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Mechanical prophylaxis of deep-vein
thrombosis after total hip replacement
A RANDOMISED CLINICAL TRIAL

Routine prophylaxis for venous thromboembolic disease after total hip replacement (THR)
is recommended. Pneumatic compression with foot pumps seems to provide an alternative
to chemical agents. However, the overall number of patients investigated in randomised
clinical trials has been too small to draw evidence-based conclusions. This randomised
clinical trial was carried out to compare the effectiveness and safety of mechanical versus
chemical prophylaxis of DVT ih patients after THR.

Inclusion criteria were osteoarthritis of the hip and age less than 80 years. Exclusion
criteria included a history of thromboembolic disease, heart disease, and bleeding
diatheses. There were 216 consecutive patients considered for inclusion in the trial who
were randomised either for management with the A-V Impulse System foot pump. We
excluded 16 patients who did not tolerate continuous use of the foot pump or with low-
molecular-weight heparin (LMWH). Patients were monitored for DVT using serial duplex
sonography at 3, 10 and 45 days after surgery.

DVT was detected in three of 100 patients in the foot-pump group and with six of 100
patients in the LMWH group (p < 0.05]). The mean post-operative drainage was 259 ml in the
foot-pump group and 328 ml in the LMWH group (p < 0.05). Patients in the foot-pump group

had less swelling of the thigh {10 mm compared with 15 mm; p < 0.05). One patient
developed heparin-induced thrombocytopenia. This study confirms the effectiveness and
safety of mechanical prophylaxis of DVT in THR. Some patients cannot tolerate the foot

pump.

Although a number of chemical agents have
been shown to reduce the risk of thrombo-
embolic disease, there 1s no clear preference
tor prophyvlaxis in toral hip replacement
(THR).' A surgeon’s choice is generally
determined by weighing the risk of throm-
bocmbolic discase against the nisk ot side-
cttects due o the prophylaxis itself, such as
bleeding. The most common reason cited for
not using chemical prophylaxis is uncertainty
regarding the safest and most effective agent.’
However, pneumatic compression with foor

pumps seems to provide the best balance of

overall
number of patients investigated in randomised

effectiveness  and  safety, bur the
chimical trials s oo small to draw evidence-

hased conclusions regarding the mechanical

prophvlaxis  of deep venous  thrombosis
A It
(DVT)

This randomised ¢linical trial has  been

carried out to compare the effectiveness and
safety of pneumatic compression with  foot
pumps versus low-molecular-weight heparm
(I MWH) for prophylaxis against DVT,

Patients and Methods

The study was approved by the local ethical
committee.  Randomisation was  performed
using sealed envelopes contaming a shp ndi-
cating the allocation, which had been derived
from a computer-generated sequence.. No
restriction was applied to the assignment of the
mterventuons which were concealed until the
time of surgery. All patients presenting 1o one
hospital with asteoarthrins of the hip for unce-
mented total hip arthroplasty were considered
for inclusion in the study. The criteria for
exclusion were age less than 18 vears and more
than 80 vears, refusal of consent, long-term
anticoagulation treatment for pre-existing car
diac or cerebrovascular discase, an acnve
mahgnant tumour. gastrointesunal uleeration,
previous bleeding diatheses, and superficial
wounds or pamnful joints in the feet. In order to
standardise  treatment  all operauons  were
undertaken or directly supervised by one sor-
geon (RPP) using a direct lateral approach ro
the hip joint. General anaesthesia was used in
all patients. Blood loss was replaced with pre-
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Table |. Panent demographics
Foot-pump group  LMWH group
(100 patients) (100 patients) Level of significance
Gender (F/M) 70/30 68/32 p =089
Age (years} 57.3=12 58.1 « 1 p =070
Body mass index (kg/m?) 218-32 281+ 29 p=041
Duration of operation (minutes) 69 + 10 65 =11 p =053
Intra-operative estimated blood loss (mll 680 « 124 720 = 142 p=019
Duration of hospitalisation {days} 122 13215 p - .66

The values are given as the mean and 5D

donated autologous blood and with blood salvaged intra-
operanvely using the Cell Saver {Haemonetics, Bramtree,
Massachusetts). The overall blood-loss was calculated with
a validared method.® All patients received peri-operative
chemical prophylaxis against theomboembolism, LMWH
(Fraxiparin, Sanofi-Synthelabo, Panis, France) was adminis-
trated subcurancously (dose adjusted according to body-
werght, 0.2 to 0.6 ml; 0.1 ml = 950 [U of anu-Xa) 12 hours
betore operation. Following randomisation, panienrs either
continued chemical prophylaxis after surgery, or used the
AV Impulse Svstem toot pump (Orthofix Vascular Nova-
medix, Andover, UK. The foor pump slippers were fitted to
both teet m the recovery room, and the machine was acti-
vated. Nurses were advised 1o activate the foot pump when-
ever the patient was not bearing weight. During rest a
reverse Trendelenburg posinon (head-high, feet-low) was
preferred to optimise the effect of the pump.” The pneu-
manc compression cvele was set ar 20 seconds with a pres-
sure of 130 mmHg apphed for one second. All patients
wore bilateral thigh-high anti-thromboembolic stockings.
Phuvsiotherapy wath exercises for range of movement, and
mobihsanion with partial weight-bearing usually started on
the second post-operative day. Partial weight-bearing con-
onued for siv weeks. Patients were free to discontinue treat-
ment with the foor pump at any ome. If use of the foor
pump was stopped tor more than four consecutive hours,
the patent was excluded from the study and prophylaxis
with LMWH was commenced. Compliance with the regime
tor the foot pump was measured with an mrernal merer
which recorded the total number of hours thar the device
was acoivated. At discharge, patients were asked if they
found the treatment with oot pump painful, comfortable,
relaxing, orannoying. Parients in the LMYH group contin-
ued chemical prophylaxis until discharge. The primary out-
come measure was the inctdence of DVT as shown by serial
bilateral duplex studies (Sonoline Elegra, Siemens, Erlan-
gen, Germanyg using a 5.0 and a 7.5 MHZ linear trans-
ducer pre-operatively and on post-operative days 3, 10, and
43." The images were analyzed by an observer who was
bimded with regard to the method of prophylaxis used.
Reliability of duples ultrasonography at our institution
was assessed ina previous study.” Detection of a DVT war-
ranted continuation with the foot pump and treatment with
CANWEHE (dose adjusted according to body-weight, 0.6 to
L2 ml The secondary outcome measures were those
relared to adverse side effecrs, Swelling and bruising of the

thigh and oozing of the wound were assessed and scored
using published criteria” Assessment of sott-nissue side-
effects was not blinded. Post-operanive bleeding events
were monitored and classihied as nunor bleeding from the
wound, major bleeding from the wound, or major bleeding
not related to the wound.”

Statistical analysis. With use of a two-sided 25%, conhdence
interval (95% CI), we derermimed thar a randomised scudy
with a sample size of 200 patients would have an 807
power to detect a 20% ditference in the effectiveness of the
two interventions for the prophylaxis of DVT, The contin-
uous demographic data of the two groups of patients were
analyzed with use ot a two-tarled, unpaired Student’s t-test.
For rank-scaled dara, median values were given with the
interquartile range. Relatve frequencies of unparred sam-
ples were compared with use of Fisher’s exact rest,
Unpaired groups of continuous data without assumption of
normal distribution were comparcd with use of the Mann-
Whitney U rest. Twossided povalues of <0.05 were consid-
ered significant. Correcrion for multiple comparisons was
done with the methad of Hommel o contral tvpe-l error,
All calculations were carried vut with use of SPSS for Win-
dows {version 95 SPSS, Chacago, Hlinas).

Results

During the period of study 326 patients with osteoarthritis
of the hip were admitred. OF 216 panients included in the
study, 16 stopped using the foor pumps at a mean of five
days (3 to 107 post-operatively. The reason tor termimation
wiry sleep disturbance m 130 and discomfort around the
ankle in three. No DV was detected m chis group. Table |
gives the demographic deaails of the 200 randomised
patients, There were no statistically signifcant differences; **
hetween the two groups for any of these factors, None of”
the patients were lost to follow-up,

Venous thrombaosis was detecred during hospial stay in
three of the 100 panients in the toot pump group and i six
of the 100 in the EMYH groupy; this difterence was signil-
want (p < .05 (Table 1T, Al three panents with the foor
purnp had a distal DV In che TMWIE group, four had a
distal DVT and twao g prosimal DVT, No DVT ocenrred in
cither group afrer discharge, The DV T was in the ipsilateral

limb i all parnentes, The mean lengeh ot the chrombus was
IS em (9 o 28) i the affected patients of the oot pump
group and 12 ¢m (7 to 32) mothe pavenes i the | MWH

group. The difference berween the groups was not signih-
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Table I, Detecuon of DVT by serial duplex ultrasonography

Foot-pump group LMWH group

100 patients 100 patients Level of significance
Total DVT 3 (5] p = 0.05
Detection at day 3 2 4
Detection at day 10 1 2
Detecion at day 45
Proximal DVT - 2 p = 0.05
Distal DVT 3 4 p=01
DWT involving entire limb -
DVT of contralateral limb
Symplamatic DVT 1 1
Resolution of DVT at day 45 2 3

Fulmanary embolism

Table lll.  Side effects *

Foot-pump group
- 100 patients

LMWH group

100 patients Level of significance

Post-operative drainage (ml) 259 + 14.6 328« 204 p=0.08
Blood loss index* 343 A p=046
Number of blood units transfused 2321 25=:1.7 p=0.77
Swelling of thigh ar day 3 (mmit 17.4 = 3.1 201 - 386 p < 0.05
Swelling of thigh at day 10 tmmt 101 =22 152 - 3.4 p =005
Mo bruising at day 3 inumber of hips) 59 a2 p e 0.05
Mo brusing at day 10 (number of hips) 78 50 p=005
Mo aozing at day 3 inumber of hips) a0 23 p<008
Mo oozing at day 10 inumber of hips) a5 75 p<005
finaor bleeding from the wound 2 o= 005
Major bleeding from the wound

Major bleeding not related to wound

Heparin-induged thrombocytopenia 1

The values are given as the mean and the standard deviation

* Median values of hlood-loss index = pre-operative level of haemogiobin

level of haemoglobin pefore

discharge « number of units transfused, including predonated blond units

t Median of the differences of the thigh circumferences measured after the operation, compared with the
pre-aperative measurement (base-linel. Swelling was assessed by measuring the circumference of the

thigh 20 cm proximal to the patella.

Minor bleeding from the wound; bleeding at an injection site, epistaxis. or wound hematoma nal reguir-
ing nperative decompression. Major bleeding from the wound: wound hematoma (edquiring operative
decompression. Major bleeding nat related to the wound: gastrointestinal or intracerebral haemaorrhage.

cant. Resolution of the DVT was observed ar post-opera-
tive day 45 i siv of the nine patients with posinve findings
on ultrasonography.

Fhere were no differences between the two gronps with
regard 1o the transfusion requirements. However, the
patients of the foor-pump group had less post-operative
drainage, oozing, bruising, and swelling than those i the
LMWL group (Table ). One patient i the LMWH
vroup developed clinically asympromanc heparin-induced
thrombocviopenia (HIT-syndrome tvpe 1) on the second
post-aperative day. Of the patients who had used the foot
pump. 12 found 1w o be uncomtortable, 37 reported some

ditficulty with sleeping, 29 reported no discomfort and 22
found that the foot pump was relaxing. The internal com-
phance meter ndicated that the foor pump had been used
tor a mean of 19.4 hours dailv {15 to 21.5). The mean daily
use of the three patents who had a DVT was 1901 hours.

Discussion

Ihree independent randonused climcal trals have shown
that mechameal prophyvlaxis with foot pumps in THR
achicves equivalent it not superior results compared with

chemical management. The side effecrs and haemopshagic
complications of anti-thrombotic agents make chemical
management less desirable, These aide ettects are still a fea-

- . . (TR TS
ture of new drugs such as pentasaccharide.™ 1=

However,
only 242 panienrs have been investgared in the three trials
and the number is too small to draw evidence-based conclu-
SHONS.

DVT was detected in three of 100 patients in the foot-
pump group compared with six of 100 panents in the
LMWH group {p < (L05), No patent had chnical signs of
pulmanary embaolism (PE), The excellent results are proba-
bly related to the nearly constant use ot the foot pumps by
the patients, 4 tactor tor inclusion in the study, Orther ran-
domised climeal trials demonstrated igher rates of DVT in
patients who were treated with intermirent foor compres-
sion, Warwick et al” reported a DNT rate of 18% in 136
patients managed with foot pumps after THR, Fordyvee and
Ling!" reported a rate of 3% in 40 patients. and Sanror ¢t
al'? reported a DVT rare of 13.4% in 67 paticents.

In the present study all papents received pen-operative
prophylaxis with LMWH i order to prevent activation of
the coagulation cascade mduced by fat and bone marrow
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cmbolisation which nevitably occurs during the opera-
ton. M This intervention mav well explain the low rate of
DVT observed in both groups of patients, It remains to be
shown whether the pneumatie foot compression can also
achieve a significant reduction of the PE rate. Asano et al™
found a 21% madence of PE using pertusion scimngraphy
m 42 patients managed with toor pumps afrer hip joint sur-
gerv, and a 35" PE madence in 20 control patients,

In the present studye DVT was investigated by serial
duplex ultrasonography. This method has the advantage of
being non-invasive, sate and repeatable. Nevertheless,
much of the research on thromboembaolism in orthopaedic
surgery has been based on venography, Contrast veno-
graphy is more sensinve than ultrasonography, but, since 1t
15 invasive, uncomfortable, and possible thrombogenic,
repeated investigation using this techmique s impractical.
single venogram can only measure prevalence, the rate at
the moment when the test s carried our, rather than inci-
dence and the rotal rate moche post-operative period. '
Duplex ulrrasonography s highly  operator-dependent,
with accuracy varving widely depending on the expertise
and the experience of the observer. Thus, m a previous
study pertormed by the same observer as in this mrial we
investigated the relability of duplex ultrasonography for
the detection of post-operative DVT ar our institution.” On
comparison  with venography, duplex  ultrasonography
98 "% specificity and 95.5%
accuracy with regard o the overall detection of DVT.

demonstrated 93% sensitivity,

The potential lack ot side-etfects with pneumatic com-
pression has been regarded as a major advancage.”
Parients in the foot-pump group had significantly less
wound dramage, miner wound  bleeding, bruising, and
vozmg of the wound and swelling of the thigh when com-

parcd with patients 10 the LMWH group,
w12

This confirms
fndings of ather randomiscd studies.

Compliance and tolerance has been reported 1o be a
T Of e
randomised to the toot-pump

problem with pneamanc compression systems.
patents who were iminally

group. 16 discontmued its use betore discharge. The.main

redson was disturbance of sleep ar night duc to the noise

produced by the device. Warwick et al” reported a 3% rare
of discontinuation in patients who wore the foot pumps for
a mean of onlyv 15 hours daly for seven davs. [n contrast,
the foor pumps in thc present study were used for a mean of
194 hours tor |2 davs, An improved pump unic driven
preumatically instead of using elecerically has subsequently
been developed. This has led to marked reduction of noise.
Consideration needs to be given to the cost of providing
prophylasis, and lated to side-effects. Costs
of chemical prophvlaxis with EMWH in Europe may range,
dependent on wlinch product is used, between €35 and €50
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per patient. Although in many countries the pump units are
given in consignment without charge. The foot pads which
are used by only a single patient are sold at an approximare
cost of €80, The costs associated with the side effecrs of
LMWH are unclear. As in this study, Warwick et al” also
concluded that the foor pump s associred with fewer sotr-
nissue side-effeces than LMWL Tt was nor possible to deter-
mine the increase i costs caused by the side-cffeces.

The author or one or more of the authors have receivad or will recerve benelins
tor personal or professional use from a commercial party related directly or
indirectly to the subject of this article. In addwion, benefits have bean orwaill be

directed to a research fund, foundation, educational institution, or other non
profit organisation with which one or more of the authors are associated
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