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Statements of Group 2: Mechanical Venous
Thromboembolism Prophylaxis
1. Which devices have evidence supporting effective
mechanical venous thromboembolism (VTE) prophylaxis
in knee and hip arthroplasty and hip fracture surgery?
Recommendation
Mechanical devices that have evidence support as an ef-
fective mechanical VTE prophylaxis include intermittent
pneumatic compression devices (IPCDs), venous foot
pump (VFP) devices, and graduated compression stock-
ings (GCSs).
Delegate vote: Agree 94.5%, Disagree 4.1%, Abstain

1.4% (Strong Consensus)

Justification
According to the literature, many studies have demon-
strated that mechanical devices provide effectiveness as
a VTE prophylaxis [1–4]. A systematic review compared
the use of an IPCD and an anticoagulant for prophylaxis
of VTE events (14 randomized controlled trials [RCTs]
and three observation studies) in patients undergoing
joint arthroplasty [3]. VTE events occurred in 163 pa-
tients (11%); however, there was no statistically signifi-
cant difference between the IPCD group and the
anticoagulation group in VTE events [3]. Subgroup ana-
lyses separately evaluating IPCD alone vs.

anticoagulation and IPCD plus anticoagulation vs. antic-
oagulation alone suggested that the combination of
IPCD plus anticoagulation may provide a substantial
protective effect against VTE events [3]. However, a
retrospective study on 1259 primary total knee arthro-
plasties (TKAs) in a Korean population reported that the
use of an IPCD alone did not reduce the DVT incidence
in ethnic groups with low DVT incidence [5].
A VFP is a variation of IPCD that performs intermit-

tent pumping only on the foot [4]. The proper length of
IPCD to reduce the incidence of VTE is controversial. A
meta-analysis comparing the effectiveness of different
IPCDs in the prevention of VTE in patients after total
hip arthroplasty (THA) found that only one study had
fulfilled the eligibility criteria for inclusion in this sys-
tematic review [4]. That study enrolled 121 patients and
assessed thrombogenesis using the D-dimer level before
and after THA for VTE diagnosis [2]. Evaluation for
postoperative swelling by measuring the thigh and lower
leg circumference was investigated [2]. Fifty-eight pa-
tients were assigned to the calf-thigh pneumatic com-
pression group, and the other 63 were assigned to the
plantar compression group [4]. At seven days postopera-
tively, the mean D-dimer levels of the calf-thigh com-
pression and the plantar compression groups were not
statistically different (8.86 and 9.26 μg/ml, respectively)
[2]. However, there was a significant difference in in-
creasing of the circumference of the thigh after hip
arthroplasty, with an averaged 1.22% increase in the calf-
thigh compression group and 3.19% increase in the
plantar compression group [2]. Calf-thigh pneumatic
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compression was more effective than plantar compres-
sion for reducing thigh swelling during the early postop-
erative stage [2]. At 3 weeks after THA, there were no
patients with symptomatic deep vein thrombosis (DVT)
or pulmonary embolism (PE) in either the calf-thigh
compression or the plantar compression group [2]. Also,
another RCT trial from Japan reported that the VFP pro-
vided a significantly lower rate of PE as compared to re-
sults for the control group [1].
Regarding a meta-analysis study on GCSs for the pre-

vention of DVT, 19 RCTs were identified involving 1681
patients and 1064 legs for a total of 2745 analytic units
[6]. Nine studies included patients undergoing general
surgery, six studies included patients undergoing ortho-
pedic lower limb surgery, and one study included med-
ical patients [6]. In the treatment group, the GCS was
applied from patient admission until they were fully mo-
bile or discharged. In the treatment group (GCS), 9% of
patients developed DVT (126 of 1391 units) in compari-
son with 21% in the control group (282 of 1354 units)
[6]. An overall effect of VTE prophylaxis favored treat-
ment with a GCS (p < 0.00001) [6].

2. Do all mechanical devices (IPCD, VFP, and GCS) provide
similar efficacy for VTE prophylaxis?
Recommendation
Inconclusive, there are not enough supporting
evidences.
Delegate vote: Agree 95.9%, Disagree 1.4%, Abstain

2.7% (Strong Consensus)

Justification
There has been a lack of strong evidence that directly
compares the effectiveness of the different mechanical
devices (IPCD, VFP, and GCS) in VTE prophylaxis.
However, most experts agree that all mechanical devices
for VTE prophylaxis in knee and hip arthroplasty and
hip fracture surgery do not provide similar effectiveness.

3. Besides a mechanical device, what other
nonpharmacological methods can enhance VTE
prophylaxis in knee and hip arthroplasty and hip fracture
surgery?
Recommendation
Early ambulation and leg elevation can be added in the
postoperative protocol of knee and hip arthroplasty and
hip fracture surgery with a tendency to provide a posi-
tive effect on mechanical VTE prophylaxis.
Delegate vote: Agree 97.2%, Disagree 1.4%, Abstain

1.4% (Strong Consensus)

Justification
A current retrospective study on 13,384 TKA and THA
patients, who did not have increased VTE risk and had

mechanical VTE prophylaxis together with early
mobilization, showed that they had comparable VTE
rates to those of patients who had pharmacological VTE
prophylaxis [7].
Another RCT evaluated the effect of leg-elevated pos-

ition in a total of 185 eligible patients undergoing coron-
ary artery bypass grafting (CABG) who were randomly
assigned to a supine group (n = 92) or a leg-elevation
group (n = 93) [8]. Overall, DVT was detected in 25 pa-
tients (13.5%) [8]. There were more DVT cases in the
supine-position group (17 patients, 18.4%) than in the
leg-elevation group (eight patients, 8.6%), but this did
not reach a significant difference [8].
Although bed rest had been recommended for treat-

ment of acute DVT for a long time without strong sup-
porting evidence, a meta-analysis of 13 studies in 3269
patients who had acute DVT and received conventional
anticoagulation compared patient safety and pain be-
tween a bed-rest group and an early-ambulation group
[9]. The early-ambulation group showed similar patient
safety to the bed-rest group, in terms of incidence of
new PE, progression of DVT, or DVT-related deaths [9].
Moreover, the early-ambulation group had better out-
comes and lower remission of acute pain in the affected
limb compared to the bed-rest group [9].

4A. Can active foot-ankle exercise be considered as
mechanical VTE prophylaxis?
Recommendation
There is no evidence that foot-ankle exercise can pre-
vent VTE. However, it does not cause harm to patients
after limb surgery.
Delegate vote: Agree 87.7%, Disagree 1.3%, Abstain

11.0% (Strong Consensus)

4B. Can active breathing exercises be considered as
nonpharmacological VTE prophylaxis?
Recommendation
There is no evidence that active breathing exercises can
prevent VTE.
Delegate vote: Agree 97.2%, Disagree 1.4%, Abstain

1.4% (Strong Consensus)

Justification
There is no evidence to support the idea that foot-ankle
exercise or active breathing exercises can prevent VTE
in patients undergoing knee and hip arthroplasty and
hip fracture surgery. However, we recommend that all
patients practice these active exercise programs because
there is no adverse effect.
A randomized controlled study showed that active

ankle movement could reduce swelling of a patient’s leg
after lower limb surgery and improve maximum venous
outflow (MVO) and maximum venous capacity (MVC),
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which could prevent the formation of DVT after lower
limb surgery [10]. A total of 174 patients were random-
ized as the intervention group (n = 96) and the control
group (n = 78) [10]. The intervention group received
routine nursing care and active ankle movement (30
times/min for 1–7 days after surgery) [10]. The results of
the study revealed that thigh circumference in the inter-
vention group significantly decreased compared with the
control group on day 5, day 6, and day 7 after surgery, and
crus circumference in the intervention group also signifi-
cantly decreased compared with the control group on day
5, day 6, and day 7 [10]. The MVO and MVC in the inter-
vention group significantly increased compared with the
control group on the seventh day after surgery [10].
Deep breathing and active ankle exercise can increase

blood flow velocity; however, there is no evidence that
they are effective VTE prophylaxis methods. In the study
of Kwon et al. [11], 20 healthy males (mean age 21.3
years) with no medical history of lower extremity disease
were recruited for blood flow velocity testing in the fem-
oral vein using a Doppler ultrasound. Among four differ-
ent protocols, including quiet breathing while resting
(QR), deep breathing (DB), ankle exercise with quiet
breathing (AQB), and ankle exercising combined with
deep breathing (ADB), there were statistically significant
differences of venous peak blood flow velocity [11]. The
mean (SD) peak blood flow velocity in the femoral vein
was significantly different between each pair of the four
protocols. The mean peak blood flow velocity in the
femoral vein was highest with the ADB protocol, which
implies that the ADB protocol may be useful in prevent-
ing blood stasis in patients at risk of DVT [11].

5. Is an inferior vena cava (IVC) filter recommended for PE
prevention in knee and hip arthroplasty and hip fracture
surgery patients who have a history of prior DVT?
Recommendation
No, IVC filter placement is not recommended for pre-
venting PE in patients who have a history of prior DVT.
Delegate vote: Agree 95.9%, Disagree 1.4%, Abstain

2.7% (Strong Consensus)

Justification
Although a prospective study has shown that an IVC fil-
ter is safe and effective for prophylaxis against PE in
high-risk patients who undergo joint arthroplasty [12],
the IVC filter is recommended only in three clinical
scenarios: 1) patients with documented VTE and classic
indications, including absolute contraindication to antic-
oagulation, complication of anticoagulation resulting in
cessation of therapy, and failure of anticoagulation; 2)
patients with VTE and extended indications, including
iliocaval DVT or extensive free-floating proximal DVT,
difficulty establishing therapeutic anticoagulation,

massive PE treated with thrombolysis or thrombectomy,
chronic PE treated with thromboendarterectomy,
thrombolysis for iliocaval DVT, VTE with limited car-
diopulmonary reserve, recurrent PE with filter in place,
poor compliance with anticoagulation, and high risk in
complications of anticoagulation (e.g., risk for frequent
falls); and 3) patients without VTE but with risk for de-
veloping VTE who cannot receive anticoagulation or be
monitored for development of VTE, including trauma
patients with high risk of VTE, surgical procedure in a
patient at high risk for VTE, and medical condition with
high risk of VTE [13].

6. Should a mechanical device for VTE prophylaxis be
routinely applied in Asian patients undergoing knee and
hip arthroplasty and hip fracture surgery?
Recommendation
Yes, a mechanical device for VTE prophylaxis should
routinely be applied in all Asian patients undergoing
knee and hip arthroplasty and hip fracture surgery.
Delegate vote: Agree 84.9%, Disagree 11.0%, Abstain

4.1% (Strong Consensus)

Justification
A retrospective study comparing Korean patients with
and without application of IPCD after primary THA
found a significantly lower incidence of symptomatic
DVT in the patients with IPCD compared to the control
group (0.1%, 1/870 cases, and 0.8%, 8/922 cases, respect-
ively) [14]. Another study, evaluating symptomatic VTE
after primary THA between patients with and without
application of IPCD with low-dose aspirin for 6 weeks in
both groups, found that the incidence of symptomatic
VTE was lower in the IPCD group (1.3%) compared with
the control group (4.1%). However, there was no statis-
tical significance [15]. Although a retrospective study in
Korean patients with no elevated VTE risk who were
undergoing TKA reported that the use of IPCD alone
did not reduce the DVT incidence [6], the recent retro-
spective study on 13,384 patients undergoing TKA and
THA reported that mechanical prophylaxis with early
mobilization provides comparable VTE rates to those for
patients who had pharmacological VTE prophylaxis [7].

7. Is mechanical prophylaxis alone adequate for the
prevention of VTE in Asian patients after knee and hip
arthroplasty and hip fracture surgery?
Recommendation
It is inconclusive whether mechanical prophylaxis alone
can be effective for VTE prevention in all Asian patients.
Delegate vote: Agree 95.9%, Disagree 2.7%, Abstain

1.4% (Strong Consensus)
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Justification
Some studies from Asian countries support using mech-
anical devices alone for VTE prophylaxis in Asian pa-
tients undergoing knee and hip arthroplasty [14, 16–18].
A study on 741 patients who underwent 870 primary
THAs with application of an IPCD found that three pa-
tients (0.3%) developed DVT (detected by sonography),
one patient (0.1%) developed symptomatic DVT, and
one patient (0.1%) developed symptomatic PE [14].
There were no reported fatal PEs [14]. The incidence of
symptomatic DVT was significantly lower compared to
that of the historical control group [7]. Although some
studies provided a lower incidence of VTE in Asian pa-
tients undergoing total joint arthroplasty compared to
their Western counterparts, VTE prevention results were
similar between patients who had mechanical prophy-
laxis alone and patients who had combined mechanical
and pharmacological prophylaxis [16, 17]. A retrospect-
ive comparative study enrolled 2798 patients who under-
went TKA with mechanical VTE prophylaxis. It found
that 102 of 2200 patients (4.6%), with no chemoprophy-
laxis, developed DVT compared to 32 of 540 patients
(5.9%), with chemoprophylaxis, and the difference was
not statistically significant [18]. The subgroup analysis
found that 19 (0.8%) proximal DVTs and 83 (3.8%) distal
DVTs developed in the patients without chemoprophy-
laxis, and 4 (0.7%) proximal DVTs and 28 (5.2%) distal
DVTs developed in the patients with chemoprophylaxis
[18]. The incidence of PE was equal in both groups,
including 5 of 2200 patients (0.2%) without chemo-
prophylaxis and 1 of 540 patients (0.2%) with chemo-
prophylaxis [18]. A cohort study from Singapore on 966
patients who underwent TKA with routine mechanical
prophylaxis without chemoprophylaxis found a similarly
low prevalence of clinically significant VTE (0.82%) [19].
Seven patients developed DVT, and one patient died
from a massive PE [19]. A retrospective study included
2891 consecutive TKAs in 1933 patients, in whom GCSs
and IPCDs were used for VTE prophylaxis after TKA
[20]. Fifty-three of 2891(1.83%) TKAs had suggestive
symptoms or signs of VTE [20]; however only 26
(0.90%) were diagnosed as symptomatic VTE, including
10 (0.35%) symptomatic DVTs, 11 (0.38%) symptomatic
PEs, 5 (0.17%) combined symptomatic DVTs and PEs,
and 0 fatal PEs [20]. With appropriate patient selection
and perioperative protocols, the investigators concluded
that postoperative mechanical prophylaxis might be ad-
equate for preventing VTE in Asians undergoing knee
arthroplasty.
A prospective RCT by Cho et al. [21] studied the

prevalence of total DVT in 148 East Asian patients
undergoing TKA and compared a fondaparinux + GCS
group (n = 74) and a placebo + GCS group (n = 74). The
prevalence of total DVT was significantly higher in the

placebo + GCS group (25.7%) than in the fondaparinux
+ GCS group (6.8%) [21]. There were no symptomatic
VTEs in both groups at postoperative day 90. The au-
thors concluded that, although combined mechanical
and pharmacological prophylaxis was more effective in
preventing total DVT, the prevalence of proximal DVT
and PE was still low in East Asian patients [21]. They
suggested that routinely combined mechanical and
pharmacological prophylaxis should be reconsidered in
regular East Asian patients, except in those with a high
risk of VTE [21]. Similarly, another study by Kim et al.
[5] of 1259 primary TKAs reported that the use of IPCD
alone did not reduce the DVT incidence in Korean pa-
tients with low DVT incidence. Moreover, a prospective
RCT by Woolson et al. [22] compared patients who
underwent THA (total N = 217) among three groups:
group A with IPCD alone (N = 76), group B with IPCD
+ aspirin (N = 72), and group C with IPCD + low-dose
warfarin (N = 69). They then evaluated proximal DVT by
venography or bilateral ultrasonography before dis-
charge. The results showed no significant difference
among the incidence of proximal DVT in all groups
(group A 12%, group B 10%, and group C 9%) [22]. In a
systematic review from Sobieraj et al., the authors com-
pared the effectiveness of combined mechanical and
pharmacological VTE prophylaxis and mechanical
prophylaxis alone in patients who underwent TKA,
THA, or hip fracture surgery [23]. The results showed
that there were no significant differences in the risk of
proximal DVT (risk ratio [RR] 0.78; 95% confidence
interval [CI], 0.35–1.74) and PE (RR 1.57 [95% CI, 0.13–
19.02]) between the groups [23].
By contrast, a study from Singapore reported that

mechanical prophylaxis might not be adequate in
reducing the rate of DVT after hip fracture surgery
[24]. This study, on 454 patients who underwent hip
fracture surgery with mechanical prophylaxis in all
cases, showed an overall DVT incidence of 6.4% (29
patients) and a PE incidence of 1.3% (6 patients) [24].
Of 399 patients without chemoprophylaxis, 6.8%
developed DVT (27 patients), 1% (4 patients) had a
PE, and 0.25% (1 patient) had a PE without DVT,
while of the 55 patients with chemoprophylaxis, 3.6%
(2 patients) developed DVT, and 1.3% (1 patient) had
a PE [24].

8A. When should the mechanical device for VTE
prophylaxis be applied in patients undergoing knee and
hip arthroplasty?
Recommendation
The mechanical VTE prophylactic device in patients
undergoing knee and hip arthroplasty should be applied
in the early postoperative period. The mechanical device
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for VTE prophylaxis can be applied intraoperatively, al-
though there is no good evidence to support it.
Delegate vote: Agree 98.6%, Disagree 1.4%, Abstain 0%

(Strong Consensus)

8B. When should the mechanical device for VTE
prophylaxis be applied in patients undergoing hip
fracture surgery?
Recommendation
The mechanical VTE prophylactic device in patients
undergoing hip fracture surgery should be applied from
the preoperative period.
Delegate vote: Agree 93.1%, Disagree 5.5%, Abstain

1.4% (Strong Consensus)

Justification
Wakabayashi et al. [25] reported the incidence of pre-
operative DVT by using Doppler ultrasound in patients
who underwent primary and revision TKA and found
asymptomatic DVT in 17.4% (56 of 322 patients), with
increased risk in patients with revision TKA, rheumatoid
arthritis, or connective tissue diseases. A high incidence
of preoperative asymptomatic DVT encourages the use
of mechanical prophylaxis as soon as possible, especially
in some high-risk conditions [25].
Nam et al. reported a retrospective study of VTEs in

539 patients who underwent hip fracture surgery, by
comparing the patients who received preoperative mech-
anical prophylaxis with IPCDs and GCSs from time of
admission to surgery (135 patients) and the patients who
did not receive preoperative mechanical prophylaxis
before the operation (404 patients) [26]. All of the
patients received postoperative mechanical and chemical
prophylaxis until the day they were discharged from the
hospital [26]. The study found the overall incidence of
symptomatic DVT to be significantly lower in the group
using preoperative and postoperative mechanical
prophylaxis than in the group using only postoperative
mechanical prophylaxis (2.2% vs. 7.4%) [26]. However,
the incidence of symptomatic PE was not statistically
different between both groups (1.5% vs. 3.7%). The study
showed the effectiveness of using preoperative mechan-
ical devices to prevent symptomatic DVT after hip frac-
ture surgery [26].

9. What is the appropriate duration of mechanical VTE
prophylaxis applied to patients?
Recommendation
Mechanical VTE prophylaxis should be used during
hospitalization and extended after discharge until the pa-
tient’s independent ambulation is achieved.
Delegate vote: Agree 90.4%, Disagree 8.2%, Abstain

1.4% (Strong Consensus)

Justification
According to the 2018 National Institute for Health and
Care Excellence (NICE) guidelines, in elective hip
surgery, the duration of mechanical VTE prophylaxis
(antiembolism stocking) should be applied until the pa-
tient is discharged, in combination with pharmacological
prophylaxis for 28 days [27]. In elective knee surgery,
they recommend the antiembolism stocking until
discharge, combined with pharmacological prophylaxis
for 14 days [27]. If a patient has a contraindication for
pharmacological prophylaxis, one should consider an
IPCD in elective knee replacement surgery until the pa-
tient is mobile and consider antiembolism stockings in
elective hip replacement surgery until discharge [27].
In the RCT of Snyder et al., the authors compared the

duration of mechanical VTE prophylaxis (IPCD during
hospitalization only or extended use at home up to 6
weeks postoperatively) with aspirin for 3 weeks postoper-
atively after TKA [28]. The 6-week postoperative IPCD-
therapy group experienced significantly superior DVT
prophylaxis compared to the group receiving mechanical
compression device therapy on an inpatient-only basis
[28]. The DVT rate in the post-discharge IPCD-therapy
group was 0%, and it was 23.1% for the inpatient IPCD
group. There was also significantly higher satisfaction in
the post-discharge IPCD therapy group. Thus, mechan-
ical VTE prophylaxis can be extended to the period after
the patient is discharged from the hospital [28].

10. Should mechanical VTE prophylaxis be indicated in all
Asian patients who are contraindicated for
pharmacological prophylaxis undergoing knee and hip
arthroplasty or hip fracture surgery?
Recommendation
Yes, mechanical VTE prophylaxis is the most appropri-
ate VTE prevention in Asian patients who are contrain-
dicated for pharmacological prophylaxis. However, those
patients who have acute thrombophlebitis, congestive
heart failure, pulmonary edema, or limb ischemia due to
peripheral vascular diseases should not receive mechan-
ical VTE prophylaxis.
Delegate vote: Agree: 95.9%, Disagree: 2.7%, Abstain:

1.4% (Strong Consensus)

Justification
VTEs occur with an incidence ranging from 14 to 57 per
100,000 person-years [27, 29]. However, different coun-
tries appear to have different incidences of VTE follow-
ing trauma and major orthopedic surgeries [27, 29].
Based on Asian VTE guidelines, mechanical prophylaxis
using an IPCD is recommended as the primary method,
and additional pharmacological prophylaxis is recom-
mended if the thrombotic risk is high, e.g., because of
advanced age, immobility, cancer, surgery, or trauma
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[29]. From the study of Sugano et al., mechanical throm-
boprophylaxis without anticoagulants was found to be
useful in elective hip surgery in an Asian population
[30]. There were no cases of fatal PE from the review of
3016 patients, and only five cases of symptomatic VTE
were reported [30].
The 2018 NICE guidelines recommend mechanical

VTE prophylaxis if pharmacological prophylaxis is con-
traindicated [27]. For fragility fractures of the hip and
proximal femur, one should consider IPCDs at the time
of admission [27]. For elective hip surgery, one should
consider antiembolism stockings and continue until dis-
charge from the hospital [27]. For elective knee replace-
ment surgery, one should consider an IPCD and
continue until the patient is mobile [27].

11. What are the proper size and length of the IPCD and
GCS applied on the lower limb for VTE prophylaxis in
knee and hip arthroplasty and hip fracture surgery?
Recommendation
The proper size and length of mechanical devices should
correspond to the patient’s height and leg length. The
length of mechanical devices should cover the lower
limb, extending from the lower leg to the thigh. How-
ever, it is inconclusive whether a mechanical device
covering the entire lower limb provides better VTE pre-
vention than partial coverage.
Delegate vote: Agree 89.0%, Disagree 4.2%, Abstain

6.8% (Strong Consensus)

Justification
A mechanical VTE prophylactic device can prevent DVT
formation by two mechanisms: decreasing venous stasis
and activating fibrinolysis [31]. Its effect can be accom-
plished by compression of the foot or calf alone, or by
sequential compression of either the foot and calf or the
calf and thigh (14 studies; mostly TKA and THA, two
spinal and one trauma patient) [3]. The Cochrane sys-
tematic review by Zhao et al. of 121 patients undergoing
THA compared two types of IPCDs (calf-thigh compres-
sion and plantar compression). The review found no
cases of symptomatic DVT or PE in either group in the
first 3 weeks after surgery, but calf-thigh pneumatic
compression was more effective in reducing thigh swell-
ing than plantar compression [4].
An article on the Cochrane Database of Systematic Re-

views studied the effectiveness of the length of a GCS
(knee-length vs. thigh-length) and included three RCTs
with 496 patients from various surgical specialties, in-
cluding general, colorectal, hepatobiliary, gynecological,
and ear, nose, and throat (ENT) surgery, urology, and
neurosurgery [32]. There was no significant difference
between varying lengths of a GCS in reducing the inci-
dence of postoperative DVT [32]. Thus, the decision on

which type of IPCD and GCS to use should rely on pa-
tient compliance, ease of use, and cost implication.

12. What is the optimal IPCD protocol for VTE prevention
in Asian patients?
Recommendation
No specific IPCD protocol provides optimal VTE pre-
vention. There are vastly different settings of pneumatic
pressure, duration, and type of IPCD among different
studies. However, an IPCD should be applied on both
operated and nonoperated limbs.
Delegate vote: Agree 97.2%, Disagree 1.4%, Abstain

1.4% (Strong Consensus)

Justification
The 2012 American College of Chest Physicians (ACCP)
guidelines and a comprehensive literature review recom-
mend using IPCDs with 18 h of application time per day
[33]. In the study of Delis et al. on compression pressure
and range, it was found that coverage of the IPCD
should include the foot and the calf at a frequency of
two to four times per minute, with a pressure of 60–140
mmHg, to lower the venous pressure effectively [34]. Ac-
cording to the study of Giddings et al., a timing of IPCD
of 2 h had a significant effect on enhancing fibrinolysis
and suppressing procoagulant activation [35].
The 2018 NICE guideline for VTE prophylaxis makes

the following recommendations [27].
For fragility fractures of the hip and proximal femur,

one should consider intermittent pneumatic compres-
sion at the time of admission if pharmacological prophy-
laxis is contraindicated. This should continue until the
patient no longer has significantly reduced mobility rela-
tive to his/her routine or anticipated mobility [27].
For patients undergoing elective hip replacement sur-

gery, the guideline recommends low-molecular-weight
heparin (LMWH) for 28 days combined with antiembo-
lism stockings (until discharge) as one of the treatment
options for VTE prophylaxis. One should also consider
antiembolism stockings until discharge from hospital if
pharmacological intervention is contraindicated [27].
For patients undergoing elective knee replacement sur-

gery, one should consider intermittent pneumatic
compression if pharmacological prophylaxis is contrain-
dicated. This should be continued until the patient is
mobile [27].
The American Academy of Orthopaedic Surgeons

(AAOS) makes the following recommendations for
prevention of symptomatic PE for elective hip and knee
surgery [36]:
For Grade of Recommendation Moderate, it is sug-

gested to use pharmacologic agents, mechanical com-
pressive devices, or both for the prevention of venous
thromboembolic disease for patients who are not at
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elevated risk beyond that of the surgery itself for VTE or
bleeding [36].
For Grade of Recommendation Consensus, patients

undergoing elective hip or knee arthroplasty and who
have also had a previous venous thromboembolism,
should receive pharmacological prophylaxis and mech-
anical compressive devices [36].

13. Do combined devices for mechanical VTE prophylaxis,
such as IPCD and GCS, provide better effectiveness than a
single device alone?
Recommendation
It is inconclusive whether combined devices for mechan-
ical VTE prophylaxis will provide better effectiveness
than a single device.
Delegate vote: Agree 94.5%, Disagree 1.4%, Abstain

4.1% (Strong Consensus)

Justification
Regarding mechanical VTE prophylaxis in hip and
knee arthroplasty, both IPCDs and GCSs reduce the
incidence of VTE by increasing venous blood flow, re-
ducing venous distention, and preventing venous
stasis [5, 28]. A prospective study by Fordyce and
Ling [37] compared an A-V Impulse System foot
pump + GCS and GCS alone in 84 patients who had
undergone THA. The incidence of postoperative DVT
was significantly higher in the patients using GCS
alone (40% vs. 5%) [37]. However, the retrospective
study in elective primary TKA by Kim et al. [5] com-
pared an IPCD + GCS group (425 patients) vs. a
group using GCS alone (420 patients). The results
showed that the overall DVT was not significantly dif-
ferent between the two groups (14.8% in GCS alone,
11.3% in IPCD + GCS) [5]. The incidence of symp-
tomatic DVT was 0.7% in both groups, with no fatal
PE observed [5]. Therefore, it remains controversial
whether combined devices have better effectiveness
than a single device.
In hip fracture surgery, mechanical VTE prophylactic

methods can reduce the incidence of VTE [38]. In a
study by Mehta et al., the authors showed that using an
IPCD for ≥20 h per day before and after surgery could
reduce VTE in 434 hip fracture patients. The incidence
of DVT was 11 (2.5%) and that of PE was 2 (0.5%) [38],
compared with a previous study, which showed an inci-
dence of DVT of 8% in 104 elderly hip fractures without
mechanical thromboprophylaxis [39]. However, there are
inadequate data for fatal PE and mortality rates to make
a conclusion. No evidence-based study compares the ef-
fectiveness between combined devices and a single de-
vice for mechanical VTE prophylaxis [40].

14. Do variations of IPCDs (such as respiratory-
synchronized, mobile IPCDs) available in the market
provide different efficacies on VTE prophylaxis?
Recommendation
Inconclusive, there is no evidence whether different
modes/types of IPCD provide different efficacies on VTE
prophylaxis. There is only sparse evidence investigating
the effects of various modes of IPCD on VTE
prophylaxis.
Delegate vote: Agree 97.2%, Disagree 1.4%, Abstain

1.4% (Strong Consensus)

Justification
In general, IPCDs can be categorized into single-
chamber or multichamber, constant-pressure or
sequential-pressure, and slow gradual or rapid-inflation
devices, as well as portable or nonportable devices [3].
An IPCD is appropriate for VTE prophylaxis when used
in the setting of current clinical guidelines [29]. How-
ever, a systematic review by Pavon et al. showed the lim-
itations of several evidence-based studies in comparing
the effectiveness of each type of device [3]. A portable
IPCD has the advantage of continued use during ambu-
lation in the early postoperative period [41].
A multicenter study by Colwell et al. [42] showed non-

inferior effectiveness of the use of a mobile compression
device alone in preventing VTE when compared to use
of a mobile compression device and pharmacological
prophylaxis. The study by Froimson el al [41]. showed
that a mobile IPCD proved significantly more effective
than a standard IPCD when used in conjunction with
LMWH for DVT prevention in high-risk orthopedic pa-
tients. The results showed that the mobile IPCD had
lower rates of DVT (1.3% vs. 3.6%), lower rates of symp-
tomatic PE (0% vs. 0.66%), better compliance (83% vs.
49%), and shorter length of hospital stay (4.2 vs. 5.0 days)
[41]. However, Arsoy et al. [43], in a retrospective study,
compared two types of IPCDs (nonmobile + LMWH 14
days vs. mobile + aspirin once daily 14 days), and the re-
sults were not different in the rate of symptomatic VTEs
between both groups (THA: 2.6% for the nonmobile
group vs. 1.9% for the mobile group; p = 1.0; TKA: 1.1%
vs. 0%, respectively). This study showed the beneficial ef-
fects of both mobile and nonmobile IPCDs [43].
Regarding the mode of IPCD, an RCT by Koo et al.

[44] compared an IPCD with alternate sequential com-
pression (ASCD) vs. a simultaneous sequential compres-
sion device (SSCD) of both legs in 34 patients who
underwent knee and spine surgery. The outcomes found
no significant difference in asymptomatic distal DVT
(11.8% in the ASCD group vs. 29.4% in the SSCD group,
p = 0.331) [44]. There were no occurrences of symptom-
atic DVT or proximal DVT in either group [44]. An-
other RCT study compared two different methods of
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IPCD (simultaneous compression with fixed cycling rate
[SF] vs. alternate compression with adjusted cycling rate
[AA]) in 54 patients undergoing TKA [45]. The results
found no significant difference in total DVT (55.6% in
the AA group vs. 51.9% in the SF group), although the
SF group showed better hemodynamic parameters [45].
A meta-analysis by Elbuluk et al. [46] compared the
effectiveness of respiratory-synchronized compression
devices (RSCDs) and nonsynchronized intermittent
pneumatic compression devices (NSIPCDs) to pharma-
cological prophylaxis for preventing VTE after total joint
arthroplasty. The results showed that both devices had
effectiveness in preventing VTE. In the RSCD group, the
RRs of DVT and PE were 0.47 (95% CI, 0.27–0.80; I2 =
0%) and 0.62 (95% CI, 0.29–1.32; I2 = 0%), respectively
[46]. In the NSIPCD group, the RRs of DVT and PE
were 0.51 (95% CI, 0.39–0.67; I2 = 69%) and 0.24 (95%
CI, 0.04–1.47; I2 = 0%), respectively [46].

Acknowledgements
The consensus group especially thanks Western professors William J.
Maloney and Christopher S. Mow, who are leading experts in the field of
total joint arthroplasty and related complications, for their advice and
dedication regarding the current study.
NOTE: Members of Asia-Pacific (AP) Region Venous Thromboembolism (VTE)
Consensus Group include: Aasis Unnanuntana, Alvin Tan, Anthony Pohl,
Apisak Angsugomutkul, Apisit Patamarat, Arak Limtrakul, Azhar Merican,
Azlina Abbas, Badrul Shah Badaruddin, Boonchana Pongcharoen, Bui Hong
Thien Khanh, Cao Li, Chaithavat Ngarmukos, Charlee Sumettavanich,
Chavanont Sumanasrethakul, Chee-Ken Chan, Cheng-Fong Chen, Chong
Bum Chang, Chotetawan Tanavalee, Christopher Scott Mow, Chumroonkiet
Leelasestaporn, Chun Hoi Yan, Dang-Khoa Tran, David Campbell, David Liu,
Edi Mustamsir, Edsel Fernandez Arandia, Eun Kyoo Song, G Ruslan
Nazaruddin Simanjuntak, Hirotsugu Muratsu, Hyonmin Choe, Jamal Azmi
Mohammad, Jason Chi Ho Fan, Ji Hoon Bae, Ji-Wan Kim, Jose Antonio San
Juan, Jose Fernando C Syquia, Jun-Ho Kim, Kang-Il Kim, KiKi Novito, Kriskamol
Sithitool, Manoon Sakdinakiattikoon, Mel S Lee, Mohamad Zaim Chilmi, Myint
Thaung, Narathorn Kongsakpaisal, Ngai Nung Lo, Nicolaas Budhiparama,
Nikom Noree, Nobuhiko Sugano, Paphon Sa-ngasoongsong, Pariwat
Taweekitikul, Peter Bernardo, Piti Rattanaprichavej, Piya Pinsornsak, Po-Kuei
Wu, Pongsak Yuktanandana, Pruk Chaiyakit, Rahat Jarayabhand, Rami Maher
Sorial, Ryuji Nagamine, Saradej Khuangsirikul, Saran Tantavisut, Satit
Thiengwittayaporn, Seng Jin Yeo, Siwadol Wongsak, Srihatach Ngarmukos,
Sukit Saengnipanthkul, Supparurk Suksumran, Surapoj Meknavin, Thakrit
Chompoosang, Than Win, Thana Narinsorasak, Thana Turajane, Thanainit
Chotanaphuti, Thanarat Reancharoen, Tokifumi Majima, Ukrit
Chaweewannakorn, Viroj Kawinwonggowit, Wanshou Guo, Weerachai
Kosuwon, Wei Chai, William J. Maloney, Yee Hong Teo, Yunsu Chen, Yutaka
Inaba, Yutthana Khanasuk.

Authors’ contributions
All authors (CA, AT, VL, MCL, RWC, MM, and YZ) were involved in study
conception and manuscript writing. The corresponding author (AT)
supervised the work. The author(s) read and approved the final manuscript.

Funding
None.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Orthopaedics, Faculty of Medicine, King Chulalongkorn
Memorial Hospital, Chulalongkorn University, Bangkok, Thailand.
2Orthopedics Department, Police General Hospital, Bangkok, Thailand.
3Department of Orthopedic Surgery, Seoul National University Hospital,
Seoul, South Korea. 4Orthopaedic Research Unit, Queensland University of
Technology, Brisbane, Australia. 5epartment of Orthopaedic Surgery, Nissan
Tamagawa Hospital, Tokyo, Japan. 6Department of Orthopaedic Surgery,
Beijing Jishuitan Hospital, Fourth Clinical College of Peking University, Beijing,
China.

Received: 22 March 2021 Accepted: 4 April 2021

References
1. Asano H, Matsubara M, Suzuki K, Morita S, Shinomiya K (2001) Prevention of

pulmonary embolism by a foot sole pump. J Bone Joint Surg Br 83(8):1130–
1132. https://doi.org/10.1302/0301-620X.83B8.0831130

2. Fujisawa M, Naito M, Asayama I, Kambe T, Koga K (2003) Effect of calf-thigh
intermittent pneumatic compression device after total hip arthroplasty:
comparative analysis with plantar compression on the effectiveness of
reducing thrombogenesis and leg swelling. J Orthop Sci 8(6):807–811.
https://doi.org/10.1007/s00776-003-0706-y

3. Pavon JM, Adam SS, Razouki ZA, McDuffie JR, Lachiewicz PF, Kosinski AS,
Beadles CA, Ortel TL, Nagi A, Williams JW Jr (2016) Effectiveness of
intermittent pneumatic compression devices for venous thromboembolism
prophylaxis in high-risk surgical patients: a systematic review. J Arthroplast
31(2):524–532. https://doi.org/10.1016/j.arth.2015.09.043

4. Zhao JM, He ML, Xiao ZM, Li TS, Wu H, Jiang H (2012) Different types of
intermittent pneumatic compression devices for preventing venous
thromboembolism in patients after total hip replacement. Cochrane
Database Syst Rev 11:Cd009543

5. Kim KI, Kim DK, Song SJ, Hong SJ, Bae DK (2019) Pneumatic compression
device does not show effective thromboprophylaxis following total knee
arthroplasty in a low incidence population. Orthop Traumatol Surg Res
105(1):71–75. https://doi.org/10.1016/j.otsr.2018.11.010

6. Sachdeva A, Dalton M, Amaragiri SV, Lees T (2014) Graduated compression
stockings for prevention of deep vein thrombosis. Cochrane Database Syst
Rev:Cd001484. https://doi.org/10.1002/14651858.CD001484.pub3

7. Gill SK, Pearce AR, Everington T, Rossiter ND (2020) Mechanical prophylaxis,
early mobilisation and risk stratification: as effective as drugs for low risk
patients undergoing primary joint replacement. Results in 13,384 patients.
Surgeon 18(4):219–225. https://doi.org/10.1016/j.surge.2019.11.002

8. Ayatollahzade-Isfahani F, Pashang M, Omran AS, Saadat S, Shirani S,
Fathollahi MS (2013) Comparing the impact of supine and leg elevation
positions during coronary artery bypass graft on deep vein thrombosis
occurrence: a randomized clinical trial study. J Vasc Nurs 31(2):64–67.
https://doi.org/10.1016/j.jvn.2012.08.003

9. Liu Z, Tao X, Chen Y, Fan Z, Li Y (2015) Bed rest versus early ambulation
with standard anticoagulation in the management of deep vein thrombosis:
a meta-analysis. PLoS One 10(4):e0121388. https://doi.org/10.1371/journal.
pone.0121388

10. Wang Z, Chen Q, Ye M, Shi GH, Zhang B (2016) Active ankle movement
may prevent deep vein thrombosis in patients undergoing lower limb
surgery. Ann Vasc Surg 32:65–72. https://doi.org/10.1016/j.avsg.2015.10.012

11. Kwon OY, Jung DY, Kim Y, Cho SH, Yi CH (2003) Effects of ankle
exercise combined with deep breathing on blood flow velocity in the
femoral vein. Aust J Physiother 49(4):253–258. https://doi.org/10.1016/
S0004-9514(14)60141-0

12. Dhand S, Stulberg SD, Puri L, Karp J, Ryu RK, Lewandowski RJ (2015) The
role of potentially retrievable inferior vena cava filters in high-risk patients
undergoing joint arthroplasty. J Clin Diagn Res 9:Tc01–Tc03

13. DeYoung E, Minocha J (2016) Inferior vena cava filters: guidelines, best
practice, and expanding indications. Semin Intervent Radiol 33(02):65–70.
https://doi.org/10.1055/s-0036-1581088

Amarase et al. Knee Surgery & Related Research           (2021) 33:20 Page 8 of 9

https://doi.org/10.1302/0301-620X.83B8.0831130
https://doi.org/10.1007/s00776-003-0706-y
https://doi.org/10.1016/j.arth.2015.09.043
https://doi.org/10.1016/j.otsr.2018.11.010
https://doi.org/10.1002/14651858.CD001484.pub3
https://doi.org/10.1016/j.surge.2019.11.002
https://doi.org/10.1016/j.jvn.2012.08.003
https://doi.org/10.1371/journal.pone.0121388
https://doi.org/10.1371/journal.pone.0121388
https://doi.org/10.1016/j.avsg.2015.10.012
https://doi.org/10.1016/S0004-9514(14)60141-0
https://doi.org/10.1016/S0004-9514(14)60141-0
https://doi.org/10.1055/s-0036-1581088


14. Jo WL, Lee YK, Ha YC, Lee KM, Kang BJ, Koo KH (2016) Preventing venous
thromboembolism with use of intermittent pneumatic compression after
total hip arthroplasty in Korean patients. J Korean Med Sci 31(8):1319–1323.
https://doi.org/10.3346/jkms.2016.31.8.1319

15. Kwak HS, Cho JH, Kim JT, Yoo JJ, Kim HJ (2017) Intermittent pneumatic
compression for the prevention of venous thromboembolism after total
hip arthroplasty. Clin Orthop Surg 9(1):37–42. https://doi.org/10.4055/
cios.2017.9.1.37

16. Ruban P, Yeo SJ, Seow KH, Tan SK, Ng SC (2000) Deep vein thrombosis after
total knee replacement. Ann Acad Med Singap 29:428–433

17. Lee WS, Kim KI, Lee HJ, Kyung HS, Seo SS (2013) The incidence of
pulmonary embolism and deep vein thrombosis after knee arthroplasty in
Asians remains low: a meta-analysis. Clin Orthop Relat Res 471(5):1523–1532.
https://doi.org/10.1007/s11999-012-2758-9

18. Loh JLM, Chan S, Wong KL, de Mel S, Yap ES (2019) Chemoprophylaxis in
addition to mechanical prophylaxis after total knee arthroplasty surgery
does not reduce the incidence of venous thromboembolism. Thromb J
17(1):9. https://doi.org/10.1186/s12959-019-0200-1

19. Bin Abd Razak HR, Binte Abd Razak NF, Tan HA (2017) Prevalence of venous
thromboembolic events is low in Asians after total knee arthroplasty
without chemoprophylaxis. J Arthroplast 32(3):974–979. https://doi.org/10.1
016/j.arth.2016.09.008

20. Park YG, Ha CW, Lee SS, Shaikh AA, Park YB (2016) Incidence and fate of
“symptomatic” venous thromboembolism after knee arthroplasty without
pharmacologic prophylaxis in an Asian population. J Arthroplast 31(5):1072–
1077. https://doi.org/10.1016/j.arth.2015.11.028

21. Cho KY, Kim KI, Khurana S, Bae DK, Jin W (2013) Is routine
chemoprophylaxis necessary for prevention of venous thromboembolism
following knee arthroplasty in a low incidence population? Arch Orthop
Trauma Surg 133(4):551–559. https://doi.org/10.1007/s00402-013-1691-z

22. Woolson ST, Watt JM (1991) Intermittent pneumatic compression to
prevent proximal deep venous thrombosis during and after total hip
replacement. A prospective, randomized study of compression alone,
compression and aspirin, and compression and low-dose warfarin. J
Bone Joint Surg Am 73(4):507–512. https://doi.org/10.2106/00004623-1
99173040-00005

23. Sobieraj DM, Coleman CI, Tongbram V, Chen W, Colby J, Lee S, Kluger
J, Makanji S, Ashaye A, White CM (2013) Comparative effectiveness of
combined pharmacologic and mechanical thromboprophylaxis versus
either method alone in major orthopedic surgery: a systematic review
and meta-analysis. Pharmacotherapy 33(3):275–283. https://doi.org/10.1
002/phar.1206

24. Wong KL, Daruwalla ZJ, Lan CJ, Tan SH, Shen L, Chua W, Manohara R,
Lingaraj K (2014) Postoperative venous thrombotic events in Asian
elderly patients with surgically treated hip fractures with and without
chemoprophylaxis. Hip Int 24(6):650–655. https://doi.org/10.5301/hipint.
5000153

25. Wakabayashi H, Hasegawa M, Niimi R, Yamaguchi T, Naito Y, Sudo A (2017)
The risk factor of preoperative deep vein thrombosis in patients undergoing
total knee arthroplasty. J Orthop Sci 22(4):698–702. https://doi.org/10.1016/j.
jos.2017.04.007

26. Nam JH, Kim DH, Yoo JH, Hwang JH, Chang JD (2017) Does preoperative
mechanical prophylaxis have additional effectiveness in preventing
postoperative venous thromboembolism in elderly patients with hip
fracture?—Retrospective case-control study. PLoS One 12(11):e0187337.
https://doi.org/10.1371/journal.pone.0187337

27. National Institute for Health and Care Excellence: Clinical guidelines. In:
Venous thromboembolism in over 16s: reducing the risk of hospital-
acquired deep vein thrombosis or pulmonary embolism. London: National
Institute for Health and Care Excellence; 2018

28. Snyder MA, Sympson AN, Scheuerman CM, Gregg JL, Hussain LR (2017)
Efficacy in deep vein thrombosis prevention with extended mechanical
compression device therapy and prophylactic aspirin following total knee
arthroplasty: a randomized control trial. J Arthroplast 32(5):1478–1482.
https://doi.org/10.1016/j.arth.2016.12.027

29. Liew NC, Alemany GV, Angchaisuksiri P, Bang SM, Choi G, De Silva DA,
Hong JM, Lee L, Li YJ, Rajamoney GN, Suviraj J, Tan TC, Tse E, Teo LT,
Visperas J, Wong RS, Lee LH (2017) Asian venous thromboembolism
guidelines: updated recommendations for the prevention of venous
thromboembolism. Int Angiol 36(1):1–20. https://doi.org/10.23736/S0392-
9590.16.03765-2

30. Sugano N, Miki H, Nakamura N, Aihara M, Yamamoto K, Ohzono K (2009)
Clinical efficacy of mechanical thromboprophylaxis without anticoagulant
drugs for elective hip surgery in an Asian population. J Arthroplast 24(8):
1254–1257. https://doi.org/10.1016/j.arth.2009.05.015

31. Kearon C (2003) Natural history of venous thromboembolism. Circulation
107(23 Suppl 1):I22–I30. https://doi.org/10.1161/01.CIR.0000078464.82671.78

32. Sajid MS, Desai M, Morris RW, Hamilton G (2012) Knee length versus thigh
length graduated compression stockings for prevention of deep vein
thrombosis in postoperative surgical patients. Cochrane Database Syst Rev.
https://doi.org/10.1002/14651858.CD007162.pub2

33. Falck-Ytter Y, Francis CW, Johanson NA, Curley C, Dahl OE, Schulman S,
Ortel TL, Pauker SG, Colwell CW Jr (2012) Prevention of VTE in orthopedic
surgery patients: Antithrombotic Therapy and Prevention of Thrombosis, 9th
ed: American College of Chest Physicians Evidence-Based Clinical Practice
Guidelines. Chest 141(2):e278S–e325S. https://doi.org/10.1378/chest.11-2404

34. Delis KT, Azizi ZA, Stevens RJ, Wolfe JH, Nicolaides AN (2000) Optimum
intermittent pneumatic compression stimulus for lower-limb venous
emptying. Eur J Vasc Endovasc Surg 19(3):261–269. https://doi.org/10.1053/
ejvs.1999.1047

35. Giddings JC, Morris RJ, Ralis HM, Jennings GM, Davies DA, Woodcock JP (2004)
Systemic haemostasis after intermittent pneumatic compression. Clues for the
investigation of DVT prophylaxis and travellers thrombosis. Clin Lab Haematol
26(4):269–273. https://doi.org/10.1111/j.1365-2257.2004.00614.x

36. Johanson NA, Lachiewicz PF, Lieberman JR, Lotke PA, Parvizi J, Pellegrini V,
Stringer TA, Tornetta PI, Haralson RHI, Watters WCI (2009) Prevention of
symptomatic pulmonary embolism in patients undergoing total hip or knee
arthroplasty. J Am Acad Orthop Surg 17:183–196. https://doi.org/10.5435/
00124635-200903000-00007

37. Fordyce MJ, Ling RS (1992) A venous foot pump reduces thrombosis after
total hip replacement. J Bone Joint Surg Br 74:45–49

38. Mehta KV, Lee HC, Loh JS (2010) Mechanical thromboprophylaxis for
patients undergoing hip fracture surgery. J Orthop Surg (Hong Kong) 18(3):
287–289. https://doi.org/10.1177/230949901001800306

39. Lim YW, Chong KC, Chong I, Low CO, See HF, Lam KS (2004) Deep vein
thrombosis following hip fracture and prevalence of
hyperhomocysteinaemia in the elderly. Ann Acad Med Singap 33:235–238

40. Handoll HHG, Farrar MJ, McBirnie J, Tytherleigh-Strong GM, Milne AA,
Gillespie WJ (2002) Heparin, low molecular weight heparin and physical
methods for preventing deep vein thrombosis and pulmonary embolism
following surgery for hip fractures. Cochrane Database Syst Rev. https://doi.
org/10.1002/14651858.CD000305

41. Froimson MI, Murray TG, Fazekas AF (2009) Venous thromboembolic disease
reduction with a portable pneumatic compression device. J Arthroplast
24(2):310–316. https://doi.org/10.1016/j.arth.2007.10.030

42. Colwell CW Jr, Froimson MI, Anseth SD, Giori NJ, Hamilton WG, Barrack RL,
Buehler KC, Mont MA, Padgett DE, Pulido PA, Barnes CL (2014) A mobile
compression device for thrombosis prevention in hip and knee arthroplasty.
J Bone Joint Surg Am 96(3):177–183. https://doi.org/10.2106/JBJS.L.01031

43. Arsoy D, Giori NJ, Woolson ST (2018) Mobile compression reduces bleeding-
related readmissions and wound complications after THA and TKA. Clin
Orthop Relat Res 476(2):381–387. https://doi.org/10.1007/s11999.
0000000000000041

44. Koo KH, Choi JS, Ahn JH, Kwon JH, Cho KT (2014) Comparison of clinical
and physiological efficacies of different intermittent sequential pneumatic
compression devices in preventing deep vein thrombosis: a prospective
randomized study. Clin Orthop Surg 6(4):468–475. https://doi.org/10.4055/
cios.2014.6.4.468

45. Choi JS, Han HS, Choi YH, Kwon JH, Ahn HY (2015) Comparison of
simultaneous and alternate bilateral pneumatic compression in
hemodynamic effects and thromboprophylaxis after total knee arthroplasty.
Clin Appl Thromb Hemost 21(7):653–660. https://doi.org/10.1177/107602
9613518366

46. Elbuluk AM, Kim KY, Chen KK, Anoushiravani AA, Schwarzkopf R, Iorio R
(2018) Respiratory synchronized versus intermittent pneumatic compression
in prevention of venous thromboembolism after total joint arthroplasty: a
systematic review and meta-analysis. Orthop Clin North Am 49(2):123–133.
https://doi.org/10.1016/j.ocl.2017.11.001

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Amarase et al. Knee Surgery & Related Research           (2021) 33:20 Page 9 of 9

https://doi.org/10.3346/jkms.2016.31.8.1319
https://doi.org/10.4055/cios.2017.9.1.37
https://doi.org/10.4055/cios.2017.9.1.37
https://doi.org/10.1007/s11999-012-2758-9
https://doi.org/10.1186/s12959-019-0200-1
https://doi.org/10.1016/j.arth.2016.09.008
https://doi.org/10.1016/j.arth.2016.09.008
https://doi.org/10.1016/j.arth.2015.11.028
https://doi.org/10.1007/s00402-013-1691-z
https://doi.org/10.2106/00004623-199173040-00005
https://doi.org/10.2106/00004623-199173040-00005
https://doi.org/10.1002/phar.1206
https://doi.org/10.1002/phar.1206
https://doi.org/10.5301/hipint.5000153
https://doi.org/10.5301/hipint.5000153
https://doi.org/10.1016/j.jos.2017.04.007
https://doi.org/10.1016/j.jos.2017.04.007
https://doi.org/10.1371/journal.pone.0187337
https://doi.org/10.1016/j.arth.2016.12.027
https://doi.org/10.23736/S0392-9590.16.03765-2
https://doi.org/10.23736/S0392-9590.16.03765-2
https://doi.org/10.1016/j.arth.2009.05.015
https://doi.org/10.1161/01.CIR.0000078464.82671.78
https://doi.org/10.1002/14651858.CD007162.pub2
https://doi.org/10.1378/chest.11-2404
https://doi.org/10.1053/ejvs.1999.1047
https://doi.org/10.1053/ejvs.1999.1047
https://doi.org/10.1111/j.1365-2257.2004.00614.x
https://doi.org/10.5435/00124635-200903000-00007
https://doi.org/10.5435/00124635-200903000-00007
https://doi.org/10.1177/230949901001800306
https://doi.org/10.1002/14651858.CD000305
https://doi.org/10.1002/14651858.CD000305
https://doi.org/10.1016/j.arth.2007.10.030
https://doi.org/10.2106/JBJS.L.01031
https://doi.org/10.1007/s11999.0000000000000041
https://doi.org/10.1007/s11999.0000000000000041
https://doi.org/10.4055/cios.2014.6.4.468
https://doi.org/10.4055/cios.2014.6.4.468
https://doi.org/10.1177/1076029613518366
https://doi.org/10.1177/1076029613518366
https://doi.org/10.1016/j.ocl.2017.11.001

	Statements of Group 2: Mechanical Venous Thromboembolism Prophylaxis
	1. Which devices have evidence supporting effective mechanical venous thromboembolism (VTE) prophylaxis in knee and hip arthroplasty and hip fracture surgery?
	Recommendation
	Justification

	2. Do all mechanical devices (IPCD, VFP, and GCS) provide similar efficacy for VTE prophylaxis?
	Recommendation
	Justification

	3. Besides a mechanical device, what other nonpharmacological methods can enhance VTE prophylaxis in knee and hip arthroplasty and hip fracture surgery?
	Recommendation
	Justification

	4A. Can active foot-ankle exercise be considered as mechanical VTE prophylaxis?
	Recommendation

	4B. Can active breathing exercises be considered as nonpharmacological VTE prophylaxis?
	Recommendation
	Justification

	5. Is an inferior vena cava (IVC) filter recommended for PE prevention in knee and hip arthroplasty and hip fracture surgery patients who have a history of prior DVT?
	Recommendation
	Justification

	6. Should a mechanical device for VTE prophylaxis be routinely applied in Asian patients undergoing knee and hip arthroplasty and hip fracture surgery?
	Recommendation
	Justification

	7. Is mechanical prophylaxis alone adequate for the prevention of VTE in Asian patients after knee and hip arthroplasty and hip fracture surgery?
	Recommendation
	Justification

	8A. When should the mechanical device for VTE prophylaxis be applied in patients undergoing knee and hip arthroplasty?
	Recommendation

	8B. When should the mechanical device for VTE prophylaxis be applied in patients undergoing hip fracture surgery?
	Recommendation
	Justification

	9. What is the appropriate duration of mechanical VTE prophylaxis applied to patients?
	Recommendation
	Justification

	10. Should mechanical VTE prophylaxis be indicated in all Asian patients who are contraindicated for pharmacological prophylaxis undergoing knee and hip arthroplasty or hip fracture surgery?
	Recommendation
	Justification

	11. What are the proper size and length of the IPCD and GCS applied on the lower limb for VTE prophylaxis in knee and hip arthroplasty and hip fracture surgery?
	Recommendation
	Justification

	12. What is the optimal IPCD protocol for VTE prevention in Asian patients?
	Recommendation
	Justification

	13. Do combined devices for mechanical VTE prophylaxis, such as IPCD and GCS, provide better effectiveness than a single device alone?
	Recommendation
	Justification

	14. Do variations of IPCDs (such as respiratory-synchronized, mobile IPCDs) available in the market provide different efficacies on VTE prophylaxis?
	Recommendation
	Justification


	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

