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DEEP VEIN THROMBOSIS FOLLOWING HIP SURGERY
Relation to Activated Factor X Inhibitor Activity: Effect of Heparin and Dextran
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Activated factor X inhibitor (FXal) activity was measured with a newly developed
method during operation and during the postoperative period in 60 patients under-
going total hip replacement. The patients were randomly allotted to three groups.
In two groups the effect of prophylactic treatment with dextran and low dose
heparin were evaluated, while the third group served as a control. Postoperative
deep vein thrombosis was diagnosed with plethysmography and venography and
related to observed changes in inhibitor activity. The frequency of deep vein
thrombosis was found to be 25, 47 and 33 per cent in the three groups respectively.
With the test system for measurements of FXal-activity which made it possible to
determine both the overall ability of the plasma to neutralize FXa and the activity
independent of any accelerator or antagonist of Xal-activity, it was possible to
demonstrate inhibitor consumption in all groups including the heparin treated
group where the overall inhibitor activity was increased. A marked decrease in
inhibitor activity was usually observed in the patients developing postoperative
thrombosis in the control group, while in the other groups the relationship was less

clear.
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The most important inhibitor of blood coagula-
tion is an a,-globulin, which inhibits both throm-
bin and activated factor X and which has var-
iously been named antithrombin III, activated
factor X inhibitor (FXal) or heparin cofactor
(Yin et al. 1971). It is well known that patients
with an inherent deficiency of antithrombin I
are susceptible to venous thrombosis (Egeberg
1965, Abildgaard 1968, Marcinial et al. 1974).
Several reports have also demonstrated reduced
FXal-activity in patients with acute deep vein
thrombosis and in patients developing post-
operative thrombosis (Sagar et al. 1976, Lechner
et al. 1979, Stamatakis et al. 1977). In some
studies, however, no relationship has been found
between antithrombin III and tendency to
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thrombosis. This discrepancy might be due to the
fact that antithrombin III has in these studies
been determined by an immunoelectrophoretic
technique which does not provide information of
the biological function of the antigen (Hedner &
Nilsson 1973, Sas et al. 1974) or by a clotting
assay measuring the specific antithrombin activity
rather than the anti-factor Xa effect (Korwald et
al. 1974, Bergstrom & Lahnborg 1975).

Why patients with decreased FXal-activity de-
velop thrombosis is still unknown. Presumably
the body is dependent on. near normal values of
the inhibitor to counteract intravascular coagula-
tion. During and after surgery a “‘hypercoagula-
ble state”, previously not present, is created in
some individuals, It is conceivable that this
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hypercoagulability will remain nonthrombotic as
long as the rate of neutralization of factor Xa
exceeds that of factor Xa activation. However, if
the rate of factor X activation is faster than the
removal of the activated product by antithrombin
III, an explosive generation of thrombin occurs
which can result in thrombus formation. In the
present prospective investigation we have there-
fore made repeated determinations of factor Xal-
activity with a newly developed method during
and after hip replacement operation to study the
possible relation between a sudden decrease in
inhibitor activity and the development of post-
operative thrombosis. The effect of low dose
heparin and dextran on the frequency of post-
operative deep vein thrombosis and inhibitor ac-
tivity was evaluated in separate patient groups.

MATERIAL

Sixty patients, 43 female and 17 male, undergoing total
hip reconstruction, were studied. Only patients without
known history of previous deep venous thrombosis and
with a normal venous outflow capacity of both legs,
determined preoperatively with a plethysmographic
technique (Bygdeman et al. 1971) were allowed to en-
ter the study. The patients were randomly allotted to
three groups (Groups A—-C) differentiated by the type
of prophylactic antithrombotic treatment used. The
mean age and standard deviation in the three groups
was: Group A, 70.1 £ 7.2 years; Group B, 66.8 £ 8.3;
Group C, 65.7 £ 10.6 years.

TREATMENT

Prophylactic antithrombotic treatment was used in
Groups A and B according to the following schema. In
Group A 500 ml Macrodex® was given during
operation and repeated on the first and fourth post-
operative day. Low dose heparin, 5000 IE, was given
s.c. preoperatively and repeated every 12 h during the
first postoperative week in Group B. In Group C, which
served as a control group, no specific prophylactic an-
tithrombotic treatment was given. Routine physio-
therapy with early ambulation was used in all the pa-
tients.
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METHODS

Venous blood samples for Xal determinations were
taken on the day before operation, immediately before
operation, after anaesthesia, at the start of operation
and during operation, 3 hours after operation and on
the first postoperative day. Two further samples were
taken during the first postoperative week. The blood
was collected in citrate and after centrifugation the
plasma was frozen at —50°C until analyzed. Blood
plasma Xal-activity was determined according to the
method of Yin et al. (1977). Test kits, Phadecode® Xal
differential assay, were obtained from Pharmacia AB,
Uppsala, Sweden. The Phadecode® Xal differential
assay consists of a set of two different tests: 1. The
Comprehensive Test and 2. The Specific Test. The
primary difference between the two methods is that the
former utilizes undiluted plasma samples, whereas the
latter involves a 200-fold dilution of the plasma sample
and the addition of selective polysulfated compound.
The Comprehensive Test system measures the overall
ability of the plasma to neutralize Xa and is therefore
influenced by the presence of any circulation ac-
celerator or antagonist of Xal-activity.

In the Specific Test the high dilution of the plasma
sample reduces those effects. The additive substance
circumvents the apparent inhibitor action of a naturally
occurring plasma component on the Xal — Xa interac-
tion.

The frequency of postoperative deep vein thrombosis
was studied by ascending phlebography according to
Greitz (1954) and by measurements of venous outflow
capacity plethysmographically as described by Bygde-
man et al. (1971). Venous outflow capacity was deter-
mined on both legs preoperatively and at the end of the
second postoperative week. Ascending phlebography
was made at the end of the second postoperative week on
the operated leg, unless the prior determination of ven-
ous outflow capacity indicated a deep vein thrombosis
in the opposite leg.

Operative and postoperative blood loss was esti-
mated by swab weighing and measurements of drain
volume.

RESULTS

No significant differences in mean values of age,
operation time, bleeding volume and number of
transfused blood units was found between the
three patient groups (Table 1). Postoperative
phlebography could be carried out successfully in
16, 17 and 18 of the patients in Groups A, B and
C respectively. In the control group, Group C,
postoperative phlebography was positive in five
patients. One patient developed clinical signs of a
pulmonary embolism 10 days after operation,
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Table 1. Mean values for age, bleeding volume and number of blood transfusions in the three patient groups

Group Age Operation Operative Post operative Transfusion Transfusion
time, min blood loss, blood loss, during op., after op.,
ml ml units units
A 70.1 101 83s 816 23 1.9
B 66.8 118 1071 645 2.6 22
C 65.7 103 1004 734 2.4 2.1
Table 2. Postoperative thrombo-embolic complications
Group No. Successful Post operative Pulmonary Positive
of pat. phlebography thrombosis at embolism plethysmography
phlebography
A 20 16 4 - 4
B 20 17 8 - 3
C 20 18 5 1 2

which was subsequently confirmed by lung per-
fusion scintigraphy. The total frequency of post-
operative deep vein thrombosis was thus six out
of 18 patients, or 33 per cent. In the dextran
(Group A) and heparin (Group B) treated groups
postoperative deep vein thrombosis was found at
phlebography in four and eight patients respec-
tively giving a frequency of postoperative throm-
bosis of 25 and 47 per cent. A marked decrease in
venous outflow capacity to a value below 35 ml x
1007 X min™, as found in cases with deep ven-
ous thrombosis totally obstructing the deep ven-
ous outflow from the calf, was found in nine pa-
tients postoperatively. In all cases the decrease
was found in the operated leg and the presence of
a deep venous thrombosis extending up in the
femoral vein could be confirmed in eight patients
at phlebography. In the remaining patient be-
longing to the dextran treated group determina-
tion of venous outflow capacity was made 1 week
after the normal phlebography, indicating that
the thrombus had developed during the inter-
vening period. The results are summarized in
Table 2. In the control group, but not in the other
groups, the patients who developed postoperative
deep vein thrombosis were significantly older
than the nonthrombotic patients (P < 0.01). No
difference in operation time and degree of

bleeding was found between thrombotic and
nonthrombotic patients.

In the control group mean factor Xal-activity
was slightly lower during operation and during
the postoperative period in those patients de-
veloping postoperative thrombosis compared
with the activity of the rest of the patients (Fig-
ures 1 and 2). The difference was not significant
when the specific assay was used. When the com-
prehensive test was used the difference was prob-
ably significant (P < 0.05) immediately before
operation (sample 2) and on day 5 (sample 9),
operation day = day 1. However, there were
great individual variations. Factor Xal-activity
during operation and during the first postopera-
tive period in eight patients representative of the
different patterns observed are presented in Fig-
ures 3 and 4. In two patients (Figure 3A and B) a
marked decrease in inhibitor activity was
observed to 16 per cent of the preoperative level
when measured with the comprehensive test sys-
tem and to 48 and 53 per cent respectively when
the specific test system was used. Both these pa-
tients developed deep vein thrombosis in the
operated leg in calf veins and extending up in the
femoral vein. Venous outflow capacity decreased
to 20 and 33 ml X 100 ml™ X min™! respectively
indicating total obstruction of the deep venous
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Figure 1. Mean factor Xal-activity measured with the
comprehensive test system during and after operation in
nonthrombotic patients @——®@ and in patients de-
veloping postoperative thrombosis O——Q. Operation
day = 1.

outflow from the calf. In the nonthrombotic leg
no change in outflow capacity was found. In one
patient inhibitor activity measured with the
specific and comprehensive test system decreased
to 66 and 76 per cent, respectively (Figure 3C).
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Figure 2. Mean factor Xal-activity measured with the
specific test system during and after operation in non-
thrombotic patients @——® and in patients developing
postoperative thrombosis O—¢Q. Operation day =
day 1.
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Figure 3. A-D. Factor Xal-activity in per cent of
preoperative level in 4 patients developing postoperative
deep vein thrombosis.

In this patient a calf vein thrombosis extending up
to but not obstructing the popliteal vein was
found. Venous outflow capacity was not de-
creased. Small deep calf vein thrombosis could be
seen in two patients without any significant
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Figure 4. A-D. Different patterns of factor Xal-activity
during and after operation in four nonthrombotic pa-
tients.
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change in inhibitor activity (Figure 3D). In the
patient who developed postoperative pulmonary
embolism 10 days after operation no change in
inhibitor activity was found during the observa-
tion period.

In the remaining 12 patients in whom post-
operative phlebography could be performed this
investigation and venous outflow measurements
did not show any signs of deep venous throm-
bosis. In six of the patients a marked reactive
increase of inhibitor activity exceeding 25 per
cent in at least two different measurements, when
measured with the comprehensive test system,
was observed. In two of these patients a decrease
of inhibitor activity, measured with the specific
test, exceeding 25 per cent was found, indicating
inhibitor consumption (Figure 4A and B), while
in the remaining patients no significant reduction
could be found. In the remaining patients, four
showed no change in inhibitor activity measured
with the two test systems (Figure 4C). In two
patients a decrease of inhibitor activity measured
with the comprehensive test was observed, which
in one case occurred concomitantly with a similar
decrease when the specific test system was used
(Figure 4D).

In the group treated with subcutaneous heparin
a marked increase in factor Xal-activity was
observed with the comprehensive test system
(Figure 5). The increase was most obvious in the
nonthrombotic patients although the difference
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Figure 5. Mean factor Xal-activity measured with the
comprehensive assay during and after operation in pa-
tients treated with subcutaneous heparin. No postopera-
tive thrombosis @—@®. Patients developing postopera-
tive thrombosis O—Q.
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Figure 6. Mean factor Xal-activity measured with the
specific assay during and after operation in patients
treated with subcutaneous heparin. No postoperative
thrombosis @——®. Patients developing postoperative
thrombosis O——Q.

was only significant at the 0.05 level at the end of
operation. With the specific test (Figure 6), which
measures inhibitor activity independent of hepa-
rin, a decrease was observed indicating inhibitor
consumption in both thrombotic and nonthrom-
botic patients. No significant difference in reac-
tion pattern could be observed between the two
patient groups.

In the Macrodex treated group the com-
prehensive test system showed no significant
change in FXal-activity in the nonthrombotic pa-
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Figure 7. Mean factor Xal-activity measured with the

comprehensive assay during and after operation in pa-

tients treated with Dextran 70 iv. No postoperative

thrombosis @—@. Patients developing postoperative
thrombosis O—Q.
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Figure 8. Mean factor Xal-activity measured with the
specific assay during and after operation in patients
treated with Dextran 70 i.v. No postoperative thrombosis
@®—@. Fatients developing postoperative thrombosis

o—=0C

tients (Figure 7). In the four patients developing
postoperative thrombosis an increase in FXal-
activity was found (Figure 7). With the specific
assay a decrease in FXal-activity was observed in
both thrombotic and nonthrombotic patients.
The difference between the two groups was not
significant (Figure 8).

Great individual variations in factor Xal-
activity were observed in both the heparin and
the dextran 70 treated groups. Eight patients in
the heparin group developed postoperative
thrombosis. In three of the patients the throm-
bosis was extensive, occupying calf veins and ex-
tending up in the femoral veins. Venous outflow
capacity was decreased to 14, 21 and 33 mi X 100
ml™' X min~. The comprehensive assay showed
increased factor Xal-activity secondary to hepa-
rin stimulation. A marked decrease in inhibitor
activity measured with the specific assay down
below 50 per cent was observed in two patients
(Figure 9A) and below 70 per cent in one patient.
Two patients developed calf vein thrombosis ex-
tending up in the popliteal vein causing partial
occlusion and a moderate decrease in venous
outflow capacity to 45 and 48 ml X 100 ml™ x
min~t. In three patients the thrombosis was re-
stricted to calf veins with no influence on venous
outflow capacity. In four of the five patients a
decrease in inhibitor activity below 75 per cent of
preoperative value measured with the specific
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assay was observed (Figure 9B). In one patient
no significant change in inhibitor activity was
observed.

In the remaining nine heparin treated patients,
in whom phlebography could be performed and
no postoperative thrombosis could be dem-
onstrated, six patients showed a significant de-
crease in factor Xal-activity measured with the
specific test system (Figure 9C), while in three
patients no significant change was observed (Fig-
ure 9D).

In the dextran treated group four patients de-
veloped postoperative thrombosis demonstrated
by phlebography. Three of the thromboses ex-
tended up in the femoral vein causing significant
reduction of venous outflow capacity to 23, 35
and 40 ml X 100 ml™ X min? respectively. In
one case the thrombus was restricted to calf veins
with no significant reduction of venous outflow
capacity when measured with the plethysmo-
graphic technique. In all four cases a significant
reduction in factor Xal-activity was observed
when measured with the specific assay (Figure
10A).
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Figure 9. Factor Xal-activity in patients treated with sub-
cutaneous heparin. For details see text.
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Figure 10. Factor Xal-activity in dextran treated patients.
For details see text.

In the remaining 12 patients, in whom
phlebography could be performed and no post-
operative thrombosis could be demonstrated, se-
ven patients showed a significant decrease in
FXal-activity when measured with the specific
test (Figure 10B). In one patient the decrease was
combined with a simultaneous decrease in FXal-
activity with the comprehensive test. In three pa-
tients a decrease in inhibitor activity was found
measured with the comprehensive test without
any significant decrease in specific activity.
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DISCUSSION

The present investigation is an attempt to study
the concept of hypercoagulability during
operation and the immediate postoperative
period and its relationship to postoperative ven-
ous thromboembolism. With the new differential
Xal assay, the comprehensive test provides in-
formation on the actual overall capacity of the
patient’s plasma to neutralize activated factor X,
while the specific test system measures FXal-
activity independent of circulating stimulators or
inhibitors of FXal-activity. A comparison be-
tween the results obtained with the comprehen-
sive and specific assay makes it possible to de-
monstrate a compensatory mechanism, for in-
stance release of endogenous heparin or to indi-
cate the presence of an antagonist of Xal-activity.

The results obtained in the control group
(Group C) show that a marked decrease in in-
hibitor activity measured with both test systems is
a characteristic pattern in patients with extensive
thrombus formation. This indicates that the
thrombus formation is preceded by a hyper-
coagulability state with a consumption of FXal.
The simultaneous decrease in FXal-activity
measured with the comprehensive test system is
more marked, indicating the possibility that the
degree of inhibition of coagulation may be
further impaired by an antagonist of FXal-
activity. The decrease in FXal-activity seems to
be related to thrombus size and a calf vein
thrombosis can obviously develop without any
sustained change in inhibitor activity. It is re-
markable that in the patient with postoperative
pulmonary embolism no change in FXal-activity
was found. This could be due to the fact that the
clinical signs of the embolus did not appear until
almost 1 week after the completion of the FXal-
activity measurement.

In a majority of the nonthrombotic patients
belonging to the control group an increase in
FXal-activity measured with the comprehensive
test system is observed indicating the presence of
circulating accelerators of FXal-activity. This in-
crease can obviously compensate for a decrease
in FXal-concentration as measured with the
specific test system (Figure 4A and B) and may
be an important mechanism in the prevention of
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postoperative deep vein thrombosis. In two pa-
tients a decrease in activity measured with the
comprehensive test system down to 60 and 65 per
cent of preoperative activity respectively was
observed, which in one case occurred simultane-
ously with a decrease in specific activity. A mod-
erate decrease in activity can thus be observed
without concomitant thrombus formation. This is
not astonishing, since the development of a
“hypercoagulable state” is only one of several
factors predisposing for thrombosis.

The results obtained are similar to those re-
ported by Gitel et al. (1979) in the respect that a
mean decrease in FXal-activity is found in con-
nection with a total hip replacement operation.
However, the results of the present study also
indicate that postoperative thrombosis is more
likely to occur in those patients who developed a
marked decrease in inhibitor activity.

In the heparin treated group a marked increase
in FXal-activity, measured with the comprehen-
sive test system, was found. This increased ac-
tivity is most likely secondary to an effect of
heparin on the inhibitor activity as described by
Yin (1974). With the specific test a mean de-
crease in inhibitor activity was observed, indicat-
ing inhibitor consumption in accordance with the
assumption that with the specific test it is possible
to measure FXal-activity independent of cir-
culating heparin. In seven of the eight patients
developing postoperative thrombosis a significant
reduction in inhibitor activity with the specific
test was observed. In the nonthrombotic patients
a significant decrease in inhibitor activity
occurred in six out of nine patients. The thrombus
developed in spite of a general increase in in-
hibitor activity measured with the comprehensive
test. In six patients a decrease in activity below
100 per cent at one or more occasions was
observed, while in only one patient was an ac-
tivity level below 75 per cent found. In five of the
nonthrombotic patients a similar occasional de-
crease in activity was recorded. No clear cut dif-
ference in reaction of inhibitor activity between
patients developing postoperative thrombosis
and nonthrombotic patients could be found.

In the dextran treated group a significant re-
duction in specific inhibitory activity concomitant
with an increased activity measured with the
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comprehensive test was observed in all four pa-
tients developing postoperative thrombosis. In
the nonthrombotic patients seven showed a de-
crease in specific inhibitory activity while no gen-
eral increase in comprehensive inhibitory activity
was found. The reason for the difference in reac-
tion pattern when the comprehensive test was
used between thrombotic and nonthrombotic pa-
tients is unclear.

The hypothesis that a sudden marked decrease
in FXal-activity is associated with an increased
risk of thrombus formation is supported by the
results obtained in the control group of the pres-
ent study. In the dextran and heparin treated pa-
tients the reaction pattern is much less specific. It
is possible, however, that repeated measurements
of FXal-activity during and after operation can
be used as an early indication for the need for
antithrombotic treatment. It is obvious, however,
that FXal-activity measurements alone cannot be
used in the diagnosis of venous thrombosis, since
a thrombus can develop without any significant
change in Xal-activity.

The frequency of postoperative deep vein
thrombosis found in the present study was 25, 47
and 32 per cent in Groups A—C respectively. The
difference is not statistically significant. The fre-
quency of thrombosis most likely represents the
true incidence of thrombosis, in spite of the fact
that only unilateral phlebography was performed,
since it has been shown that postoperative
thrombosis following hip surgery either is formed
in the operated leg or is bilateral (Stevens et al.
1968, Pinto 1970, Bergqvist & Dahlgren 1973).
This assumption was also confirmed by the results
of postoperative plethysmographic measure-
ments of venous outflow capacity, which in all
cases excluded the presence of major thrombosis
extending up in the popliteal or femoral veins in
the nonoperated leg. The frequency of throm-
bosis is, however, slightly lower than that found
in most studies after elective hip operations
(Pinto 1970, Evarts & Feil 1971, Nicolaides et al.
1975, Bergqvist et al. 1976, Sagar et al. 1976).
This might be explained by the protocol used,
which excluded patients from the study who
preoperatively were found to have a decreased
venous outflow capacity as a sign of previous
deep vein thrombosis and the fact that the
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phlebography was carried out as early as the sec-
ond week after operation (Bergqvist et al. 1976).

ACKNOWLEDGEMENT

Supported by research grants from the Swedish Medical
Research Counci! No. 14x — 1019 and Pharmacia AB to
S.B.

REFERENCES

Abildgaard, U. & Egeberg, O. (1968) Thrombin in-
hibitory activity of fractions obtained by gel filtration
of antithrombin III deficient plasma. Scand. J.
Haematol. 5§, 155-157.

Bergqvist, D. & Dabhlgren, S. (1973) Leg vein throm-
bosis diagnosed by '**I-fibrinogen test in patients
with fracture of the hip: a study of the effect of early
prophylaxis with dicumarol or dextran 70. Vasa 2,
121-126.

Bergqvist, D., Elwin, R., Eriksson, U. & Hjelmstedt, A.
(1976) Thrombosis following hip arthroplasty. Acta
Orthop. Scand. 47, 547-557.

Bergstrom, K. & Lahnborg, G. (1975) The effect of
major surgery, low doses or heparin and throm-
boembolism on plasma antithrombin. Thromb. Res.
6, 223-233.

Bygdeman, S., Aschberg, S. & Hindmarsh, T. (1971)
Venous plethysmography in the diagnosis of chronic
venous insufficiency. Acta Chir. Scand. 137,
423-428.

Egeberg, O. (1965) Inherited antithrombin deficiency
causing thrombophilia. Thromb. Diathes. Haemorrh.
13, 516-530.

Evarts, D. M. & Feil, E. J. (1971) Prevention of throm-
boembolic disease after elective surgery of the hip. J.
Bone Surg. 53, 1271-1280.

Gitel, S. N, Salvati, E. A., Wessler, S., Robinson, H. J.
& Worth, M. H. (1979) The effect of total hip re-
placement and general surgery on antithrombin 1 in
relation to venous thrombosis. J. Bone Joint Surg.
61-A, 653-656.

Greitz, T. (1954) The technique of ascending phlebo-
graphy of the lower extremity. Acta Radiol. 42,
421-441.

Hedner, U. & Nilsson, J. M. (1973) Antithrombin III in
clinical material. Bibl. Anat. 12, 267-271.

945

Korwald, E., Abildgaard, U. & Fagerhoim, K. (1974)
Major operations, haemostatic parameters and ven-
ous thrombosis. Thromb. Res. 4, 147—-154.

Lechner, K., Thaler, E., Niesser, H., Novotny, C. &
Partsch, H. (1977) Antithrombin-III Mangel und
Thromboseneigung. Wien. Klin. Wochenschr. 89,
212-222.

Marcinial, E., Claude, H. F. & De Simone, P. (1974)
Familial thrombosis due to antithrombin deficiency.
Blood 43, 219-231.

Nicolaides, A. N., Dupont, P. A., Parsons, D. C. S.,
Lewis, J. D., Desai, S., Appleberg, M., Horan, F,,
Walker, C. J., Benson, M. K. D., Evans, D. C., Mil-
ler, J. & Esak, K. M. (1975) Small doses of sub-
cutaneous sodium heparin in the prevention of deep
vein thrombosis after elective hip operations. Br. J.
Surg. 62, 348-350.

Pinto, D. J. (1970) Controlled trial of an anticoagulant
(warfarin sodium) in the prevention of venous
thrombosis following hip surgery. Br. J. Surg. 57,
349-352,

Sagar, S., Thomas, D. P., Stamatakis, J. D. & Kakkar,
V. V. (1976) Oral contraceptives, antithrombin 111
activity and postoperative deep vein thrombosis.
Lancet 1, 509-511.

Sagar, S., Stamatakis, J. D., Higgins, A. F., Nairn, D.,
Maffei, F. H., Thomas, D. P. & Kakkar, V. V. (1976)
Efficacy of low dose heparin in prevention of cxten-
sive deep vein thrombosis in patients undergoing to-
tal hip replacement. Lancet 1, 1151-1154.

Sas, G., Blaskd, G., Barhegyi, D., Jako, J. & Pilos,
L. A. (1974) Abnormal antithrombin Il (anti-
thrombin "III “Budapest”) as a cause of familial
thrombophilia. Thromb. Diathes. Haemorrh. 32,
105-115.

Stamatakis, J. D., Lawrence, D. & Kakkar, V.V.
(1977) Surgery, venous thrombosis and anti-Xa. Br.
J. Surg. 64, 709-711.

Stevens, J., Fardin, R. & Freeark, R. (1968) Lower
extremity thrombophlebitis in patients with femoral
neck fractures. J. Trauma 8, 527-534.

Yin, E. T. (1974) Effect of heparin on the neutraliza-
tion of factor Xa and thrombin by the plasma alpha
— 2 —globulin inhibitor. Throms. Diathes. Haemorrh.
33, 43-50.

Yin, E. T., Bygdeman, S., Welin-Berger, T. & Tangen,
O. (1977) A new differential assay for plasma Xal
(antithrombin III). Biological activity; Predictor of
postoperative DVT? Ist Florence Conf. on Haemo-
stasis and Thrombosis, Florence, Italy.

Yin, E. T., Wessler, S. & Stoll, P. J. (1971) Identity of
plasma activated factor X inhibitor with antithrom-
bin III and heparin co-factor. J. Biol. Chem. 364,
1712-1719.

Correspondence to: S. Bygdeman, M.D., Department of Clinical Physiology, St Géran’s Hospital, Box 12500,

S — 112 81 Stockholm, Sweden.



