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Summary The efficacy of dextran-40 infusions or
low-dose heparin or xantinol-nicotinate

administration in preventing postoperative thromboem-
bolic complications has been investigated in a prospec-
tive, controlled, randomised trial as part of an interna-
tional multicentre trial. 382 patients over the age of
forty years undergoing elective major general surgery
were investigated; 100 had a complete protocol in the
control, 94 in the heparin, 92 in the dextran, and 32 in
the xantinol-nicotinate group. 31 patients died: 13 in the
control group, 10 in the heparin group, 6 in the dextran
group, and 2 in the xantinol-nicotinate group. In 4 con-
trols, 6 in the heparin group, and 1 in the dextran group
the cause of death was acute pulmonary embolism. 4
further controls, 1 in the heparin group, and 2 in the
dextran group had emboli found at necropsy, which
either contributed to the deaths or were incidental find-
ings. The distribution of pulmonary emboli in this study
did not show the difference between the control and the

heparin group reported in the multicentre trial. The

125I-fibrinogen test was done in all patients. The fre-
quency of isotopic deep-vein thrombosis was 36&middot;0% in
the controls, 12&middot;8% in the heparin group, 21&middot;7% in the
dextran group, and 40&middot;6% in the xantinol-nicotinate
group. The difference between the controls and the
heparin groups was highly significant and between the
control and the dextran group, probably significant.
There were significantly more side-effects in the heparin
group than in the dextran group.

Introduction

BOTH low-dose heparin and dextran 70 prevent fatal
pulmonary embolism in general surgical patients oper-
ated upon on an elective basis.’ 1 We have been one of
twenty-eight centres participating in Kakkar’s multi-
centre trial’ evaluating the effects of low-dose heparin.
We also evaluated the effect of dextran-40 infusions and

xantinol-nicotinate administration. Our results and con-
clusions, differ from those of Kakkar. 1

Patients and Methods

Our protocol was identical to that of Kakkar,’ but with the
following addition: because we studied four groups of patients,
allocations of patients to the two additional groups had to be
made with a new randomisation list. This was prepared by one
of us (F.D.) who was not involved in the clinical part of the
trial. The numbers obtained from Mr Kakkar were agreed
with him, and sealed in numbered envelopes, thereby preserv-
ing the previous randomisation of the low-dose heparin trial.
The last 17 patients were studied after the official end of the
multicentre trial, still using the same randomisation list.

Dextran Administration

500 ml of dextran 40 in physiological saline (’Rheomac-
rodex’, Pharmacia AB, Uppsala, Sweden) was given during the
operation starting with the induction of anaathesia. The
second 500 ml was given at the end of operation. Additional
dextran infusions of 500 ml each were given on the first and
second postoperative day. Infusion time of the intraoperative
dextran was at the discretion of the anaesthetist; the post-
operative infusions were run at a rate of about three hours per
bottle.

Xantinol Nicotinate

6000 mg of xantinol nicotinate was added to the infusions

given during operation. Immediately after operation and on
the following days patients received either 6000 mg intra-
venously in the infusion solutions or 300 mg four times a day
orally until discharge.
The radioactive fibrinogen test was done in all patients. 3

The incidence of fatal pulmonary embolism was determined at
necropsy.

Results

382 patients were admitted to the trial. 64 patients
did not have a complete protocol (table i), leaving 318
patients for whom the protocol had been correctly fol-
lowed. Since it soon became clear that xantinol nico-
tinate, as compared to heparin, did not reduce the inci-
dence of postoperative deep-vein thrombosis (D.V.T.)
(p<0-01), we did not study this drug further. The three
other groups were well matched (tables n and III). Of the
382 patients admitted to the trial, 31 (8-1%) died during
their time in hospital (table iv).

Incidence of Fatal Pulmonary Embolism

According to Kakkar,l pulmonary embolism was con-
sidered to have caused the patient’s death if necropsy
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TABLE I-NUMBER OF PATIENTS STUDIED WITH COMPLETE AND

INCOMPLETE PROTOCOL

revealed massive fresh emboli in the pulmonary trunk,
main pulmonary artery, or in at least two lobar arteries,
and no other cause of death was found. However, we
feel that multiple peripheral emboli may also cause a
patient’s death. In 1 of the 3 controls whose death was
considered to be due to pulmonary embolism alone, only
multiple peripheral emboli were found. 2 patients in the
heparin group, where pulmonary emboli plus another
significant cause of death were found simultaneously,
also belong to this category. In table iv we have also
listed under "Cause of death: Pulmonary emboli" those
cases in which our pathologists believed that pulmonary
embolism constituted a significant factor in the patient’s
death even where other important findings such as pneu-
monia, haemorrhage (>1-3 5 1), or myocardial infarction
were also present together. This is the second point on
which our evaluation differs from Kakkar’s. By our
criteria, 4 controls, 6 patients in theheparin group, and
1 in the dextran group died from acute pulmonary
embolism. The difference in the frequency of fatal pul-

TABLE II-SEX, AGE, AND OTHER FACTORS POSSIBLY
PREDISPOSING TO VENOUS THROMBOEMBOLISM IN PATIENTS IN

CONTROL, HEPARIN, AND DEXTRAN GROUPS

monary embolism between the heparin and the dextran
group was not significant.

4 controls, 1 patient in the heparin group, and 2 in
the dextran group had emboli found at necropsy which
were regarded as either contributory to death or as an
incidental finding, since death in these patients was
attributed to other causes (table v). Taking all pulmon-
ary emboli together, there were 8 in the controls, 7 in
the heparin group, and 3 in the dextran group. These
findings were not statistically significant.
The distribution of pulmonary emboli found at nec-

ropsy and considered to be the cause of death is shown
in table vi. An analysis of the patients who died from a
pulmonary embolism is shown in table vn. Only 3 of the
11 patients who died from pulmonary embolism were
diagnosed before death. In 2 of the controls and in 4 of
the heparin patients the thombi at necropsy were bilater-

TABLE IV--CAUSE OF DEATH AMONG PATIENTS IN TRIAL

*A 55-yr-old Italian with gastrectomy for cancer died on the 14th post-
operative day and was immediately transferred to Sicily. There were
no clinical signs of thromboembolic complications, the fibrinogen test
had been negative during the first seven days, but an embolic pheno-
menon cannot be ruled out.

iThis patient did not receive the first heparin injection, but did receive
all others (was included in the evaluation by Kakkar).
$1 patient received heparin erroneously.
&sect;Has erroneously not received heparin.

al; the thrombus in the dextran patient and in one con-
trol was found in the left femoral vein; the other 2 were
confined to the calf veins. In 1 case in the heparin group
thrombosis involved the iliac vein, in 3 the femoral vein,
in 1 the popliteal, and in 2 the calf veins. The operations
performed in patients who died from fatal pulmonary
embolism are shown in table vm.
The results obtained with the 12sI-fibrinogen test

appear in table ix. The difference between the control
and the heparin group is highly significant, and between
the control and the dextran group probably significant
(r<00005, p<0.05). The time of onset of the thrombi
was basically the same in all four groups. As repeatedly
shown, 1 4 the large majority of all thrombi appeared
during the first three postoperative days. Only few
thrombi extended above the knee, 4 in the control, 1 in
the heparin, 0 in the dextran, and 1 in the xantinol-nico-
tinate group.
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TABLE V--CAUSE OF DEATH AND LOCATION OF EMBOLI IN

PATIENTS WITH NON-FATAL PULMONARY EMBOLI

TABLE VI-DISTRIBUTION OF EMBOLI IN FATAL CASES

Figures in parentheses show number of bilateral emboli.

Side-effects, Operative and Postoperative Bleeding
Out of 94 patients in the heparin group, the drug was

discontinued in 8 (8.5%), mainly because of bleeding
complications. Only 1 patient in the dextran group had
to stop taking the drug because of increased postopera-
tive blood-loss. Evaluation of this patient’s chart
revealed a pre-existing low factor-X activity of 32%. 9
patients in the xantinol-nicotinate group showed allergic
reactions; in 3 they were so severe that the drug had to
be stopped (table x). 5 further patients in the heparin
group developed wound haematomas and haematomas at
the site of injection, but drug administration was not
discontinued. In 2 further patients in the heparin group
intraoperative or postoperative bleeding tendency was
considered to be excessive, but again the drug was not
discontinued. There were no further side-effects or com-

plications either in the dextran or in the xantinol-nico-
tinate group. The difference in the number of side-
effects which led to discontinuation of prophylaxis

TABLE VII-CLINICAL FEATURES IN PATIENTS WITH FATAL

PULMONARY EMBOLISM FOUND AT NECROPSY

Order in age category corresponds to order lower down table.
’Extensive thrombus in left bradiocephalic vein.
tExtensive thrombus in left bradiocephalic vein plus internal jugular
vein plus both calfs (old thrombi?).
tExtenslve thrombus in left femoral vein.
&sect;Extensive thrombus in splenic vein.

TABLE VH!&mdash;&mdash;OPERATIONS PERFORMED IN PATIENTS WITH FATAL

PULMONARY EMBOLISM

TABLE IX-DIAGNOSED BY RADIOACTIVE FIBRINOGEN TEST

TABLE X-REASONS FOR STOPPING PROPHYLAXIS

c.v.n.=cerebrovascular accident.

between the dextran and the heparin group was statisti-
cally highly significant (P<0-01).

Discussion

Certainly low-dose heparin can prevent D.V.T. after elec-
tive operations in general surgical patients.5 6 Little is
known regarding emergency operations and relatively
few patients undergoing gynaecological or urological
operations have been examined. No recommendations
for these specialties can yet be made and the same
applies to orthopaedic cases, where the results are contra-
dictory.7
The results of Kakkar’s multicentre trial seem to

show clearly that this form of prophylaxis also reduces
deaths from pulmonary embolism. Kakkar’s conclusion
is "that this form of prophylaxis can now be recom-
mended for use on a large scale in high-risk patients un-
dergoing major surgery". We feel that this statement is
somewhat generous. The multicentre trial has shown
that mini-heparin prophylaxis is effective in elective sur-
gery ; it has not shown that it is effective in emergency
cases. Secondly, it was effective in reducing pulmonary
emboli in the field of general surgery only but not in the
specialties like orthopaedic surgery.s Kakkar’s definition
of a "fatal pulmonary embolism" is open to debate as
the experience of our pathologists shows. They were not
able to decide in 5 out of 11 pulmonary emboli (table iv)
if it was the pulmonary embolism alone or together with
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pneumonia, haemorrhage, or myocardial infarction
which caused the patient’s death; they felt that in 5

patients at least two important features were present
simultaneously. The question then arises whether it is

important to prevent these emboli as well. We think it
is, as long as there are no data regarding the minimum
size and the minimum number of emboli which must be
present in order to cause death. Even though the differ-
ences in the number of pulmonary emboli between the
three groups are not significant, our findings do show
that a considerable number of embolic phenomena do
appear even under low-dose heparin. It seems important
that all emboli in all patients, once randomised, during
the entire hospital stay should be considered. In table
iv therefore, we included the 3 patients with incomplete
protocols who died (1 in the control, 2 in the heparin
group).

Our data confirm that most pulmonary emboli occur
in elderly people with malignant disease. We feel they
should receive preventive therapy as long as we feel that
they can tolerate an operation. Certainly one can ques-
tion whether death from pulmonary emboli later than
one month after the operation has anything to do with
an intra and post operative prophylactic regimen. It is

generally assumed that most D.v.T.s occur during or im-
mediately after operation. Our data seem to show that
where early full ambulation is difficult to achieve, the
risk of thromboembolic complications continues. Some
sort of prophylaxis should therefore be given during the
further period of hospital admission. All patients in the
heparin and dextran groups who died from pulmonary
embolism had negative fibrinogen tests during the first
postoperative week, but were found to have D.v.T. at

necropsy. The footnotes in table vu explain some of the
discrepancies between fibrinogen test and necropsy find-
ings, but they also underline that one can die from a
fatal pulmonary embolus even though a fibrinogen test
had been negative a couple of hours earlier. The forty-
five-year-old patient in the heparin group who died on
the hundred and fourteenth postoperative day had
received heparin for ten days, when she was considered
to be "ambulant", a difficult term which was never
defined for the trial; therefore the duration of prophy-
laxis probably varied considerably between the
centres. The protocol of the multicentre trial never
states when the postoperative period ended-i.e., the
postoperative period during which pulmonary emboli
(which could or could not be prevented by the prophy-
laxis) were considered to be a consequence of the oper-
ation. One would therefore like to know when each indi-
vidual patient in the control group died, since the paper
with the final results gives average figures only.’ 1

Dextran 40 has been shown to reduce the incidence of
D.V.T. in orthopxdic patients and the number of pul-
monary emboli in orthopaedic and general surgery.9
From all we know, there seems to be no basic dif-
ference in effectiveness and mechanism of action
between dextran 40 and dextran 70;9 dextran infusion
causes a significant decrease in factor-VIII-related

antigen, but not in factor VIII activity. 10 This might
explain the antithrombotic effect of dextran. It is
known that reduction of the D.v.T. rate as measured by
the fibrinogen test under dextran prophylaxis is not as
great as under mini-dose heparin. Nevertheless dextran
70 does prevent the occurrence of fatal pulmonary

emboli, which is again suggested by the data in this
paper for dextran 40 in general surgical patients. An
explanation for this surprising finding would be that
small thrombi, as they are formed under dextran preven-
tion, are more rapidly taken care of by the body’s own
fibrinolytic system." t
We conclude that heparin is more effective in reduc-

ing D.V.T. during the first postoperative week than dex-
tran 40. We do not know which is better for reducing
fatal pulmonary emboli. Dextran is easier to apply and
causes fewer side-effects.
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BONE-MARROW TRANSPLANT FROM AN
UNRELATED DONOR FOR CHRONIC

GRANULOMATOUS DISEASE

THE WESTMINSTER HOSPITALS BONE-MARROW
TRANSPLANT TEAM*

Summary A boy with chronic granulomatous dis-
ease received a bone-marrow graft from

a fully compatible unrelated donor, in association with
a modified immunosuppressant regimen. He showed
considerable clinical improvement with definite evidence
of engraftment, and he has enjoyed a normal life for
over 3 years.

Introduction

IN chronic granulomatous disease (C.G.D.) intracellu-
lar killing of microorganisms is impaired, and invading
organisms can be transported alive around the body so
that "cold" granulomatous abscesses (due to the lack of
heating’from phagocyte activation) can form in regional
lymph-nodes, liver, bones, and elsewhere. Furthermore,
organisms of low-grade virulence, non-pathogenic in
normal individuals, can become pathogenic. Even with

*The team included: Dr N. Foroozonfar, Prof. J. R. Hobbs, Dr K
Hugh-Jones, Prof. J. G. Humble, Dr D. C. O. James, Dr S. Selwyn,
Dr J. G. Watson, and Mr M. Yamamura, MSc.


