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lung field, corresponding to the right lower lobe.
The increase in density was thus accounted for by
abnormalities in the extravascular compartment
(lower panel). After treatment with prednisone
(30 mg daily) there was a reduction in the radio-
graphic abnormalities (fig 3a). Fractional blood vol-
ume (upper right panel) returned to normal and
extravascular lung density (lower panel) was greatly
reduced. Major regional abnormalities in fractional
blood volume were not seen in any other patient in
group 1.
The chest radiograph and illustrative tomograms

of lung density, fractional blood volume, and
extravascular lung density from a patient in group 2
(No 6) with idiopathic pulmonary fibrosis are shown
in figure 4. Lung density (fig 4b, upper left panel)
was increased in the patient owing to an increase in
extravascular lung density (lower panel). The
abnormalities were greatest in the periphery of the
lung. Fractional blood volume was reduced and
showed an irregular pattern (upper right panel).

CORRELATIONS WITH RESULTS OF PULMONARY
FUNCTION TESTS
Mean density and fractional blood volume through-
out the lung fields for the caudal plane are presented
in table 3. A small but significant increase in lung
density was found in the patients in group 1. When
the intravascular and extravascular compartments
were separated, the increase in lung density could be
attributed to an increase in extravascular lung
density, whereas fractional blood volume was not
significantly different from normal. The ratio be-
tween extravascular lung density and fractional
blood volume was greatly increased. In the patients
in group 2 there was also a small increase in lung
density. In this group, fractional blood volume was

reduced in addition to the increase in extravascular
lung density. The ratio between extravascular lung
density and fractional blood volume was also
increased.

In relation to the results of pulmonary function
tests, significant correlations were found between
extravascular lung density and VC (r =-0 56,
p< 0.05) as well as FEV, (r =-0-62, p< 005)
when data from both groups were considered. The
ratio between extravascular lung density and frac-
tional blood volume also correlated with VC
(r =-0 56, p< 0.05) and FEV, (r =-0-70,
p< 0.01).
No correlation was found between the tomo-

graphic measurements and TLCO when data from
both groups were considered. In group 1, however, a

significant correlation between mean fractional
blood volume and TLCO was found (r = 0-73,
p< 0.05) when both pretreatment and post-
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Table 3 Mean lung density, firactional blood volume and
extravascular lung density measured in the lung fields in the
caudal plane (values obtained after treatment in
parentheses)

Patient LD FBV ELD ELD/FBV
No

(% ofpredicted values)

Group 1
1 110 103 115 114
2 112 92 124 138
3 100(100) 76 (98) 114(101) 164(107)
4 122 (114) 112 (122) 131 (108) 113 (85)
5 106 (102) 90 (89) 115 (111) 141 (137)
Mean 110** 95 120*** 134***
SD 8 14 8 21

Group 2
6 107 66 132 206
7 122 75 154 194
8 110 88 125 134
9 101 79 116 132

10 106 58 139 217
Mean 109** 73*** 133*** 177***
SD 8 12 14 41

Normal subjects (n = 19)
Mean 100 100 100 100
SD 4 11 6 13

LD-lung density; FBV-fractional blood volume; ELD-extra-
vascular lung density.
**p < 0-01; ***p < 0-001 (significant deviation from normal).

treatment measurements were considered. The ratio
between extravascular lung density and fractional
blood volume also correlated with TLCO in group 1
(r = -0-83, p < 005). No correlation was found in
either instance for the patients in group 2.
Kco showed no correlation with the tomographic
measurements.

RESPONSE TO STEROID TREATMENT
Of the three patients in group 1 who received
steroid treatment, two (Nos 3 and 4) showed a sub-
stantial reduction in extravascular lung density and
some increase in fractional blood volume (fig 3b,
table 3). Patient 3 showed appreciable improvement
in the results of pulmonary function tests, while in
patient 4 these changes were smaller. In the third
treated patient only minor improvement was seen in
the tomographic measurements and results of pul-
monary function tests.

REGIONAL DIFFERENCES
The regional ventrodorsal distribution of lung
density and fractional blood volume in normal sub-
jects is characterised by a gradual increase in density
and blood volume from the ventral to the dorsal part
of the lungs (fig 5). The distribution of extravascular
lung density is more uniform in the normal subjects.
Most patients in group 1 showed a non-uniform
increase in lung density and extravascular lung
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Fig 5 Regional lung density, fractional blood volume, and
extravascular lung density in a ventrodorsal strip through
the right lung (inset) in the patients in group 1. Thin lines
represent individual patients. The thick line represents the
mean of 19 normal subjects and vertical bars one standard
deviation. Segments I and 10 are influenced by the chest
wall.

density, but no commom pattern in the abnor-
malities could be identified. Three patients had a
normal ventrodorsal distribution of fractional blood
volume, whereas in the other two blood volume was
reduced in the dorsal part of the lung. In one of the
latter patients (No 3), the ventrodorsal distribution
of blood volume returned to normal after steroid
treatment (cf fig 3b).

In some patients in group 2 lung density was lower
than normal in the central part of the lung (fig 6).
Fractional blood volume was reduced at all levels in
most patients, and the ventrodorsal gradient was
absent. There was a tendency for extravascular lung
density to be lower in the central part of the lung
than in the outer parts. (Note that the periphery of

1 2 3 4 5 6 7 8 9 10
VENTRAL DORSAL

Fig 6 Regional lung density, fractional blood volume, and
extravascular lung density in a ventrodorsal strip through
the right lung in the patients in group 2. Symbols as in figure
5.

the lung is omitted from the analysis because of
influence from the chest wall.)
The analysis of craniocaudal differences in lung

density, fractional blood volume, and extravascular
lung density also showed large regional variations,
but there was no common pattern of abnormalities
in any of the groups.

Discussion

The many structural abnormalities occurring in
interstitial lung disease include thickening of alveo-
lar walls, interstitial inflammation with accumulation
of inflammatory cells, formation of granulomas in
sarcoidosis, and eventually interstitial fibrosis.2 Of
the many different techniques for evaluating inter-
stitial lung disease, only lung biopsy provides a com-

plete picture of the interstitial reaction. In this study
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a technique' based on positron tomography was
used to obtain measurements of extravascular lung
density. This comprises lung tissue as well as intersti-
tial water and accumulated inflammatory cells, and
thus reflects all types of interstitial abnormalities in
the lung. Differentiation between different causes of
increased extravascular density would require
specific cellular or interstitial markers.
The tomographic measurements were made dur-

ing tidal breathing in the supine posture. The acquis-
ition time for the tomograms is five to 10 minutes,
and each measurement represents a large number of
breathing and cardiac cycles. The partial volume
effect introduces difficulties in the measurement of
extravascular lung density and fractional blood vol-
ume in the peripheral part of the lung. When either
density or blood volume is averaged over the entire
lung field, the whole transverse section of the lung is
induded in the measurement and allowance for the
partial volume effect is made by comparison with
normal subjects.6 In the regional assessment it is
necessary to omit a section of the lung underlying
the chest wall from the analysis.
Lung density, fractional blood volume, and

extravascular lung density are all affected by the
degree of expansion of the lung, and the possibility
that our results may in part be explained by a reduc-
tion in lung volume must be considered. A moderate
reduction in lung inflation can be expected to be
associated with increased fractional blood volume
and extravascular lung density. The ratio between
extravascular lung density and fractional blood vol-
ume, however, would be less affected. In group 1,
the patients with mild to moderate functional
impairment, the reduction in lung volumes was
small. Fractional blood volume was normal while
extravascular lung density was increased. Modest
reductions in lung inflation are unlikely to make
major contributions to the increase in extravascular
lung density. The finding of a substantial reduction
in extravascular lung density in combination with
small changes in lung volumes after treatment in
patient 4 also indicates that extravascular lung
density is not heavily dependent on lung inflation. In
the patients with severe functional impairment
(group 2) there was greatly reduced fractional blood
volume and increased extravascular lung density.
This is unlikely to result from deflation of the lung
per se.

Extravascular lung density averaged over the lung
fields in the caudal plane was consistently increased
in both groups of patients. The values tended to be
higher in group 2 than in group 1, although the dif-
ference between the two groups of patients was not
significant. The reduction in extravascular lung
density after steroid treatment in two patients with
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sarcoidosis was associated with improvement in
radiological appearance and the results of pul-
monary function tests. This shows the feasibility of
measuring quantitatively and non-invasively the
response to treatment in interstitial disease.
The regional analysis showed the distribution of

interstitial abnormalities to be very non-uniform in
patients in group 1. This is in keeping with previous
radiological findings in patients with sarcoidosis.7
The patients in group 2 also showed large regional
variations in extravascular lung density. The lowest
values were often seen in the centre of the lung field,
which suggests a peripheral distribution of fibrosis
(cf fig 4b).
Only one patient with sarcoidosis of recent onset

(patient 3; figs 2 and 3) showed a substantial reduc-
tion in fractional blood volume. This seemed to be
confined to the right lower lobe and was reversible
after steroid treatment. The reduction of fractional
blood volume in this patient may be due to obstruc-
tion of hilar vessels by the enlarged hilar lymph
nodes, as disease of intraparenchymal vessels is
likely to be irreversible.

All patients in group 2 had a reduced fractional
blood volume, which may result from structural
abnormalities of the pulmonary vasculature. It is
well established that capillary blood volume can be
reduced in interstitial lung disease, especially in later
stages.-" The magnitude of the abnormalities seen
in this study suggests that larger vessels as well as
capillaries are affected. This is supported by a post-
mortem arteriographic study'2 showing a reduced
number of branches and diffuse narrowing of distal
arteries in areas with severe fibrosis.

Histological appearances correlate with reduc-
tions in vital capacity in patients with sarcoidosis'3 14

and other interstitial disease.5 Similarly, we found a
relatively weak correlation between vital capacity
and extravascular lung density. The transfer factor
shows significant correlations with histological in-
dices in sarcoidosis,'3 14 16 but not in pulmonary
fibrosis'7 or interstitial pneumonia.'5 Correspond-
ingly, fractional blood volume and the ratio between
extravascular lung density and fractional blood vol-
ume correlated with TLco in patients with sar-
coidosis but not in the patients with fibrotic lungs in
group 2.

This study shows the feasibility of assessing non-
invasively the structural abnormalities in the lung in
interstitial disease and of monitoring the effects of
treatment. In combination with tomographic techni-
ques for measuring alveolar ventilation'8 or ventila-
tion perfusion ratios,'9 the measurement of
extravascular lung density could be useful for studies
of the relationship between lung structure and func-
tion on a regional basis.
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