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ummary: Fourteen cases of myelomatosis associated
with major thromboembolic complications are

reported. Six patients died of pulmonary embolism, seven
had deep-vein thrombosis as a presenting symptom, and
three had evidence of amyloidosis. A preliminary estimate
of the incidence of thromboembolism based on 376
patients admitted so far to the Medical Research Coun-
cil's myelomatosis trial is about 3%, while pulmonary
embolism accounted for about 3% of all deaths. Possibly
a hypercoagulable state and the presence of amyloidosis
may be important in the pathogenesis of this complica-
tion.

Introduction
While haemorrhage is common in myelomatosis, especally in
the terminal stages, thromboembolism is not a well-recog-
nized complication. Nevertheless, we have recently seen five
patients suffering from deep-vein thrombosis, associated in
four with pulmonary embolism, in three of whom a diagnosis
of myelomatosis was made subsequent to the development of
thromboembolism. Nine further cases of thrombosis have
been found in the records of the Medical Research Council's
myelomatosis trial.

Case Reports

Brief clinical and laboratory findings in the 14 patients are
shown in the Table. Venous thrombosis or pulmonary
embolism was the presenting feature of the illness in seven
patients, and in these myelomatosis was diagnosed on the
basis of laboratory investigations. In another four patients
thrombosis occurred two months or less after diagnosis. Pul-
monary embolism was the cause of death in six patients-
three died five weeks or less after the diagnosis of myeloma-
tosis was established, while in the other three pulmonary
embolism caused death 6, 12, and 42 months after diagnosis.
Thus five of the six fatalities from pulmonary embolism
occurred in the first year after clinical recognition of the
disorder. Twelve patients are among those admitted to the
therapeutic trial in myelomatosis conducted by the Medical
Research Council's Working Party on Leukaemia in Adults.
By 15 March 1970, 376 patients had been entered to the trial,
indicating a minimum incidence of thrombotic complications
of 3-2%. This figure would be higher if any of the surviving
patients were to develop thromboembolism. By December
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1969, 192 patients had died, six of them (3-1 %) from pul-
monary embolism. Only 53 necropsies were performed, so it is
possible that this figure is an underestimate. In seven patients
(1-8 ;(/',) the first presenting feature of myelomatosis was
thromboembolism.

Discussion

There are only a few reports of thromboembolism compli-
cating myelomatosis in the literature. In a clinicopatholog-
ical study of myelomatosis Talerman (1969) found that mas-
sive pulmonary embolism was the cause of death in 3 out of
32 necropsies; he had not found this cause of death pre-
viously reported. Sanchez-Avalos et al. (1969), searching for
this complication in a clinical survey, recorded episodes of
pulmonary embolism in 3 out of 34 patients. Two other cases
were mentioned by Lieberman et al. (1961), in one of which
venous thrombosis had been present for nearly three years
before the diagnosis of myelomatosis was established.
The mechanism of thrombosis in myelomatosis remains

uncertain. Sanchez-Avalos et al. (1969) reported that certain
laboratory findings were associated with thrombotic pheno-
mena in myelomatosis-namely a shortening of the coagu-
lation time in silicone tubes and an increase in the plasma
fibrinogen concentration, suggesting the presence of a hyper-
coagulable state. An appreciable increase in the plasma con-
centration of fibrinogen (847 mg./100 ml.) and factor VIII
(520 %/, of standard normal) was found in one of our three
patients (Case 3) in whom coagulation studies were made.
High fibrinogen levels have been reported in myelomato-
sis, especially with IgG paraprotein (Viala et al., 1963; Nilehn
and Nilsson, 1966). Plasma fibrinogen estimations however,
may not be accurate in this condition owing to conjugation of
the paraprotein with fibrinogen or occlusi,on in the fibrin clot
(Bang, 1967; Regoeczi, 1968; Sanchez-Avalos et al., 1969). In
either case measurement of fibrinogen as thrombin-clottable
protein would overestimate the true value. An increase in
factor VIII has been found in myelomatosis as well as in
other types of hyperglobulinaemia (Pitney and Elliott, 1960;
Propp and Dylong, 1965; Nilehn and Nilsson, 1966).
Increases in plasma fibrinogen and factor VIII have also
been reported in patients with carcinoma (Mider et al., 1950;
Amundsen et al., 1963). Davis et al. (1969), however, found
that raised fibrinogen and factor VIII occurred in a number
of non-malignant disorders and were not specific for
malignant disease.
Malignant diseases, especially carcinoma, predispose to

thrombosis (Lieberman et al., 1961; Miller et al., 1967;
Wiernik and Serpick, 1969). In some types of carcinoma,
especially carcinoma of the pancreas, the incidence is very
high. Different histological types of pancreatic carcinoma
h.owever, are associated with pronounced differences in the
incidence of multiple thrombi (Lafler and Hinerman, 1961). It
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Details of Cases

Case 'Age Time-relationship to Paraprotein Lkesionsand Thromboembolic Complication Diaosis SkeletalNo. SexDigoiLeon
1 65 M. D.V.T. in common femoral vein Presenting feature IgAL Not seen

2 54 M. Multiple D.V.T. and pulmonary embolism ,|L,IgAL

3 76 M. Repeated pulmonary infarcts, left renal vein thrombosis ,,,gK IgGK

4 52 F. Right internal and popliteal arterial occlusion. 2 months after
Embolectomy. IgGL Present
Died of pulmonary embolism 6 months after

5 60 M. Bilateral D.V.T. of calves Presenting feature IgGK Not seen

6 56 M. D.V.T. and repeated pulmonary infarcts ,, ,, IgGL Present

7 75 M. Sudden arterial thrombosis in both lower limbs. Died of pulmonary embolism 12 months after IgGL

8 64 M. D.V.T. in right leg. 2 weeks after IgGK X-ray films
Died of massive pulmonary embolism 4 weeks after g not taken

9 61 M. D.V.T. in left leg. 3 weeks after
Died of pulmonary embolism 4 weeks after IgGK Present

10 54 F. Sudden death due to pulmonary embolism 5 weeks after IgGL

11 36 F. Died of pulmonary embolism 34 years after Bence Jones protein (type K)

12 70 F. Thrombosis in adrenal and vesical veins, pulmonary embolism. Died of renal 4 months after IgGL Not seen
failure

13 73 F. Sequential D.V.T. in femoral veins Presenting feature IgGL Present

14 61 M. Multiple pulmonary embolism ,, ,, IgGK

D.V.T. = Deep-vcin thrombosis.

has been suggested that the same abnormalities which lead to
an increased incidence of thrombosis in other types of dis-
seminated malignant disease might be present in myeloma-
tosis also (Miller et al., 1967). Sanchez-Avalos et al. (1969)
suggested that the release of small amounts of thromboplastic
material by the tumour cells may result in accelerated
consumption of some coagulation factors and, in consequence,
a compensatory overproduction. The resulting disturbance in
the proportion of the coagulation factors may lead to
haemorrhage or thrombosis. Both tendencies are present
in myelomatosis, sometimes even in the same patient
(Sanchez-Avalos et al., 1969).
The frequency of amyloid deposits in myelomatosis has been

estimated to be between 6 and 15% (Cohen, 1967). Three of
our patients (Cases 3, 4, and 12) with the nephrotic syndrome
had evidence of amyloidosis in rectal or renal biopsies. The
nephrotic syndrome due to renal amyloidosis has often been
associated with renal vein thrombosis (Harrison et al., 1956;
Barclay et al., 1960). Thrombosis is also not an uncommon
complication of primary systemic amyloidosis, and this con-
dition appears to be related to myelomatosis, both disorders
forming part of a spectrum known as "plasma cell dyscrasias"
(Osserman and Fahey, 1968). Barth et al. (1969) described
thromboembolism in a patient with primary systemic amyloid-
osis, and two similar cases have been studied recently at the
Royal Postgraduate Medical School. One of these patients died
with thrombosis of the portal, splenic, and superior mesenteric
veins, while the other suffered from iXepeated episodes of
arterial embolism and died of renal failure due to bilateral
renal vein thrombosis. Disseminated intravascular coagulation
has also been reported in association with primary systemic
amyloidosis (Bowie et al., 1969), and we have studied a simi-
lar case.

Possibly both a hypercoagulable state and amyloidosis may
predispose to thromboembolism in myelomatosis. The inci-
dence of thromboembolism has perhaps been underestimated
in the past. When investigating a case of thromboembolic
disease the possibility of myelomatosis and of amyloidosis
should be considered. We have shown in the present series
that, as in other malignant conditions, the thrombotic symp-
toms are often the initial manifestation of an otherwise un-

suspected disease. In other patients, however, thrombo-
embolism may occur in a more advanced stage of the disease
and may be the cause of death.
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Leukaemia in Adults for permission to include cases from the
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