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Injury and repair of tracheobronchial cartilage
following accidental exposure to ethyleneimine
G. A. GRESHAM AND I. E. WEST

Department of Morbid Anatomy and Histopathology, Addenbrooke's Hospital and University of Cambridge

syNopsIs A fatal case following ethyleneimine inhalation is described. Profound destructive
effects on tracheobronchial cartilage were found at necropsy after an interval of apparent recovery
from the early phases of poisoning. The pathogenesis of these cartilaginous changes is discussed.
It is proposed that they may have been due to proteases liberated from mucosal granulation tissue.

Reports of accidental exposure to ethyleneimine
(C2HsN) in man are very few. This is a report of a
single case which raises a number of fundamental
problems about the factors concerned in the integrity
of cartilage in the main air passages.

Ethyleneimine, also called axiridine, is volatile
and highly reactive and is corrosive, attacking cork,
rubber, many plastics, metals, and most glasses
except those that are free of carbonate or borax.
The accident described here occurred when the

chemical was being dispensed into small containers
for use in a variety of processes including organic
syntheses.

Case Report

A 57-year-old Caucasian man, who was employed
as a storeman at a chemical firm, was exposed to
ethyleneimine vapour in July 1973. The exposure
time was probably not more than five minutes.

Quite soon afterwards he developed signs of
irritation of the eyes, nose, and larynx; he salivated
and vomited and became acutely breathless. He was
promptly admitted to hospital where he was found
to have pulmonary oedema. He required a trache-
ostomy and ventilation and was initially given large
doses of hydrocortisone which were steadily
reduced during the subsequent five weeks in the hos-
pital. Shortly after admission his blood pH was 7-58,
Pco2 39 mmHg, Po2 60 mmHg, and the standard
bicarbonate level was 14 mEq/l. Improvement
occurred slowly over the next three weeks. At
various times bacteria such as Pseudononas,
Staphylococcus, and Escherichia coli were grown
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from bronchial aspirates. He recovered from these
infections and was gradually allowed off the
respirator.

Five weeks after admission he was discharged
from hospital and was really quite well apart from a
moderate degree of breathlessness on exertion.
The radiological appearances of the lungs were
normal, he had ceased to produce sputum, and his
blood gases, when breathing air, were Pco2 30mmHg
and P02 86 mmHg. The blood pH was 7-43 and the
standard bicarbonate 19 mEq/1.
Three weeks after discharge he rapidly became

short of breath and developed a wheezy cough.
He was found clinically to have extensive broncho-
spasm, and a loud tracheal stridor was also noted.
He was readmitted to hospital and endoscopy
showed extensive tracheal ulceration with con-
spicuous stenosis of the trachea, and the question of
segmental resection of the trachea to relieve the
condition was considered. This was not done
partly because it was noted also that the trachea
seemed unduly flaccid and tended to collapse on
inspiration. He never really improved very much
and two weeks after admission he died after be-
coming severely breathless.

NECROPSY (P73-564)
He was still well nourished (58 Kg; 1-8 m tall).
Facies and other external appearances were not
remarkable.
The principal findings were in the respiratory

system. The tracheal mucosa was replaced by
horizontal, purple strips separated by exposed,
yellow islands of cartilage. Similar appearances were
found in the main bronchi, the walls of which, like
the trachea, were thickened. The main air passages
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were flabby and had collapsed to produce slit-like
lumina. Both lungs showed conspicuous oedema and
emphysema. A few white spots were observed
in the mediastinal lymph nodes but, apart from a few
small areas of subendocardial fibrosis, there was
little abnormal elsewhere.

Histopathology
The most striking and unusual appearances were
seen in the trachea and main bronchi. The mucosa
of these tubes was largely replaced by granulation
tissue which was occasionally polypoid. In a few
areas the mucosa was fibrotic and replaced by layered
collagen (fig 1). The amount of fibrous tissue in
the mucosa was excessive when compared with sec-
tions of lower trachea from five subjects of com-
parable age who had died of cardiovascular disease.

In the areas of luxuriant granulation tissue re-
placement of the mucosa the cartilage of the tracheal
wall was eroded (fig 2) and depleted of muco-

polysaccharide as determined by Hale's and Alcian
blue methods, the latter being used at ranges of pH.
At these points also the cartilage was acutely
kinked. Where fibrous tissue had replaced mucosal
granulation tissue the adjacent cartilage appeared
normal and contained stainable mucopolysaccharide
near its surface.
Deeper in the lungs many of the smaller bronchi

contained granulomatous polyps (fig 3) which,
in some, entirely occluded the lumen. Patchy
emphysema and bronchopneumonia were frequent
findings in many sections of lung tissue. The white
spots seen macroscopically in the mediastinal
lymph nodes turned out to be sarcoid-like granu-
lomas.
The findings taken together suggested that most of

the symptoms were explicable by collapse of the
weakened trachea and main bronchi on inspiration
coupled with stenosis of small bronchi by granu-
lomatous polyps.
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Fig 2Fig 1

Fig 1 Vascular fibrous tissue replacing the bronchial submucosa. (Haematoxylin and eosin x 55)
Fig 2 Erosion of tracheal cartilage by vascular granulation tissue. (Haematoxylin and eosin x 55)
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Fig 3 Granulomatous polyp arisingfrom the mucosa
ofa second order bronchus. (Haematoxylin and eosin
x 55)

Discussion

The most remarkable feature of this case was that
exposure to the irritant was followed by gradual
recovery which was then succeeded by rapidly
progressive respiratory obstruction due in part to
failure of cartilaginous struts to support the tracheo-
bronchial tree. The early phases of the illness are
entirely explicable in terms of the direct irritant
effect of the ethyleneimine; this caused extensive
necrosis of the mucosa. It is likely that cartilaginous
destruction was a later event in the sequence. The
important question is why this damage to cartilage
occurred at all.

Collapse of the trachea and bronchi is not a
feature of most forms of tracheal ulceration but
then the ulceration is not often as extensive as it
was in this case. Most inhaled irritants cause
bronchiolitis obliterans, as also occurred in this
man, but these agents are not usually as potently
exothermic injurious agents as is ethyleneimine.
It might be that all could be explained by the
extensively damaging effect of this substance but

the gradual clinical improvement followed by rapid
decline cannot be accounted for in these terms.
There is little help to be gained in the under-

standing of the pathogenesis from previously
reported cases because they are so few and they are
not often accompanied by detailed histopathological
descriptions.

Most of the reported cases have been either of
skin contamination with irritation and blistering
or inhalation with irritation of the upper air pas-
sages (Thiess, 1965). In a few, both skin irritation
and pulmonary effects occurred. One subject who
inhaled ethyleneimine for several hours died
within four days and the appearances of the trachea
were recorded as 'marked diphtheritic' in appearance.
The lungs showed pneumonia and oedema but all
this occurred after several hours' exposure to the
ethyleneimine, unlike the case that is presently
reported. The other recorded death occurred 19
days after extensive skin contamination. Basically
the appearances at necropsy were similar to those
found in patients severely burned from other causes.
The exposure involved in the case reported in this

paper was quite short. It has been suggested that
ethyleneimine may also have a sensitizing effect,
and this might explain the sequence of events in
our patient, namely an initial irritant effect
followed by delayed tracheal damage due to hyper-
sensitivity. However, there is no firm agreement
about the sensitizing effects of ethyleneimine
(Thiess, 1965).
There is no clear indication in man of the size

of the dose needed to produce dire effects. In our
case the exposure was short and not intense. In
five students reported by Weightman and Hoyle
(1964) exposure lasted for two hours in a poorly
ventilated room, but all recovered. All five patients
complained of vomiting, eye irritation, and soreness
of the throat which were not severe until almost three
hours after the exposure. Within 12 hours they had
profound hacking coughs but there were no clinical
signs in the chest. In four patients a timed vital
capacity test suggested mild obstructive pneu-
monopathy. Two had ulceration of the upper
respiratory tract. The main problem in all was
persistent irritation of the eyes, and two had
residual conjunctival inflammation three months
later. The same two patients had some slight im-
pairment of timed vital capacity at that time.

In the rat and guinea pig concentrations higher
than 500 ppm were rapidly lethal (Carpenter,
Smyth, and Shaffer, 1948). The changes most often
described in animals exposed to lower concentrations
and in which death occurred some days after
exposure were mainly of renal tubular necrosis.
In man, it is said that irritant effects do not occur
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until 100 ppm are present in the air and that 250
ppm are 'dangerous to life' if inhaled for an hour.
The case that we report is unique. Although it is

quite clear that it is unlikely that the patient would
have died had he not inhaled ethyleneimine, the
important question is whether the damage to
cartilage that subsequently caused the collapse of
the air passage was the direct effect of the vapour.
The clues, we think, lie in the histological

appearances: where the cartilage is eroded granu-
lation tissue is in contact with it. Where fibrous
replacement of the mucosa has occurred the carti-
lage cells and their matrix are intact. It is likely that
the extensive cartilage erosion could have been
caused by proteases liberated from granulation
tissue, and the curiously biphasic nature of the ill-
ness in this case could be explained by the use of
large doses of steroids in the early stages of treat-
ment which has partly suppressed the initial inflam-
matory response. The subsequent slow development
of granulation tissue might then be supposed to
result in the progressive release of proteases. Carti-
lage is built rather like a rigid sponge, the meshwork
consisting of collagen and the spaces being filled with
highly hydrated molecules of proteoglycan (Barrett,
1971), mainly chondroitin sulphate C. When the
protein skeleton is attacked by proteases the
rigidity of the cartilage is lost. A similar phenom-
enon was observed by Thomas (1956) who injected
the plant proteinase papain into rabbits and
observed that the ears of the animal flopped like
those of a spaniel. At the same time as collagen
is lost proteoglycan also disappears from the
cartilage.

Regeneration of cartilage cells and restoration of
the proteoglycan constituents of the stroma is a
slow process. Rao (1954) showed that as long as
75 days were needed before injury to cartilage
healed by new fibrocartilage formation. Active
mitosis after injury did not start for about 28 days.
Restoration of proteoglycans was also a tardy
affair, often taking as much as 12 weeks before it
was completed (Sadiq, Sudhakar, Sathavivalya,
Kangwalkai, and Enquist, 1973).

It is likely that the cartilage destruction in this
case was due to the extensive delayed formation of

granulation tissue rather than a direct result of
ethyleneimine itself. Nevertheless this hypothesis
needs to be tested by experiment on growing
cartilage, and the results of these experiments will
be reported later.
The changes in this case are reminiscent of those

seen in chronic relapsing polychondritis (Harwood,
1958), but in this condition other cartilages such as
those of the ears and nose were involved. Our
patient showed no such stigmata.
One of the problems in unravelling the histo-

pathology of this case was the difficulty of deter-
mining what was existing and what was regenerate
cartilage. The presence of a dense fibrous lamina
around the nuclei of regenerate cartilage cells is
said to be an indication of a regenerated cartilage
cell (Ghadially, Oryschak, and Mitchell, 1974).
This can be detected by electron microscopy, and
further reports on this topic will be made when
the results of experiments with ethyleneimine are
published. The material in the present case was not
adequately processed for other than light microscopy.
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