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Summary
• Venous thromboembolism (VTE) (clots that form in a vein) is a common, but largely 

preventable, complication after orthopedic surgery.

• Preventive drug therapy (with anticoagulants or antiplatelets) is usually administered to lower 
the risk of VTE after orthopedic surgery.

• While the risk of major bleeding in orthopedic surgery is fairly low, this risk is increased by the 
use of preventive drug therapies.

• Portable compression systems may be used in addition to, or as an alternative to, drug therapy 
to prevent VTE.

• Although there is more evidence available for the ActiveCare portable compression systems 
than for other portable compression devices, there is uncertainty regarding the effectiveness 
of portable compression compared with newer drug therapies, and comparisons of different 
portable compression devices are needed.

Background
Venous thromboembolism (VTE) occurs when a blood clot 
forms in a vein. VTE includes both deep vein thrombosis (DVT) 

— a blood clot that commonly forms in a vein deep in the tissue 
of the legs — and pulmonary embolism (PE) — a blockage in 
the pulmonary artery (the artery that transports blood from the 
heart to the lungs). These clots are often asymptomatic and 
resolve spontaneously. However, large clots may detach and 
migrate to the lungs, causing a potentially fatal PE.1 People who 
have had a VTE may experience additional clots, postthrombotic 
syndrome — chronic leg pain, swelling, and leg ulcers — or 
pulmonary hypertension (high blood pressure that affects the 
lungs and right side of the heart).2,3

VTE is a common complication following surgery, and a 
frequent reason why patients are re-admitted to the hospital.4,5 
Lower limb surgeries such as hip and knee replacements, and 
hip fracture repair are associated with a particularly high risk 
for VTE — mainly due to decreased blood flow during and 
after surgery, and reduced patient mobility during recovery.3,5,6 
However, VTE is largely avoidable with appropriate preventive 
measures.3,7 The occurrence of DVT after surgery is also a 
possible indicator of decreased patient safety.7,8 Estimates 
of the risk for VTE in orthopedic surgeries when preventive 
measures are not used are shown in Table 1.
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With preventive drug therapies — typically blood-thinning 
(antithrombotic) agents — the incidence of symptomatic VTE in 
patients prior to hospital discharge decreases to approximately 
0.5% after hip replacement and 1.0% after knee replacement.8 
However, drug therapy is also associated with an increased 
risk for adverse events — in particular, bleeding. Major bleeding 
can cause stroke or blood loss requiring transfusion, and may 
require re-hospitalization and re-operation.10 Drug therapies 
may also increase the risk of post-surgical complications, such 
as infection.10 Non-drug interventions to prevent VTE offer an 
alternative or additional preventive strategy for some patients.

One alternative to drug therapy is compression therapy. For 
many years, compression devices have been used to prevent 
VTE.11 Renewed attention has focused on using these devices 
to avoid adverse events associated with drug therapies.12,13

Compression devices include graduated compression 
stockings, as well as many different types of pumps that 
deliver compression.12 Mechanical compression uses various 
methods to apply compression to the foot, calf, and/or thigh 
to enhance blood circulation and prevent blood clots.12 These 
devices deliver compression in various ways.11 In general, they 
improve blood circulation by preventing pooling of blood in the 
veins (venous stasis) and enhancing the natural breakdown of 
blood clots (fibrinolysis).14-16 The more hours that compression 
therapy is used each day, the more effectively it helps prevent 
VTE.17,18 However, poor patient and caregiver compliance with 
compression therapy can result in less-than-optimal use of this 
therapy.6,19 Compression therapy may also help reduce pain and 
swelling, and improve wound healing.20

The Technology
ActiveCare (Medical Compression Systems, Or Akiva, Israel) 
products are mechanical compression devices first developed in 
Israel in the 1990s, under the brand name WizAir.21 The devices 

— ActiveCare+S.F.T., ActiveCare DVT, and ActiveCare+DTx — are 
small, portable units that allow the patient to wear the device 
while walking. The disposable, inflatable compression sleeves 
wrap around the lower legs and fasten with Velcro.15,22 The 
sleeves connect to a lightweight (0.74 kg) pump that can be 
battery powered for five to six hours before recharging.

The ActiveCare+S.F.T. system delivers sequential compression 
and decompression synchronized with the patient’s respiration 
and venous flow.23 The ActiveCare+DTx system can also detect 
changes in blood flow that may indicate obstruction (although 
it is not intended for diagnostic use).20 ActiveCare compression 
increases peak venous blood flow by 66%, with a maximum 
pressure of 50 mm Hg during inflation of the sleeves.22 Pressure 
is applied for eight seconds, followed by 36 to 56 seconds of 
decompression.22

ActiveCare devices can be used during surgery and during 
recovery in hospital, as well as at home. The devices can 
provide any combination of foot, calf, and thigh compression on 
one or both legs,6 and include a monitor that records patient use 
and compliance with the therapy.22

Regulatory Status
ActiveCare devices are not yet licensed by Health Canada. In the 
US, they have FDA 510(k) approval (substantially equivalent to 
similar devices) as a Class II device for prescription use only.20,24 
They are also commercially available in Europe and elsewhere.23

Table 1: Estimated Incidence of Venous Thromboembolism in Major Orthopedic Surgery Without 
Preventive Measures

Type of Orthopedic Surgery DVT PE

Hip replacement 39% 6%

Knee replacement 53% 1%

Hip fracture surgery 47% 3%

DVT = deep vein thrombosis; PE = pulmonary embolism.
Source: Sobieraj et al.9



CADTH ISSUES IN EMERGING HEALTH TECHNOLOGIES 5

Other portable compression devices with Class II licences 
(marketing allowed) from Health Canada include Venowave 
(Saringer Life Science Technologies, Stouffville, Ontario); 
Restep DVT (Stryker Sustainability Solutions, Tempe, Arizona); 
VenaPro (InnovaMed Health, San Antonio, Texas); and Kendall 
SCD 700 Sequential Compression System (Covidien, Mansfield, 
Massachusetts).25

Patient Group
Patients who undergo hip or knee replacement or hip fracture 
surgery usually receive therapies to prevent VTE.19 From 2013 
to 2014, nearly 50,000 Canadians had a hip replacement, and 
about 60,000 had knee replacement surgery.26 Approximately 
30,000 Canadians suffer a hip fracture each year and make up 
another group of potential users of portable compression.27 The 
number of patients undergoing these surgical procedures is 
expected to increase as the population ages.28

In addition to orthopedic surgery patients, patients undergoing 
other surgical interventions or who have other medical 
conditions may also be at increased risk for VTE.29

Patients who may benefit from using portable compression 
devices to prevent VTE include both those for whom preventive 
drug therapy is:

• Indicated (i.e., those not at an increased risk of bleeding, 
who would use portable compression in addition to drug 
therapy), and

• Contraindicated (i.e., those at an increased risk of bleeding, 
who would use portable compression alone).

Current Practice
Preventive interventions for VTE may be either chemical 
(e.g., drugs) or mechanical (e.g., compression devices), or a 
combination of both.19

Patients prescribed chemical prophylaxis typically receive 
doses of drugs that prevent blood clots by inhibiting factors 
needed for blood clots to form (anticoagulants) or by preventing 
platelet cells from clumping together (antiplatelets). Common 
anticoagulants include warfarin, enoxaparin (low-molecular-
weight heparin), rivaroxaban, or dabigatran, while ASA 

(acetylsalicylic acid; i.e., Aspirin) is a commonly prescribed 
antiplatelet.28,30 Choosing which preventive therapies to use 
involves balancing the individual patient’s risk for VTE with that 
for bleeding — a possible adverse event with preventive drug 
therapies. Achieving this balance can be challenging, particularly 
for those without known risk factors for VTE.28

In addition to increasing the risk of bleeding, some drug 
therapies require frequent blood tests (e.g., warfarin) or daily 
injections (e.g., low-molecular-weight heparin) — both of which 
may be uncomfortable or inconvenient for patients.22

The 2012 American College of Chest Physicians (ACCP) 
guidelines on prevention of VTE in orthopedic surgery patients 
recommend prophylactic drug therapies for patients undergoing 
total hip or knee replacement or intermittent pneumatic 
compression.31 Compression should be used for 10 to 14 days 
for at least 18 hours per day.31 Only portable compression 
devices that record usage are recommended. In patients 
receiving preventive drug therapy, adding compression therapy 
while in hospital is suggested. In addition, a longer period 
of prophylaxis (up to 35 days) should be considered. Low-
molecular-weight heparin is preferred to other prophylactic 
drug therapies and other alternatives, including compression, 
unless otherwise contraindicated.32 Compression alone or no 
prophylaxis at all may be used in patients at risk for bleeding.

The 2011 American Academy of Orthopaedic Surgeons (AAOS) 
guidelines recommend that, given the absence of good-
quality evidence, patients with a known risk for VTE receive 
combined prophylaxis with both drug therapy and mechanical 
compression, while patients with a known risk for bleeding 
should receive mechanical compression alone.32,33 Patients who 
are not at risk for VTE or bleeding should receive preventive 
drug therapy and/or compression therapy.33 However, the 
most effective drug or compression therapy is unknown.33 
In addition, although evidence suggests that extending drug 
therapy for approximately one month, rather than the usual 
seven to 10 days, appears to be beneficial,9 the optimal duration 
of therapy is still unknown.33 The AAOS also recommends early 
mobilization, which it notes is “of low cost, minimal risk to the 
patient, and consistent with current practice.”32

Recent systematic reviews have confirmed that using both drug 
and mechanical compression reduces the risk of DVT over that 
achieved with drug therapy alone.9,34,35



CADTH ISSUES IN EMERGING HEALTH TECHNOLOGIES 6

Figure 1: Patient Wearing Portable 
Mobile Compression Device
Reproduced with permission: Froimson MI, et al.  
J Arthroplasty 2009;24(2):310-316.
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Methods
Literature Search Strategy
The literature search for this bulletin included the following 
bibliographic databases: PubMed, the Cochrane Library (2015, 
Issue 11), and the Centre for Reviews and Dissemination 
databases (DARE, NHS EED, and HTA). Grey literature was 
identified by searching relevant sections of the CADTH Grey 
Matters checklist (https://www.cadth.ca/resources/finding-
evidence/grey-matters-practical-search-tool-evidence-based-
medicine). No methodological filters were applied. The search 
was limited to English-language documents published within 
the last five years (2009 to November 2015). Regular PubMed 
alerts were established to update the search until March 1, 2016.

The Evidence
Clinical Effectiveness
The 2010 manufacturer-funded Deep Vein Thrombosis (DVT) 
Prevention in Total Hip Arthroplasty: Continuous Enhanced 
Circulation Therapy (CECT) Versus Low Molecular Weight 
Heparin (LMWH) trial (the SAFE trial) was a randomized, 
unblinded, prospective study of 410 patients who underwent 
total hip replacement at nine US centres.22 The study compared 
the safety and effectiveness of compression therapy using 
ActiveCare+S.F.T. with or without ASA to anticoagulation therapy 
with enoxaparin.22 Several patients in each group withdrew 
from the study or were not available for follow-up assessment. 
Three hundred and eighty-six patients completed the efficacy 
component of the study — 196 in the compression group 
and 190 in the anticoagulation group. Both groups received 
treatment for 10 days. Patients with previous VTE or a known 
bleeding disorder were excluded from the study.22

The compression group in the SAFE trial began using 
ActiveCare+S.F.T. during surgery and continued its use while in 
hospital and at home.22 One hundred and twenty-five patients 
in the compression group (63%) received 81 mg ASA daily at 
the discretion of their physician. Patients in the anticoagulation 
group received 30 mg enoxaparin every 12 hours until hospital 
discharge, followed by 40 mg once daily at home.22 Ten to 12 
days after surgery, all patients received duplex ultrasonography 
of both legs to detect DVT.22 Patients with a negative ultrasound 
scan were followed for an additional 10 to 12 weeks for late 
signs of VTE, bleeding, or other complications.22

In the SAFE trial, 10 VTEs (5%) — including eight DVTs and two 
PEs — were detected in the compression group.22 Ten patients 
(5%) in the anticoagulation group also had VTEs (eight DVTs 
and two PEs). All VTEs in both patient groups were successfully 
treated. No deaths were reported. The trial included enough 
patients to demonstrate the safety of compression therapy 
compared with anticoagulation therapy, but was not large 
enough to conclusively determine its comparative efficacy.22

Patients in the SAFE trial who received ASA in addition to 
compression had rates of VTE similar to those who did not 
take ASA.22 Because ASA use was discretionary and not an 
explicit criterion in the study design, the efficacy of treatment 
in the compression group may have appeared better than 
if compression therapy had been used alone. In addition, 
discretionary use of ASA may have increased bleeding in 
the compression group. The results of the study should be 
considered with these potential biases in mind.

The SAFE trial defined major bleeding as bleeding that required 
a longer hospital stay or re-hospitalization, surgery, or other 
interventions to resolve, or was life-threatening or determined 
to be the cause of death. No patients in the compression group 
experienced major bleeding compared with 11 patients (6%) 
who experienced major bleeding in the anticoagulation group. 22

Patients in the compression group of the SAFE trial used 
the device for an average of 20 hours per day (or 83% of 
the prescribed treatment time), for an average of 11 days.22 
Improved compliance with portable compression was also 
noted in earlier studies that compared portable compression 
to standard compression devices.36,37 The authors hypothesize 
that the longer daily duration of compression therapy may 
be at least partly responsible for improved outcomes in the 
compression group.22

A manufacturer-funded prospective study at one US centre, 
published in 2016, assessed a risk-stratification protocol for 
VTE prevention in patients undergoing unilateral hip or knee 
replacement or revision surgery.38 The study included 3,143 
patients divided into low-risk (2,222) and high-risk (921) 
prophylaxis regimen groups. Patients were excluded from 
the study if they had a history of DVT, PE, or wound healing 
complications; were undergoing multiple surgeries; were taking 
immunosuppressant drugs or long-term warfarin; or were 
receiving kidney dialysis. High-risk patients included those 
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with heart disease, chronic obstructive pulmonary disease, 
other restrictive lung diseases, type 1 or type 2 diabetes, 
multiple medical comorbidities, a family history of VTE, or 
those with limited weight-bearing capability one day after 
surgery. All patients received portable compression with the 
ActiveCare+S.F.T. device. The low-risk group used portable 
compression for 10 days for a target of 23 hours per day and 
received 325 mg of ASA two times a day. The high-risk group 
used portable compression only during their hospital stay. They 
also received warfarin anticoagulation therapy for four weeks 
and were asked to wear compression stockings for six weeks. 
All patients received the same rehabilitation interventions, 
including early mobilization.38

Six weeks after surgery, 13 (0.7%) VTEs had occurred in the 
low-risk group and four (0.5%) had occurred in the high-risk 
group. 38 Major bleeding events were significantly lower in the 
low-risk group: seven (0.4%) compared with 16 (2.0%) in the 
high-risk group. The authors concluded that, in appropriately 
risk-stratified patients, portable compression and ASA was not 
inferior to warfarin use in preventing VTE. Moreover, the authors 
noted that approximately 70% of all patients could potentially 
avoid more “aggressive” anticoagulation drug therapy and 
instead receive VTE prophylaxis with portable compression and 
ASA. Regarding compliance with compression therapy, more 
than 84% of patients in the low-risk group used the portable 
compression device for at least 18 hours per day.38

A 2014 patient registry study, funded by the manufacturer 
of ActiveCare, assessed portable compression using the 
ActiveCare+S.F.T. device in 3,060 patients at 10 US centres.30 
The study was designed to determine whether ActiveCare+S.F.T., 
with or without ASA, was as effective as anticoagulation therapy 
for reducing the risk for VTE. Patients were excluded from the 
study if they had a history of VTE, cancer, or a bleeding disorder.30 
Patients received ActiveCare+S.F.T. therapy for at least 10 days 
after surgery and some patients received ASA at the discretion of 
their physician. The registry recorded symptomatic DVTs or PEs 
that occurred within three months of surgery. Data from published 
clinical trials were used for the comparative group of patients who 
received anticoagulation therapy. The investigators attempted to 
address selection bias in the comparison group by using similar 
inclusion and exclusion criteria for the ActiveCare+S.F.T. group 
and by enrolling patients with similar demographics.19

In total, 28 patients in the ActiveCare+S.F.T. group (0.92%) 
experienced symptomatic VTE (23 DVTs and five non-fatal 
PEs).30 The study was too small to determine the effect of 
adding ASA to ActiveCare. Rates of VTE with anticoagulation 
therapies alone ranged from 0.64% with rivaroxaban to 2.2% 
with warfarin. Bleeding rates and patient compliance with 
ActiveCare+S.F.T. therapy were not recorded in the registry. 
The study concluded that ActiveCare+S.F.T. was as effective 
as most anticoagulation therapies, with the exception of 
rivaroxaban in knee replacement surgery.30

A 2015 conference presentation described preliminary results 
of a retrospective review of data on patients who underwent 
hip or knee replacement surgery.39 Investigators assessed rates 
of DVT, PE, and bleeding complications in patients, following 
their hospital’s new protocol of stratifying patients by risk. 
These patients were divided into two risk-stratified subgroups: 
843 patients with no known risk factors for VTE who received 
portable compression (ActiveCare DVT for 18 hours per day) 
plus ASA (325 mg twice per day) for 28 days; and 565 patients 
with at least one risk factor for VTE who received anticoagulant 
therapy (low-molecular-weight heparin, warfarin, or rivaroxaban). 
The four risk factors considered were previous VTE, tobacco 
use, morbid obesity, and concurrent cancer treatment. These 
risk-stratified patients were compared with a historical 
cohort of 1,203 patients who had all received anticoagulant 
therapy. There was no statistically significant difference in the 
number of VTEs in the risk-stratified group (n = 21 or 1.49%) 
compared with those in the historical cohort (n = 19 or 1.58%), 
or in the number of adverse events (including VTE, infection, 
and bleeding) in the risk-stratified patients (n = 51 or 3.62%) 
compared with those in the historical cohort (n = 48 or 3.99%). 
Hospital costs were reported to be lower in the subgroup that 
received compression therapy and ASA, but actual costs were 
not shown. The investigators concluded that, in patients with 
no known risk factors for VTE, portable compression and ASA 
therapy provides equivalent VTE prevention to anticoagulant 
drug therapy, and at a lower cost.39

Without prophylaxis, the rate of VTE in patients having a knee 
replacement is high, and it is higher among patients who 
have both knees replaced in the same surgery (simultaneous 
bilateral knee replacement) than with patients who have only 
one knee replaced (unilateral knee replacement).40 A small, 
non-randomized study published in 2015, of patients who 
had simultaneous bilateral knee replacement, compared 
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VTE prevention using portable compression therapy to 
anticoagulation therapy.41 The portable compression group 
(n = 47) received ActiveCare+S.F.T (for 10 days both in and 
out of hospital) plus ASA (325 mg twice daily for six weeks). 
The anticoagulation therapy group (n = 49) received portable 
compression therapy while in hospital plus warfarin for 
four weeks. No symptomatic VTEs occurred in the portable 
compression group. One patient in the anticoagulation therapy 
group experienced a symptomatic DVT several weeks after 
surgery. Patients in the anticoagulation therapy group were 
assigned to that group because they were intolerant to ASA 
or were at higher risk for VTE. The study was too small to 
determine conclusively if there was a difference between groups, 
but the authors concluded that their results indicate this area is 
worthy of further research. However, a 2013 study by Levy et al. 
found that, in simultaneous bilateral knee replacement surgery, 
the use of ActiveCare+S.F.T. portable compression therapy 
alone did not provide adequate VTE prophylaxis and the benefits 
of adding drug therapy should be investigated further.40,41

A 2009 hospital-sponsored, retrospective review of 1,810 hip 
and knee replacement patients at one US centre compared VTE 
rates, treatment compliance, and length of hospital stay when 
using a portable compression device (ActiveCare CECT, an older 
ActiveCare device) to a stationary compression device (Flowtron 
Excel, a calf-length compression device).36 Compression was 
provided throughout the patient’s hospital stay. In addition to 
compression therapy, all patients received anticoagulation 
therapy with enoxaparin and early mobilization.36 Two hundred 
and fifty patients received ActiveCare therapy and 1,560 received 
Flowtron Excel therapy during the 15-month study period. The 
final analysis included 223 ActiveCare patients and 1,354 
Flowtron Excel patients. DVT was confirmed using duplex 
ultrasound in three patients (1.3%) in the ActiveCare group and in 
49 patients (3.6%) in the Flowtron Excel group. No PEs occurred 
in the ActiveCare group, but nine (0.66%) were confirmed in 
the Flowtron Excel group. Patient compliance with treatment — 
defined as use of the compression therapy for at least 20 hours 
per day — was higher in the ActiveCare group (83%) than in the 
Flowtron Excel group (49%). However, compliance was recorded 
differently in the two groups — using the built-in monitor for 
the ActiveCare group and through nursing staff records for 
the Flowtron Excel group. Average hospital length of stay was 
slightly shorter in the ActiveCare group (4.2 days ± 3.2 days) than 
in the Flowtron group (5.0 days ± 3.7 days) — possibly due to the 
lower rate of DVTs in the ActiveCare group.36

A small, manufacturer-funded study, published in 2008, 
compared the use of anticoagulation therapy with low-
molecular-weight heparin plus compression with ActiveCare 
DVT to the use of anticoagulation therapy alone. The study 
included 277 patients undergoing hip replacement surgery (n = 
124) or knee replacement surgery (n = 153) at a single centre.42 
The study found a reduction in risk of DVT when ActiveCare DVT 
was added to anticoagulation therapy in patients undergoing 
knee replacement: five DVTs (6.6%), including one PE (occurred 
post-discharge), in the 76 patients in the ActiveCare DVT group, 
compared with 14 DVTs (19.5%) and one PE in the 77 patients in 
the drug-therapy-only group. However, there was no significant 
difference in rates of DVTs in the patients who underwent 
hip replacement surgery: one patient in the 65 patients in the 
ActiveCare DVT group (1.5%) and two patients (3.4%) in the 59 
patients in the anticoagulation group.42

A 2006 hospital- and university-funded study, using WizAir — the 
previous generation of ActiveCare — compared rates of DVT 
in 136 patients undergoing hip or knee replacement surgery at 
a single centre in Israel. Patients were randomized to receive 
either compression therapy plus ASA (100 mg per day), or 
anticoagulation therapy (40 mg of enoxaparin once daily by 
injection).6 The duration of therapy was not specified. A total 
of 121 patients (61 in the compression group and 60 in the 
anticoagulation group) completed the study and were included 
in analysis. Five to eight days after surgery, each patient 
received venograms or duplex ultrasounds of both legs to 
detect DVT. Follow-up continued for three months. Four patients 
in the compression group had a DVT (6.6%) compared with 17 
(28.3%) in the anticoagulation group. Patients who received 
compression had a shorter average hospital stay (8.8 ± 1.9 
days) compared with the anticoagulation group (9.9 ± 2.7 days). 
Because all other rates of adverse events were similar between 
the groups, investigators concluded the difference in length 
of stay was due to the lower rate of DVT in the compression 
group.6

Patient Satisfaction and Compliance
A 2014 US study of ActiveCare+S.F.T. after hip replacement 
surgery found that 234 of the 247 patients (94.7%) who used 
the device said they would use it again.43 Despite their overall 
satisfaction, 80.1% of patients felt the device was uncomfortable, 
63.6% thought it was cumbersome, 31.6% found it noisy, 8.5% 
reported a rash from the inflatable sleeves, and 3.6% said it was 
painful to use. Some patients (10.1%) reported having a fall, 
which they attributed to the device, but no injuries were noted.43
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Other than the ActiveCare studies, there is little evidence 
about other portable compression systems in hip and knee 
replacement surgery. Compliance with therapy may be 
improved with a fully portable compression unit that does not 
have to be disconnected and reconnected when the patient 
moves;6,19 however, the available evidence showing improved 
compliance with portable compression is based on studies of 
patients in hospital, rather than at home.1

Other Considerations
A final consideration is a lack of research comparing portable 
compression to newer direct oral anticoagulants — such as 
apixaban, a direct factor Xa inhibitor. One small, industry-funded 
study in Canada found apixaban to be generally more cost-
effective than current anticoagulant therapies — mainly due to 
fewer adverse events.44

Health Technology Assessments and Systematic 
Reviews
A 2012 assessment of the ActiveCare+S.F.T. by the University 
HealthSystem Consortium noted that ActiveCare+S.F.T was 
the first portable system to demonstrate safety and efficacy in 
a randomized controlled trial (the SAFE trial22).21 The authors 
concluded that the portability of the device, and its ability to 
record compliance, may increase usage and improve efficacy.21 
However, criteria for selecting patients who would most benefit 
from using the device and the optimal duration of treatment 
were not known, and studies comparing ActiveCare+S.F.T. 
to newer drug therapies, including assessment of patient 
preferences for therapy, were still needed.21

A 2009 report by the University of Pennsylvania Health System 
Center for Evidence-based Practice assessed intermittent 
pneumatic compression devices for VTE prevention. It concluded 
that, while these devices reduced the risk of VTE, there is a lack of 
evidence comparing the effectiveness of the different devices.45

A 2007 assessment of the ActiveCare DVT system by the Australia 
and New Zealand Horizon Scanning Network, for the Health Policy 
Advisory Committee on Technology (HealthPACT), concluded that 
the portability of the device was an advantage over stationary 
compression devices; however, the clinical benefits appeared to 
be similar to those of other types of DVT prevention.18

In 2015, the US Department of Veterans Affairs funded a 
systematic review of compression therapy — alone and in 
combination with drug therapy — to prevent VTE in hospitalized 
patients undergoing various high-risk surgeries.14,46 The review 
concluded that although the use of these devices is appropriate 
and should follow current clinical guidelines, there was little 
comparative effectiveness evidence to guide their selection.46 
Limited evidence suggested the use of compression devices 
alone may lower the risk of bleeding, and that the use of both 
compression and drug therapy reduced the risk for VTE.14

A 2014 Cochrane systematic review comparing different types 
of intermittent pneumatic compression devices to prevent VTE 
after hip replacement concluded that there was little evidence to 
support the use of one device over another.11

A 2012 systematic review of VTE prevention in hip and knee 
replacement patients found that the use of combined therapy 

— intermittent mechanical compression and drug therapy — 
reduced the occurrence of DVT in both hip and knee surgeries.47 
The studies were not large enough to determine a difference in 
effect on rates of PE.47

The US Agency for Healthcare Research and Quality (AHRQ) 
is currently updating its 2012 systematic review of VTE 
prophylaxis in orthopedic surgery.9,10 Key questions to be 
addressed include the comparative efficacy of different 
interventions, including mechanical compression, the efficacy of 
combined preventive therapies, and the optimal regimens and 
duration of treatment.10

Adverse Events
Rare reports of compartment syndrome and peroneal nerve 
palsy have been reported with the use of compression devices 
in orthopedic surgery.22,48 In the 2010 trial of ActiveCare+S.F.T., 
patients’ reasons for removing the compression device included 
noise from the pump motor, mild skin rash, and warmth of 
the device on the legs.15,22 A study of ActiveCare+S.F.T. in knee 
replacement patients reported no serious complications, but 
one patient found the compression uncomfortable and chose to 
receive drug therapy instead.40

The US FDA Manufacturer and User Facility Device Experience 
(MAUDE) database lists several reports of ActiveCare device 
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malfunction or adverse events, but most were deemed due to 
patient or caregiver error (e.g., use of the wrong electrical adaptor 
for the device or not performing routine skin checks to ensure 
the sleeves were not causing skin irritation), or not device-related 
(e.g., cardiopulmonary arrest after a patient had used the device 
without incident for 14 days in a rehabilitation facility).49

Administration and Cost
No Canadian pricing information is available.

A 2014 study estimated the cost of using the ActiveCare+S.F.T. 
at US$30 per day, or US$300 for a 10-day course of therapy.43

The 2012 University HealthSystem Consortium review estimated 
the US cost of the ActiveCare system to be approximately 
US$1,500, with an additional $30 to $50 for the disposable leg 
cuffs.21 Estimated costs for using the device were approximately 
$200 for in-hospital use, and an additional $200 for at-home 
use (based on cost of renting the unit; the number of days of in-
hospital and at-home use were not specified).

A US cost-effectiveness model — funded by the manufacturer 
— projected that the use of compression therapy instead of 
low-molecular-weight heparin would result in a cost savings of 
US $369.50 per patient — mainly due to the costs avoided in 
treating major bleeding events.5

Concurrent Developments
The geko device (FirstKind Ltd., High Wycombe, United Kingdom 
[UK]) is a disposable, portable electrostimulation unit that is 
strapped below the knee and used to stimulate the peroneal 
nerve (a nerve that affects sensation in, and movement of, the 
lower leg), causing muscle contractions in the lower leg and foot 
to increase blood flow back to the heart.50 Recent guidance from 
the National Institute for Health Care Excellence (NICE) in the UK 
concluded that there is limited evidence on the geko device, but it 
is “supported for use in people at high risk of [VTE] and for whom 
other mechanical compression and prophylactic drug therapies 
are impractical or contraindicated.”50 The geko device is available 
in Canada, the US, and Europe and costs CDN$100 for each pair 
of disposable, daily use devices (Geoff Fournie, Perfuse Medtec, 
London, ON; personal communication, 2015 Dec 7).

Increasingly, early mobilization of patients is being used to prevent 
VTE. A systematic review of early mobilization for preventing VTE 
after hip or knee replacement surgery is underway.51

Rate of Technology Diffusion
The ActiveCare devices are not yet available in Canada and no 
information on their potential diffusion here was found.

Implementation Issues
Patient preferences may affect the choice of preventive therapy 

— some may want the convenience of drug therapy, while others 
may prefer to avoid the possible adverse effects of drug therapy, 
regardless of any minor inconveniences with compression 
therapy. Patient preferences with respect to newer drug 
therapies with more convenient dosing and potentially improved 
outcomes may differ from those for older drug therapies.21

Patient instruction in the use of mobile compression at home 
will require nursing staff time.15 Patients should be warned 
about the risk of falling or becoming entangled or caught on 
objects if they use these devices when walking.43

As hospital stays become shorter, the need for portable 
compression devices that patients can use at home may 
increase.12 Extending the period of preventive therapy may 
be beneficial, as many VTEs occur weeks or months after 
hospital discharge.3,19,22 However, the optimal period of use 
of compression therapy once patients are ambulatory after 
surgery is still unknown.21



CADTH ISSUES IN EMERGING HEALTH TECHNOLOGIES 12

References
1. Postsurgical outpatient use of limb compression devices for venous throm-

boembolism prophylaxis [Internet]. Durham (NC): BlueCross BlueShield 
of North Carolina; 2014. [cited 2015 Dec 7]. (Corporate Medical Policy). 
Available from: https://www.bcbsnc.com/assets/services/public/pdfs/
medicalpolicy/postsurgical_outpatient_use_of_limb_compression_devic-
es_for_vte_prophylaxis.pdf

2. Vazquez SR, Kahn SR. Postthrombotic syndrome. Cardiology patient page. 
Circulation [Internet]. 2010 Mar 2 [cited 2015 Nov 27];121(8):e217-e219. 
Available from: http://circ.ahajournals.org/content/121/8/e217.full.
pdf+html

3. Heit JA. Estimating the incidence of symptomatic postoperative venous 
thromboembolism: the importance of perspective. JAMA. 2012 Jan 
18;307(3):306-7.

4. Craigie S, Tsui JF, Agarwal A, Sandset PM, Guyatt GH, Tikkinen KA. Adher-
ence to mechanical thromboprophylaxis after surgery: a systematic review 
and meta-analysis. Thromb Res. 2015 Oct;136(4):723-6.

5. Cost-effectiveness Writing Committee. Cost-effectiveness of venous 
thromboembolism prophylaxis with a new mobile device after total hip 
arthroplasty. J Arthroplasty. 2012 Sep;27(8):1513-7.

6. Gelfer Y, Tavor H, Oron A, Peer A, Halperin N, Robinson D. Deep vein 
thrombosis prevention in joint arthroplasties: continuous enhanced 
circulation therapy vs low molecular weight heparin. J Arthroplasty. 2006 
Feb;21(2):206-14.

7. Surgical care improvement project core measure set [Internet]. [Chicago 
(IL)]: The Joint Commission; 2012 Aug. [cited 2015 Dec 3]. Available from: 
http://www.jointcommission.org/assets/1/6/Surgical%20Care%20Improve-
ment%20Project.pdf

8. Januel JM, Chen G, Ruffieux C, Quan H, Douketis JD, Crowther MA, et al. 
Symptomatic in-hospital deep vein thrombosis and pulmonary embolism 
following hip and knee arthroplasty among patients receiving recommend-
ed prophylaxis: a systematic review. JAMA. 2012 Jan 18;307(3):294-303.

9. Sobieraj DM, Coleman CI, Tongbram V, Lee S, Colby J, Chen WT, et al. 
Venous thromboembolism prophylaxis in orthopedic surgery [Internet]. 
Rockville (MD): Agency for Healthcare Research and Quality; 2012 Mar. 
[cited 2015 Nov 17]. (AHRQ Comparative Effectiveness Reviews). Available 
from: http://www.ncbi.nlm.nih.gov/pubmedhealth/PMH0041828/pdf/Pub-
MedHealth_PMH0041828.pdf

10. Research protocol: systematic review update of venous thromboem-
bolism prophylaxis in orthopedic surgery [Internet]. Rockville (MD): 
Agency for Healthcare Research and Quality; 2016 Feb 17. [cited 2015 
Dec 7]. Available from: http://effectivehealthcare.ahrq.gov/index.cfm/
search-for-guides-reviews-and-reports/?topicid=628&search=&pageac-
tion=displaytopic

11. Zhao JM, He ML, Xiao ZM, Li TS, Wu H, Jiang H. Different types of intermit-
tent pneumatic compression devices for preventing venous thromboembo-
lism in patients after total hip replacement. Cochrane Database Syst Rev. 
2014;12:CD009543.

12. Pierce TP, Cherian JJ, Jauregui JJ, Elmallah RK, Lieberman JR, Mont MA. A 
current review of mechanical compression and its role in venous thrombo-
embolic prophylaxis in total knee and total hip arthroplasty. J Arthroplasty. 
2015 Dec;30(12):2279-84.

13. Lieberman JR, Pensak MJ. Prevention of venous thromboembolic disease 
after total hip and knee arthroplasty. J Bone Joint Surg Am. 2013 Oct 
2;95(19):1801-11.

14. Pavon JM, Adam SS, Razouki ZA, McDuffie JR, Lachiewicz PF, Kosinski 
AS, et al. Effectiveness of intermittent pneumatic compression devices 
for venous thromboembolism prophylaxis in high-risk surgical patients: a 
systematic review. J Arthroplasty. 2016 Feb;31(2):524-32.

15. Hardwick ME, Pulido PA, Colwell CW Jr. A mobile compression device com-
pared with low-molecular-weight heparin for prevention of venous thrombo-
embolism in total hip arthroplasty. Orthopedic nursing. 2011;30(5):312-6.

16. Westrich GH, Dlott JS, Cushner FD, Johanson NA, Ruel AV. Prophylaxis for 
thromboembolic disease and evaluation for thrombophilia. Instr Course 
Lect. 2014;63:409-19.

17. Morris RJ, Woodcock JP. Evidence-based compression: prevention of 
stasis and deep vein thrombosis. Ann Surg [Internet]. 2004 Feb [cited 2015 
Dec 16];239(2):162-71. Available from: http://www.ncbi.nlm.nih.gov/pmc/
articles/PMC1356208

18. National Horizon Scanning Unit. ActiveCare DVT for the prevention of deep 
vein thrombosis [Internet]. [Canberra]: Australia and New Zealand Horizon 
Scanning Network; 2007 Feb. (Horizon scan prioritising summary Volume 
15, Number 7). [cited 2015 Dec 7]. Available from: http://www.horizon-
scanning.gov.au/internet/horizon/publishing.nsf/Content/6B81AEB3E7EE-
0001CA2575AD0080F344/$File/Feb%20Vol%2015%20No%207%20-%20
Activecare%20DVT.pdf

19. Yates P. A mobile compression device for thrombosis prevention: a step in 
the right direction: commentary on an article by Clifford W. Colwell Jr., MD, et 
al.: “A mobile compression device for thrombosis prevention in hip and knee 
arthroplasty”. J Bone Joint Surg Am [Internet]. 2014 Feb 5 [cited 2015 Nov 
3];96(3):e23. Available from: http://jbjs.org/content/jbjsam/96/3/e23.full.pdf

20. Re: 510(k) no. K151377. Trade/Device Name: ActiveCare+S.F.T.; Active-
Care+S.F.T. Homecare; ActiveCare+DTx ; ActiveCare+DTx Homecare. Manu-
facturer: Medical Compression Systems (DBN) Ltd. [Internet]. Silver Spring 
(MD): U.S. Food and Drug Administration; 2015. [cited 2015 Nov 20]. Available 
from: http://www.accessdata.fda.gov/cdrh_docs/pdf15/k151377.pdf

21. ActiveCare+SFT® portable compression device for venous thromboem-
bolism prevention after joint arthroplasty: technology overview and status 
[Internet]. [Chicago]: University HealthSystem Consortium; 2012 Jan. 
(Techflash). [cited 2015 Nov 25]. Available from: http://www.njha.com/
media/41054/vte_1_techflash.pdf

22. Colwell CW Jr, Froimson MI, Mont MA, Ritter MA, Trousdale RT, Buehler 
KC, et al. Thrombosis prevention after total hip arthroplasty: a prospective, 
randomized trial comparing a mobile compression device with low-molecu-
lar-weight heparin. J Bone Joint Surg Am. 2010 Mar;92(3):527-35.

23. MCS Medical Compression System. ActiveCare® [Internet]. Concord (MA): 
Medical Compression Systems Inc.; c2014. Clearance; 2014 [cited 2015 Nov 
5]. Available from: http://activecare.mcsmed.com/professionals/clearance/

24. 510(k) summary: Medical Compression Systems (DBN) Ltd.’s ActiveCare DVT, 
ActiveCare+SFT and ActiveCare+DTx Systems [Internet]. Silver Spring (MD): 
U.S. Food and Drug Administration; 2014 May 8. [cited 2015 Nov 5]. Available 
from: http://www.accessdata.fda.gov/cdrh_docs/pdf14/k140755.pdf

25. Medical devices active licence listing (MDALL) [Internet]. Ottawa: Health 
Canada; 2015. Available from: www.mdall.ca

https://www.bcbsnc.com/assets/services/public/pdfs/medicalpolicy/postsurgical_outpatient_use_of_limb_compression_devices_for_vte_prophylaxis.pdf
https://www.bcbsnc.com/assets/services/public/pdfs/medicalpolicy/postsurgical_outpatient_use_of_limb_compression_devices_for_vte_prophylaxis.pdf
https://www.bcbsnc.com/assets/services/public/pdfs/medicalpolicy/postsurgical_outpatient_use_of_limb_compression_devices_for_vte_prophylaxis.pdf
http://circ.ahajournals.org/content/121/8/e217.full.pdf+html
http://circ.ahajournals.org/content/121/8/e217.full.pdf+html
http://www.jointcommission.org/assets/1/6/Surgical Care Improvement Project.pdf
http://www.jointcommission.org/assets/1/6/Surgical Care Improvement Project.pdf
http://www.ncbi.nlm.nih.gov/pubmedhealth/PMH0041828/pdf/PubMedHealth_PMH0041828.pdf
http://www.ncbi.nlm.nih.gov/pubmedhealth/PMH0041828/pdf/PubMedHealth_PMH0041828.pdf
http://effectivehealthcare.ahrq.gov/index.cfm/search-for-guides-reviews-and-reports/?topicid=628&search=&pageaction=displaytopic
http://effectivehealthcare.ahrq.gov/index.cfm/search-for-guides-reviews-and-reports/?topicid=628&search=&pageaction=displaytopic
http://effectivehealthcare.ahrq.gov/index.cfm/search-for-guides-reviews-and-reports/?topicid=628&search=&pageaction=displaytopic
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1356208
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1356208
http://www.horizonscanning.gov.au/internet/horizon/publishing.nsf/Content/6B81AEB3E7EE0001CA2575AD0080F344/$File/Feb Vol 15 No 7 - Activecare DVT.pdf
http://www.horizonscanning.gov.au/internet/horizon/publishing.nsf/Content/6B81AEB3E7EE0001CA2575AD0080F344/$File/Feb Vol 15 No 7 - Activecare DVT.pdf
http://www.horizonscanning.gov.au/internet/horizon/publishing.nsf/Content/6B81AEB3E7EE0001CA2575AD0080F344/$File/Feb Vol 15 No 7 - Activecare DVT.pdf
http://www.horizonscanning.gov.au/internet/horizon/publishing.nsf/Content/6B81AEB3E7EE0001CA2575AD0080F344/$File/Feb Vol 15 No 7 - Activecare DVT.pdf
http://jbjs.org/content/jbjsam/96/3/e23.full.pdf
http://www.accessdata.fda.gov/cdrh_docs/pdf15/k151377.pdf
http://www.njha.com/media/41054/vte_1_techflash.pdf
http://www.njha.com/media/41054/vte_1_techflash.pdf
http://activecare.mcsmed.com/professionals/clearance/
http://www.accessdata.fda.gov/cdrh_docs/pdf14/k140755.pdf
http://www.mdall.ca


CADTH ISSUES IN EMERGING HEALTH TECHNOLOGIES 13

26. Public summary: joint replacements in Canada: more patients, more sur-
geries, less time in hospital [Internet]. Ottawa: Canadian Institute for Health 
Information; 2015. [cited 2015 Nov 5]. Available from: https://www.cihi.ca/
en/cjrr-publicsummary_final_en.pdf

27. Waddell J, McGlasson R, Zellermeyer V, MacDonald V, Lo N, Spafford D, et 
al. National hip fracture toolkit [Internet]. Toronto: Canadian Orthopaedic 
Care Strategy Group; 2011 Jun 30. [cited 2015 Nov 24]. Available from: 
http://boneandjointcanada.com/wp-content/uploads/2014/05/Nation-
al-hip-fracture-toolkit-June-2011.pdf

28. Francis CW. Prevention of VTE in patients having major orthopedic surgery. 
J Thromb Thrombolysis. 2013 Apr;35(3):359-67.

29. CLOTS (Clots in Legs Or sTockings after Stroke) Trials Collaboration, 
Dennis M, Sandercock P, Reid J, Graham C, Forbes J, et al. Effectiveness 
of intermittent pneumatic compression in reduction of risk of deep vein 
thrombosis in patients who have had a stroke (CLOTS 3): a multicentre 
randomised controlled trial. Lancet. 2013 Aug 10;382(9891):516-24.

30. Colwell CW Jr, Froimson MI, Anseth SD, Giori NJ, Hamilton WG, Barrack RL, 
et al. A mobile compression device for thrombosis prevention in hip and 
knee arthroplasty. J Bone Joint Surg Am. 2014 Feb 5;96(3):177-83.

31. Falck-Ytter Y, Francis CW, Johanson NA, Curley C, Dahl OE, Schulman S, 
et al. 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 [Internet]. 
2012 Feb [cited 2015 Nov 16];141(2 Suppl):e278S-e325S. Available from: 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3278063

32. Jacobs JJ, Mont MA, Bozic KJ, Della Valle CJ, Goodman SB, Lewis CG, et 
al. American Academy of Orthopaedic Surgeons clinical practice guideline 
on: preventing venous thromboembolic disease in patients undergoing 
elective hip and knee arthroplasty. J Bone Joint Surg Am [Internet]. 2012 
Apr 18 [cited 2015 Nov 16];94(8):746-7. Available from: http://www.ncbi.
nlm.nih.gov/pmc/articles/PMC3326685

33. Mont MA, Jacobs JJ, Boggio LN, Bozic KJ, Della Valle CJ, Goodman SB, 
et al. Preventing venous thromboembolic disease in patients undergo-
ing elective hip and knee arthroplasty. J Am Acad Orthop Surg. 2011 
Dec;19(12):768-76.

34. Ho KM, Tan JA. Stratified meta-analysis of intermittent pneumatic com-
pression of the lower limbs to prevent venous thromboembolism in hospi-
talized patients (Provisional abstract). Circulation. 2013;128(9):1003-20.

35. Kakkos SK, Caprini JA, Geroulakos G, Nicolaides AN, Stansby GP, Reddy 
DJ. Combined intermittent pneumatic leg compression and pharmacolog-
ical prophylaxis for prevention of venous thrombo-embolism in high-risk 
patients. Eur J Vasc Endovasc Surg. 2009;37(3):364-5.

36. Froimson MI, Murray TG, Fazekas AF. Venous thromboembolic disease 
reduction with a portable pneumatic compression device. J Arthroplasty. 
2009 Feb;24(2):310-6.

37. Murakami M, McDill TL, Cindrick-Pounds L, Loran DB, Woodside KJ, Mileski 
WJ, et al. Deep venous thrombosis prophylaxis in trauma: improved com-
pliance with a novel miniaturized pneumatic compression device. J Vasc 
Surg. 2003 Nov;38(5):923-7.

38. Nam D, Nunley RM, Johnson SR, Keeney JA, Clohisy JC, Barrack RL. The 
effectiveness of a risk stratification protocol for thromboembolism prophy-
laxis after hip and knee arthroplasty. J Arthroplasty. 2015 Dec 17.

39. Doran J, Yu S, Odeh K, Szulc A, Murphy H, Smith S, et al. Risk stratified VTE 
prophylaxis following TJA: aspirin and sequential pneumatic compression 
devices versus aggressive chemoprophylaxis [Internet]. Poster presented 
at: 25th Anniversary American Association of Hip and Knee Surgeons; 
2015 Nov 6; Dallas (TX). [cited 2015 Dec 2]. Available from: http://meeting.
aahks.net/wp-content/uploads/2014/07/poster-abstracts-2015.pdf

40. Levy YD, Hardwick ME, Copp SN, Rosen AS, Colwell CW Jr. Thrombosis in-
cidence in unilateral vs. simultaneous bilateral total knee arthroplasty with 
compression device prophylaxis. J Arthroplasty. 2013 Mar;28(3):474-8.

41. Nam D, Nunley RM, Johnson SR, Keeney JA, Barrack RL. Mobile com-
pression devices and aspirin for VTE prophylaxis following simultaneous 
bilateral total knee arthroplasty. J Arthroplasty. 2015 Mar;30(3):447-50.

42. Edwards JZ, Pulido PA, Ezzet KA, Copp SN, Walker RH, Colwell CW Jr. 
Portable compression device and low-molecular-weight heparin compared 
with low-molecular-weight heparin for thromboprophylaxis after total joint 
arthroplasty. J Arthroplasty. 2008 Dec;23(8):1122-7.

43. McAsey CJ, Gargiulo JM, Parks NL, Hamilton WG. Patient satisfaction with 
mobile compression devices following total hip arthroplasty. Orthopedics. 
2014 Aug;37(8):e673-e677.

44. Revankar N, Patterson J, Kadambi A, Raymond V, El-Hadi W. A Canadian 
study of the cost-effectiveness of apixaban compared with enoxaparin for 
post-surgical venous thromboembolism prevention. Postgrad Med. 2013 
Jul;125(4):141-53.

45. Umscheid C, Mitchell MD. Intermittent pneumatic compression devices for 
venous thromboembolism prophylaxis. Philadelphia: University of Pennsyl-
vania Health System Center for Evidence-based Practice; 2009 Sep.

46. Poultsides LA, Gonzalez Della Valle A, Memtsoudis SG, Ma Y, Roberts T, 
Sharrock N, et al. Meta-analysis of cause of death following total joint 
replacement using different thromboprophylaxis regimens. J Bone Joint 
Surg Br. 2012 Jan;94(1):113-21.

47. Kakkos SK, Warwick D, Nicolaides AN, Stansby GP, Tsolakis IA. Combined 
(mechanical and pharmacological) modalities for the prevention of venous 
thromboembolism in joint replacement surgery. J Bone Joint Surg Br. 2012 
Jun;94(6):729-34.

48. Wright RC, Yacoubian SV. Sequential compression device may cause pero-
neal nerve palsy. Orthopedics. 2010 Jun;33(6):444.

49. U.S.Food and Drug Administration. MAUDE - Manufacturer and User Facility 
Device Experience [Internet]. Silver Spring (MD): FDA; 2005 -; 2015 [cited 
2015 Nov 25]. Available from: http://www.accessdata.fda.gov/scripts/
cdrh/cfdocs/cfmaude/search.cfm

50. The geko device for reducing the risk of venous thromboembolism [Inter-
net]. London: National Institute for Health and Care Excellence; 2014 Jun. 
[cited 2015 Dec 7]. (NICE medical technology guidance [MTG19]). Available 
from: https://www.nice.org.uk/guidance/mtg19

51. PROSPERO International prospective register of systematic reviews 
[Internet]. York (UK): Centre for Reviews and Dissemination (CRD); 1968 
-. Systematic review of early mobilisation for preventing venous thrombo-
embolism following total hip or knee arthroplasty; 2015 [cited 2015 Dec 
7]. Available from: http://www.crd.york.ac.uk/PROSPERO/display_record.
asp?ID=CRD42015019757

https://www.cihi.ca/en/cjrr-publicsummary_final_en.pdf
https://www.cihi.ca/en/cjrr-publicsummary_final_en.pdf
http://boneandjointcanada.com/wp-content/uploads/2014/05/National-hip-fracture-toolkit-June-2011.pdf
http://boneandjointcanada.com/wp-content/uploads/2014/05/National-hip-fracture-toolkit-June-2011.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3278063
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3326685
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3326685
http://meeting.aahks.net/wp-content/uploads/2014/07/poster-abstracts-2015.pdf
http://meeting.aahks.net/wp-content/uploads/2014/07/poster-abstracts-2015.pdf
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfmaude/search.cfm
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfmaude/search.cfm
https://www.nice.org.uk/guidance/mtg19
http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42015019757
http://www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=CRD42015019757

