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Airway disease in upper and lower lobes in lungs of
patients with and without emphysema
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ABSTRACr To determine whether pathological changes in the small airways are evenly distributed
throughout the lung and whether there is an association of small airway disease with emphysema,
pathological abnormalities of the small airways were graded in the upper and lower lobes of 13
surgical lung specimens. Except for slightly increased degrees of respiratory bronchiolar
inflammation in the lower lobe, no differences were found between the two sites, nor was there
any relationship between the presence of pathological abnormalities in the small airways and the
presence of centrilobular emphysema. It is concluded that the predilection of centrilobular
emphysema for the upper lung zone is not associated with a difference in intensity of airway
disease between upper and lower lobes.

Grading schemes for airway pathology have proved
useful in the documentation of airway disease and its
relation to abnormalities of pulmonary function.'-'
Surgical specimens, although theoretically ideal for
studying correlations between structure and func-
tion because of preterminal changes found in
cadaver lungs, often consist of a single lobe, which
may not be representative of disease in the whole
lung. Centrilobular emphysema, increased in
patients who smoke cigarettes, is an upper lobe
lesion that is based on the distribution of respiratory
bronchioles. If airways disease, particularly
inflammation, is directly concerned in the causation
of emphysema via the production of an imbalance
between proteolyic enzymes and inhibitors, it could
be expected that it would be greater in the upper
lobes. One study,5 using cadaver lungs, has sug-
gested that airway inflammation tends to be greater
in the lower lobes, even in the face of upper lobe
emphysema, while a similar study6 found increased
disease in the airways of the upper lobes.
The purpose of this study was twofold: firstly, to

investigate whether airways disease is distributed
preferentially in either the upper or the lower lobes;
and, secondly, to identify whether, when
emphysema is present, there is a shift in disease
toward the affected lobe.
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Methods

Thirteen left pneumonectomy specimens were
obtained from patients undergoing resective surgery
for a solitary coin lesion. All patients were male, and
all were over the age of 50.
The lungs were inflated with either 10% formalin

or 2% glutaraldehyde at a standard pressure of 25
cm H2O, and allowed to fix for at least 24 hours.
They were then sliced in a sagittal plane; the mid-
sagittal slice was saved for the estimation of
emphysema.7 Five stratified random blocks were
obtained from each of the upper and lower lobes of
a parasagittal slice. This slice was chosen since it is
known to be highly representative of disease present
in the whole of the lung.8 The blocks were processed
in the usual fashion, embedded in paraffin, and 5 ,
sections were cut and stained with haematoxylin and
eosin, periodic acid Schiff, and Masson's trichrome.

All membranous and respiratory bronchioles in
the upper and lower lobes were graded by a modifi-
cation of the technique described by Cosio et al.'
This requires a subjective grading of each mor-
phological index from 0 (normal) to 3 (most
abnormal). The indices were as follows: mem-
branous bronchioles-inflammation, fibrosis, muscle
hypertrophy, pigment deposition, goblet cell
metaplasia, and squamous cell metaplasia; res-
piratory bronchioles-inflammation, intraluminal
macrophages, fibrosis, muscle hypertrophy, and
pigment deposition. The number of airways graded
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Table 1 Age and smoking history ofpatients with differing
emphysema score (means with standard deviations in
parentheses)

Emphysema score No of Age (y) Smoking history
patients (pack y)

0 5 60(5) 55(19)

25-25
(mean = 12) 8 63 (8) 47 (31)

¢ 15
(mean = 21) 5 64 (7) 42 (18)

as 0, 1, 2, or 3 was calculated for each index and
used to identify distribution of degree of disease.
The total score for each index was obtained by
adding the individual scores and expressing this as a
percentage of the maximum possible score. The
total pathological score was obtained by addition of
the scores of all the variables.
The distribution of disease between upper and

lower lobes was compared by an odds ratio analysis.9
Differences in pathological score for each variable
between upper and lower lobes were tested with
Wilcoxon's signed rank test, while the Wilcoxon's
rank sum test was used to test for differences in the
pathological variables when the patients were
grouped according to their emphysema score. The
five patients with an emphysema score equal to or

greater than 15 were treated as a single group. To
test whether there was a difference in pathology
when any degree of emphysema was present, these
patients were also included along with three patients
who had scores greater than 0 but less than 15 to
form a separate group.

Results

The age distribution and smoking histories of
patients with and without emphysema were similar
(table 1). There were four ex-smokers in the group
with no emphysema and two ex-smokers in the
group with an emphysema score equal to or greater
than 15; the remainder were current smokers at the
time of surgery.

Disease distribution
When the method of Thurlbeck7 is used for grading
emphysema is greatest in the upper lobes until about
grade 50. The highest score in our series was 25 and
therefore, on the basis of this system, the lower
lobes showed only minimal degrees of destruction.
There was no difference between the upper and

lower lobes for any of the pathological indices in
either the membranous or the respiratory bron-
chioles when the data for all 13 patients were
examined. Similarly, there were no differences when
the cases were divided into those with no
emphysema (n = 5) and those with any degree of
emphysema (n = 8), or those with and without
significant emphysema, designated as greater than
15 units (n = 5).

Pathological score

Results for membranous and respiratory bron-
chioles are shown in table 2. There were no differ-
ences between upper and lower lobes for any
variable when all 13 cases were considered. Com-
pared with the upper lobes, the lower lobes of
patients with an emphysema score equal to 0 had a

slightly increased degree of inflammation in the

Table 2 Pathology scores for upper and lower lobes (means with standard deviations in parentheses)

Variable All cases Emphysema score

Upper Lower 0 2-5-25 -15

Upper Lower Upper Lower Upper Lower

MEMBRANOUS BRONCHIOLES
Total pathology score 139 (48) 142 (52) 125 (24) 128 (48) 148 (58) 151 (56) 165 (61) 173 (49)
Inflammation 39 (19) 37 (19) 33 (9) 34 (12) 42 (23) 39 (23) 44 28) 41 (25)
Fibrosis 14 (10) 15 (11) 10 (7) 9 (3) 16 (11) 18 (13) 19 12) 21 (17)
Muscle hypertrophy 24 (18) 28 (20) 30 (17) 35 (27) 20 (19) 24 (16) 28 19) 27 (16)
Pigment 25 (17) 23 (12) 18 (17) 15 (10) 29(16) 28 (11) 33 (15) 32 (8)
Goblet metaplasia 23 (13) 27 (15) 21 (16) 23 (12) 25 (12) 30 (17) 28 (13) 39 (12)
Squamous metaplasia 14 (10) 12 (10) 12 (7) 12 (8) 16 (12) 12 (12) 13 (12) 13 (12)

RESPIRATORY BRONCHIOLES
Total pathology score 78 (42) 91 (36) 62 (15) 76 (17) 89 (50) 101 (42) 100 (59) 100 (59)
Inflammation 17 (12) 24 (10) 13 (3 23 (6)* 20 (16) 25 (12) 22 (19) 25 (14)
Intraluminal macrophages 16 (15) 17 (14) 7 (6) 12 (8) 21 (17) 20 (16) 20 (19) 19 (17)
Fibrosis 10 (9) 12 (11) 6 (4) 7 (3) 12 (11) 15 (13) 17 (12) 18 (15)
Muscle hypertrophy 12 (12) 12 (13) 19 (12) 19 (11) 7 (10) 8 (13) 6 (10) 6 (10)
Pigment 24 (15) 25 (19) 16 (14) 14 (9) 29 (15) 33 (20) 34 (15) 32 (18)

*p < 0-05.
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walls of respiratory bronchioles; there was a similar
though non-significant trend in the groups of
patients with any emphysema or significant (score
15 or more) emphysema.
The data in table 2 display a wide standard devia-

tion of the mean. This is indicative of the large varia-
tion of pathological scores between individual
patients, who except for respiratory bronchiolitis
had similar scores in the upper and lower lobes.
There were no differences in any of the pathologi-

cal indices when patients with any emphysema
(score 2.5-25) or significant (score 315)
emphysema were compared with patients with no

emphysema. Although there was a tendency for the
total pathological score to increase when
emphysema was present, this was not significant.

Discussion

This study addressed the question of whether air-
ways disease is present in a uniform or non-uniform
fashion, and whether this distribution is altered
when centrilobular emphysema is present. Two pre-

vious studies, which were confined to a single vari-
ble of inflammation, yielded conflicting results.5 6
Our data have shown that the pathological indices

in membranous and respiratory bronchioles are dis-
tributed equally between upper and lower lobes.
Equal pathological scores for the upper and lower
lobes were found for all indices except inflammation
of the respiratory bronchioles, which was increased
in the lower lobes in patients with no emphysema,
and tended to be increased in the lower lobes of
patients with emphysema. Increases in the pathol-
ogy index may represent either clusters of the more

abnormal scores or a generalised increase in both
minor and major degrees of abnormalities. The
former, which theoretically could be produced by a

localised area of severe disease, would be readily
identified in the odds ratio analysis for distribution
differences. We believe that a difference in airway
score between the upper and lower lobes in the face
of a similar distribution of scores is a more accurate
finding since it suggests widespread overall increase
in disease.
The study by Berend included patients with a

wide range of ages and unknown smoking histories.5
Cigarette smoking is known to be associated with
inflammation of the walls of membranous and
respiratory bronchioles, which contain collections of
intraluminal macrophages.'0 To remove any possible
bias introduced by age or smoking we limited the
study to left pneumonectomy specimens from men

over the age of 50 who had smoked cigarettes. Six of
the patients were ex-smokers, but they were

included as we have previously shown that patho-

Wright, Wiggs, Hogg

logical changes in the airways do not decrease after
cessation of smoking." The total smoking history
was similar in all of the study groups.

Cosio and colleagues6 identified increases in
inflammation, goblet cell metaplasia, and muscle
hypertrophy in membranous bronchioles, and
inflammation of respiratory bronchioles in patients
who smoked cigarettes. They found that the
inflammatory changes were more noticeable in the
upper lobes. Our data on inflammation are similar to
those of Berend.s The apparent discrepancy be-
tween the values for respiratory bronchiolar
inflammation in the two studies is explained by the
different methods used. While we evaluated
intramural inflammation and intraluminal mac-
rophages as two individual variables, Berend consi-
dered them together; when our values are summed
therefore they approximate to those of Berend. Our
findings do, however, differ from Berend's in that
we found lower lobe scores for respiratory bronchio-
lar inflammation to be significantly increased over
upper lobe scores in those patients who were free of
emphysema, while there were no differences be-
tween lobes in the scores for inflammation of the
membranous bronchioles.
The proteolysis-antiproteolysis theory would sug-

gest that inflammation of the airways is an important
factor in the causation of emphysema. Leopold and
Gough'2 postulated that inflammation of the
respiratory bronchioles was causally related to
emphysematous lesions. If cigarette smoke incites
an inflammatory reaction, it would seem reasonable
that this reaction should parallel the distribution of
the smoke. Anderson et al, in an experimental
model, found that smoke at ambient temperatures
preferentially went to the upper lobes.'3 Particles of
respirable range, at least in animals,'4 are also prefe-
rentially deposited in the upper lobes. During nor-
mal ventilation in man, however, most of the gas is
distributed to the lower lobes.'5 16 Thus the
inflammatory stimulus of gas or particles or both
may be distributed relatively evenly throughout the
lungs, which might explain our results.

Cockcroft and Horne'7 present the theory that the
apical dominance of centrilobular emphysema is due
to the high ventilation-perfusion ratio in the
upper lobes. They believe that a, antiprotease is dis-
tributed according to blood perfusion, leaving the
upper lobes with a relative deficiency. Conse-
quently, although the inflammatory reaction in the
apices may not necessarily be increased, the
amounts of proteases are sufficient to overwhelm
the protective effects of the a, antiprotease present.

In this study airway disease was not found to be
significantly increased when emphysema was pres-
ent. Although respiratory bronchiolar inflammation
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may be slightly underestimated by an upper lobe
sample, a single lobe of lung is relatively representa-
tive of disease in the whole lung, irrespective of the
presence of emphysema. The predilection of cen-
trilobular emphysema for the upper lung zones is
not explained by a difference in intensity of airways
disease between upper and lower lobes.

This work was supported by a grant from the Medi-
cal Research Council of Canada.
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