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High resolution computed tomography as a

predictor of lung histology in systemic sclerosis
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Abstract
Background The relative proportions
of fibrosis and inflammation seen by open
lung biopsy examination is a predictor of
disease outcome in fibrosing alveolitis.
This study was designed to assess the
ability of high resolution computed
tomography to predict the histological
appearance of open lung biopsy
specimens from patients with systemic
sclerosis.
Methods Twenty abnormal biopsy
specimens from 12 patients were asses-

sed; abnormalities were categorised as

fibrotic (fibrosis exceedinginflammation)
or inflammatory (inflammation equal to
or exceeding fibrosis). Computed
tomography appearances were scored
for the lobe from which the biopsy
specimen was taken; scans were graded
from parenchymal opacification alone
through to a reticular pattern alone.
Results Two lobar appearances were

identified on computed tomograms:
amorphous parenchymal opacification
equal in extent to reticulation (grade 3)
and a predominantly reticular pattern
(grade 4). There was a significant associa-
tion between a fibrotic histological
appearance and a grade 4 computed
tomogram, and between an inflam-
matory histological appearance and a

grade 3 computed tomogram. Computed
tomography grade 4 was associated with
a fibrotic histological appearance in 12
out of 13 lobes, and grade 3 with an

inflammatory histological appearance in
four out of seven lobes.
Conclusion Computed tomography
discriminated between biopsy specimens
that were predominantly fibrotic and a

smaller group with a larger amount of
inflammation.

Lung disease is common in systemic sclerosis
and is the major cause of death.' The histo-
logical appearance of the lung is identical to

that in cryptogenic fibrosing alveolitis. In
cryptogenic fibrosing alveolitis the appear-
ances on lung biopsy specimens provide
prognostic information, a cellular specimen
predicting a good response to treatment.35
The histological findings should therefore
influence the therapeutic approach. Open lung
biopsy by minithoracotomy has a high
diagnostic yield and minimal morbidity.6 This
procedure, however, cannot always be under-

taken, and it cannot be repeated to monitor
change.
High resolution computed tomography has

an established role in the evaluation of inter-
stitial lung disease.78 It is better than plain
radiography in predicting a histological
diagnosis of cryptogenic fibrosing alveolitis,
lymphangiitis carcinomatosa, and sarcoidosis9
and more sensitive than plain radiography in
detecting pulmonary abnormalities in sys-
temic sclerosis.' In cryptogenic fibrosing
alveolitis the characteristic peripheral rim of
reticular density corresponds histologically to
areas of irregular fibrosis in open lung biopsy
material" and intra-alveolar and interstitial
cellularity is seen as an amorphous or diffuse
increase in lung density.'2'3 The ability of
computed tomography to predict the propor-
tions of fibrosis and cellularity in lung biopsy
specimens has not been evaluated, particularly
when parenchymal opacification and reticular
abnormalities coexist. The distinction is
important because the therapeutic response
appears to depend on the relative extent of
fibrosis and inflammation.5 If computed
tomography alone is to guide treatment the
technique must be able to determine which
process predominates. This study was
designed to assess whether computed tomo-
graphy could achieve this aim.

Methods
PATIENTS
Twelve patients fulfilling the American
Rheumatism Association preliminary criteria
for the diagnosis of systemic sclerosis"' were
assessed (10 female, 2 male; age (SD) 47 6
( 118) years). All underwent computed
tomography less than six months (mean (SD)
21 (15) months) before open lung biopsy.
Twenty four lobes were biopsied via mini-
thoracotomy; tissue was taken from a lower
lobe and from the ipsilateral middle or upper
lobe.6 The decision to perform open lung
biopsy was made for clinical reasons with the
fully informed consent of the patient; it was not
part of a research protocol.

HISTOLOGICAL GRADING
All fields in all sections of each lung biopsy
specimen were examined. Each of 24 biopsy
specimens was scored semiquantitatively (0-3)
by a single observer (BC) for intra-alveolar
inflammation, interstitial inflammation, inter-
stitial fibrosis, and loss of alveolar architecture.
The scores of the first two categories were
added to give an "inflammation score" and the
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scores of the latter two to give a "fibrosis
score."2 From these scores a final qualitative
grading was derived as follows: (1) inflamma-
tion alone; (2) inflammation score exceeding
fibrosis score; (3) inflammation score equal to
fibrosis score; (4)fibrosis scoreexceedinginflam-
mation score; (5) fibrosis alone.

Grades 1, 2, and 3 were designated as inflam-
matory biopsy specimens and grades 4 and 5 as
fibrotic (figs 1 and 2).

HIGH RESOLUTION COMPUTED TOMOGRAPHY
All computed tomography was performed on
an Elscint 2002 scanner with a scanning time of
5 5 seconds. A high resolution protocol was
performed with the window levels set for
optimal imaging of the lungs (level -500 to
700, width - 1300 to -1600 Hounsfield units).
The appearances of all computed tomography
sections through the biopsied lobes were asses-
sed by a single observer (DMH) without
knowledge of the histological findings. A grad-
ing system was constructed on the basis of the
method and observations of Muller et al," 12
incorporating parenchymal opacification (see fig
3) and reticular abnormalities (fig 4), as follows:
(1) parenchymal opacification alone; (2) paren-
chymal opacification more extensive than a
reticular pattern; (3) parenchymal opacification
equal in extent to a reticular pattern; (4)
reticular pattern more extensive than paren-
chymal opacification; (5) reticular pattern
alone.
One lobe was excluded from computed

tomography evaluation because technical
factors caused severe degradation of the image;
the corresponding biopsy specimen was also
excluded from the study.

REPRODUCIBILITY OF GRADING SYSTEMS
Intraobserver variability was assessed for
histological and computed tomography grad-
ing systems. Histological appearances were

assessed blind after an interval of one year by
the same observer; 30 open lung biopsy
specimens were graded, including three in
which appearances were rated as normal on
both occasions. In 18 of 27 abnormal biopsy
specimens grading was identical on the two
occasions; the remaining nine were graded
consistently within one point on the five point
scale. The most frequent disparity lay between
grade 2 and grade 3; the distinction between
"inflammatory" and "fibrotic" biopsy
specimens (grades 1-3 versus grades 4 and 5)
was made consistently in 25 of the 27 samples.
Computed tomography appearances were

assessed blind after an interval of two months
in 30 patients with systemic sclerosis; abnormal
computed tomograms were selected at random
from 65 patients with systemic sclerosis whose
scans had been assessed on the first occasion. In
29 of the 30 computed tomography appear-
ances were categorised as grade 3 or grade 4 at
least once. Identical grades were assigned on
the two occasions in 20 and in the remaining 10
the grades differed by only one point on the five
point scale. The most frequent disparity lay
between grade 2 and grade 3; the distinction
between computed tomography grades 1-3 and
grades 4 and 5 was made consistently in 27 of
the 30 samples.

DATA ANALYSIS
Computed tomography and histological grad-
ings were compared for all abnormal biopsy
specimens. The association between computed
tomography and histological appearances was
examined non-parametrically by means of the
Fisher exact test.

Results
HISTOLOGY
Twenty three lung biopsy specimens were
analysed. Three samples were normal; in each

Figure 1 Histological
appearances of open lung
biopsy specimen classified
as inflammatory
("inflammation equal to
fibrosis").
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Figure 2 Histological
appearances of open lung
biopsy specimen classified
asfibrotic ("fibrosis
alone").

:::..?@.

°~~~~~~~~~~~~~~~~~ ~ ~~~~~~~ ~~ ~ ~ ~~~~~~~~~~~~~~~~~~.x. . .s .......

Table I The histological grades assigned to open lung
biopsy specimens

Fibrotic specimens (n = 15): Grade 4 14
Grade 5 1

Inflammatory specimens (n = 5): Grade 1 1
Grade 2 1
Grade 3 3

Total biopsy specimens 20

case a second biopsy specimen, taken from
another site during the same operation, yielded
abnormal tissue. There were five inflammatory
(fig 1) and 15 fibrotic biopsy specimens (fig 2);
histological gradings are detailed in table 1.

COMPUTED TOMOGRAPHY

All 23 biopsied lobes had an abnormal
appearance on the computed tomogram, all
showing grade 3 or 4. In 10 parenchymal
opacification (fig 3) was as extensive as reticular
shadowing (the three normal biopsy specimens
were in this group). In the other 13 a reticular
pattern (fig 4) was the predominant abnor-
mality. The lung biopsy appearances ofthe two
computed tomography grades (3 and 4) have
been compared in subsequent analyses.
Analysis was confined to the 20 lobes that were
adequately visualised on the computed
tomograms and from which abnormal histo-
logical material was obtained.

ACCURACY OF COMPUTED TOMOGRAPHY IN

DISCRIMINATING FIBROTIC AND INFLAMMATORY

HISTOLOGICAL APPEARANCES

Computed tomography grade 4 was associated
with a fibrotic histological appearance and
grade 3 with an inflammatory appearance
(p < 0-04; table 2). Computed tomography
discriminated correctly between inflammatory
and fibrotic histological appearances in 16 ofthe
20 biopsy specimens, including seven of the

nine specimens obtained less than two months
after computed tomography and nine of the 11
obtained two to six months after computed
tomography.

Predominantly reticular abnormalities (com-
puted tomography grade 4) were associated
with a fibrotic appearance ofthe biopsy material
in 12 of 13 lobes with this appearance. Com-
puted tomography grade 3 was a less precise
guide to histological appearance, but was
associated with inflammatory histological
appearance more frequently than was grade 4
(4/7 versus 1/13; p < 0 04).

Discussion
The aim ofthis study was to determine whether
computed tomography could discriminate be-
tween a fibrotic and an inflammatory histo-
logical appearance in patients with systemic
sclerosis who develop fibrosing alveolitis. In
cryptogenic fibrosing alveolitis open lung
biopsy is probably the best guide to the likely
response to treatment. A non-invasive tech-
nique that predicts the histological appearances
of the lungs would have obvious advantages for
patients and clinicians. Our results indicate
that predominantly reticular abnormalities on
the computed tomogram are strongly
associated with a fibrotic histological
appearance. Amorphous parenchymal
opacification when combined with equally
extensive reticular shadowing identifies an
increased likelihood of inflammatory biopsy
material but is a less reliable guide to histo-
logical appearance than the reticular pattern.

THE RELATIVE COMPUTED TOMOGRAPHY GRADING
METHOD
The associations between histological findings
and the two patterns of abnormality shown by
computed tomography were each examined in
isolation in earlier work. Biopsy specimens
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Figure 3 Amorphous parenchymal opacification on a high resolution computed
tomogramfrom a patient with cryptogenicfibrosing alveolitis.

Figure 4 Extensive reticular abnormalities on a high resolution computed tomogram
from a patient with cryptogenicfibrosing alveolitis.

from an area of peripheral reticulation on the
computed tomogram are fibrotic whereas
cellular biopsy material was associated with a

"ground glass" appearance or an amorphous
increase in lung density.2 13 The computed
tomography abnormalities described in these
studies represent the ends of a spectrum,
however. In fibrosing alveolitis computed
tomography appearances generally consist of a

mixture of parenchymal opacification and
reticulation. If computed tomography is to be
clinically useful in this context, it must
discriminate accurately between inflammation
and fibrosis when these abnormalities coexist on
the computed tomogram.
For this reason the extents of the two com-

puted tomogram abnormalities were compared
directly. No attempt was made to derive
absolute density scores for either pattern. A

Table 2 Prevalence of inflammatory andfibrotic
histological appearances in open lung biopsy specimens in
relation to computed tomography (CT) grades of the
corresponding lobes-grade 3 (amorphous opacification
equal in extent to reticulation) andgrade 4 (predominant
reticulation) *

Inflammatory Fibrotic
specimen specimen
(n = S) (n = 15)

CTgrade3 (n = 7) 4 3
CT grade 4 (n = 13) 1 12

*Association between computed tomography grade 4 and a
fibrotic biopsy specimen and CT grade 3 and an
inflammatory biopsy specimen: p < 0-04.

relative grading system circumvents technical
pitfalls in the estimation of absolute density on
computed tomograms, as shown in studies of
solitary pulmonary nodules in the last decade.'
It is difficult to standardise the measurement of
tissue attenuation between computed tomo-
graphy scanners. By comparison of increased
parenchymal opacification with reticularabnor-
malities, without regard to an absolute
measurement of either, this problem can be
avoided.

ASSOCIATION BETWEEN COMPUTED TOMOGRAPHY
AND HISTOLOGICAL APPEARANCES
A predominantly reticular pattern on the com-
puted tomogram was strongly associated with a
fibrotic histological picture, despite the fact that
the computed tomography appearances of the
whole lobe were compared with the regional
histological appearances. The analysis of com-
puted tomography appearances in the exact
region of the biopsy would have been prefer-
able, but was impracticable; 3 mm computed
tomography sections are imaged at 10 mm
intervals, precluding complete visualisation of
the lungs. For this reason, and because the
study was retrospective, it was decided to
extend computed tomography analysis to the
whole of the biopsied lobe. The strong
association between computed tomography
and histological appearances, despite this
methodological limitation, suggests that
predominantly reticular abnormalities on the
computed tomogram identify diffuse fibrotic
disease.
The presence of more extensive amorphous

parenchymal opacification on computed
tomograms identified lobes with a significantly
higher prevalence of inflammatory histological
appearances. The numbers in this subgroup
were small, however, and there were relatively
few patients with inflammatory appearances;
this observation requires confirmation in a
further study before it can be applied clinically
with confidence. As fibrotic biopsy material was
obtained from three of the seven biopsies,
computed tomography grade 3 is not a precise
guide to histological appearance.
This finding differs from earlier reports of a

strong association between amorphous paren-
chymal opacification and inflammatory biopsy
material'2; in those patients, however, reticular
abnormalities on the computed tomogram were
not documented and may not have been present
in some instances. In all the lobes assessed in
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the present study the computed tomography
appearances were heterogeneous, as is gene-
rally the case in fibrosing alveolitis. Regional
histological variation in pulmonary inflamma-
tion is well documented in systemic sclerosis'6
and may account for the variation in histo-
logical findings in lobes in which the two
computed tomography patterns were equally
extensive.
There are alternative explanations for the

inconsistency of the association between com-
puted tomography grade 3 and an inflammatory
histological appearance. The mean time
interval of two months between computed
tomography and open lung biopsy might in
some instances have allowed progression of
inflammation to fibrosis by the time biopsy was
performed, resulting in an underestimation of
the ability of this computed tomography grade
to predict histological appearance. A shorter
time interval would have been desirable. The
fact that computed tomography predictions
were equally good whether the time interval to
biopsy was less than two months or longer
suggests that this was unlikely to have been a
major source of inaccuracy.

Technical factors might also have resulted in
an overestimation by computed tomography of
the prevalence of inflammation. Computed
tomography cannot distinguish between thick-
ening of alveolar walls due to inflammatory cell
infiltration and oedema from enhanced deposi-
tion of connective tissue. Pulmonary markings
are superimposed when tissue dimensions lie
outside the resolution limits of the scanner.
Very fine fibrosis would not produce a reticular
pattern, even with high resolution computed
tomography, but would be "averaged" by the
scanner, resulting in the appearances
attributed by Muller to cellular infiltration.'2

Discordance between computed tomo-
graphy and histological appearances might also
be due to the regional nature of open lung
biopsy, resulting in a poorly representative
histological sample in some cases. Open lung
biopsy is the traditional "gold standard" for the
assessment of disease activity in fibrosing
alveolitis, although computed tomography
"samples" more extensive areas of lung,
including central regions that are not available
to the surgeon.

Despite methodological and technical limita-
tions, all of which might have reduced the
strength of our observations, computed
tomography identified a group of biopsy
specimens in which predominant fibrosis was
almost invariable and a further group with a
higher prevalence of inflammation. This dis-
tinction has not been made in fibrosing
alveolitis by other widely available non-
invasive procedures. The chest radiograph is
unreliable in showing whether alveolitis or
fibrosis predominates.7 18 Pulmonary function
tests, especially transfer factor for carbon mon-
oxide, are sensitive indices of disease920 but do
not distinguish between fibrosis and inflamma-
tion in lung interstitium.2' A composite scoring

system using clinical, radiographic, and
physiological data did not facilitate the iden-
tification of a more cellular histological
appearance.22 We conclude that high resolution
computed tomography provides information
not available from other non-invasive inves-
tigations and may guide approaches to disease
management.
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Scleroderma Association.
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