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to eight equal fractions, to a total of 12-15 Gy
(1200-1500 rads) overall are delivered as opposed to a
single dose of 10 Gy. In the larger registry series such
discriminants were not evident, but high radiation
dose rates in patients receiving methotrexate seem to
be harmful.9

PULMONARY EMBOLISM
During marrow harvest fat and bone fragments will
inevitably be collected and subsequently infused.
Transient hypoxia may occur but no long term paren-
chymal damage seems to ensue.4647 Nevertheless
abnormalities of pulmonary vasculature are being
recognised with endothelial changes and intimal
thickening predisposing to thrombosis of the arte-
rioles, capillaries, and venules that presumably
reflects radiation damage.14 Pulmonary veno-
occlusive disease may masquerade as interstitial
pneumonitis48 and, intriguingly, fat embolisation has
been seen as a late complication of bone marrow
transplantation.49

RESTRICTIVE AND OBSTRUCTIVE LUNG DISEASE
Among the later complications of bone marrow
transplantation restrictive and obstructive defects of
ventilatory function have been reported in subjects
who have had pretransplantation conditioning with
high dose chemotherapy and irradiation. In over 300
patients with marrow transplants studied in Seattle a
mean loss of 0.81 litres of total lung capacity, 0.541 of
vital capacity, and 4.4 ml/min/mm Hg of diffusing
capacity (1.5 mmol min- 1 kPa-' of transfer factor)
was evident one year after transplantation.' 5 In most
patients these changes improved over the next three
to four years. Obstructive lung disease seems to
become more prominent with the passage of time.
Reduction in FEV1/VC to less than 50%, 60%, and
70% predicted was seen in 0%, 2%, and 11% at three
months but in 8%, 18%, and 29% by three years.
Unfortunately the pathological findings in patients
reported in this study are unknown. What is causing
such lung damage remains something of an enigma,
since severe obstruction was not attributable in this
series to previous whole body irradiation, interstitial
pneumonitis, or chronic graft versus host disease.

GRAFT VERSUS HOST DISEASE AND
BRONCHIOLITIS OBLITERANS
The relationship between graft versus host disease
and the lung remains uncertain. Although several pul-
monary entities have been linked with graft versus
host disease, definite evidence that these are true man-
ifestations of graft versus host disease is lacking.
Lymphocytic bronchitis with the histological demon-
stration of lymphocytic infiltration of the bronchial
mucosa, loss of cilia and goblet cells, and even necro-

sis of mucosa and submucosa has been described as a
postmortem finding in 25% of patients dying after
bone marrow transplantation,50 many patients hav-
ing had cough and dyspnoea. Recent studies suggest
that these findings relate poorly if at all to the pres-
ence of graft versus host disease and are probably due
to earlier chemotherapy.5' Lymphocytic interstitial
pneumonitis has also been reported as a late compli-
cation of bone marrow transplantation,52 but the
relationship of such an entity to graft versus host dis-
ease is uncertain and further studies of the lungs of
patients with no other evidence of graft versus host
disease are needed. In 1982 the first cases of severe
irreversible airways obstruction occurring within five
months of bone marrow transplantation and in the
context of chronic graft versus host disease were
reported.53 The chest radiograph may be normal, but
hyperinflation flat diaphragms and pneumothoraces
have been reported, in association with reduced elas-
tic recoil pressure. Histological appearances are those
of bronchiolitis obliterans. The clinical course is vari-
able. Treatment with corticosteroids and azathioprine
may be of benefit, although the mortality rate remains
high.53-58 Workers in one centre contend that as
many as 13% of all recipients of marrow grafts have
this complication.54 Its aetiology may be multi-
factorial, and it may not necessarily be directly attri-
butable to graft versus host disease itself but may
result from recurrent infection or recurrent gastro-
oesophageal regurgitation. Others contend that it is
related to the fibrotic chronic mucositis of the mouth
and oesophagus seen in many cases of chronic graft
versus host disease.
The contributions, if any, of graft versus host dis-

ease and its prophylaxis to pulmonary sequelae after
BMT may become clearer by studying the patient
who has received an autotransplant. Here marrow is
harvested from the patient himself, preserved, and
reinfused after intensive chemotherapy or radiation
therapy (or both) has been used to control resistant
disease. The patient is rescued from bone marrow fail-
ure by his own marrow. Such treatment is of potential
use in the treatment of solid tumours and is being
explored in haematological malignancies, particularly
where resistant disease is present in sanctuary sites.
The seriousness of pulmonary damage to patients

who have bone marrow transplantation must not be
underestimated. Many further studies are needed.
Sufficient numbers of patients with similar underlying
disorders must be studied. Investigations must detail
pretransplant pulmonary function, previous infec-
tions, chemotherapy, radiotherapy, transfusions, and
smoking history. Sequential assessment of pulmonary
function must be performed in relation to clinical
events and combined with detailed bacteriological
and virological monitoring. Episodes of graft versus
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host disease need to be defined in terms of biopsy
changes in relevant tissues. Many more reports of
lung biopsy material studied by histological and
immunohistochemical means are needed in conjunc-
tion with evidence of intensive search for infective
organisms, particularly viruses. In this way the causes
of pulmonary morbidity may be determined more
precisely and the way prepared for prevention and the
realisation of the wider application of bone marrow
transplantation.
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