
or knee arthroplasty, with or without prophylaxis, e.g. 5%
and 85% respectively [7, 12]. This wide variation in inci-
dence is probably related to the absence of any common lan-
guage, as the various studies often use differing patient
inclusion and exclusion criteria (age, morphotype, pre-exist-
ing disease) and differ greatly from each other in terms of
type of surgery (e.g. hip prosthesis, knee prosthesis, cement-
ed or uncemented), surgical approach, diagnostic studies
used, prophylaxis given, if any, and rehabilitation regimen.
Above all, the type of prophylaxis reported in the literature
differs between studies, with different types of drugs and
different forms of mechanical prophylaxis being used. 

With regard to the problems of prophylaxis after
orthopaedic surgery, in 1993 Khaw [13] used graduated com-
pression elastic stockings, in 1994 Santori et al. [14] used
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Abstract Intermittent pneumatic
compression (IPC) is an attractive
method for prophylaxis of deep
venous thromboembolism (DVT)
because there is no risk of haemor-
rhagic complications. However, IPC
has not been studied as thoroughly
as other methods in orthopaedic and
traumatologic surgery. We monitored
328 patients undergoing total hip or
knee arthroplasty (THA, TKA) treat-
ed with combined pharmacological
and mechanical prophylaxis or with
pharmacological prophylaxis alone,
with pre- and postoperative colour
Doppler ultrasound. Prevalences of
DVT after THA (4.0%) and TKA
(3.2%) were similar, even if the
absolute prevalence was lower in the
groups given combined prophylaxis.
IPC has an important role in prevent-

ing postoperative DVT in these
patients and reduces the progression
from post-thrombotic syndrome
(PTS) to DVT.

Key words Mechanical prophylaxis •

Deep venous thromboembolism • Hip
and knee arthroplasty • Post-throm-
botic syndrome

Introduction

Deep venous thromboembolism (DVT) is a potential compli-
cation of any kind of surgery (Table 1) [1]. In orthopaedic
surgery, DVT is such a frequent occurrence that the recent
International Consensus Conference [2] classified patients
undergoing hip or knee arthroplasty as being at very high risk.

Aetiological factors in the development of DVT may be
related to the patient [3, 4], disease [5, 6] or surgery [3,
7–11]. Each of these factors can be modified to a greater or
lesser extent, and the incidence of DVT therefore varies
according to each patient’s specific situation. There is con-
siderable variation in the figures given in the literature con-
cerning the proportion of patients developing DVT after hip
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low-dose and adjusted-dose unfractionated heparin, in 1995
Spiro et al. [15] used warfarin, in 1996 Westrich and Sculco
[16] used aspirin, while in 1998 Scarchilli and Pasquali
Lasagni [17] reported results with defibrotide. In 1999,
Blanchard et al. [18] and Tamir et al. [19] reported clinical
trials with mechanial prophylaxis, which had already being
used earlier by Santori et al. [14] and by Warwick and
Whitehouse [20]. In the same year, Gross et al. [21] studied
the efficacy of combined pharmacological and mechanical
prophylaxes using warfarin or low molecular weight heparin
and intermittent pneumatic compression (IPC), while
Westrich et al. [22] studied a combination of aspirin and IPC.
Various prophylactic regimes have been used in past studies:
low and adjusted-dose heparins, compression stockings, IPC
or combinations of these [23]. To further compare the effica-
cy of pharmacological and mechanical prophylaxes for DVT
in patients undergoing hip and knee arthroplasty, we carried
out a prospective randomised study. We measured the occur-
rence of post-thrombotic syndrome (PTS), before and after
surgery, as well as that of DVT.

Materials and methods

The study enrolled 328 patients between September 1997 and
October 2001. Of these, 176 (54%) underwent total hip arthroplas-
ty (THA), while 152 (46%) had total knee arthroplasty (TKA). The
approaches used were a straight lateral incision for THA and a mid-
line longitudinal incision for TKA. Hip prostheses were cement-
less, while both components of knee prostheses were cemented.
Subjects were asymptomatic for venous disease at the time of
surgery, and had normal clinical examinations and laboratory stud-
ies (complete blood count, platelet count, prothrombin time, partial

thromboplastin time, antithrombin III and fibrinogen) and negative
family histories for coagulation disorders; preoperative colour
Doppler ultrasound examinations of the veins were negative for
DVT. 

The ultrasound system used (Hewlett-Packard Sonos 1000, 7.5
MHz linear probe for mechanical scanning and 5 MHz pencil
probe) also detected any venous insufficiency, which is a common
risk factor before surgery. PTS involves vascular disorders in the
form of venous insufficiency and dilatation with valvular insuffi-
ciency, which simulate post-thrombotic disease in the absence of
any previous confirmed thrombotic event. Both legs were exam-
ined during the preoperative period and during the first 7–10 days
after surgery, with the patient supine, scanning all vascular regions
of the lower extremities in both the short (transverse) and long
(longitudinal) axes, from the external iliac vein as far as the junc-
tion of the posterior and anterior tibial veins. Venous insufficiency
was diagnosed if there was clear reflux of blood at baseline or dur-
ing compression; however a positive standard reflex test suggested
venous hypertension. A diagnosis of DVT was made if there was
no blood flow and if there was a collateral circulation with direct
visualisation of a thrombus and dilatation of the vein, which could
therefore not be compressed.

Of the 176 patients undergoing THA, 116 (66%) were woman.
Overall, the mean age of this group was 61.8 years. Of the 152
patients undergoing TKA, 129 (85%) were women. The mean age
of this group was 67.5 years. Patients undergoing both procedures
were randomized to one of two prophylaxis procedures: 
– Group A. Patients were treated with low-molecular-weight

heparin (nadroparin, 60 IU/kg day in one daily dose, from
twelve hours before surgery to 30 days postoperative), and
wore graduated compression stockings.

– Group B. Patients were treated with nadroparin (60 IU/kg day
in one daily dose, from twelve hours before surgery to 30
days postoperative), wore graduated compression stockings
and received IPC (23 h/day) immediately after surgery until
the fourth day, when the patient could stand upright for
longer.

Table 1 DVT prevalence without prophylaxis in various surgical procedures and medical conditions. (From [1] with permission)

General surgery 25%

Removal of benign gynaecological tumours 14%

Removal of malignant gynaecological tumours 24%

Prostatectomy by urethral approach 18%

Prostatectomy by retroperitoneal approach 31%

Total knee arthroplasty 47%

Total hip arthroplasty 51%

Hip fracture 45%

Multiple trauma 50%

Neurosurgery 22%

Spinal column injury 35%

Advanced age (65 years) 19%

Myocardial infarction 17%

General medicine 22%

Stroke 56%



Table 2 Prevalence of venous insufficiency in 328 patients, before and after hip or knee replacement, by surgical procedure and type of
prophylaxis: pharmacological prophylaxis alone (group A) or combined pharmacological and mechanical prophylaxes (group B)

Preoperative Postoperative

PTS PTS DVT

THA
Group A (n=71) 12 (16.9) 11 (15.5) 6 (8.4)
Group B (n=105) 15 (14.3) 17 (16.2) 1 (0.9)
Total (n=176) 27 (15.3) 25 (15.9) 7 (4.0)

TKA
Group A (n=76) 15 (19.7) 21 (27.6) 3 (3.9)
Group B (n=76) 18 (23.6) 23 (30.2) 2 (2.6)
Total (n=154) 33 (21.4) 44 (28.6) 5 (3.2)

PTS, post-thrombotic syndrome; DVT, deep vein thrombosis; THA, total hip arthroplasty; TKA, total knee arthroplasty

151

All patients received active exercise therapy and walked with
the help of two crutches or canes 3–4 days after surgery.

The IPC system used was a Novamedix A-V impulse system
(Andover, Hants, England), fitted with a plantar pump delivering
an exercise pressure of 130 mmHg, with one-second compressions
and a cycle of three compressions per minute. 

Pearson’s chi-squared test was used for the statistical evalua-
tion. A value of p<0.005 was considered significant. 

Results

The 328 patients were divided into 4 groups based on surgi-
cal procedure and type of prophylaxis for DVT (Table 2). 

In subjects who had THA and received pharmacological
prophylaxis alone, preoperative colour Doppler ultrasonogra-
phy revealed 12 cases of PTS (16.9%) (Table 2). Postoperati-
vely, 11 cases of PTS were diagnosed (15.5%), including 8
who had already been diagnosed before surgery. Furthermore,
there were 6 cases (8.4%) of DVT, four of which were pro-
gressions from PTS diagnosed preoperatively. 

In subjects who had THA and received mechanical pro-
phylaxis, 15 cases (14.3%) of PTS were diagnosed before
surgery (Table 2). After arthroplasty, there were 17 cases
(16.2%) of PTS, 15 of which had been diagnosed preopera-
tively and two of which occurred in patients who were orig-
inally negative. Only one case of DVT was diagnosed
(0.9%), in a subject whose results had been completely nor-
mal before surgery. The frequencies of preoperative and
postoperative PTS and DVT in two groups were significant
different according to Pearson’s chi-squared test (χ2=38.6
(group A) vs. χ2=51.4 (group B); p<0.001). 

In patients who underwent TKA and received pharmaco-
logical prophylaxis alone, PTS was diagnosed preoperative-

ly in 15 (19.7%) cases (Table 2). After surgery we recorded
21 cases (27.6%) of PTS, 10 of which had been diagnosed
preoperatively and 11 of which occurred in patients with
originally negative results. There were 3 cases (3.9%) of
DVT, all resulting from the progression of preoperative
PTS. In TKA patients who received mechanical prophylax-
is, 18 cases (23.6%) of PTS were diagnosed preoperatively;
after surgery, 23 cases of PTS (30.2%) were recorded, 16 of
which had been diagnosed preoperatively, while 7 were in
patients with negative results before surgery (Table 2).
There were also 2 cases (2.6%) of DVT, both in patients
with negative preoperative results. Differences in the fre-
quencies of preoperative and postoperative PTS and DVT in
two groups were again statistically significant according to
the Pearson’s chi-squared test (χ2=21.2 (group A) vs.
χ2=34.0 (group B); p<0.001).

The prevalence of DVT in the entire study group was
3.7% (12 of 328 patients). The prevalence of DVT was sig-
nificantly higher in subjects who underwent THA and
received pharmacological prophylaxis alone, compared with
subjects who received combined prophylaxis (8.4% vs.
0.9%; χ2=6.35; p<0.05). In the TKA population, there was a
higher prevalence of DVT in the group who received phar-
macological prophylaxis alone than in those who received
combined prophylaxis, without a significant difference
(3.9% vs. 2.6%; χ2=0.30). The difference between overall
DVT prevalences in the two surgical groups was not signif-
icant (3.9% in THA vs. 3.3% in TKA). However, the preva-
lence of pre- and postoperative PTS was significantly high-
er in TKA patients (χ2=8.75; p<0.05).

There was an increase in PTS prevalence during the
postoperative period in all patients who underwent surgery,
except for those in Group A of the THA population in
which PTS was reduced with a simultaneous significant
increase in DVT.
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These data confirm that if patients who are to undergo
surgery and who have significant chronic venous disease
preoperatively are given only pharmacological prophylaxis,
they will develop significantly higher levels of DVT than
patients receiving combined prophylaxes.

Discussion

Hip and knee arthroplasties are associated with a high risk
of developing DVT and pulmonary embolism (PE) [24–26].
Venous stasis, injury to the endothelium and release of tis-
sular thromboplastin are common events during surgery;
they are non-modifiable risk factors closely related to the
surgery itself, which contribute to constitutional factors
such as predisposition to thrombosis. If adequate prophy-
laxis is not given, the incidence of DVT after knee arthro-
plasty ranges from 40% to 84%, with a higher proportion of
proximal DVT, which then contributes to PE (9%–20%)
[24, 27]. Late sequelae of DVT are clinical problems in the
form of chronic venous insufficiency in 50%–60% of
patients with proximal DVT and in 30% of patients with dis-
tal DVT [28]. This venous insufficiency is usually sec-
ondary to a post-thrombotic event, but it is frequently a
result of valvular insufficiency due to breakdown of the vein
wall, leading to venous stasis. It is important to screen
patients preoperatively for this disorder using colour
Doppler ultrasonography, to establish whether there is a fur-
ther risk factor for subjects who are candidates for joint
replacement surgery. The possibility of reducing venous sta-
sis postoperatively by using a mechanical pump was first
tested by Gardner and Fox [29] in 1992, on the basis of
experimental and clinical reports of a substantial increase in
venous velocity and flow in the common femoral vein. A
number of authors subsequently studied IPC as prophylaxis
against DVT [13, 30–32]. Recently, Blanchard et al. [18]
used phlebographic studies to show that prophylaxis with
low-molecular-weight heparin (LMWH, nadroparin calci-
um) was superior to intermittent pneumatic compression
alone in preventing DVT in subjects undergoing total knee
arthroplasty. Beuhler et al. [33] used duplex ultrasonogra-
phy screening of patients before discharge after hybrid hip
arthroplasty and confirmed the high sensitivity, specificity
and diagnostic accuracy of this method, especially in proxi-
mal DVT.

Our study in patients receiving pharmacological
(nadroparin) or combined (nadroparin and IPC) prophylax-
is for DVT after hip or knee arthroplasty shows first of all
that the overall prevalence of postoperative DVT in the total
population examined was 3.7%. There was a markedly
lower incidence of DVT in patients who had received com-
bined prophylaxis (0.9% in the THA population and 2.6% in

the TKA population), compared to those who received phar-
macological prophylaxis alone (8.4% in the THA group and
3.9% in the TKA group). In the TKA population, progres-
sion from PTS to DVT between the pre- and postoperative
periods was more common, probably related to the use of a
tourniquet on the proximal part of the thigh and to the fact
that knee arthroplasty is more likely to damage local and
regional vessels.

Clearly the strategy of using colour Doppler ultrasonog-
raphy to monitor patients between the seventh and tenth
postoperative days and administering LMWH until the thir-
tieth postoperative day means that patients can be dis-
charged in complete peace of mind. We did not record any
cases of pulmonary embolism. Beuhler et al. [33] described
three general strategies for preventing thromboembolic dis-
ease after hip arthroplasty:
- No pharmacological prophylaxis after discharge from

hospital and no inhospital screening;
- Extended pharmacological prophylaxis after discharge,

with no screening before discharge;
- No pharmacological prophylaxis on discharge after neg-

ative screening. 
It is clear that it is the last of these options which has pro-

duced the least number of complications. With regard to the
first strategy, in the multicentre study by Colwell et al. [34]
in 3000 subjects undergoing hip arthroplasty, treated with
pharmacological prophylaxis (warfarin or LMWH) during
their hospital stay and monitored for up to three months after
surgery, symptomatic DVT was found in 2.6% of patients
who had received warfarin and in 3.4% of patients who had
received LMWH. With regard to the second strategy, in a
study carried out by Paiement et al. [35] in 268 patients
receiving prophylaxis with low-dose warfarin for 12 weeks
after hip arthroplasty, there were no cases of pulmonary
embolism. Lieberman et al. [36] studied 677 patients under-
going total hip arthroplasty and reported seven cases (1%) of
pulmonary embolism despite using warfarin for a mean of
15 days after discharge. Colwell et al. [37], in a randomised
study of 610 subjects undergoing hip arthroplasty and exam-
ined by phlebography, reported a 5% incidence of DVT in
patients taking LMWH twice a day and 12% in those treat-
ed with calcium heparin at doses of 5000 IU three times a
day. In addition, in 1998, Scarchilli and Pasquali Lasagni
[17] studied 423 patients undergoing total knee arthroplasty
and receiving extended pharmacological prophylaxis after
discharge (defibrotide until the eighth postoperative day and
then LMWH until the thirtieth postoperative day); there
were 12 cases of DVT (2.8%).

An example of the third strategy is the retrospective
study carried out by Pellegrini et al. [38] in 269 patients
undergoing total hip arthroplasty who were discharged with-
out any prophylaxis after negative venography done during
their hospital stay; only 1.1% of the population had late
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venous thromboembolic disease. Grady et al. [39] studied a
population of 110 patients undergoing total knee arthroplas-
ty who were given mechanical prophylaxis in hospital, and
reported an incidence of 3.3% of late venous thromboem-
bolism. Fauno et al. [40] carried out a prospective, ran-
domised trial in 185 patients undergoing total knee arthro-
plasty, who were given pharmacological prophylaxis during
hospitalisation (unfractionated heparin in 93 patients and
LMWH in 92) and examined using ascending venography
on postoperative days 7, 8 and 9; the prevalence of DVT in
subjects who had received prophylaxis with unfractionated
heparin was 27%, while in those treated with LMWH the
prevalence was 23%. Beuhler et al.’s study [33] reported
1.5% thromboembolic disease during the first postoperative
year in subjects undergoing hybrid total hip arthroplasty and
receiving a prophylactic regimen consisting of intermittent
pneumatic compression, aspirin and examination by colour
Doppler ultrasonography before discharge, with no post-
hospital prophylaxis in patients with negative results; the
percentage of symptomatic proximal DVT revealed by post-
operative diagnostic studies during hospitalisation was
11.3%. Another example of this strategy was reported by
Wilson et al. [41], who studied 60 patients undergoing knee
arthroplasty and receiving mechanical prophylaxis by inter-
mittent pneumatic compression while in hospital, with post-
operative screening by venography; the incidence of DVT in
these patients was 50%.

In 1996, Westrich and Sculco [16] studied 122 patients
scheduled to have total knee arthroplasty who received phar-
macological prophylaxis (aspirin) or combined prophylaxis
(pharmacological and mechanical); all patients were exam-
ined after surgery by venography and/or colour Doppler
ultrasonography. When screening during hospitalisation was
negative for DVT, the mechanical prophylaxis was stopped
while the pharmacological prophylaxis was continued after
discharge. The incidence of DVT in subjects receiving phar-
macological prophylaxis was 59%, while the incidence in
patients receiving combined prophylaxis was 27%.

In 1999, Blanchard et al. [18] studied 130 patients under-
going knee arthroplasty, 67 of whom received pharmacologi-
cal prophylaxis with LMWH while 63 received mechanical
prophylaxis. Only 108 patients were examined by phlebogra-
phy 8–12 days postoperatively; there were 47 cases of DVT,
16 in patients treated with LMWH and 31 in patients receiv-
ing mechanical prophylaxis. Pharmacological prophylaxis

was continued in all patients for 6–8 weeks after discharge. 
The protocol which we used represents a “fourth way”.

It consisted of pharmacological prophylaxis (LMWH) and
mechanical prophylaxis (IPC) during hospitalisation, with
sonographic screening before discharge and extension of
pharmacological prophylaxis after discharge until the thirti-
eth postoperative day. Immediate results were clearly posi-
tive, as cases of DVT were detected before discharge and
treated with therapeutic doses of calcium heparin, leading to
resolution of the thromboembolic disease.

The main conclusions of this clinical study carried out in
patients undergoing hip or knee arthroplasty and treated
with pharmacological prophylaxis alone (low molecular
weight heparin) or combined prophylaxis (pharmacological
and mechanical) are:
- After hip and knee arthroplasty, the prevalence of DVT

diagnosed by colour Doppler ultrasonography was simi-
lar in both treated populations (3.9% and 3.3%, respec-
tively); the prevalence of PST was significantly higher in
TKA population.

- The absolute prevalence of DVT was lower in the groups
given combined prophylaxis, with significative differ-
ence only for THA patients. 

- The frequency of preoperative and postoperative PTS
and DVT were significantly different between groups
receiving different prophylactic regimes.

- The prevalence of PTS was significantly higher in
patients undergoing knee arthroplasty; this agrees with
the results of our previous studies [42, 43] on the preva-
lence of venous insufficiency in subjects suffering from
joint disorders of the lower extremities and particularly
of the knee;

- The progression from PTS to DVT was lower in
patients receiving combined prophylaxis, even though
there was a higher percentage of at-risk subjects in these
groups.
This study shows that intermittent pneumatic compres-

sion has an important role in preventing DVT and lower
extremity oedema in patients undergoing THA and TKA.
Subjects who are found preoperatively to be at risk of
developing DVT because of venous disease (e.g. PTS)
derive more benefit from the described strategy, as it is a
protective regimen which improves the results obtained
using pharmacological prophylaxis and reduces postopera-
tive complications.



154

1. Laurenza F, Lispi A, Formica A,
Alegra C, Bonifacio M (1998) La
malattia tromboembolica in ortopedia:
entità del problema. In: Proceedings of
the Joint Symposium of SIOT Doppler
Club Italiano Società di Clinica e
Tecnologia, Genoa, pp 9–20

2. Clagett GP, Anderson FA, Geerts W,
Heit JA, Knudson M, Lieberman JR,
Merli GJ, Brownell Wheeler H (1998)
Prevention of venous thromboem-
bolism. Chest 114:5318–5608

3. Bedoni P, Cecchetti MF, Robbiani G
(1998) Le situazioni favorenti la trom-
bosi venosa in chirurgia ortopedica:
fattori eliminabili, modificabili e non
modificabili. In: Proceedings of the
Joint Symposium of SIOT Doppler.
Club Italiano Società di Clinica e
Tecnologia, Genoa, pp 33–38

4. Mosti G, Iabichella ML, Piperni P,
Ceccarelli M (1998) Prevenzione stan-
dardizzata o personalizzata. Quali
esami chiedere prima dell’intervento
per individuare i pazienti a rischio. In:
Proceedings of the Joint Symposium of
the SIOT Doppler. Club Italiano
Società di Clinica e Tecnologia,
Genoa, pp 39–47

5. Moretti B, Pesce V, Lo Bianco G,
Cafolla M, Patella V, Ciccone M, Di
Noia P, Simone C, Rizzon P (1995)
Correlazione tra DVT e patologia
artrosica dell’arto inferiore. In: Atti
dell’8° congresso nazionale della
società Polispecialistica Italiana dei
Giovani Chirurghi, Rimini, pp
424–426

6. Berni A (1998) Considerazioni sulla
trombosi venosa e le sue conseguenze
in chirurgia ortopedica. In:
Proceedings of Joint Symposium the
SIOT Doppler. Club Italiano Società di
Clinica e Tecnologia, Genoa, pp 1–7

7. Aglietti P, Baldini A, Vena LM, Abbate
R, Rucci FS (1998) Fisiopatologia
intraoperatoria dell’attivazione della
coagulazione in protesi totali d’anca e
di ginocchio. In: Proceedings of the
Joint Symposium of the SIOT Doppler.
Club Italiano Società di Clinica e
Tecnologia, Genoa, pp 21–31

8. Sharrock NE, George GO, Salvati EA
(1995) Thrombogenesis during total
hip arthroplasty. Clin Orthop Rel Res
319:16–27

9. Planes A, Vochelle N, Mazas F, Mantas
C, Zuchman J, Candais A (1990)
Prevention of post-operative venous
thrombosis: a randomized trial com-
paring unfractionated heparin with low
molecular weight heparin in patients
undergoing total hip replacement.
Thromb Haemost 60:407–410

10. Stamatakis JD et al (1977) Femoral
vein thrombosis and total hip replace-
ment. Br Med J 2:223–225

11. Lassen MR (1990) Mobilitation: a dis-
regarded factor influence on post oper-
ative thromboembolism. Acta Orthop
Scand 61[Suppl]:52–53

12. Ungar F, Pierni A, Pini ME, Marcucci
M, D’Andria S, Santini S, Michelagnoli
S, Marcelli F, Landini R (1998)
Profilassi integrata (farmacologica e
meccanica) della malattia tromboembol-
ica in ortopedia. In: Proceedings of the
Joint Symposium of SIOT Doppler.
Club Italiano Società di Clinica e
Tecnologia, Genoa, pp 39–54

13. Khaw FM (1993) The incidence of
fatal pulmunary embolism after knee
replacement with non prophylatic anti-
coagulation. J Bone Joint Surg Br
75:940–941

14. Santori FS, Vitullo A, Stoppani M et al
(1994) Prophylaxis against deep-vein
thrombosis in total hip replacement:
comparison of heparin and foot
impulse pump. J Bone Joint Surgery
Br 76:579–583

15. Spiro TE, Fitzgerals RH, Throwbridge
AA et al (1995) Enoxaparin, a molecu-
lar weight heparin, and warfarin for the
prevention of venous thrombohembolic
disease after elective knee replacement
surgery. Thromb Haemost 73:302
(abstract)

16. Westrich GH, Sculco TP (1996)
Prophylaxis aginst deep venous throm-
bosis after total knee arthroplasty. J
Bone Joint Surg Am 78:826–834

17. Scarchilli A, Pasquali Lasagni R
(1998) La profilassi della tromboem-
bolia nella chirurgia protesica del
ginocchio: nostra esperienza. In:
Proceedings of the Joint Symposium of
SIOT Doppler. Club Italiano Società di
Clinica e Tecnologia, Genoa, pp 35–59

18. Blanchard J, Mauwly Y, Leyvraz PP,
Miron MJ, Bounameaux H, Hoffmayer
P, Didier D, Schneider PA (1999)
Prevention of deep vein thrombosis
after total knee replacement.
Randomised comparison between a
low molecular weight heparin
(nadroparin) and mechanical prophy-
laxis with a foot-pump system. J Bone
Joint Surg Br 81:654–659

19. Tamir L, Hendel D, Neyman B,
Eshkenazy AM, Zivi YB, Zomer R
(1999) Sequential foot compression
reduces lower limb swelling and pain
after total knee arthroplasty. J
Arthroplasty 14(2):333–338

20. Warwick DJ, Whitehouse S (1997)
Symptomatic venous thromboem-
bolism after total knee replacement. J
Bone Joint Surg Br 79:780–786

21. Gross M, Anderson DR, Nagpal S, O’
Brien B (1999) Venous thromoboem-
bolism prophylaxis after total hip or
knee arthroplasty: a survey of
Canadian orthopaedic surgeons. Can J
Surg 42(6):457–461

22. Westrich GH, Menezes A, Sharrock N,
Sculco TP (1999) Thromboembolic
disease prophylaxis in total knee
arthroplasty using intraoperative
heparin and postoperative pneumatic
foot compression. J Arthroplasty
14(6):651–656

23. Geerts WH, Heit JA, Clagett GP et al
(2001) Prevention of venous throm-
boembolism. Chest 119[Suppl
1]:132–175

24. Clarke MT, Green JS, Harper WM,
Gregg PJ (1997) Screening for deep-
venous thrombosis after hip and knee
replacement without prophylaxis. J
Bone Joint Surg Br 79:787–791

25. Warwich D, Williams M, Bannister GC
(1995) Death and thromboembolic dis-
ease after total hip replacement. J Bone
Joint Surg Br 77:6–10

26. Traisci G (1998) II trattamento farmaco-
logico della trombosi venosa profonda e
dell’embolia polmonare. In: Proceedings
of the Joint Symposium the SIOT
Doppler. Club Italiano Società di Clinica
e Tecnologia, Genoa, pp 199–207 

27. Young-Hoo K (1990) The incidence of
deep vein thrombosis after cement-less
and cemented knee replacement. J
Bone Joint Surg Br 72:779–783

References



155

28. Verstracte M (1997) Prophylaxis of
venous tromboembolism. BMJ
314:123–125

29. Gardner AM, Fox RH (1992) The
venous foot pump: influence on tissue
perfusion and prevention of venous
thrombosis. Ann Rheum Dis
51:1173–1178

30. Woolson ST, Watt JM (1991)
Intermittent pneumatic compression to
prevent proximal deep venous throm-
bosis during and after total hip replace-
ment. A progressive, randomised study
of compression alone, compression and
aspirin, and compression and low-dose
warfarin. J Bone Joint Surg Am
73:507–513

31. Bradley JG, Krugener GH, Jager HJ
(1993) The effectiveness of intermit-
tent plantar venous compression in
prevention of deep venous thrombosis
after total hip arthroplasty. 
J Arthroplasty 8:57–61

32. Hull RD, Pineo GF (1996) Intermittent
pneumatic compression for the preven-
tion of venous thromboembolism.
Chest 109:6–9

33. Beuhler KO, D’Lima Darryl D,
Colwell CW, Otis Shirley M, Walker
RH (1999) Venous thromboembolic
disease after hybrid hip arthroplasty
with negative duplex screening. Clin
Orthop Rel Res 361:168–177

34. Colwell CW, Hunson J, McCutchen
JW et al (1997) Enoxaparin versus
warfarin: hospital management for pre-
vention of venous thromboembolic dis-
ease following total hip arthroplasty
with inpatient and 3 month evaluation.
In: Transactions of the 64th Annual
Meeting of the American Academy of
Orthopaedic Surgeons 64:188
(abstract)

35. Paiement GD, Schutser SF, Wessinger
SJ, Harris WH (1992) Influence of
prophylaxis on proximal venous
thrombosis formation after total hip
arthroplasty. J Arthroplasty 7:471–475

36. Lieberman JR, Wollaeger J, Dorey F et
al (1997) The efficacy of prophylaxis
with low-dose warfarin or prevention
of pulmonary embolism following total
hip arthroplasty. J Bone Joint Surg Am
79:319–325

37. Colwell CW, Spiro TE, Trowbridge
AA et al (1994) Use of enoxaparin, a
low molecular weight heparin, and
unfractionated heparin for the preven-
tion of deep venous thrombosis after
elective hip replacement. J Bone Joint
Surg Am 76:3–14

38. Pellegrini VD, Clement D, Lush-
Ehmann C, Keller GS, Evarts CM
(1996) Natural history of thromboem-
bolic disease after total hip arthroplas-
ty. Clin Orthop Rel Res 333:27–40

39. Grady JC, Oishi CS, Hanson PB et al
(1994) Routine postoperative duplex
ultrasonography screening and moni-
toring for the detection of deep vein
thrombosis. Clin Orthop Rel Res
307:130–141

40. Fauno P, Suomalainenn OA, Rehnberg
V, Hansen B, Kroner KD, Soimakallio
SA, Finland K, Nielsen E, Denmark A
(1994) Prophylaxis for the prevention
of venous thromboembolism after total
knee arthroplasty. J Bone Joint Surg
Am 76:1814–1818

41. Wilson NV, Das SK, Kakkar VV,
Maurice HD, Smibert JG, Thomas EM,
Nixon JE (1992) Thromboembolic pro-
phylaxis in total knee replacement. J
Bone Joint Surg Br 741:50–52

42. Moretti B, Minerva A, Gesualdi M,
Patella V, Simone C (1999) La profi-
lassi meccanica della DVT nella
chirurgia protesica di anca e di ginoc-
chio. In: Proceedings of the Consensus
Conference “Prevenzione, Diagnosi e
Terapia della Trombosi Venosa
Profonda e dell’ Embolia Polmonare”,
Bari, p 75

43. Ciccone M, Maiorano A, Rossi O,
Gesualdi M, Minerva A, Moretti B,
Patella V, Simone C, Rizzon P (1998)
Profilassi della trombosi venosa pro-
fonda con pompa venosa meccanica
nella chirurgia protesica. In:
Proceedings of the 25th Congress of
the Italian Knee Surgery Society, Bari,
p 68


