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PAPERS AND ORIGINALS

Incidences of fatal postoperative pulmonary embolism
after prophylaxis with dextran 70 and low-dose heparin:
an international multicentre study
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Summary and conclusions

A total of 4352 patients were admitted to a prospective'
randomised multicentre trial comparing the prophylactic
efficacy of dextran 70 and low-dose heparin against fatal
pulmonary embolism after elective operations for
general, orthopaedic, urological, and gynaecological
conditions. Out of 3984 patients correctly admitted,
1993 were allocated to receive dextran 70 and 1991 to
receive low-dose heparin.
Withdrawal of prophylaxis because of bleeding or

technical difficulties occurred more often in the heparin
group, but allergic reactions were more common in the
dextran group. Of the 75 patients who died within 30 days
after operation, 38 had been given dextran and 37 low-
dose heparin. Necropsy was performed in 33 and 32 of
these cases respectively. In six patients in each group
pulmonary embolism was the sole or a contributory
cause of death. Of these, five patients in the dextran
group and two in the heparin group had received a full
course of prophylaxis.
There was no statistically significant difference between

the two treatment groups in the incidence of fatal
pulmonary embolism after a full course of prophylaxis.

Introduction

Dextran and low-dose heparin are claimed to reduce the
incidence of postoperative thromboembolic complications.'-4
In 1975 a leading article in the BMJ5 stated: "A large scale
multicentre trial to compare in surgical patients the effects of
sodium heparin and dextran in the prevention of fatal pulmonary
embolism is now needed."
We have investigated the incidence of fatal pulmonary

embolism within 30 days after general, gynaecological,
urological, and orthopaedic surgery in patients given either
dextran or heparin prophylaxis. Advantages and disadvantages

of each regimen and the incidence of side effects were also
evaluated. Eight hospitals participated: five in Sweden, two in
Switzerland, and one in Norway.

Patients and methods

Patients aged over 40 who were scheduled for elective operations
likely to last more than 30 minutes under a general anaesthetic were
eligible for inclusion in the study. They were divided into four
surgical subgroups: general, gynaecological, urological, and ortho-
paedic. If any patient required a second operation within one month
and prophylaxis was not contraindicated the same prophylactic
regimen was used but the follow-up time was t-aken from the first
operation. For ethical reasons an untreated control group was not
included.

Patients were allocated at random to each prophylactic group by
using numbered sealed envelopes. Original trial forms were kept at
each centre and copies forwarded to the co-ordinating centre (Institute
of Forensic Medicine, University of Uppsala). The information was
recorded on punch cards and analysed with a Hewlett-Packard 2100
computer. A record of the prearranged sequence of numbered
envelopes was kept at the co-ordinating centre. When the study was
completed allocation of patients to each group was checked against
this record to confirm that randomisation had been successful. The
study was carried out during June 1976 to June 1978.
Dextran-Three 500 ml infusions of dextran 70, 6% in saline

(Macrodex), were given. The first was begun soon after induction of
anaesthesia and completed within about an hour. The second was
started after the operation and completed within about two hours.
The third was given on the first postoperative day over two to four
hours.
Heparin-Subcutaneous sodium heparin 5000 IU was given two

hours preoperatively and eight-hourly thereafter for six postoperative
days or for the duration of hospital stay if under seven days. Three
preparations were used: Liquemin in Switzerland, Heparin Novo in
Norway, and Heparin Vitrum in Sweden. If the patient was confined
to bed for over seven days heparin was continued until the patient
was fully mobilised. A 26-gauge needle was used and the heparin
injected into the anterior abdominal wall, as described.6
Assessment-The incidence of pulmonary embolism found at
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necropsy was used as the sole criterion of failure of prophylaxis. The
pulmonary arteries were dissected down to small segmental vessels.
Immediately after each necropsy a report was sent to the co-ordinating
centre for prompt analysis. Cases of pulmonary embolism were
divided into three groups: (a) those in which no other cause of death
was found, (b) those in which pulmonary embolism was considered
to be a contributory cause of death, and (c) those in which pulmonary
embolism was regarded as incidental and not having contributed to
death-for example, old or single smaller emboli. If deep vein
thrombosis or pulmonary embolism was diagnosed clinically the
patient was treated in the usual way at the particular centre. Intra-
operative blood loss was estimated by the surgeon or anaesthetist or
both. Surgical wounds and heparin injection sites were examined for
haematomas. Also the preoperative haemoglobin concentration and
lowest value recorded during the first postoperative week were noted
together with the amount of blood transfused. Possible allergic
reactions to dextran were classified as described.7

Follow-up-All patients were followed up one month after operation
whether they were still in hospital or discharged and questioned about
their current condition.

Statistical methods-The x2 test and Fisher's exact test were used
as described.8

Results

Envelopes were opened for 4352 patients (see table Im (miniprint)),
of whom 1245 were seen in Bergen, 1239 in Basle (two hospitals),
582 in Danderyd, 534 in Lund, 372 in Uppsala, 328 in Helsingborg,
and 52 in Gothenburg. Of these, 2159 were allocated to receive
dextran and 2193 to receive heparin. A total of 368 patients-166 in
the dextran group and 202 in the heparin group-however, were
wrongly admitted to the study. Of the remaining 3984 patients,
1993 were allocated to the dextran group and 1991 to the heparin
group (table Im); 2627 (66 %) underwent general surgery, 760 (19 %)
gynaecological surgery, 414 (10°h) urological surgery, and 183 (5%)
orthopaedic surgery.
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COMPARISON OF GROUPS

The two groups were well matched for mean age (59 years), sex
distribution, mean weight (68 kg), mean duration of operation (two
hours), mean duration of anaesthesia (two hours 45 minutes), and
mean duration of hospital stay (15 days). There was no difference in
the types of operations performed between the two groups; 1132
patients in the dextran group (57%) and 1137 in the heparin group
(57O") underwent laparotomy.

OVERALL MORTALITY RATE

Seventy-five patients (199%) died within 30 days after operation
(table HIm). Of these, 38 were in the dextran group and 37 in the
heparin group, and 33 and 32 respectively came to necropsy. In some
cases several contributory causes of death were identified (table IIm).

FINDINGS AT NECROPSY

Five patients in the dextran group and three in the heparin group
had pulmonary embolism as the sole cause of death (table III). One
patient in the dextran group and three in the heparin group had
pulmonary embolism as a contributory cause of death. In two
dextran-treated and three heparin-treated patients incidental
pulmonary embolism was found. No death occurred from pulmonary
microembolism. There was no difference between the two groups
in the location of emboli within the lungs.

TABLE III-Details of patients dying from pulmonary embolism

Malignant Duration
Surgical Age disease of Cause of Deep vein No of
subgroup (years) (metastasis survival death thrombosis doses

+ +) (days) given

Dextran group
General 85 + + 5 PE + 3/3

80 + 12 PE + 3/3
57 14 PE + 3/3
61 2 PE 3/3*

Gy,,eco- 84 + + 19 PE + 3/3
Gynaeco-

logical 77 + + 20 PE+ PER + 3/3
Heparin group

General 57 + + 19 PE + 19/21t
Ortho-

paedic 75 19 PE 21/21
Gynaeco-

logical 76 + 8 PE + 1/21$
General 79 + 20 PE + MI 21/21

69 + 9 PE +PN 4/21§
69 + 15 PE +PN + 0/2111

PE=Pulmonary embolism. PER = Peritonitis. MI = Myocardial infarction. PN=
Pneumonia.
*Dextran was begun one and a half hours after induction of anaesthesia and 15
minutes after start of operation.
tFirst two doses missed.
tProphylaxis stopped owing to risk of haemorrhage.
§Prophylaxis stopped because of haemorrhage.
IlNo prophylaxis given owing to error.

Four of the dextran-treated patients had malignant disease, which
in three cases had metastasised. Five patients in the heparin group had
malignant disease, but only one showed evidence of metastasis.
Deep vein thrombosis was present in six patients in the dextran

group and five in the heparin group. In three of the dextran-treated
patients thrombosis occurred only in calf veins, and in two it was also
found in femoral veins; the other patient had pelvic-vein thrombosis.
In the five heparin-treated patients thrombosis was confined to the'
femoral veins. Of all 11 patients with thrombosis, 10 also had
pulmonary emboli. In the remaining patient, who was given heparin,
thrombosis occurred without pulmonary embolism.

ADHERENCE TO PROTOCOL

Of the 3984 patients who were correctly admitted to the study,
449 were not treated according to the protocol (table IVm). Reasons
included technical faults and objections from patients or surgeons,
both of which were more common in the heparin group than in the
dextran group (X2=22-27, P<0001; x2=13-39, P<0001). In six
dextran-treated and 94 heparin-treated patients prophylaxis was
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discontinued because of haemorrhage or risk of haemorrhage
(X2 --80 56; P<0'001), mean blood losses during operation being
608 ml (150-1600 ml) and 902 ml (0-6000 ml) in the six and 94
patients respectively. In a further six dextran-treated and 22 heparin-
treated patients prophylaxis was interruipted by reoperation for
haemorrhage (Z2-8 39; P<0 01). These patients are included in
those who underwent reoperation listed in table Vm.

In 22 patients given dextran the infusion was discontinued because
of allergic reactions probably caused by the drug. Twelve patients
had grade I reactions (mild), five grade II, four grade III, and one
grade IV. In the last patient the operation was cancelled. All patients
recovered uneventfully from these reactions. In the heparin group
three patients exhibited allergic skin reactions resulting in withdrawal
of the drug.

COMPLETENESS OF PROPHYLAXIS

Complete prophylaxis was defined as the infusion of all three doses
of dextran or the injection of all but two doses of heparin during the
hospital stay. If the first two doses of heparin were missed, however,
prophylaxis was regarded as incomplete.
Of the 1875 patients in the dextran group for whom the protocol

was followed correctly, 1760 (94 /) received complete prophylaxis
(table IVm) and 85 (5 0') were given only two infusions; for the
remainder the information was missing. Of the 1660 heparin-treated
patients, 1418 (85 ° were given complete prophylaxis, but only
1179 (71 %) received all the injections prescribed. A total of 1563
patients in the heparin group (940o) were given over two-thirds of
the doses scheduled.
Of the 1760 patients in the dextran group given complete pro-

phylaxis, 22 received further infusions, most of which were given
during one to two days. Of the 1418 patients given a complete
course of heparin, 76 received additional injections, most of which
were also given over one or two days.
When the incidence of fatal pulmonary embolism in patients given

complete prophylaxis was compared, five of the 1760 dextran-treated
patients and two of the 1418 heparin-treated patients had such
emboli. This difference was not significant (Fisher's exact test,
P 032).

TREATMENT OF DEEP VEIN THROMBOSIS

Deep vein thrombosis was diagnosed clinically in 26 patients
correctly admitted to the study. Of these, 18 were in the dextran
group and eight in the heparin group. Only three of the dextran-
treated patients had the diagnosis confirmed by phlebography or

MINIPRINT TABLES
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fibrinogen uptake test. Nevertheless, nine of the dextran-treated
patients and six of the heparin-treated patients were given heparin or
oral anticoagulants. This difference was not significant.

REOPERATION

Eighty-four patients in the dextran group and 56 in the heparin
group were reoperated on for various reasons within 30 days of the
initial operation. In 47 and 31 of these patients respectively the second
operation was for haemorrhage (table Vm). In the remaining 37 and
25 patients in the two groups reoperation was not related to haemo-
stasis (X2=2-35; P=0-12).

HAEMORRHAGIC COMPLICATIONS

The 78 reoperations performed because of haemorrhage (47 in the
dextran group, 31 in the heparin group; table Vm) included ligation
of bleeding vessels, evacuation of wound haematomas, and procedures
for diffuse postoperative bleeding (x2=333; P = 007). These patients
included those shown in table IVm in whom prophylaxis was in-
terrupted by reoperation. Seventy-two of the reoperations (920°h)
were carried out within two days. Significantly more wound haema-
tomas occurred in the heparin group (X2= 23-30; P <0-001), and this
group fared significantly worse when the incidences of all haemorrhagic
complications were considered (table Vm; x2= 56 91; P<0 001).
Furthermore, 153 heparin-treated patients had haematomas at the
site of injection.

BLOOD LOSS AND BLOOD TRANSFUSION REQUIREMENTS

Blood loss during operation was similar in the two treatment
groups (X2 =713, P>0 1; table VIm). Nevertheless, 502 patients
in the dextran group (27°h) as compared with 403 in the heparin
group (230°o) were given two or more units of blood on the day of
operation (X2 = 16 90; P < 0 01). These patients include the six in the
dextran group and 94 in the heparin group in whom prophylaxis was
stopped because of haemorrhage, and the six in the dextran group
and 22 in the heparin group in whom prophylaxis was interrupted by
reoperation. Blood transfusion requirements after the day of operation
were the same in the two groups. In the dextran group the haemoglobin
concentration fell from a preoperative value of 1300SD 1 0 g/dl to
110 10 g/dl (n=1359); the same values were observed in the
heparin group (n = 1250).

ONE-MONTH FOLLOW-UP

One month after operation there was no difference in the incidence
of chest pain, respiratory difficulty, haemorrhage, haemoptysis, or
wound infections between the two groups.
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Discussion

;17- 144 41'^ Low-dose heparin and dextran reduced the incidence of fatal
pulmonary embolism in two multicentre trials,l 2 thus confirming

I 1 7~ the results of many smaller studies.3 6 In our series pulmonary
embolism was the sole cause of death in three patients allocated
to receive heparin prophylaxis. This incidence (015%o) agrees

WI44 with the findings of Kakkar et a12 (0.100,) and Kiil et a19 (0 15°o).
The total mortality rate in our study was only half that reported

>N;r"'4 by Kakkar et al despite the fact that we followed up all patients
N^I -.S;N - for one month. Follow-up time was not defined in their study,

47ur i _ but it appears to have been shorter.
ez IS

We found that the two methods of prevention-namely, three
units of dextran 70 over two days and thrice-daily injections of
heparin for one week-resulted in the same overall incidence of
fatal pulmonary embolism. Of all 12 such cases, two of the six
patients in the heparin group and five of the six in the dextran
group received prophylaxis according to the protocol. Although

4 this difference was not significant, it might suggest that a full
N1716l course of heparin treatment would result in a lower incidence

4,1'4hS of fatal pulmonary embolism than the dextran regimen.
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Dextran prophylaxis continued beyond the first two days in
immobilised patients may also result in a lower incidence.10 11
Dextran reduces inhibition of fibrinolysis,'2 which is maximal
three to six days postoperatively13; hence further doses might
be of value.

Allergic reactions occurred in 22 patients (141%) in the
dextran group. This was a higher incidence than that reported
by Ring and Messmer14 (0 07%), but their findings were based
on units infused and not on numbers of patients treated. Since
preformed dextran-reactive antibodies are reportedly of
pathogenic importance in dextran reactions,7 application of the
hapten-inhibition principle may offer a method of protection.
A multicentre trial in seven of the eight hospitals in this study
is in progress to evaluate the effect of hapten prophylaxis on
allergic reactions. Preliminary findings from over 15 000 patients
suggest that severe dextran-induced reactions can be prevented.
Although the number of reoperations for haemorrhage was

higher in the dextran group, this difference was not significant.
When the incidences of all haemorrhagic complications were
considered (table Vm) patients in the heparin group fared
significantly worse. An explanation may be that prophylaxis
with heparin was more readily withdrawn from patients
prone to haemorrhage. The two treatment groups lost similar
amounts of blood during operation, yet patients in the dextran
group were given a larger number of transfusions. Dextran
is a plasma expander, however, and decisions to transfuse
may have been based on decreased packed cell volume.
The greater number of failures to give a full course of

prophylaxis in the heparin group was probably partly accounted
for by the number of injections required (21). Dextran infusions
form part of normal volume replacement during and after
operation and entail no extra work. Possibly heparin could be
given more conveniently by, say, jet injection or inhalation.
We conclude that prophylaxis with dextran and low-dose

heparin results in the same overall incidence of fatal pulmonary
embolism.
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Trimethoprim resistance in Finland after five years' use of
plain trimethoprim
P HUOVINEN, P TOIVANEN

Summary and conclusions

A total of 1388 urinary bacterial pathogens were tested
for resistance to plain trimethoprim after five years' use
of this drug for prophylaxis against urinary tract in-
fections. Samples were obtained in Turku, Finland,
where use of the drug is much greater than in other parts
of Finland.
Resistance to trimethoprim (> 8 mg/l; agar-dilution

method) occurred in 20.3% of strains isolated from
outpatients and 39.8% of strains isolated from inpatients.
Escherichia coli and Micrococcus showed low incidences
of resistance (11% and 13% respectively in outpatients
and 23% and 19% respectively in inpatients); Entero-
bacter, Streptococcus faecalis, and Staphylococcus
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Turku 52, Finland

P HUOVINEN, CAND MED, research associate
P TOIVANEN, MD, professor of bacteriology and serology

epidermidis occupied an intermediate position; and
Proteus mirabilis and Klebsiella were resistant in 41-76%
of cases. Similar incidences of resistance were observed
to sulphamethoxazole-trimethoprim, sulphamethoxa-
zole, ampicillin, and nitrofurantoin.
These findings together with the rare occurrence of

side effects and convenient dosage confirm the usefulness
of plain trimethoprim for urinary tract infections.

Introduction

Combined treatment with sulphonamide and trimethoprim has
been widely used for bacterial infections since 1969.1 Plain
trimethoprim, however, has certain advantages over the com-
bined regimen, including more convenient dosage and a low
incidence of side effects, particularly with doses used for long-
term prophylaxis against urinary tract infections.2 Nevertheless,
an objection to using trimethoprim alone is the risk of increasing
resistant bacteria, which might jeopardise the usefulness of the
combined agent.2-4

Plain trimethoprim for long-term prophylaxis against urinary
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