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Thrombosis after hip replacement 
Relationship to the fibrinolytic system 

Bengt 1. Eriksson', Elsa Eriksson2, Erika Gyzander2, Ann-Catrine Teger- 
Nilsson2 and Bo Risberg3 

Twenty-nine patients were operated on with the Chamley hip prosthesis. All the pa- 
tients were given dextran 70 as thrombosis prophylaxis. Deep vein thrombosis 
(DVT) was diagnosed in 10 patients with the radioactive fibrinogen uptake test and 
phlebography . Variables of coagulation and fibrinolysis were studied before and aft- 
er surgery. Tissue plasminogen activator ([-PA) activity in the plasma without ve- 
nous occlusion decreased postoperatively, but there was no correlation with DVT. 
The t-PA activity in venous occlusion plasma was not reduced aftersurgery. Plasmi- 
nogen activator inhibitor (PAI-1) levels were raised immediately postoperatively. 
There was a significant correlation between preoperative PAI- 1 activity and develop- 
ment of postoperative DVT (P<O.OS). Patients developing DVT had higher levels of 
PAI- 1 postoperatively than patients not developing DVT. A defective fibrinolytic 
system, as defined by high PAI-I activity, thus predisposed 10 postoperative DVT. 

Reduced fibrinolytic activity increases the risk of 
spontaneous thrombosis, and it probably also plays a 
role in the development of postoperative thrombosis 
(Aberg and Nilsson 1978, Nilsson et al. 1983, Mell- 
bring et al. 1984, Sue-Ling et al. 1987). 

New knowledge and specific assays of fibrinolytic 
variables have increased the possibilities of investigat- 
ing the underlying mechanism of the fibrinolytic re- 
sponse to surgery. Impairment of the fibrinolytic sys- 
tem is often due to changes in the external system, i.e., 
reduced synthesis or release of tissue plasminogen ac- 
tivator (t-PA) from the vessel wall, or increased inhibi- 
tion of t-PA . The tissue plasminogen activator inhibi- 
tor (PAI- 1) seems to play a central role in the regula- 
tion of the fibrinolysis after trauma (Kluft et al. 1985, 
DAngelo et al. 1985). Data on plasma levels of t-PA 
and PAI- 1, related to deep vein thrombosis after sur- 
gery, have been reported by Paramo et al. 1985 and 
Kluft et al. 1986. 

The main purpose of this study was to test the hy- 
pothesis that a defective fibrinolytic system predispos- 
es to DVT after orthopedic surgery. 
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Patients and methods 

Total hip replacement with the original Chamley pro- 
cedure was done in 29 patients, 15 women and 14 men, 
meanage69years(SDk7.2). Twoofthepatients were 
operated on owing to rheumatoid arthritis, one owing 
to necrosis of the femoral head aftera cervical fracture 
and26owing toarthrosis. Oneofthepatients hadapre- 
vious history of deep vein thrombosis. Epidural anes- 
thesia was given to 20 patients and general anesthesia 
to 9 patients. Dextran 70 was given as thrombosis pro- 
phylaxis toallofthepatients with 500mLduringoper- 
ation, 500 mL within 12 hours postoperatively, and 
500 mL on the first and third days after operation. 
There were no serious intraoperative or early postoper- 
ative complications. The mean duration of operation 
was 126 min (SD + 13 min), and the mean blood loss 
was 1,398 mL (SD +450). 

Screening for deep vein thrombosis was done with 
the '251-fibrinogen uptake test before the operation and 
daily for 2 weekspostoperatively (Kakkaret al. 1970). 
The first 10 cm close to the groin were not scanned be- 
cause of interference from isotope-labeled material in 
the urinary bladder and operative hematorna in the hip 
region. A positive finding was confirmed with phle- 
bography (Greitz 1954), and a clinical follow-up of 
thromboembolism was done 6 weeks postoperatively. 

The venous occlusion test for 10 min and blood sam- 
pling were done in all the patients preoperatively 1 day 
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and 1 week postoperatively. Blood samples were taken 
from the cubital vein between 8 and 10 a.m. The blood 
was anticoagulated with one volume of 0.13 mol/L 
trisodium citrate to nine volumes of blood. Plasma was 
immediately separated by centrifugation, frozen with- 
in 10 min, and stored at -7OOC. 

The t-PA activity in the plasma was measured with a 
spectrophotometric method in the presence of polyly- 
sine, plasminogen, and the chromogenic substrate S- 
225 1 after separation from inhibitor by adsorption on 
lysine-Sepharose (Gyzander et a1 1984). The t-PA ac- 
tivity was also determined with a fibrin-plate method 
standardized with purified melanoma t-PA (from M. 
R h b y ,  UmeB) with a specific activity of approximate- 
ly 250,000 U/mg, as compared with urokinase stan- 
dard in a clot lysis assay (NorCn et a1 1975). t-PA anti- 
gen in plasma was measured by Imulyse t-PA antigen 
kit (Biopool AB, UmeB, Sweden). PAI-I activity in 
plasma was measured according to Eriksson et al. 
1988. The reference value for 40 normal individuals 
was4.0f2.8 U/mL. One unit of PAI-1 activity corre- 
sponded to the amount that inhibited 1 IU of single 
chain t-PA. 

Antithrombin 111, a.-antiplasmin, q-macroglobu- 
lin and plasminogen were analysed with chromogenic 
substrate techniques (Abildgaard 1977, Teger-Nils- 
son 1977, Harpel 1976, Friberger 1980). Fibrinogen 
was assayed with a syneresis method (Koepke 1980). 
The activity methods were standardized with pooled 
plasma from 20 normal individuals. 

To test for significant differences between DVTand 
non-DVT patients a non-parametric test, the two-tail 
Mann-Whitney U was used. The two-tail Wilcoxon 
signed rank test was used in the comparison of two 
groups in paired samples. P< 0.05 was considered 
significant. Pearson's coefficient of correlation was 
used in analysis of the relationship between the two 
methods of measuring t-PA activity. 

lowest 1 day postoperatively and increased 1 week aft- 
er theoperation. There was aclear correlation between 
activity of tissue plasminogen activator measured by 
the chromogenic-substrate method and the fibrin- 
plate method (r = 0.78, P < 0.001). These assays of t- 
PA activity did not reveal any difference between pa- 
tients who developed DVT and those who did not. 

PAI-I activity in plasma, sampled without venous 
occlusion (Table 2). Postoperative PAI- 1 values were 
increased compared with preoperative values both 1 
and 7 days after surgery. PAI-I activity reached peak 
level 1 day postoperatively and was reduced 1 week 
after the operation. The preoperative PAL1 level was 
higher in patients developing DVTcompared with pa- 
tients who did not develop DVT. This difference be- 
tween DVT and non-DVT patients was also seen 1 
week after surgery. 

t-PA antigen in plasma, sampled without venous 
occlusion (Table 2). The first day after the operation, 
t-PA antigen increased significantly, and that level was 
maintained when measured after 1 week. Patients with 
postoperative DVT had higher t-PA antigen preopera- 
tively compared with patients without DVT. The first 
postoperative day t-PA antigen was similar in both 
groups, but after 1 week, DVTpatients had highert-PA 
antigen than non-DVT patients. 

After venous occlusion the t-PA activity in plasma 
increased 10 times compared with normal plasma in 
preoperative samples (Table 3, Table 1). There was no 
change postoperatively, and there was no difference 
between DVT and non-DVT patients. The individual 
variation was wide. The chromogenic-substrate meth- 
od and the fibrin-plate method correlated well ( r  = 
0.92, P < 0.001). The t-PA antigen and PAI- 1 activity 
were not measured in stasis plasma. 

Plasminogen, qsntiplasmin, q-macroglobulin, 
fibrinogen and antithrombin I l l  in pre-occlusion 
plasma (Table 4). Plasminogen decreased one day 

Results 
Tables 1. Tissue plasminogen activator activity in plasma 
(IU/mL) without venous occlusion (n 29). All values were cor- 
rected for changes in hematocrit. Mean SD 

Deep vein thrombosis (DVT) was found in lo Of 29 pa- 
tients: calf vein thrombosis in 9, concomitant femoral 
thrombosis in 1, and isolated femoral thrombosis in 1 

nonfatal pulmonary embolism verified with perfusion 
scanning. There was no difference between epidural 
and general anesthesia in the frequency of deep vein 
thrombosis. One patient with previous thrombosis had 
a fresh thrombus in the same leg. 

t-PA activity in plasma, sampled without venous 
occlusion (Table 1). The t-PA activity was reduced 

preoperative values. The level of t-PA activity was 

patient. One of these patients had a clinically evident Method Preop. Postop. 

1 day 7days 

7*7 
*** l r - 1  

Chromogen. substr. 0.60 0.33 0.25 0.21 0.46 0.30 
Fibrin plate 0.62 0.30 0.19 0.17 0.46 0.33 

Correlation between t-PA activity measured by the chromo- 

both 1 and 7 days after the operation as with genic substrate method and the fibrln-plate method ( f  = 0.78, 
PcO.001). 
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Table 2. PAIL1 activity and t-PA antigen in plasma without venous occlusion 

Preop. 1 day postop. 7 days postop. 

DVT NonDVl Total DVT NonDVT Total DVT NonDVT Total 
n10 n19 n29 n10 n19 n29 n10 n19 n29 

PAI-1 (Wml) 

7 *** 7 1- ** I 
I - * l  1 - * 7  

Mean 7.6 4.0 5.2 20.7 12.1 15.1 16.0 5.2 9.1 
SD 4.3 4.1 4.2 11.8 8.6 9.7 11.9 4.1 6.8 

I *** 1 
1 - * l  r* 7 

t-PA antigen (nglml) Mean 10.9 8.3 9.4 14.4 13.2 13.6 18.8 12.1 14.2 
5.3 4.1 4.6 8.4 3.0 6.6 SD 2.9 2.0 2.6 

PAL1 activity (U/ml) and t-PA antigen (ng/rnl) measured in plasma without venous occlusion all values were corrected for 
changes in hematocrit. *=  Pc 0.05, ** = Pc 0.01, and *** = P c  0.001 

Table 3. Tissue plasminogen activator activity (IUlmL) in ve- 
nous occlusion plasma (n 29). All values were corrected for 
changes in hematocrit. Mean SD 

Method Preop. Postop. 

1 day 7days 

Chromogen.substr. 6.9 6.7 7.0 6.9 5.6 5.2 
Fibrin plate 7.8 7.7 7.3 7.2 5.9 4.9 

Correlation between t-PA activity measured by the chro- 
mogenic-substrate method and the fibrin-plate method 
( r=  0.92, Pc0.001). 

after the operation and was increased 1 week postoper- 
atively compared with preoperative values. The a,-an- 
tiplasmin was unchanged the first postoperativeday, 
and increased 1 week after the operation. In contrast, 
%-macroglobulin showed a decrease both 1 day and 1 
week postoperatively. Fibrinogen followed the pattern 
ofa,-antiplasmin. Changes in Antithrombin I11 postop- 
eratively were small, though significant. None of these 
variables correlated with DVT. 

Discussion 

The mechanism of postoperative deep vein thrombosis 
(DVT) is complex. There is increasing evidence that 
impairment of the fibrinolytic system predisposes to 
thromboembolic disease. Impaired fibrinolytic capac- 
ity is an important etiologic factor in spontaneous 
thrombosis (Pandolfi et al. 1969, Nilsson et al. 1985, 
Wiman et al. 1985, Juhan-Vague et al. 1987). Follow- 
ing trauma, there is a fibrinolytic shut down within the 
first few postoperative days. The mechanism is not 
completely clarified, but a rapid postoperative in- 
crease of tissue plasminogen activator inhibitor (PAI- 
1) seems to be of importance (Kluft et al. 1985). 

Mellbring et al. (1983) found that patients subjected 
tomajor abdominal surgery with increased fibrinolytic 
activity preoperatively were less prone to develop 
postoperative DVT. These findings were in agreement 
with other authors who reported a correlation between 
reduced fibrinolytic activity and postoperative throm- 
bosis (Paramo et al. 1985, Sue-Ling et al. 1987). In 
contrast to these studies are reports where no correla- 

Table 4. Fibrinolytic parameters in plasma without venous occlusion. All values were corrected for changes in hematocrit. Mean SD 

Preop. 1 day postop. 
n 29 n 28 

~ 

7 days postop. 
n 29 

~~~~~ 

Plasminogen (%) ~ 94.9 14.1 75.1 9.4 112 21.2 
%Antiplasmin (“A) 96.4 9.20 93.9 11.0 119 14.9 
$-Macroglobulin (g/L) 1.97 0.69 1.47 0.40 1.53 0.35 
Fibrinogen (g/L) 3.11 0.68 3.06 0.51 5.14 1.01 
Antithrombin 111 (%) 96.4 10.5 90.6 8.6 110 13.7 
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tion between fibrinolysis and postoperative thrombo- 
sis was found (Macintyre et al.1976, Reilly et al. 
1980). 

There are, however, reasons to reevaluate previous 
studies. New techniques for accurate measurement of 
t-PA, t-PA antigen, and PAL1 have improved the un- 
derstanding of fibrinolytic reactions. Contradictory 
reports on the relationship between fibrinolysis and 
postoperative thrombosis might also be due to differ- 
ent types of surgery. A difference inthrombogenic me- 
chanism in abdominal versus orthopedic surgery has 
been suggested (Paramo et al. 1985, Kluft et a. 1986). 

The main finding from the present study was that 
high preoperative PAL 1 predisposes to DVT. Further, 
DVT patients had significantly higher preoperative 
values of t-PA antigen. One week after the operation, 
levels of PAI-1 and t-PA antigen were higher in throm- 
bosis patients. Thus, patients with defective fibrinolyt- 
ic system were inclined to develop DVT. There was a 
fibrinolytic shutdown the first postoperative day, ex- 
pressed as reduced t-PA activity and elevation of PAI- 
1 activity. t-PA antigen increased after surgery, and the 
increase was still evident 1 week after operation. 

Not much is known about regulation of the synthesis 
and release of t-PA and PAI-I, but these findings 
could indicate that t-PA and PAL1 are acute phase re- 
actants. Kluft et al. (1985) verified this for PAI-1, 
which they found to be a very rapid acute-phase reac- 
tant. Regulation of t-PA release may, however, occur 
by different routes, and is probably related to endothe- 
lial cells. The increase of PAI-I was more rapid and 
more pronounced than that of t-PA, causing the post- 
operative fibrinolytic shutdown. PAI-1 levels were 
raised immediately postoperatively. The low t-PA ac- 
tivity in spite of elevated t-PA antigen suggested that 
the fibrinolytic response to surgery, to a great extent, 
was determined by the inhibitor PAI-I . This was also 
in accordance with other authors (D’Angelo et al. 
1985,Mellbringetal. 1985).Thevery low t-PAactivi- 
ty after operation in plasma without venous occlusion 
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