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Summary

Fibrinogen, euglobulin lysis time (ELT), tissue-type plasmino-
gen activator (t-PA) antigen, plasminogen activator inhibitor
activity (PA-inhibitor) and ay-antiplasmin (0,-AP) were measured

pre- and postoperatively in 60 patients undergoing total hip

replacement. Reduced fibrinolytic activity as assessed by the
prolongation of euglobulin lysis time, decrease of t-PA and
increase of PA-inhibitor and a,-AP could be demonstrated. These
changes did not correlate with the postoperative deep vein
thrombosis (DVT) diagnosed with the I-fibrinogen test. How-
ever, preoperative PA-inhibitor activity was significantly higher in
patients with postoperative DVT (p <0.01). The prophylactic
treatment with aspirin (20 patients) and with heparin plus dihy-
droergotamine (20 patients) induced significant changes in some
of those parameters.

This study shows that the decrease of t-PA and the increase of
PA-inhibitor may contribute to the reduced postoperative fi-
brinolytic activity after total hip replacement. PA-inhibitor level
might be a useful marker in evaluating the risk of developing
DVT in patients undergoing total hip replacement.

Introduction

Impairment of the fibrinolytic system has been found in
association with postoperative venous thrombosis (1). A reduct-
ion in blood fibrindlytic activity after major surgery is generally
accepted (2, 3, 4). Whether defective fibrinolysis is due to a
decrease in plasminogen activator or enhancement of inhibitor
levels has not been established yet (5, 6, 7). Recently, the
existence of a fast-acting inhibitor of plasminogen activator (PA-
inhibitor), which may play an important role in the regulation of
fibrinolysis, has been demonstrated in human plasma (8, 9, 10).
Increased levels in this PA-inhibitor have been observed in
clinical and experimental conditions related to thrombotic
phenomena (11, 12).

We studied the fibrinolytic activity assessed by the determinat-
ion of tissue-type plasminogen activator (t-PA) and its fast-acting
inhibitor pre- and postoperatively in patients undergoing total hip
replacement to further correlate these parameters with the
development of postoperative deep vein thrombosis (DVT). The
influence of prophylaxis with aspirin or a combination of heparin
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plus dihydroergotamine (heparin-DHE) on those related changes
is also evaluated.

Materials and Methods

Patients

Sixty patients subjected to total hip replacement were randomized into
three groups of 20 patients each:

— Control group. No specific prophylaxis for DVT was given. The mean
age was 62 years and the sex ratio M/F was 13/7

— Aspirin group. They received aspirin 0.5 g twice daily starting
preoperatively until the seventh postoperative day. The mean age was
66 years and the sex ratio M/F was 11/9.

— Heparin-DHE group. They received a combination of 5000 IU of
sodium heparin (Roche®) plus 0.5 mg dihydroergotamine (Sandoz®)
subcutaneously, starting preoperatively and repeated every 12 hr for
seven days. The mean age was 58 years and the sex ratio M/F was 11/9.
All patients were screened for DVT by the *I-fibrinogen uptake test

as described (13).

Plasma samples were taken preoperatively and on the first, third and
seventh postoperative days in siliconized vacutainer tubes {Terumo®,

Leuven, Belgium) containing 1/10 volume of 0.13 mmol/l sodium citrate.

Reagents

Fibrinogen was purified according to Blombaick et al. (14). Plasmino-
gen was prepared by affinity chromatography as described (15). Fibrino-
gen fragment was obtained by digestion of fibrinogen with CNBr as
described (16).

Two-chain human melanoma cell ¢-PA was kindly provided by Dr.
Collen (Leuven, Belgium). The preparation used in the present study had
a specific activity of 100000 U/mg as compared to the International
Urokinase Standard. Chromogenic substrate S-2251 was obtained from
Kabi Diagnostica (Sweden).

Methods

Fibrinogen was determined by Clauss method (17). Euglobulin [ysis
time (ELT) was performed according to von Kaulla et al. (18). o,
Antiplasmin (v,-AP) was determined by chromogenic substrates as
described (19). t-PA antigen was measured by a two-site
immunoradiometric assay (IRMA) as described (20). The fast-acting
inhibitor of plasminogen activator (PA-inhibitor) was determined by
adding 2 U of t-PA to plasma diluted four-fold or more with 0.02 M tris
HCI, 0.1 M NaCl, 0.01% Triton X-100 pH 8.8 (Tiis buffer) and incubated
for 1 min a 37° C. The samples (100 pl) were acidified with 100 pl of
0.16 M HCI and incubated 10 min at room temperature to efficiently
destroy plasmin inhibitors. The pH was adjusted by the addition of 100 pl
of 0.16 M NaOH and 700 pl of Tris buffer. In a microtitre plate (Linbro®,
Flow Laboratories) were added 100 pl of the test solution and 100 ul of a
mixture containing 0.5 pM human plasminogen, 0.6 mM S$-2251 and
0.09 g/l CNBr fibrinogen digest. The plate was incubated at 37° C and the
change in absorbance at 405 nM was measured with a titertek multiskan
spectrophotometer (Flow Laboratories, Irvine, Scotland). Inhibitor activ-
ity was expressed in units of plasminogen activator inhibited per ml.
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.1 Pre- and postoperative levels of fibrinogen, ELT, t-PA antigen,
-inhibitor and a,-AP in 60 patients undergoing total hip replacement.
an = SEM is reported. *p <0,03; **p <0,001
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.2 Pre- and postoperative levels of fibrinogen, ELT, t-PA antigen,
-inhibitor and a,-AP in patients with (—) and without (——~) postopera-
> DVT. Mean = SEM is reported. *p <0.01
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Statistical Methods

Student’s t-test was used to compare groups. Student’s t-test for paired
observations was used to compare the values of different days within each
group. The data were processed on a IBM 4341 computer and a BMDP
program was used to perform the statistical analysis (21).

Results

Incidence of DVT

Among the 60 patients, 8 in control group (40%), 1 in aspirin
group (5%) and 4 in heparin-DHE group (20%) developed DVT
according to the '»I-fibrinogen test. The difference was statisti-
cally significant for aspirin group as compared to control group (p
<0.01). Only one patient in the control group showed signs and
symptoms of pulmonary embolism.

Postoperative Changes

The pre- and postoperative levels in the fibrinolytic parameters
studied for the 60 patients are shown in Fig. 1.

There was a highly significant rise in the fibrinogen levels and a
prolongation of euglobulin lysis time postoperatively (p <0.001);
t-PA antigen decreased on the third postoperative day when
compared to the preoperative level (p <0.03) with no differences
on days 1 and 7. PA-inhibitor showed a rapid increase of short
duration on the first postoperative day (p <0.001) with no
changes on days 3 and 7. 0,-AP increased slightly on day 1 (p
<0.03) and markedly on days 3 and 7 (p <0.001).

No correlation was found between plasma PA-inhibitor activity
and t-PA antigen levels.
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Fig.3 Pre- and postoperative levels of fibrinogen, ELT, t-PA antigen,
PA-inhibitor and a,-AP in control group (O), aspirin group (@) and
heparin-DHE group (A)




Correlation with Isotopic Deep Vein Thrombosis

The pre- and postoperative levels in the fibrinolytic parameters
for patients with and without DVT are shown in Fig.2. There
were no significant differences between the groups as regards the
postoperative levels of fibrinogen, ELT and o,-AP. Moreover,
t-PA antigen and PA-inhibitor activity did not correlate with the
postoperative DVT. However, PA-inhibitor levels were signifi-
cantly higher preoperatively (p <0.01) in patients with DVT
(mean 2.8) than in those without DVT (mean 2.2).

Influence of Prophylaxis

As shown in Fig. 3 significant differences were observed when
control, aspirin and heparin-DHE groups were compared in
relation to the changes observed postoperatively. Fibrinogen and
ELT showed similar evolution in the three groups. However,
whereas in the control group there was a significant decrease in
t-PA antigen on the 3rd postoperative day, an increase in PA-
inhibitor on the 1st day and an increase in ay-AP throughout the
postoperative period with respect to the preoperative level, no
differences in these parameters were observed in the heparin-
DHE group. Moreover, lower t-PA antigen and higher PA-
inhibitor levels were observed in the aspirin group with respect to
the control group.

Discussion

Reported results on fibrinolytic parameters during the post-
operative period are conflicting. A postoperative fibrinolytic shut-
down and a reduced fibrinolytic activity have been related to the
development of DVT (2, 4, 22). In this study impairment of
fibrinolysis as assessed by reduced t-PA levels and increased PA-
inhibitor and u,-AP was observed (Fig. 1) and thus a postopera-
tive fibrinolytic shut-down was present. However, no differences
in the laboratory parameters studied were found in relation to the
incidence of postoperative DVT (Fig. 2). This finding agrees with
previous reports (22, 23, 24). We have found significantly higher
preoperative PA-inhibitor levels in patients with postoperative
DVT. The clinical relevance of this difference, not previously
reported in the literature, is at present unknown but it seems that
preoperative PA-inhibitor levels in plasma may have a predictive
value and therefore be useful for identification of patients
requiring prophylaxis of postoperative DVT.

When prophylaxis was administered significant postoperative
changes were observed both in aspirin and heparin-DHE groups
when compared to the control group (Fig.3). A significant
decrease in the t-PA antigen levels on the seventh postoperative
day and an increase in PA-inhibitor on the third postoperative day
with respect to the preoperative value were demonstrated in the
aspirin group but not in the control group. The effect of aspirin on
fibrinolysis has not been well established yet. Some authors have
demonstrated an increase in fibrinolytic activity after ingestion of
aspirin (25, 26); in contrast, Ghezzo et al. (27) have shown a
decrease in fibrinolysis. A “paradoxical” thrombotic effect of
aspirin was demonstrated under experimental conditions (28).
Our results are in agreement with those recently reported by
Levin et al. (29), who have shown that aspirin inhibits vascular
plasminogen activator activity in vivo. No significant differences
in t-PA antigen, PA-inhibitor and a,-AP were found postopera-
tively in the heparin-DHE group when compared to the preopera-
tive levels. The exact meaning of these findings related to
heparin-DHE administration is unknown. Several studies show
contradictory results regarding the effect of heparin on fibrinoly-
sis (30, 31, 32).

The present study shows that the reduced overall fibrinolytic
activity after total hip replacement is not due exclusively to the
reduction in t-PA levels and may be explained by the increase in
PA-inhibitor activity. However, these changes do not correlate
with the development of postoperative DVT. The possibility that
PA-inhibitor may be a useful predictive marker needs further
evaluation.

Acknowledgements

Financial support was obtained from the Comision Asesora de
Investigacién Cientifica y Técnica (N° 1414-82) del Ministerio de Educa-
cién y Ciencia, Spain.

References

p—

Vermylen J G, Chamone D A F. The role of the fibrinolytic system in

thromboembolism. Progr Cardiovasc Dis 1979; 31: 255-66.

Sautter R D, Myers W O, Ray III1 J F, Wenzel F J. Relationship of the

fibrinolytic system to postoperative thrombotic phenomena. Arch

Surg 1973; 107: 292-6.

3 Maclntyre I M C, Webber R G, Crispin J R, Jones D R B, Wood J K,
Allan N C, Prescott R J, Ruckly C V. Plasma fibrinolysis and
postoperative deep vein thrombosis. Br J Surg 1976; 63: 694-7.

4 Knight M T N, Dawson R, Melrose D G. Fibrinolytic response to
surgery. Labile and stable patterns and their relevance to postopera-
tive deep vein thrombosis. Lancet 1977; 1: 370-3.

5 Sue-Ling H M, Davies J A, Prentice C R M, Verheijen J H, Kluft C.

Effects of oral stanozolol used in the prevention of postoperative deep

vein thrombosis on fibrinolytic activity. Thromb Haemostas 1985; 53:

141-2.

Kluft C, Verheijen I H, Cooper P, Chang G T G, Jie A F H, Blamey S

L, Lowe G D O, Forbes C D, Preston F E. Post-operative changes in

the activity in blood of extrinsic (tissue-type) plasminogen activator

and its fast-acting inhibitor. Haemostasis 1984; 14: 41 (Abstr).

Sue-Ling H M, Davies J A, McMahon M J, Johnston D, Philips P R,

Anderson J A, Bertina R M, Verheijen J H, Kluft C. Indicators of

depressed fibrinolytic activity in prediction of postoperative deep vein

thrombosis. Haemostasis 1984; 14: 176 (Abstr).

8 Chmielewska J, Ranby M, Wiman B. Evidence for a rapid inhibitor to

tissue plasminogen activator in plasma. Thromb Res 1983; 31: 427-36.

Verheijen J H, Chang G T G, Mullaart E. Inhibition of extrinsic

(tissue-type) plasminogen activator by human plasma: evidence for

the occurrence of a fast-acting inhibitor. Thromb Haemostas 1983; 50:

294 (Abstr).

10 Kruithof E K O, Ransijn A, Bachmann F Inhibjtion of tissue
plasminogen activator by human plasma. In: Progress in Fibrinolysis.
Davidson J F, Bachmann F, Bouvier C A, Kruithof E K O (Eds).
Churchill Livingstone, Edinburgh 1983; VI: 365-9.

11 Juhan-Vague I, Moerman B, De Cock F Aillaud M F, Collen D.
Plasma levels of a specific inhibitor of tissue-type plasminogen
activator (and urokinase) in normal and pathological conditions.
Thromb Res 1984; 33: 523-30.

12 Colucci M, Paramo J A, Collen D. Generation in plasma of a fast-
acting inhibitor of plasminogen activator in response to endotoxin
stimulation. J Clin Invest 1985; 75: 818-24.

13 Kakkar V V. The diagnosis of deep vein thrombosis using the
fibrinogen test. Arch Surg 1972; 104: 152-9.

14 Blombick B, Blombick M. Purification of human and bovine fibrino-
gen. Ark Kemi 1956; 10: 415-28.

15 Deutsch D G, Mertz E T. Plasminogen: purification from human
plasma by affinity chromatography. Science 1970; 170: 1095-6.

16 Verheijen J H, Mullaart E, Chang G T G, Kluft C, Wijngaards G. A
simple, sensitive spectrophotometric assay for extrinsic (tissue-type)
plasminogen activator applicable to measurements in plasma. Thromb
Haemostas 1982; 48: 266-9.

17 Clauss A. Gerinnungsphysiologische Schnellmethode zur Bestimmung
des Fibrinogens. Acta Haematol 1957; 17: 237-43.

18 Von Kaulla K N, Schultz R L. Methods for the evaluation of human

fibrinolysis. Studies with two combined techniques. Am J Clin Pathol

1958; 29: 104-9.

[\]

[=%

~J

o

IZSI_

715

—_— T



[eger-Nilsson A C, Friberger P, Gyzander E. Determination of a new
rapid plasmin inhibitor in human blood by means of a plasmin specific
tripeptide substrate. Scan J Clin Lab Invest 1977; 37: 403-9.

Rijken D C, Juhan-Vague I, De Cock F, Collen D. Measurement of
human tissue-type plasminogen activator by a two-site
immunoradiometric assay. ] Lab Clin Med 1983; 101: 274-84.

Dixon W J. BMDP statistical software. University of California, Los
Angeles 1981.

Mellbring G, Dahlgren S, Reiz S, Wiman B. Fibrinolytic activity in
plasma and deep vein thrombosis after major abdominal surgery.
Thromb Res 1983; 32: 575-84.

[aberner D A, Poller L, Burslem R W. Antiplasmin concentrations
after surgery: Failure of u,-antiplasmin to rise in patients with venous
thrombosis. Br Med J 1979; 1: 1122-3.

Mellbring G, Nilsson T, Bergsdorf N, Wallen P. Tissue plasminogen
activator concentrations in major abdominal surgery. Relationship to
postoperative deep vein thrombosis. Thromb Res 1984; 36: 331-4.
Menon I S. Aspirin and blood fibrinolysis. Lancet 1970; 1: 364.
Moroz L A. Increased blood fibrinolytic activity after aspirin inges-
tion. N Engl J Med 1977; 296: 525-9.

Ghezzo F, Trinchero P, Pegoraro L. Effects of aspirin treatment upon
fibrinolytic activity of peripheral blood granulocytes. Acta Haematol
1981; 65: 229-32.

28

29

30

31

32

Zimmerman R, Thieesen M, Morl H, Weckesser G. The paradoxical
thrombogenic effect of aspirin in experimental thrombosis. Thromb
Res 1979; 16: 843-6.

Levin R I, Harpel P C, Weil D, Chang T S, Rifkin D B. Aspirin
inhibits vascular plasminogen activator activity in vivo. Studies
utilizing a new assay to quantify plasminogen activator activity. J Clin
Invest 1984; 74: 571-80.

Collen D, Semeraro N, Telesforo P, Verstraete M. Inhibition of
plasmin by aatithrombin-heparin complex. Br J Haematol 1978; 39:
101-10.

Vairel G E, Brouty-Borge H, Toulermonde F, Doutremepuich C,
Marsh N A, Gaffney P J. Heparin and a low-molecular weight fraction
enhance thrombolysis and by this pathway exercise a protective effects
against thrombosis. Thromb Res 1983; 30: 219-24.

Vinazzer H, Sternberger A, Haas S, Blumel E. Influence of heparin,
of different heparin fractions, and of a low molecular weight heparin-
like substance on the mechanism of fibrinolysis. Thromb Res 1982; 27:
341-51.

Received May 9, 1985 Resubmitted July 17, 1985
Accepted August 30, 1985

~

A. G.OUDOT-PERROT Electr onic ChemiStl'y
of the Nervous System

By Dr. Andrée Goudot-Perrot, Paris

Preface by
Prof. Léon-Jacques Delpech, Paris

Translated by Owen Leeming

1985. XV, 217 pages, 54 figures,
11 tables,

cbd. DM 64,-

[SBN 3-7945-1018-6

D Schattauer

Stuttgart — New York

This booklet informs about the up to
date knowledge on the molecular
biochemistry of the neuron with spe-
cial reference to quantic biochemis-
try, how conduction in the nerve
takes place and how the interneuron-
al synaptic transmission works in the
synapses and in the motor endplates.
Spinoganglionic coordination cen-
ters (reflex action) and its modula-
tion by certain chemicals are discus-
sed as well as the molecular
neurochemistry and the neurohor-
monal activity of the brain (i.e.
coordination, sleep and memory).
The transcoding of sensory informa-
tion is also described in detail, i.e.
the processing of light, sound, chem-
ical and tactile information and the

physiology of pain. One of the most
outstanding and important chapters
explains the relationship between
drugs and the nervous system.

This is a necessary and timely book,
an indespensable reading for those
who want to level with biology, phar-
macology, biochemistry and bio-
physics of the nervous system. A
concise description of what a modern
scientist should know about this
complicated matter, written by one
of the best known specialists in this
field.




