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ANALYSIS
As the extent of macroscopic emphysema was
not normally distributed within the sample the
non-parametric Spearman correlation co-
efficient was used to relate macroscopic to
microscopic measures of emphysema and to
relate both to TLco and Kco measurements
with the statistical package for the social
sciences.

Results
Summary statistics for all variables are given in
table 1. Airspace surface area per unit volume
(AWUV), expressed as both the mean value
and the mean of the five lowest fields (LF5
AWUV), approximated to a normal distribu-
tion whereas macroscopic emphysema when
expressed as a percentage of total lung area
was not normally distributed (figure 1). In
approximately half the lobes the area of
macroscopic emphysema was 1% or less.
Fifteen of the 44 lobes showed no macroscopic
emphysema and 17 had pure centriacinar
emphysema, six pure panacinar emphysema,
five a mixture of centriacinar and panacinar
emphysema, and one paraseptal emphysema
alone.

RELATION OF AWUV TO MACROSCOPIC
MEASUREMENT OF EMPHYSEMA AND TO TLCO AND
Kco

AWUV did not correlate with body height and
both mean and LF5 AWUV correlated poorly
with the severity of macroscopic emphysema
(figure 2). The overlap in AWUV values be-
tween cases with up to 1% and more than 1%
macroscopic emphysema was extensive. Cases
with up to 1% macroscopic emphysema
had mean AWUV values ranging from 15-5 to
25-4 m2/mm3, while in those with more
severe emphysema the values ranged from 8-8
to 22-6 mm2/mm3. For LF5 AWUV the
equivalent values were 9-9 to 21-3 mm2/mm3
and 1-9 to 18-7 mm2/mm3 respectively. Only
two cases (figure 2)-both with extensive
macroscopic emphysema-lay outside the
range ofmeanAWUV values seen in lobes with
up to 3% macroscopic emphysema. Mean and
LF5AWUV values showed a highly significant
linear relation with both TLco and Kco (figure
3) irrespective of the type of macroscopic
emphysema present (table 2). The strongest
correlations were between Kco and AWUV
since both are expressed per unit lung volume

Figure I Frequency
histogram of area of
macroscopic emphysema
expressed as percentage of
total lung area in mid-
sagittal slice.
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(table 2). The severity of macroscopic
emphysema correlated poorly with Kco (figure
4) and there was considerable overlap in TLCO
and Kco values between cases with up to 1%
and more than 1% macroscopic emphysema
(4-56 to 10-4 and 2-72 to 9-12 mmol/min/kPa
respectively for TLco and 1.05 to 1 88 and 041
to 1-62 mmol/min/kPa/l respectively for Kco).

CENTRIACINAR EMPHYSEMA ONLY
In all ofthe 17 lobes showing pure centriacinar
emphysema less than 5% of the mid-sagittal
slice was affected. Mean andLF5AWUV in this
group correlated significantly with both TLCO
and Kco (table 2), the strongest correlation
being between LF5 AWUV and Kco
(r = 0-91, p < 0.001). The area of macro-
scopic centriacinar emphysema (as a percen-
tage oflung area) showed little correlation with
AWUV, expressed as either mean or LF5
values, or with.TLco or Kco. However, the
number of discrete centriacinar lesions (mean
16-35 (SE 3 6), range 2-58) correlated with
both mean (r = 0-60, p < 0-005) and LF5
AWUV (r = 0 73, p < 0-001) (figure 5). The
number of centriacinar lesions also correlated
with Kco (figure 6) but not TLCO.

PANACINAR ONLY AND MIXED EMPHYSEMA
In the six lobes with panacinar emphysema
only the distribution of AWUV was not
uniform. In some cases it approximated to a
normal distribution while in others it was

highly skewed. Five lobes showed a mixture
of macroscopic panacinar and centriacinar
emphysema. As panacinar emphysema was the
predominant form of macroscopic emphysema
by far, these five cases were analysed with the
six cases of panacinar emphysema above. The
percentage area of macroscopic emphysema
bore little relation to either mean or LF5
AWUV. For example, when AWUV ranged
from 14 to 16 mm2/mm3 the severity of macro-
scopic emphysema ranged from 3% to 51% by
area (figure 2).
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Figure 2 Mean airspace wall surface area per unit
volume plotted against the area of macroscopic
emphysema expressed as percentage of total lung area.
The scatter ofpoints shows that the relation between these
variables is poor. CAE = centriacinar emphysema;
PAE = panacinaremphysema; AWUV = airspace
wall surface area per unit volume.
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Table 2 Correlation coefficients (r) for relation between AWUV and TLCO and Kco

All cases Centriacinar emphysema only Any panacinar emphysema
(n = 36) (n = 17) (n = 11)

AWUV TLCO Kco TLCO Kco TLCO Kco

Mean fr 0-61 0-66 0-81 077 054 073
\ p value <0 001 <0 001 0 001 0-003 0-082 0-02

LF5 f r 073 0-84 0-84 091 076 091
l p value <0 001 <0 001 0 001 <0 001 0-015 0 001

AWUV = airspace wall surface area per unit volume.
LF5 = mean of lowest five AWUV fields.

Figure 3 Relation
between single breath
transfer coefficient (Kco)
and LF5 AWUV. These
two variables are expressed
in comparable units
(r = 0-84, p < 0 001).
LF5 = mean of the five
lowestfields. Other
abbreviations as infigure 2.
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Figure 6 Relation between the number of centriacinar
lesions and single breath transfer coefficient (Kco)
(r =-089,p < 0001).

Figure 4 Relation
between single breath Kco
and area ofmacroscopic
emphysema expressed as
percentage of total lung
area. Abbreviations as in
figure 2.
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Figure 5 Relation
between number of
centriacinar lesions and
LF5AWUV (r =-0 73,
p < 0001).
Abbreviations as in figures
2 and 3.
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Mean AWUV was correlated significantly
with Kco and LF5AWUV with both TLCO and
Kco (table 2). The severity of macroscopic
emphysema was poorly associated with both
TLCO and Kco.

Discussion
In this study airspace wall surface area per unit
volume was measured by an image analysis
technique. The linear intercept technique23
permits a more rapid assessment of airspace
surface area, but image analysis has the
advantage of giving highly reproducible
individual field values, permitting the con-

struction of histograms of airspace surface area

for individual cases and comparison of the
distribution of the airspace surface area within
lobes.
Both the linear intercept and airspace wall

surface area per unit volume are based on

absolute measurement of airspace size and are

therefore directly related and to a certain extent
interchangeable.0 In this study airspace wall
surface area per unit volume was independent
of patient height, thus substantiating previous
findings that the linear intercept3" and alveolar
density32 do not vary with height. Although
total alveolar number and surface area are

related to height,32 the almost threefold range of
airspace wall surface area per unit volume
values in this study cannot be explained on this
basis and must be due, at least in part, to loss of
airspace wall.
The measurement of airspace wall surface

area per unit volume provides a continuous
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assessment of airspace size from normal to
gross macroscopic abnormality. Macroscopic
assessment, on the other hand, is discontinuous
as it is based on an arbitrary threshold airspace
size of 1 mm in diameter. The airspace wall
surface area per unit volume can be remarkably
low in lungs with minimal amounts of emphy-
sema macroscopically, and there is consider-
able overlap between such cases and those with
much more extensive disease. Thurlbeck also
found an overlap in linear intercept values
between macroscopically emphysematous and
non-emphysematous lung.33 Duguid et al
found that macroscopic lesions were associated
with an almost 50% reduction in airspace
surface area per unit volume.0 However, there
were only four normal patients in their study,
patients were not matched for age, and many
of the abnormal cases were of patients with
coal workers' pneumoconiosis as well as
emphysema. Thus assessment of macroscopic
emphysema does not necessarily parallel
underlying airspace destruction. In our study
this was true for the sample as a whole and also
for the subgroups with mixed, panacinar, or
pure centriacinar disease. In particular,
although ranging as high as 79% by area, the
severity of panacinar disease correlated poorly
with the airspace wall surface area per unit
volume.
There were some exceptions to the generally

poor relation between macroscopic emphy-
sema and airspace destruction. In patients
with macroscopic centriacinar emphysema the
number of discrete lesions counted macro-
scopically correlated with both mean airspace
wall surface area per unit volume and the mean
of five fields with the lowest values of surface
area (although the area of macroscopic
emphysema did not). These relations were
impressive as macroscopic centriacinar
emphysema never affected more than 5% ofthe
mid-sagittal slice. This relation between the
number of centriacinar lesions and airspace
wall surface area per unit volume suggests that
centriacinar lesions develop on a background of
general parenchymal loss. In support of this
there was a strong correlation between the
number of centriacinar lesions and Kco in
patients with centriacinar emphysema. These
observations may explain why Hayhurst et al
found that centriacinar lesions were associated
with a reduction in lung density when com-
pared with lungs showing no macroscopic
emphysema.34 It must be remembered,
however, that centriacinar emphysema has to
date always been measured macroscopically as
it is not yet possible to quantify centriacinar
emphysema microscopically. Relations bet-
ween microscopic and macroscopic cen-
triacinar emphysema remain to be established.
The results of this study suggest that

emphysema can be measured accurately only
by microscopic measurements. Decrease in
lung density and carbon monoxide gas transfer
do not relate to the severity of macroscopic
emphysema but correlate strongly with air-
space wall surface area per unit volume.' More
importantly the relations between airspace wall
surface area per unit volume, lung density, and

carbon monoxide gas transfer are constant
irrespective of the presence, type, or severity of
macroscopic emphysema. Some authors have
suggested that the relations between carbon
monoxide gas transfer and macroscopic
emphysema assessed by panel grading and
point counting is linear."1802935 However, when
the data are available it is obvious that these
relations are not truly linear.2935 In particular,
subjects with no macroscopic emphysema can
have gas transfer function which does not differ
from that of subjects with severe macroscopic
emphysema.
The fields with the largest airspace size of

those measured are represented by the mean of
five fields with the lowest airspace wall surface
area per unit volume. This may represent areas
of acquired emphysema but in many cases the
larger airspaces measured are the alveolar
ducts. The stronger correlation between the
mean value of the lowest five fields and Kco
compared with mean airspace wall surface area
per unit volume and Kco may reflect the
importance of the proximal acinar air:'aces in
this single breath technique for measunag gas
transfer.
Our results indicate that macroscopic

measurements ofemphysema do not reflect the
loss of airspace wall surface area per unit lung
volume accurately. Considerable microscopic
loss of surface area may precede the presence of
macroscopic emphysema, so the incidence and
severity of smoking related parenchymal
damage must be higher than that reported by
authors using macroscopic criteria alone.
Moreover, since centriacinar emphysema
seems to develop on a background of general
loss of airspace wall this may explain the
apparent relation between centriacinar lesions
and Kco.
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