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suMMARY To determine the incidence of bronchial gland duct ectasia in fatal asthma and its
association with interstitial emphysema, the histological features of 72 patients in whom death was

considered to be due to asthma, and 72 matched control subjects in whom sudden death was not
attributed to asthma, were reviewed. In all cases and controls, sections oftwo or more blocks oflung
tissue stained with haematoxylin and eosin were obtained at necropsy. Bronchial gland duct ectasia
was diagnosed if there was more than one abnormally dilated epithelial lined protrusion from a

bronchus, extending through the smooth muscle layer. A histological diagnosis ofasthma was made if
four of the five following criteria were present: mucus plugging, basement membrane thickening,
epithelial shedding, submucosal eosinophil leucocyte infiltration and smooth muscle hypertrophy.
A histological diagnosis ofasthma was made in 53 of 72 clinical cases of fatal asthma and in five of

72 control subjects. Interstitial emphysema was present in 10 clinical cases of fatal asthma, all of
whom had bronchial gland duct ectasia and a histological diagnosis of asthma. Interstitial
emphysema was not observed in control subjects.

It is concluded that bronchial gland duct ectasia is a common histological feature of severe asthma,
and that interstitial emphysema may be consequent on rupture of these dilated gland ducts.

The histological features which are considered to be
characteristic of fatal asthma include mucus plugging,
denudation of the respiratory epithelium, basement
membrane thickening, goblet cell metaplasia, smooth
muscle hyperplasia and eosinophil cell infiltration.'`5
The presence of dilated seromucinous gland ducts
arising from the bronchi, however, is one feature that
has received little attention by pathologists since it was
first described by Monckeberg in 1909.6 In his descrip-
tion ofa case of fatal asthma bronchi of0 4 to 05 mm
diameter were observed to have diverticula or crypt-
like protrusions of epithelium (Schleimhaustausstiil-
pungen) that interrupted the muscle layer. These
findings were confirmed in 1922 by Huber and Koes-
sler, who noted that numerous large gland-duct
ampullae filled with mucus were present in bronchi in
halfoftheir cases offatal asthma.' Subsequently, these
structures have been identified by several authors and
referred to as bronchial sacculations,' diverticulosis of
the epithelium,2 dilatation of gland openings,8 and
bronchial diverticula.9 In these descriptions the dilated
structures have been shown to have an intact basement
membrane and to extend through the musculature. It
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has been suggested that they develop as a result of
raised intrabronchial tension and that they have their
origin at the mouth of mucus glands. Although the
morphology and possible pathogenesis of these ectatic
bronchial gland ducts have been well documented,
their clinical importance is uncertain.
More recently we showed the presence ofa ruptured

dilated duct in histological sections from a subject in
whom a fatal asthma attack was complicated by severe
interstitial emphysema.'" As a result of these observa-
tions, we reviewed a large series of asthma deaths to
confirm the histological features of bronchial gland
duct ectasia, their incidence in fatal asthma, and to
determine their association with other histological
features of asthma, in particular interstitial
emphysema.

Material and methods

Eighty two cases of death due to bronchial asthma
were identified from the records ofWellington District
Coroner's Pathologists. This represented all cases
arising over a period of 16 years (1971-1987) in which
necropsy was performed and asthma diagnosed as the
cause of death. These cases were matched by age and
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Fig 1 Dilatedgland duct, lined by goblet cells, extending through the muscular wall ofthe bronchus. There is also basement
membrane thickening anda mucusplug within the bronchial lumen.

V. '..... 4! w

Fig 2 Bronchus showing a dilated duct with periductal inflammation.
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Fig 3 Interstitial emphysema with disruption and tearing ofconnective tissue planes.

sex with control subjects selected from sudden deaths
not attributed to asthma from the same coroner's
practice. In all cases and controls haematoxylin and
eosin stained sections of two or more blocks of lung
tissue were examined. Most tissue blocks were fixed by
immersion in formalin. In a few cases the bronchial
tree was perfused with formalin and left for 24 hours
before the blocks were selected. The assessment of
histological features in the study and control groups
was performed independently by two pathologists
who did not know to which group each case belonged.
Where opinions differed, the slides were looked at by
both pathologists jointly and a consensus reached.
Specimens were excluded if there was extensive post-
mortem autolysis, insufficient bronchi present for
assessment, extensive extra-bronchial disease such as
aspiration pneumonia which would render histo-
logical interpretation difficult.

Because of the two dimensional nature of his-
tological sections it was not always possible to show
that every ectatic gland duct was connected with a
seromucinous acinar unit, and many dilated ducts
seemed to end simply as a bulbous structure. Bron-
chial gland duct ectasia was therefore diagnosed if an
abnormally dilated structure lined by goblet or colum-
nar cells, extending from the bronchial lumen through

the muscular wall of the bronchus, was identified.
Interstitial emphysema was recorded as being

present if there was wide disruption and tearing of
peribronchial and perivascular connective tissue. If
there was uncertainty in distinguishing interstitial
emphysema from sectioning artefact interstitial
emphysema was not scored as being present.
Other histological features which have been

associated with fatal bronchial asthma were recorded
as either present or absent in each specimen. A
histological diagnosis of asthma was made if four of
the five following criteria were present: mucus plug-
ging; basement thickening; epithelial shedding; sub-
mucosal eosinophil infiltration; and smooth muscle
hypertrophy.

Differences in the presence of interstitial
emphysema among cases of fatal asthma with and
without ectatic bronchial gland ducts were compared
by means of Fisher's exact test.

CASES OF FATAL ASTHMA
A histological diagnosis of asthma was made in 53 of
the 72 clinical cases of fatal asthma. Bronchial gland
duct ectasia was identified in specimens from 39 cases,
all but three of whom had a histological diagnosis of
asthma. Many of the dilated ducts showed goblet cell
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Fig 4 Lowpower photomicrograph oflung showing bronchi andpubnonary vessels. Note ruptured ectatic duct (closed
arrow) andpresence ofinterstitial emphysema (open arrow).

metaplasia around the necks while others were lined
by either goblet cells (fig 1) or by ciliated and non-
ciliated columnar epithelium. In many instances, there
was severe periductal inflammation (fig 2). This
inflammatory component predominantly comprised

Table Association between bronchial gland duct ectasia and
interstitial emphysema in 53 subjects with histological and
clinicalfatal asthma

Dilated gland ducts

Interstitial emphysema Present Absent Total

Present 10 0 10
Absent 26 17 43
Total 36 17 53

p = 0-02 Fisher's exact test.

eosinophils, which in some cases seemed to infiltrate
through the basement membrane to the epithelial
surface of the dilated duct. The lumina of the dilated
ducts were frequently distended with mucus.

Interstitial emphysema was identified in specimens
from 10 cases, all of whom had bronchial gland duct
ectasia and a histological diagnosis ofasthma (table 1).
Whenever interstitial emphysema was identified, there
was clear disruption of tissue planes around bron-
chovascular bundles (fig 3). In one case interstitial
emphysema was seen in association with a ruptured
dilated duct (fig 4). There was a significant association
between interstitial emphysema and bronchial gland
duct ectasia (p = 0 02).

CONTROL SUBJECTS
A histological diagnosis of asthma was made in five of
the 72 control subjects. Ectatic bronchial gland ducts
were present in all five of these specimens, and in two
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cases who did not satisfy our histological criteria for
asthma. Interstitial emphysema was not observed in
any of the control subjects.

Discussion

In this retrospective study we have confirmed that
ectatic bronchial gland ducts are a histopathological
feature of severe bronchial asthma. The association
that we noted between dilated ducts and interstitial
emphysema would suggest that in fatal asthma inter-
stitial emphysema may occur following rupture of
such ducts.

Examination of necropsy specimens from this large
series of asthma deaths allowed us to review the
morphology and determine the incidence of bronchial
gland duct ectasia in fatal asthma. Consistent with
previous descriptions,' 679 we observed that the dilated
ducts extended through the muscular wall of the
bronchus with the basement membrane intact, that
there was mucus within the duct lumen, and in some
instances periductal inflammation. The dilated bron-
chial gland ducts were lined with either goblet cells or
columnar epithelium, and goblet cell metaplasia was
often evident at the mouths of the ducts.
As previously proposed, the origin of these dilated

structures is from the mouths of the ducts ofperibron-
chial mucus glands. These ducts become ectatic

Ci'LI.

proximal to their dividing into the terminal
seromucinous acini (fig 5), and it is suggested that both
the airflow obstruction and airways inflammation are
important in their pathogenesis. Thus bronchial gland
ducts may become ectatic after repeated episodes of
increased intrabronchial pressure which occur during
episodes ofasthma, or when the mouths ofthe mucous
glands become obstructed by tenacious intraluminal
mucus, mucosal oedema, or bronchial smooth muscle
contraction. There was often a pronounced periductal
inflammatory cell infiltrate, predominantly compris-
ing eosinophils, plasma cells, and lymphocytes. It is
conceivable that release of inflammatory mediators
from these cells may contribute to weakening of the
duct wall, thereby leading to duct dilatation. Thus the
mechanisms leading to the development of dilated
ducts in asthma are probably similar to those causing
duct ectasia in chronic bronchitis." 12
We identified ectatic bronchial gland ducts in over

half of patients dying from asthma, with an incidence
approaching that of features which are regarded as
characteristic of fatal asthma. They probably occur in
most bronchi, for in most cases haematoxylin and
eosin stained sections were available from only two or
three blocks of tissue. Dilated ducts were also iden-
tified in seven of 72 matched control subjects, five of
whom had histological features of asthma. Although
this suggests that bronchial gland duct ectasia may

Fig 5 Ectatic bronchial gland duct lined by ciliated epitheliwn, showing its relation to terminal seromucinous acini.
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occur in non-fatal asthma, it is possible that some of
these subjects may have died from an attack ofasthma
that was not recognised clinically. Alternatively, some
of the control subjects may have had chronic bron-
chitis, in which ectatic bronchial glands have been
observed to commonly occur." 12
We were concerned that in cases of sudden death in

known asthmatics a potential bias existed towards
attributing asthma as the cause of death. For this
reason we required that the clinical diagnosis was
supported by definite histological evidence of asthma
in the lung sections examined. If control subjects also
had these characteristic pathological features, asthma
was considered to be present, but not necessarily the
cause of death. Because detailed clinical data were not
available in most of the subjects, we used these
conservative histological criteria to make a definitive
diagnosis of asthma.
The pathogenesis of spontaneous interstitial

emphysema in asthma was first proposed by Macklin
and Macklin.'3"4 Although they suggested that the
basic mechanism was the development of a pressure
gradient across the alveolar wall sufficient to disrupt
its integrity, the animal models used are not applicable
to the clinical situation of asthma in which bronchial
gland duct ectasia occur. Our findings support the
hypothesis that interstitial emphysema complicating
fatal asthma is not due to alveolar disruption, but
rather to rupture of dilated bronchial gland ducts.
Interstitial emphysema only occurred in asthmatic
patients in whom dilated ducts were present, and was
absent in matched control subjects in whom asthma
was not the cause ofdeath. Furthermore, in one of the
fatal asthma cases, serial histological sections showed
interstitial emphysema associated with definite rup-
ture ofan ectatic duct. As the pressure within the duct
lumen increases from whatever cause, the duct also
probably dilates. In accordance with Laplace's law
(T = Pr; T = tension in wall, P = intraluminal pres-
sure, r = radius of lumen) this dilatation would lead
to a proportionate increase in the tension in the wall of
the duct, increasing the chances of rupture.

Regardless of its site, when rupture occurs, air
dissects along the perivascular and peribronchial
spaces. The air may remain confined to the lung, or
extend into the mediastinum and track to the sub-
cutaneous tissues of the neck and chest. Although it is
difficult to determine the contribution made by inter-
stitial emphysema to the fatal outcome ofan attack of
asthma, its presence is likely to compromise further the
cardiovascular and respiratory function ofthe affected
patient.'5 16
The characteristic histological features ofinterstitial

emphysema were observed in about 20% of our
confirmed cases of fatal asthma. While this figure is
greater than we would have expected, the absence of
these histological features in our non-asthmatic
subjects, and with the careful exclusion ofchanges due
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to shearing and sectioning artefact, we suggest that
interstitial emphysema is a common complication of
fatal asthma. This is consistent with the findings of
Eggleston et al, who reported that 15% of children
aged 10 years or older admitted with severe asthma
had pneumomediastinum present on their admission
radiographs.''

In conclusion, we suggest that bronchial gland duct
ectasia is an important and underestimated his-
tological feature of severe asthma, and that rupture of
dilated ducts may be relevant to the pathogenesis of
spontaneous interstitial emphysema, which may occur
during and complicate an exacerbation of asthma.
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and the Medical Research Council ofNew Zealand for
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