taken from
the affected regions demonstrated an
uneven distribution of areas of fibro-
sis interspersed with relatively normal
alveoli.

The main histopathologic finding in
the four lungs examined post mortem
from patients who died of progressive
disease was diffuse alveolar damage
associated with UIP (19). Contact ra-
diographs of the sliced lungs showed
that x-ray transmission was severely
limited in even mildly involved areas.
Diffuse alveolar damage was seen
throughout the peripheral lung. Since
diffuse alveolar damage was not iden-
tified in any biopsy specimens from
UIP cases, it may be that just prior to
death, widespread diffuse alveolar
damage obscured the findings of UIP.
It was therefore difficult to perform a
correlative study examining lungs
post mortem for findings such as
patchy interstitial cellular infiltrates
and fibrosis, findings that would be
consistent with UIP.

At HRCT, small, low-attenuation
areas and/or large, subpleural cystic
areas were depicted in 15 of the 46
cases (Fig 7). These areas, distributed
in the upper lung zones and not asso-
ciated with thick walls, were distinct
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(a) Air bronchiolograms within area of high attenuation are seen in UIP at HRCT.
(b) Lung section of a biopsy sample corresponds to area in a. Bronchioles are dilated about 1
mm in diameter and are surrounded by fibrotic walls; this is termed microscopic honeycomb-
ing. This specimen was obtained from the left lower lobe (segment 6), as shown by the arrow
in a. Scale indicates 1 mm.

from the accumulated small cystic
lesions and most likely represented
areas of emphysema.

High-attenuation nodular areas
were seldom identified with CT in
cases of UIP. However, in three pa-
tients, CT did reveal high-attenuation
nodules that were not appreciated on
chest radiographs. These lesions were
confirmed to represent lung cancer
and were completely resected at tho-
racotomy: Two proved to be localized
adenocarcinomas, and the other was
an epidermoid carcinoma.

DISCUSSION

To optimize the clinical usefulness
of HRCT, it is necessary to elucidate
the pathologic features corresponding
to each CT finding. In a study examin-
ing the correlation between the find-
ings on a standard CT scan and those
at pathologic examination of lungs
post mortem, Miiller et al determined
that honeycombing with a diameter
of more than 2 mm could be seen as a
reticular pattern on CT images (15). In
addition, Westcott and Cole have re-
ported that traction bronchiectasis
represents a pathologic feature of the
honeycombing that may be appreci-
ated on both plain radiographs and
CT scans (17). In our study, bronchio-
lar dilatation of about 1 mm in diame-
ter was associated with the surround-
ing fibrosis; that is, microscopic

honeycombing could be visualized on
the HRCT scans (Fig 3). Such micro-
scopic honeycombing may not be
manifested as typical cysts but rather
as air bronchiolograms within areas of
high attenuation. Routine radiogra-
phy of the areas with histologically
proved microscopic honeycombing
did not reveal any coarse reticular or
oval shadows, as were described by
Heitzman for gross (macroscopic)
honeycombing (18).

In the initial studies of CT scanning
of pulmonary parenchyma, the stan-
dard algorithm was used instead of
the bone-detail algorithm, with 1-cm
collimation. Use of the bone-detail
algorithm may make it possible to vi-
sualize even microscopic honeycomb-
ing with a diameter of about 1 mm.
Although Todo and Herman reported
the use of HRCT with 5-mm collima-
tion (9), recent studies with HRCT of
pulmonary parenchyma have used
1.5-mm collimation. However, we
used 5-mm collimation in the study
presented herein to depict the appar-
ent vessels on each image, which
serve as landmarks for the identifica-
tion of the secondary pulmonary lob-
ules. Nevertheless, the use of 1-2-mm
collimation in conjunction with the
bone-detail algorithm may allow visu-
alization of finer structures in the pul-
monary parenchyma.

Weibel has divided the interstitium
into three compartments: axial, paren-
chymal, and peripheral (20). Similarly,
Bergin and Miiller have classified the
distribution of interstitial diseases as
depicted at CT into three categories:
axial, middle, and peripheral (2,3).
Bergin and Miiller (2,3) and Wright et
al (21) have noted that UIP is marked
by a peripheral distribution on CT
scans. Results from the study pre-
sented herein closely parallel these
observations. However, our findings
of thickened vessels and bronchial
walls at HRCT scanning also demon-
strate an axial distribution.

Fibrotic lesions in UIP are often lo-
cated in the periphery of the second-
ary pulmonary lobules, adjacent to
interlobular septa. This distribution
has been classified as perilobular by
Murata et al (12). In the subpleural
area, secondary pulmonary lobules
are bordered by well-developed inter-
lobular septa and pleura. Subpleural
fibrosis at the periphery of the sec-
ondary pulmonary lobules seems to
account for the rugged pleural sur-
faces seen on the HRCT scans (Fig 5).
In the more central portion of the
lung, secondary pulmonary lobules
are bordered by extralobular pulmo-
nary vessels and bronchi (5). Vessels
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Figure 4. (a) Irregularly enlarged pulmonary vessels are seen in UIP. (b) Contact radiograph of a thin slice of lung was obtained post mortem
from the boxed area in a. Lung cancer developed after biopsy in this case. An autopsy was performed 8 months after the biopsy. The right lung
was fixed post mortem by using a solution described by Heitzman (18). Note that the bronchovascular bundles are irregularly thickened. Scale
indicates 1 cm. (c) Lung section of specimen was obtained from the area shown by the arrow in b. The pulmonary vein is surrounded by peri-
lobular fibrotic lesions (arrows). Scale indicates 1 mm. PV = pulmonary vein.

[N

Figure 5. (a) Rugged pleural surface and pleural or subpleural involvement are seen in UIP (arrows). (b) Lung section of a biopsy sample cor-
responds to area in a. While fibrotic lesions are apparent in the subpleural area (arrows) about 1 mm from the pleural surface, alveoli in the in-
ner parts are almost normal in appearance. This subpleural involvement is another finding suggestive of a perilobular distribution. This speci-

men was obtained in and around the area indicated by the arrows in a, from the right upper lobe (segment 1). Scale indicates 1 mm.

may appear to be prominent because
of the presence of intraluminal, intra-
mural, or perivascular lesions or be-
cause of the presence of other abnor-
malities within the surrounding lung
tissues. In UIP, the apparent enlarge-
ment of vascular structures seen on
HRCT scans is probably the result of
fibrotic changes that occur adjacent to
vessels (Fig 4). Similarly, thickened
bronchial walls are most likely the
result of bronchial fibrosis that is also
located in the peripheral regions of
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the adjacent secondary lobules. The
histologically perilobular location of
lesions accounts for their apparent
axial arrangement on HRCT scans
(Fig 6).

Staples et al reported that intersti-
tial fibrosis may be manifested by a
finely irregular interface of pleura,
vessels, or bronchi with normal lung
parenchyma and by the established
findings of reticular markings and
cystic spaces (22). The findings in the
study presented herein are in agree-

ment with these observations. These
thickened vessels and bronchial walls
may be similar to the thickened bron-
chovascular bundles reported previ-
ously (23). Bergin et al reported that
although bronchovascular bundle
thickening seen on CT scans is
marked in cases of sarcoidosis and
lymphangitic carcinomatosis, such
thickening is only sparse and mild in
cases of UIP (24). While the broncho-
vascular sheath itself is originally af-
fected in cases of both sarcoidosis and
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Figure 6. Representative lung section shows a perilobular distribution in UIP. A whole lob-

ule is bordered by interlobular connective tissue. Fibrotic lesions are distributed perilobularly
(arrows). The pulmonary veins located adjacent to interlobular septa are surrounded by fi-
brotic lesions. Scale indicates 1 mm. ILS = interlobular septum, PV = pulmonary vein.

Figure 7.

(a) Slightly increased lung attenuation (arrow) and subpleural bullous region (ar-

rowhead) are seen in UIP. The inner vascular and linear structures are visible within the area
with slightly increased attenuation. (b) Lung section of a biopsy sample corresponds to area in
a. Although some alveolar septa are fibrous and thickened by cell infiltration without honey-
combing, others are almost normal. Histologically, patchy involvement is observed within a
secondary lobule. Terminal air spaces are partially preserved so that the attenuation of this
area is slightly increased on the corresponding HRCT image. This specimen was obtained
from the right upper lobe (segment 3), as indicated by the arrow in a. Scale indicates 1 mm.

lymphangitic carcinomatosis (23,25),
we observed that the lesions are dis-
tributed mainly along the alveolar
walls adjacent to the sheaths in UIP
(Fig 6).

Patchy distribution is one of the
fundamental histologic findings in the
diagnosis of UIP; some alveolar walls
may be spared, even within an in-
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volved secondary lobule (13). In areas
of slightly increased attenuation on
the HRCT scans, a heterogeneous dis-
tribution of lesions within the second-
ary pulmonary lobules may explain
why the boundaries with the normal
lung may be unclear (Fig 7). If the
whole lobule is homogeneously in-
volved (ie, in a panlobular distribu-

tion), then sharply demarcated areas
of increased attenuation will be found
on the HRCT scans (12).

It has been suggested that alveolitis
represents an early phase of UIP (14).
It is possible that alveolitis may be
present in areas of slightly increased
attenuation, and, although the
slightly increased lung attenuation
may be less remarkable, it should not
be overlooked (Fig 7). Miiller et al re-
ported that opacification of the air
spaces was seen better with 1.5-mm
collimation than with 10-mm collima-
tion and that disease activity could be
estimated by means of CT scanning. A
high pathologic score for disease ac-
tivity, suggestive of alveolar cellular
desquamation and alveolar septal in-
flammation, was markedly associated
with high CT scores for opacification
of air space (16). However, it is possi-
ble that the slightly increased attenua-
tion in the lung was underestimated
in our study because of the use of
5-mm collimation. Such histologic
findings of active alveolitis were sel-
dom seen in our experience with UIP
(26). In our study, patchy alveolar
septal fibrosis and granulation tissue
within alveoli and alveolar ducts were
the major causes of slightly increased
attenuation of the lung.

Patients with UIP frequently had
coexisting emphysematous lesions
that were seen on HRCT scans, partic-
ularly in the upper zones of the lung
(Fig 7). Emphysema could be histolog-
ically distinguished from honeycomb-
ing by the presence of fibrosis around
the cystic lesions. In open lung biopsy
specimens, minor localized emphy-
sematous lesions were relatively com-
mon, but extensive emphysema was
recognized in only two cases. This
may be the result of the surgeon’s
avoidance of obvious bullous involve-
ment at biopsy sites. The present asso-
ciation of pulmonary emphysema and
UIP is presumably related to the fact
that most of our patients were smok-
ers or ex-smokers.

High-attenuation nodules were in-
frequently observed on the HRCT
scans. Because such nodules were
complicated by the subsequent devel-
opment of bronchogenic carcinoma in
our series, they should be observed
with care. Turner-Warwick et al have
pointed out a close relationship be-
tween cryptogenic fibrosing alveolitis
and bronchogenic carcinoma; in their
series, 9.8% of the patients with cryp-
togenic fibrosing alveolitis had associ-
ated lung cancer (27). Similarly, in 12
patients with idiopathic pulmonary
fibrosis studied by Miiller et al, one
patient had bronchogenic carcinoma
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(16). In our series, bronchogenic carci-
noma eventually developed in five
(10.9%) of 46 cases of UIP.

In conclusion, HRCT scanning pro-
vides excellent visualization of the
microscopic honeycombing and peri-
lobular distribution of lesions in UIP.
The specificity and clinical usefulness
of these HRCT findings for UIP
should be further investigated with
prospective studies to examine a large
number of cases with a variety of in-
terstitial lung diseases. m
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