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The incidence of deep vein thrombosis in 244 patients who had total knee replacement has been studied.

In 120 the prosthesis was cemented and in 124 it was cementless. In all cases the replacement was primary

and a porous-coated prosthesis with a porous-coated central tibial stem was used. Deep vein thrombosis was

diagnosed by venography, and pulmonary embolism by perfusion scanning.

The incidence of deep vein thrombosis in the cementless knees (23.8%) and in the cemented (25%) was

approximately the same. The only significant predisposing factors for deep vein thrombosis in both groups

were obesity, prolonged postoperative immobilisation, previous venous disease and hyperlipidaemia.

The reported incidence of deep vein thrombosis after

cemented total knee replacement ranges from 50% to

72% (McKenna Ct a! 1976; Lotke et al 1984; Stulberg et

al 1984). Clinical risk factors for deep vein thrombosis

that have been identified include advanced age, sedentary

patients, previous venous thrombo-embolism, the pres-

ence of malignant disease, cardiac failure, prolonged

immobility orparalysis, obesity, varicose veins, oestrogen

therapy, and genetic and dietary factors (Nicolaides and

Irving 1975; Kim and Suh 1988). Although cementless

knee replacement is performed with increasing frequency

in patients with advanced arthritis, the incidence of deep

vein thrombosis after this procedure has not been

documented.

In 244 consecutive patients undergoing primary

total knee replacement venography was performed, both

pre-operatively and postoperatively, in an attempt to

determine the incidence of deep vein thrombosis as well

as its location and the risk factors. The incidence of deep

vein thrombosis in cementless as distinct from cemented

replacement was also studied.

MATERIALS AND METHODS

In all, 244 consecutive patients over 50 years of age were

studied. They had had primary total knee replacement,

using a porous-coated prosthesis with a porous-coated

central tibia! stem (PCA ; Howmedica, Rutherford, New
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Jersey). Ofthese, 124 patients (168 knees) had cementless

replacement and 120 (160 knees) were cemented. All the

patients were requested to discontinue all aspirin or

aspirin-containing compounds and any other antiplatelet

medication 14 days before admission to hospital for

operation.

In the cementless group, 80 patients had unilateral

replacements (40 left and 40 right), and 44 had bilateral

replacements (24 were one-staged and 20 two-staged).

There were 70 women and 54 men with an average age

of 60.5 years (range 50 to 82) : 66 were 50 to 59, 44 were

60 to 69, 12 were 70 to 79, and two were 80 to 89. The

diagnosis was osteoarthritis in 70 patients (94 knees),

rheumatoid arthritis in 28 (44), tuberculous arthritis in

18 (20), traumatic arthritis in six (6), and avascular

necrosis of the lateral femoral condyle in two (4).

In the cemented group, 80 patients had unilateral

replacement and 40 bilateral (18 were one-staged and 22

were two-staged). In 64 patients the right knee was

replaced ; in 56 the left. There were 70 women and 50

men with an average age of 60.3 years (range 50 to 85):

56 were aged 50 to 59, 44 were aged 60 to 69, 12 were

aged 70 to 79, and eight were between 80 and 89. The

diagnosis was. osteoarthritis in 74 patients (102 knees),

rheumatoid arthritis in 42 (54), and tuberculous arthritis

in four (4). All patients were followed for at least one year

after the arthroplasty.

During the operation (both cementless and ce-

mented), a pneumatic tourniquet was maintained on the

proximal part of the thigh to occlude the arterial

circulation, and the tourniquet time was recorded. All

operations were carried out by the author. No patient

wore elastic stockings or elastic wraps either before or

during the operation, and postoperatively only 28 patients

wore an elastic stocking, which was prescribed because
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of swelling of the lower limb. Two suction drains were

placed in the wound ; they were removed after 24 hours.

Postoperatively, the limb was immobilised in a

cylinder cast splint and elevated on two pillows. Quadri-

ceps exercises were initiated the day after the surgery

and all splints and dressings were removed at 48 hours.

On the third postoperative day, knee movements were

started. A sling was used at all times to encourage flexion

by gravity. Standing was allowed on the second postop-

erative day, and walking with crutches and partial

weight-bearing was permitted shortly thereafter. No

patient received prophylactic agents for deep vein

thrombosis.

Coagulation assays (platelet count, prothrombin

time, partial thromboplastin time, fibrinogen, antithrom-

bin III and factor VIII), complete blood count, blood

typing and serum chemical profile tests were performed

in all patients on three separate occasions : one on the

day before operation, one on the second or third

postoperative day, and one on the seventh or eighth

postoperative day.

The pre-operative venograms were performed bilat-

erally within two days of the anticipated surgery, and the

postoperative venograms at 10 to 1 1 days. The criterion

for diagnosing acute postoperative deep vein thrombosis

was a filling defect in a deep vein, or defects surrounded

by a narrow rim ofcontrast material.

Variations of the anatomy of the superficial femoral

and popliteal veins were also studied, and the number of

valves in the deep veins from the level of the popliteal

fossa up to the ischial spine region was tabulated (Fig.

1). The incidence ofdeep vein thrombosis was correlated

with these two factors.

In all cases, electrocardiograms, chest radiographs

and serial determinations of blood gases and serum

enzymes were performed. All patients had perfusion

lung-scanning using a standardised technique. The pre-

operative examination was compared with that per-

formed nine to 10 days after the arthroplasty. Ventilation

lung-scanning and pulmonary angiography were per-

formed if the perfusion lung-scanning was positive ; if it

was negative, no further studies were done.

The blood loss at operation was assessed by weighing

the swabs, calculating the amount of contained blood

and adding this to the amount obtained from wound

suction. The total volume obtained by suction drainage

from the operation site was taken as the postoperative

blood loss. The amounts of blood and blood products or

blood substitutes used intra-operatively and postoper-

atively were recorded.

RESULTS

In neither the cemented nor the uncemented knees were

any fresh or old thrombi detected in the pre-operative

venograms. Postoperatively, of the 168 venograms in the

124 patients with a cementless replacement, 40 (23.8%)

The number of valves in the superficial femoral vein from the

level of the popliteal fossa up to the ischial spine region was

counted. In this patient there are six venous valves.

were positive for fresh deep vein thrombosis, while 40

(25%) of the 160 venograms were positive in the 120

patients with a cemented replacement. In the two groups

all but two thrombi were located in the calf veins; two

extended proximally into the popliteal vein (Fig. 2).

In the cementless group, the mean age of the 40

patients with deep vein thrombosis was 63.2 years (range

5! to 69) while the mean age of the 84 patients without

deep vein thrombosis was 60. 1 years (range 50 to 82); 22

of the patients with thrombi were 50 to 59 years old, and

18 were 60 to 69.

In the cemented group, the mean age of the 40

patients with thrombi was 65 years (range 50 to 75), while

that of the 80 patients without thrombi was 63.7 years

(range 50 to 85); 20 of the patients with thrombi were 50

to 59 years old, 14 were 60 to 69, and six were aged 70 to

79.

Among the patients with deep vein thrombosis after

cementless replacement, 24 knees had osteoarthritis, 12

had rheumatoid arthritis and four had tuberculous

arthritis. Of the 70 patients (94 knees) with osteoarthritis

24 (25.5%) had deep vein thrombosis, while of the 28

patients (44 knees) with rheumatoid arthritis 12 (27.3%)

had deep vein thrombosis. In the cemented group, 26

knees (25.5%) in the 74 patients (102 knees) with

osteoarthritis and 14 knees (25.9%) in the 42 patients (54

knees) with rheumatoid arthritis had deep vein throm-

bosis.

In both cementless and cemented groups, the

incidence ofdeep vein thrombosis after bilateral replace-
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A 60-year-old woman who had a cementless total knee

replacement has deep vein thrombosis in the calf vein, which

extends proximally into the popliteal vein.

ment was similar to that after unilateral replacement;

furthermore, one-staged bilateral replacement did not

increase the risk ofdeveloping deep vein thrombosis.

No statistical difference (p > 0.05) in the incidence

of deep vein thrombosis with respect to venous anatom-

ical variations was found in either the cementless or the

cemented knees ; nor was there any correlation (p > 0.05)

between the incidence of deep vein thrombosis and the

numberofvalves in the twogroups. In both the cementless

and cemented groups, comparison of the coagulation

assay data of the normal and the abnormal venograms

showed no significant differences pre- or postoperatively.

In the cementless group, the average weight of the

patients who did not have deep vein thrombosis was

57.4 kg (range 44 to 69); that of the patients who had

thrombosis was 7! .7 kg (range 60 to 89). In the cemented

group, the average weight of the patients who did not

have thrombosis was 55.3 kg (range 34.5 to 58), while

that of the patients who had thrombosis was 68.3 kg

(range 62 to 75).

Of the 124 patients with cementless replacement, 24

required treatment for hypertension ; four of these

patients had thrombosis, but the remaining 20 did not.

Of the 120 patients with cemented replacement 14

required treatment for hypertension, but none of them

had thrombosis.

In both groups, the average times of anaesthesia,

operation and tourniquet in the patients with or without

thrombi were not statistically different (p > 0.05). In the

patients with or without deep vein thrombosis, in both

cementless and cemented groups, the blood loss was

nearly the same ; nor was there any difference in the

haematocrit values, whether pre-operative, postoperative

on the day of operation, on the first postoperative day, or

on the following day. Also, no differences were observed

in the pre-operative cholesterol, triglyceride, total protein

and calcium levels.

The average intervals from the time of the surgery

until the patient sat on the edge of the bed (one day),

walked for the first time (three days), and was discharged

from hospital (14 days) were the same in the patients

with or without thrombosis in both cementless and

cemented groups.

No pulmonary emboli occurred in our series, as

evidenced by the perfusion lung-scanning and the

complete absence of clinical symptoms. One patient had

wound separation which required secondary closure. No

patient had an allergic reaction to the contrast media

used for the venograms.

DISCUSSION

In this study it emerged that some of the factors widely

believed to be associated with deep vein thrombosis did

not appear to be so, while other factors did. Despite the

common belief, none of the following factors were found

to be associated with deep vein thrombosis : advanced

age, the underlying disease, one-staged or two-staged

bilateral replacement, venous anatomical variations, the

number of venous valves, the coagulation assay data,

blood group, hypertension, tourniquet time, choice of

cemented or cementless replacement, the severity or

duration of the operation, profuse operative blood loss,

or a large amount of blood transfused.

While several studies have shown that the incidence

of deep vein thrombosis and pulmonary embolism

increases after 40 years of age (Salzman and Harris 1976;

Nillius and Nylander 1979; Sikorski, Hampson and

Staddon 1981 ; Hull and Raskob 1986) others have

reported no correlation between the age of the patient

and the development of deep vein thrombosis (Cohen et

al 1973 ; McKenna et a! 1976; Stulberg et al 1984; Kim

and Suh 1988). This present study supports the view that

advanced age does not constitute a risk factor.

McKenna et al (1976) claimed that there was a lower

incidence ofdeep vein thrombosis in rheumatoid patients

because they had had a high dosage of aspirin in one

form or another; and Sikorski et al (1981) reported a

higher incidence in patients with osteoarthritis. However,

others (Cohen et al 1973 ; Stulberg Ct al 1984 ; Kim and

Suh 1988) have reported no such correlation, and this

present study supports the view that there is no specific

correlation between the different types of arthritis and

deep vein thrombosis.

Stulberg et al ( 1 984) reported that while the incidence
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of deep vein thrombosis in each knee after two-staged

bilateral total knee replacement was comparable with

that after the unilateral replacement, one-staged bilateral

replacement substantially increased the risk of develop-

ing deep vein thrombosis. Morrey et al (1987) found that

the incidence of deep vein thrombosis was no greater in

their patients who had two-staged bilateral knee replace-

ment than in those who had unilateral replacement. This

present study has shown that the incidence of deep vein

thrombosis has no specific correlation with one- or two-

staged bilateral replacement. Liu et a! (1986) suggested

that limbs with multiple superficial femoral veins and

with more than five valves were at higher risk of deep

vein thrombosis after cemented total hip replacement

and claimed that venous stasis may predispose the limb

to thrombosis. Kim and Suh (1988) concluded that there

was little correlation between venous stasis and the

development of thrombosis after cementless total hip

replacement.

No significant difference in predilection for throm-

bosis between patients with anatomical venous variations

and those without such anomalies, has been found in the

present study, nor between patients with more than five

valves and those with less. These findings lead us to

believe that there is no correlation between venous stasis

and the development of thrombosis.

Stulberg, Lucas and Belhobek (1984) suggested that

there was a possible correlation between antithrombin

III activity and the occurrence of deep vein thrombosis

after a cemented total hip replacement. In their prospec-

tive evaluation of antithrombin III activity, they noted

abnormal depression of this activity in all patients with

documented deep vein thrombosis. Gallus (198!) and

Kim and Suh (1988), however, found no such correlation

and this present series supports that conclusion.

After a cemented total hip replacement, patients

with blood group 0 are claimed to have alower prevalence

of deep vein thrombosis than patients with other blood

groups (Jick et al 1969; Salvati and Lachiewicz 1976). In

this present knee series, patients with group 0 blood

were not necessarily protected from deep vein thrombo-

sis, which is consistent with the finding of Kim and Suh

(1988) after cementless hip replacement.

Evarts and Feil (1971) reported that after cemented

total hip replacement, patients with hypertension had a

higher incidence of deep vein thrombosis. Stulberg et a!

(1984) reported that after a cemented total knee replace-

ment hypertension was associated with an increased

incidence of postoperative thrombosis in the calf but not

with the development of thrombosis in the popliteal or

thigh veins. This present study found no evidence that

hypertension was a contributing factor, and this is

consistent with the finding of Kim and Suh (1988) after

cementless total hip replacement.

There are controversies regarding the effect of a

tourniquet on the development of deep vein thrombosis.

McKenna et a! (1976) claimed that the local mechanical

effect of a tourniquet at the groin and the prolonged

ischaemia during total knee replacement might well

cause damage to the vessel wall and endothelium, which

could lead to adhesion and the aggregation of platelets.

Fahmy and Pate! (198 1), however, observed that release

of the pneumatic tourniquet was followed by increased

fibrinolytic activity, and concluded that this might be

responsible, in part, for the decreased incidence of deep

vein thrombosis in patients in whom a pneumatic

tourniquet was employed. The present series agrees with

the reports by some authors (Cohen et a! 1973 ; Simon et

a! 1982; Stulberg et a! 1984) that there is no relationship

between the tourniquet time and the subsequent devel-

opment of deep vein thrombosis. Nor was prolonged

duration of the operation, profuse operative blood loss,

nor a large amount of blood transfused associated with a

high prevalence of deep vein thrombosis.

There is also controversy regarding the effect of the

heat generated by acrylic cement in the formation of

deep vein thrombosis. To assess this possibility, we

sought to determine whether other risk factors were

present equally among cemented and cementless knee

replacements ; it was found that the use of acrylic cement

had no correlation with development of deep vein

thrombosis.

However, analysis of our figures suggests that some

factors are relevant. Thus, we agree with Atik, Harkess

and Wichman (1970), Stulberg et a! (1984) and Hull and

Raskob (1986), that obesity is associated with a high

incidence of deep vein thrombosis in operated and non-

operated legs.

Many authors have postulated that slowness of

venous return from the lower extremity may lead to the

development of deep vein thrombosis. When the lower

limbs are horizontal there is considerable stasis in the

veins of the calf. Such stasis is increased further during

the operation (McLachlin Ct a! 1960; Doran, Drury and

Sivyer 1964 ; Clark and Cotton 1968 ; Lewis, Mueller and

Edward 1972; Nicolaides et a! 1972). It has therefore

been claimed that prolonged postoperative immobilisa-

tion increases the incidence of deep vein thrombosis,

while early mobilisation reduces it (Wright, Osborn and

Edmonds 1951 ; Sevitt and Gallagher 1961 ; Sikorski et a!

1981). Stulberg Ct a! (1984), however, found no significant

relationship between the timing of ambulation and the

formation of thrombi. The fact that the patients in this

present series were allowed to walk as early as the third

postoperative day may have contributed to the low

incidence of deep vein thrombosis.

Some authorities believe that previous venous

disease increases the risk of postoperative fresh deep

vein thrombosis (Kakkar et a! 1970; Cohen et a! 1973),

but others have found no such correlation (Barnes 1982;

Francis et a! 1983 ; Lotke et a! 1984; Stulberg et a! 1984).

In our series, there was a total absence ofprevious venous

disease, which might have contributed to the low

incidence of deep vein thrombosis.
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It has been claimed that hyper!ipidaemia may not

only be associated with accelerated blood clotting but

also with increase of blood viscosity and adhesiveness as

well as aggregation of the red blood cells (Nicolaides and

Irving 1975); the present study seems to support this

view. None of our 244 patients had hyperlipidaemia ; in

fact, there is a low level ofhyperlipidaemia in the Korean

population.

The current prevailing opinion is that patients with

thrombosis in the deep calf veins do not need to be

treated with anticoagulants, and the present study

supports this view.
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