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[ clinical commentary ]

O
rthopaedic surgery to address lower extremity 
musculoskeletal injury and disease is among the most 
routinely performed procedures in the United States.55 
It has been estimated that 60% of the surgeries 

conducted by orthopaedic physicians involve the knee joint,103 
which may include meniscal repairs, ligament reconstructions, or 

which may include the ability to 
complete activities of daily living, 
return to a demanding occupa-
tion or sport, reduce secondary 
injury risk, and mitigate the de-
velopment of such health com-

plications as osteoarthritis, osteoporosis, 
and chronic disease.135

To effectively enhance muscle size and 
strength, professionals recommend per-
forming resistance exercise at an intensity 
greater than 70% of maximum strength 
under normal training conditions.57 Yet, 
in the early stages of rehabilitation, the 
postsurgical patient is often restricted 
by his or her initial atrophic state, arth-
rogenic muscle inhibition, and a desire 
to protect the surgically repaired limb.42 
These patients often cannot complete 
resistance exercise at the preferred inten-
sities, instead exercising at lower intensi-
ties,126 which may lead to an incomplete 
restoration of muscle mass and strength 
that persists after rehabilitation.96 Blood 
flow restriction (BFR) resistance exercise 
is an attractive candidate to supplement 
low-intensity physical rehabilitation exer-
cises to achieve a similar degree of muscle 
mass and strength restoration attributed 
to high-intensity resistance exercise.38,46

During BFR, a low-intensity resistive 
load, such as 20% to 30% of maximum 

UU SYNOPSIS: Restoration of skeletal muscle mass 
and strength is critical to successful outcomes 
following orthopaedic surgery. Blood flow restric-
tion (BFR) resistance exercise has emerged as a 
promising means of augmenting traditional low-
intensity physical rehabilitation exercise and has 
yielded successful outcomes in a wide range of 
applications. Though BFR is well tolerated and safe 
for most individuals, patients who have undergone 
orthopaedic surgery may be an exception, due to 
their heightened risk for venous thromboembolism 
(VTE). While the pathogenesis of VTE is multifacto-
rial and specific to the individual, it is commonly 
described as a combination of blood stasis, endo-
thelial injury, and alterations in the constituents of 
the blood leading to hypercoagulability. The collec-
tive literature suggests that, given the pathogenic 
mechanisms of VTE, limited use of a wide, partially 
occluding cuff during resistance exercise should be 
low risk, and the likelihood that BFR would directly 

cause a VTE event is remote. Alternatively, it is 
plausible that BFR may enhance blood flow and 
promote fibrinolysis. Of greater concern is the 
individual with pre-existing asymptomatic VTE, 
which could be dislodged during BFR. However, 
it is unknown whether the direct risk associated 
with BFR is greater than the risk accompanying 
traditional exercise alone. Presently, there are 
no universally agreed-upon standards indicating 
which postsurgical orthopaedic patients may per-
form BFR safely. While excluding all these patients 
from BFR may be overly cautious, clinicians need 
to thoroughly screen for VTE signs and symptoms, 
be cognizant of each patient’s risk factors, and 
use proper equipment and prescription methods 
prior to initiating BFR. J Orthop Sports Phys Ther 
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total knee arthroplasties. Despite wide-
spread attention on musculoskeletal in-
jury and disease prevention, the number 
of total knee and hip arthroplasties is 
projected to grow by 673% and 174%, re-
spectively, by 2030.59

Following surgery, the primary physi-
cal rehabilitation goals are to resolve the 
patient’s pain and effectively re-establish 
normal joint movement, muscle mass, 
strength, and function.126 Achieving these 
goals is crucial for successful outcomes, 
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strength,98 and an external inflation cuff 
placed around the proximal portion of 
the exercising limb are used in an effort 
to partially occlude the underlying vascu-
lature that likely initiates muscle hypoxia 
and metabolic stress.69,77,117 There are sev-
eral synergistic physiological mechanisms 
that appear to facilitate BFR adaptations, 
which may include increased anabolic 
hormone production,100,105,120,121 acute skel-
etal muscle swelling,66,134 increased cell 
signaling for pathways related to muscle 
protein synthesis,23,27,28,35,130 suppressed 
negative growth regulators,61 decreased 
cell signaling for pathways resulting in 
muscle protein breakdown,78 altered 
muscle fiber–type recruitment associated 
with hypoxia and fatigue,9,17,24,52,84,124,132 
and a heightened accumulation of me-
tabolites.28,30,105,120 Professionals using this 
modality have demonstrated successful 
outcomes in a variety of applications,98 
including rehabilitation from knee os-
teoarthritis,112 osteochondral fracture,72 
inflammatory myositis,80 muscular weak-
ness from disuse,13,14,37 sarcopenia,15,54,127 
anterior cruciate ligament reconstruc-
tion,93,122 Achilles tendon rupture,137 and 
nonreconstructive knee arthroscopy.125

Efficacy and patient safety associated 
with any new rehabilitation modality are 
necessary concerns for the health care 
team. Thus far, BFR is generally well 
tolerated and regarded as safe for most 
healthy, active adults.6,11,51,71 Advance-
ments in BFR science and technology, 
cuff pressure prescription techniques, 
and cuff designs have been pursued to 
enhance safety.

Some clinicians may use rudimentary 
techniques to achieve occlusion, such as 
surgical tubing or elastic straps wrapped 
tightly around the proximal portion of 
the exercising limb.73,74,98,134 This method 
may or may not completely occlude all 
arterial and venous blood flow, and there 
is no way of knowing what occlusive pres-
sure the vessels experience. Further, the 
relatively thin diameter of the tubing or 
straps may cause highly localized stresses 
and an ineffective transmission of pres-
sure,19,33,34,90 potentially causing direct 

damage to the soft tissues and structures 
underneath the application site.

The cuffs developed for BFR are wider 
than those traditionally used. The most 
frequently used cuff width is 10 to 12 cm, 
although cuffs greater than 15 cm may be 
more desirable.19,98 Additionally, cuffs are 
now tapered to conform with the natural 
proximal-to-distal narrowing of the thigh 
or upper arm and are limb-circumference 
specific, which allows them to be fitted to 
various limb circumferences. Together, 
these advances enhance the transmis-
sion of pressure, and may appropriately 
mitigate complications caused by finely 
localized stresses from the cuff itself and 
reduce the pressure required to reach 
the same level of occlusion achieved with 
narrower cuffs.19,33,34,64,65,67,68,90

Blood flow restriction cuff pressure 
prescription methods have included a 
standard pressure for all patients, such 
as 180 mmHg; a pressure relative to the 
patient’s systolic blood pressure, such as 
1.2- or 1.5-fold greater than systolic blood 
pressure; or a pressure relative to the pa-
tient’s thigh circumference.70,98,101,114,131 
A pressure specific to each individual 
would be the safest prescription meth-
od, because the same pressure may not 
necessarily occlude the same amount of 
blood flow for all individuals under the 
same conditions.

Devices and procedures specifically 
designed for BFR have been developed 
to individualize the pressure for each 
patient using plethysmography or Dop-
pler ultrasound to detect blood flow.25,61,125 
At rest, cuff pressure is slowly increased 
until the flow of blood is no longer de-
tected, a term frequently referred to as 
total limb occlusion pressure (LOP) or 
arterial occlusion pressure (AOP). A 
submaximal percentage (eg, 40%-80%) 
of that pressure is prescribed for the ex-
ercise session.98,125 This pressure prescrip-
tion method ensures that patients are not 
exercising with a pressure that is too high 
relative to their systolic blood pressure, 
and accounts for the volume and density 
of soft tissue underneath the cuff. Fur-
ther, this method allows for appropriate 

progression of the pressure, similar to the 
way a clinician would progress resistive 
load, repetitions performed per set, and 
total number of sets performed for a re-
sistance exercise. Despite this sensible ap-
proach to prescribing BFR cuff pressure 
based on the individual, this prescription 
method is not being used as frequently as 
other prescription methods.98

An important consideration is that 
systolic blood pressure will rise during 
exercise; thus, the pressure prescribed at 
rest to achieve a given submaximal de-
gree of occlusion is most likely occluding 
blood flow to a lower degree when exer-
cise is initiated. However, alterations in 
soft tissue volume beneath the BFR cuff 
may occur due to skeletal muscle con-
traction and relaxation, which may rap-
idly increase and decrease the relative 
pressure.51 Blood flow restriction devices 
are available that quickly regulate the 
cuff pressure in response to these rapid 
changes, likely narrowing the excursion 
in the relative pressure from what was 
prescribed at rest during skeletal muscle 
relaxation. Nevertheless, research dem-
onstrates that pressures lower than those 
previously believed to be required may 
cause similar muscle mass and strength 
increases compared to traditional resis-
tance exercise,17,53 which would further 
enhance safety and warrants continued 
investigation.

The concern regarding the potential 
for BFR to increase the risk of venous 
thromboembolism (VTE), which may 
present as deep vein thrombosis (DVT) 
or pulmonary embolism (PE), remains 
for some clinicians,98 especially for their 
postsurgical patients. This concern is 
valid because, while the occurrence of 
DVT is 3-fold that of PE,92 PE can be 
fatal and is responsible for more than 
150 000 deaths per year in the United 
States.43 Those who survive an acute VTE 
event may develop severe postthrom-
botic syndrome and are often subject to 
significant, lifelong reductions in health 
and well-being.111 Venous thromboembo-
lism has been predicted to occur in ap-
proximately 1 to 2 per 1000 people in a 
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given year in the general population,107 
although the risk of VTE is increased 
nearly 100-fold for postsurgical patients 
in the first 6 weeks following surgery.118

Venous thromboembolism risk is mul-
tifactorial for any patient, which makes 
predicting those who are most likely to 
have a VTE event very difficult.3,31 While 
all people are at risk for VTE, the fore-
most determinants of VTE risk may be 
hereditary or acquired.3,31 Hereditary risk 
factors are generally associated with in-
herited thrombophilia.3,31 Spontaneous 
VTE rarely arises from hereditary factors 
alone, however, so it is commonly be-
lieved that an acquired factor must also 
be present.3,31 Approximately 50% of pa-
tients who develop a clinically diagnosed 
VTE have 3 or more acquired risk factors 
present at the time of diagnosis, includ-
ing more than 48 hours of immobility in 
the preceding month; hospital admis-
sion, surgery, malignancy, or infection 
in the past 3 months; or current hospital 
admission.115 Risk for VTE appears to be 
magnified exponentially with additional 
risk factors, especially if the patient has 
inherited thrombophilia.91

While there have been many attempts 
to quantify VTE risk, there is no univer-
sally accepted model.7,32 In this context, 
risk factors combine until a theoretical 
threshold is reached in which a VTE 
event occurs; however, the definition of 
this theoretical threshold is elusive and is 
likely different for each individual.62 Nev-
ertheless, most models use a point scale 
to define risk for broad categories of fac-
tors and stratify patients into risk groups 
using the sum of the points, such as the 
Caprini risk assessment model.7

To truly understand VTE risk in post-
surgical orthopaedic patients performing 
BFR, it is imperative that the incidence 
rate be established. Presently, there is 
available in the literature only 1 large-
scale study assessing the incidence of 
VTE in patients completing BFR.85 Al-
though the study demonstrated that the 
rate of VTE was lower than that of the 
general Asian-American population, a 
number of critical issues severely limit 

the strength of these findings.85 A large 
number of clinical trials are presently 
being conducted in a variety of postsur-
gical populations, and, collectively, the 
reported incidence of any adverse events 
associated with BFR is extremely rare.6,87

However, until the incidence rate is 
quantitatively defined for postsurgical 
orthopaedic patients, professionals may, 
at best, theorize the effects of BFR on the 
physiological catalysts associated with 
VTE. While the coagulation (eg, forma-
tion of fibrin clots) and fibrinolytic (eg, 
breakdown of fibrin clots) systems are 
complex, a commonly accepted model 
describing the pathogenesis of VTE is 
Virchow’s triad.58 This triad, developed in 
the mid 19th century, suggests that VTE 
occurs as a result of stasis, endothelial in-
jury, and acute or chronic alterations in 
the constituents of the blood leading to a 
hypercoagulable state.58

STASIS

T
here is no doubt that BFR 
causes a temporary partial restric-
tion of blood flow; indeed, the goal 

of this modality is to initiate hypoxia and 
metabolic stress by limiting the arterial 
inflow of oxygenated blood and venous 
outflow of blood containing metabo-
lites.69,77,117 Most individuals associate sta-
sis with tourniquets, such as those used in 
the operating room or on the battlefield 
to prevent significant blood loss and save 
a life, although the acute use of a tourni-
quet in the absence of other factors is not 
necessarily associated with VTE.25,39,50,90

While surgical tourniquets and BFR 
cuffs share many characteristics, there 
are several important differences in their 
function and application. For example, fi-
nal BFR cuff inflation pressure is typical-
ly between 50 and 200 mmHg.98 These 
values coincide with a submaximal LOP 
or AOP between 40% and 80%, which 
allows for some blood flow to be main-
tained. This is much lower than the 300 
mmHg routinely used in the operating 
room for lower extremity surgeries that 
causes complete arterial and venous oc-

clusion.25 Further, using standard set and 
repetition prescriptions, the BFR cuff will 
be inflated for approximately 5 to 10 min-
utes per exercise.98,125 Additional exercises 
may be performed, but the cuff is deflated 
between them. Maximal BFR cuff infla-
tion time per exercise session likely does 
not exceed most typical tourniquet times 
in the operating room, and certainly does 
not exceed the often-cited 2-hour tour-
niquet time limit used in the operating 
room.25,129

Stasis may also occur as a result of im-
mobility, for instance, following injury or 
trauma, during the surgery itself or acute 
recovery, or in extended periods of sitting 
(eg, plane or car travel). Movement of the 
blood in the distal region of the venous 
system is assisted by the compressive 
force of the muscles surrounding it (eg, 
muscle pump). Without muscle pump, 
the blood tends to pool in the areas sur-
rounding the valve sinuses, increasing the 
likelihood for coagulation. This may be 
why extended immobility for more than 
48 hours is so strongly associated with 
subsequent VTE events.115

The presence of muscle pump also 
highlights another difference between 
operating-room tourniquet and BFR cuff 
application. During orthopaedic surgery 
and short-term recovery, patients are 
immobile due to anesthesia, and may be 
bradycardic and hypotensive, increas-
ing the likelihood of a degree of systemic 
stasis. During BFR, the patient is mo-
bile, heart rate and blood pressure rise 
to sustain exercise, and muscle pump is 
occurring. This means that temporary 
partial blood flow is localized to the limb 
performing BFR, and that normal blood 
flow is likely resumed as soon as the cuff 
is deflated.

Intermittent pneumatic compression 
(IPC), applied with a cuff similar to that 
used during BFR, has been employed by 
physicians for centuries as a way to pre-
vent stasis during periods of immobility 
and to improve blood flow. During IPC, a 
cuff is repeatedly inflated to a given pres-
sure and then deflated in a cyclic fashion 
to provide sequential compressive stimuli 
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to the underlying soft tissue and vascu-
lature. These repetitive stimuli provide 
several proposed biochemical and me-
chanical benefits.10 From a mechanical 
standpoint, IPC acts much like the com-
pressive force of normal, rhythmic mus-
cle contractions during locomotion. This 
enhances venous return, prevents stasis, 
and facilitates the clearance of valve si-
nuses when an immobile individual’s own 
muscle pump cannot do so.10,97 Biochemi-
cally, the rapid acceleration of blood also 
increases the secretion of nitric oxide 
from the endothelial cells, dilating the 
vessels and improving blood flow.10

One additional benefit of using a wid-
er cuff that encompasses a larger volume 
of soft tissue, other than the lower re-
quired pressures, is that these mechanical 
and biochemical benefits may be greater 
than when a narrow cuff is used. While 
outside the scope of this paper, it is in-
teresting to consider that other modali-
ties, such as foam rolling or massage, may 
have similar effects on these tissues and 
the vasculature and are performed with 
higher frequency than BFR or IPC.

Although BFR causes a temporary 
localized reduction in blood flow in the 
exercising limb, complete occlusion is not 
achieved; it occurs for a relatively short 
time compared to traditional operating-
room tourniquet use, and normal blood 
flow is resumed immediately following 
cuff deflation. While the compressive 
stimulus from the cuff during BFR is not 
repetitive as that during IPC, it is plau-
sible that combining the effects of a single 
compressive force from the BFR cuff with 
the cyclic nature of muscle contractions 
during resistance exercise may enhance 
the ejection of the blood in the vascu-
lature of the lower extremity after cuff 
deflation. To this effect, some evidence 
suggests that BFR facilitates a chronic 
enhancement in vascular function and 
blood flow compared to low-intensity 
resistance training alone.48,99 When con-
sidering the mechanisms of stasis, and its 
contribution to the development of VTE, 
it seems that the very finite use of a wide, 
partially occluding cuff would likely be of 

small risk. Indeed, to date, BFR exercise 
has been performed in healthy individu-
als with single-limb immobility, via the 
unilateral lower-limb suspension model, 
with no adverse events.13,37

ENDOTHELIAL INJURY

I
n the context of orthopaedic sur-
gery, physicians are not operating 
directly on the vasculature itself, so en-

dothelial damage must arise from other 
sources. While it is well known that skel-
etal fractures can cause severe vasculature 
damage, injuries in which no skeletal 
fracture occurs can cause great harm as 
well. For example, the aberrant motion 
during knee joint dislocations may cause 
vascular damage to the popliteal artery, 
even though no surgery may be required 
to restore the musculoskeletal integrity 
of the joint.83 Other musculoskeletal in-
juries, such as ligament ruptures, often 
require reconstructive surgery to restore 
stability to the joint. In this situation, 
vascular damage may occur as a result of 
the invasiveness of the surgical procedure 
and retraction in the operating room. As 
this can vary between physicians and the 
type of surgical procedure performed, this 
is likely the most important variable with 
regard to endothelial injury and BFR.

To illustrate this point, total hip and 
knee arthroplasty procedures are highly 
invasive because they require open sur-
gical techniques, involve vigorous retrac-
tion in the operating room, and include 
significant insult to the joint’s bone and 
articular cartilage surfaces. By contrast, 
knee ligament reconstructions are less in-
vasive, which is likely why the incidence of 
VTE is lower following these procedures 
compared to knee and hip joint arthro-
plasties.133 It is important to remember 
that all orthopaedic surgeries will cause 
some degree of vascular damage, even 
those performed arthroscopically.

As discussed previously, the develop-
ment of new BFR science and technology, 
cuff pressure prescription techniques, 
and cuff designs safely disperses the com-
pressive cuff pressures over a larger sur-

face area and most likely does not cause 
focal stresses on the vasculature that 
could lead to permanent damage.19,33,34,90 
It is plausible that previous vasculature 
injury could be reinjured by the direct ap-
plication of the BFR cuff, especially if it is 
in the area underneath the cuff applica-
tion site and a relatively thin BFR cuff is 
used.19,33,34,90 From a systemic perspective, 
some clinicians may be concerned that 
sudden, significant changes in hemo-
dynamics could potentially reinjure the 
vasculature.98,136 Transient alterations in 
hemodynamics such as blood pressure, 
heart rate, and mean arterial pressure 
during BFR have been investigated in 
numerous studies, and it has been shown 
that these alterations are comparable to 
those demonstrated during traditional 
resistance exercise.22,88,102,106,109,110,120,128,136

Ischemic-reperfusion injury is often 
a concern during surgical procedures 
that involve the extended use of nar-
row, high-pressure tourniquets, espe-
cially with tourniquet times exceeding 2 
hours.5,8,25,129 Although durations of isch-
emia exceeding 3 hours can cause severe 
damage, cell apoptosis can occur as a re-
sult of ischemia with shorter durations of 
occlusion.5,8,129 The reperfusion of blood 
mobilizes the byproducts associated with 
the ischemic environment, causing fur-
ther injury.5,8,129 Cardiovascular disease 
appears to enhance these risks.8,129 Pre-
conditioning or exposure to short periods 
of ischemia and reperfusion may improve 
resistance to these ischemic episodes,36 
and while there is some evidence that 
BFR could cause an ischemic-reperfusion 
injury,106 there is also evidence to suggest 
that BFR provides similar precondition-
ing, protective effects.77,131 The specific 
effect likely depends on the duration of 
occlusion, the occlusive pressure, and the 
patient’s experience with BFR.

If BFR is considered on a continuum 
of ischemic-reperfusion injury, with true 
ischemic-reperfusion injury being the 
most severe, then BFR would be on the 
low end of the continuum. In essence, 
BFR is trying to stimulate an ischemic 
response that heightens the accumulation 
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of metabolic byproducts to drive adapta-
tion.28,30,105,120 Nevertheless, the controlled 
use of a wide, partially occluding cuff dur-
ing a proper prescription of BFR likely 
would only increase the risk of endothe-
lial damage slightly above the trivial risk 
already associated with traditional resis-
tance exercise.

HYPERCOAGULABILITY

U
nder homeostatic conditions, 
there is a dynamic equilibrium be-
tween coagulation and fibrinoly-

sis.29,60 When the endothelium is damaged, 
a cascade is initiated that shifts this equi-
librium in favor of coagulation.29,60 This 
cascade involves the synergistic function 
of several coagulation factors and regula-
tors.29,60 Changes in the function or avail-
ability of these constituents may increase 
or decrease the intensity of the coagula-
tion response.29,60 While the activation of 
the coagulation cascade may enhance the 
necessary clotting tendency at the site of 
the endothelial damage to repair itself, it 
may unnecessarily cause thrombogenesis 
in other areas of the body, due to the sys-
temic nature of the cascade.29,60

The most frequent causes of inherited 
thrombophilia that cause hypercoagula-
bility include the factor V Leiden muta-
tion and prothrombin, protein S, protein 
C, and antithrombin deficiencies.20 The 
prevalence of these types of thrombo-
philia in the general population is low.44,79 
However, their existence most likely plays 
a significant role in whether an individual 
has a VTE episode, because these types of 
thrombophilia exponentially magnify the 
odds of developing VTE when combined 
with additional risk factors.91

With regard to acquired hypercoagu-
lability, postsurgical patients are at a high 
risk for VTE due to the degree of endo-
thelial damage that likely occurs as a re-
sult of initial musculoskeletal injury and 
reconstructive surgery.63 Unfortunately, it 
is generally unknown how long after the 
inciting event hypercoagulability returns 
to baseline levels and the equilibrium 
between coagulation and fibrinolysis is 

restored. While VTE risk is highest in 
the first 6 weeks following surgery,118 the 
exact duration of hypercoagulability is 
likely case and individual specific.

A number of studies have 
demonstrated that IPC reduces 
coagulation and enhances fibrinoly-
sis.2,10,12,16,40,41,45,49,81,82,89,108,113,116,123 In fact, 
several studies have investigated the use 
of IPC as an alternative or adjunct to 
prophylaxis and demonstrated successful 
results for a number of postsurgical or-
thopaedic patients, including those with 
total joint replacements.26,47,95

During IPC, the rapid stretch on the 
lumen from the accelerated blood and the 
increase in stress due to increased blood 
flow velocity catalyze several biochemi-
cal responses.10 These responses are not 
localized, because the biochemicals en-
ter circulation and have positive effects 
systemically. For example, it has been 
demonstrated that IPC performed on the 
arms effectively reduced the incidence of 
DVT in the legs.56 Regular aerobic and re-
sistance exercise catalyzes a similar shift 
in the equilibrium,21 which may be due 
to the increase in cardiac output, blood 
flow velocity, and stress on the endothe-
lium. Combining the effects of BFR cuff 
compression with resistance exercise 
may further magnify these biochemical 
responses.119

To date, studies examining the effects 
of BFR on markers of thrombogenesis 
and fibrinolysis have been isolated to non-
postsurgical patients.11,27,75,76,86 The litera-
ture appears to indicate that BFR, when 
used by healthy adults and patients with 
cardiovascular disease, is not associated 
with changes in biochemical markers as-
sociated with thrombogenesis, which in-
clude the protein fibrillar, prothrombin 
fragments, thrombin-antithrombin com-
plexes, D-dimer, or other fibrin degrada-
tion products.11,27,75,76,86 It also seems that 
BFR stimulates an increase in the secre-
tion and expression of tissue plasmino-
gen activator in these populations, which 
is a marker of fibrinolysis.11,27,75,76,86 Even 
though it is unclear whether traditional 
resistance exercise would have the same 

effect as BFR alone on markers of throm-
bogenesis and fibrinolysis, BFR does not 
appear to lead to hypercoagulability, and 
a proper prescription of BFR may shift 
the formation-breakdown equilibrium in 
favor of fibrinolysis.

RECOMMENDATIONS FOR 
PATIENTS FOLLOWING 
ORTHOPAEDIC SURGERY

T
he collective literature ap-
pears to indicate that a proper pre-
scription of BFR poses little risk 

of directly causing a VTE event. Before 
prescribing BFR, the health care pro-
fessional should assess each patient for 
signs and symptoms of DVT and PE. 
Signs and symptoms of DVT may include 
unexplained swelling, pain, cramping, 
or soreness, red or discolored skin, or a 
feeling of warmth in the affected limb. If 
left untreated, signs and symptoms of PE 
may develop, which include shortness of 
breath, chest pain or discomfort, rapid 
heart rate, feeling of light-headedness 
or dizziness, fainting, or coughing up 
blood. If a VTE event is suspected, then 
BFR should not be prescribed and the 
patient should seek medical attention 
immediately.

Perhaps a greater concern for the 
clinician is when a patient has asymp-
tomatic VTE. There would then be a pos-
sibility of dislodging a thrombus in the 
vasculature underneath or near the cuff 
application site, potentially causing a PE 
event; however, the degree of risk associ-
ated with BFR compared to the risk as-
sociated with traditional exercise alone 
is unknown. This is relevant because the 
BFR cuff for lower extremity exercise is 
placed around the proximal thigh, and 
VTE occurs more often above the knee 
than below the knee.133

Because an asymptomatic VTE event 
cannot be detected without costly, time-
consuming, and potentially unreliable 
phlebography or sonography,18 the health 
care team needs to use sound judgment 
to determine which postsurgical ortho-
paedic patients may safely complete 
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BFR. This determination should involve 
discussion among the patient, the operat-
ing physician, and the rehabilitation cli-
nician administering BFR. Because VTE 
risk is highest in the first 6 weeks follow-
ing surgery,118 some health care teams 
may choose to wait until after this period 
to prescribe BFR. However, this is also a 
time frame when the patient may stand 
to benefit most from BFR.

An attempt to quantify the patient’s 
risk for VTE should also be made. This 
may be done using BFR-specific risk ques-
tionnaires or general VTE risk question-
naires.7,51 A simple screening of the patient 
for risk factors related to Virchow’s triad 
may also be sufficient. Some of these con-
ditions are discussed in the TABLE.

Regarding stasis, this screening may 
include, but is not limited to, anatomical 
alignment disorders, pregnancy, cardio-
vascular diseases, immobility, and obe-
sity, as these conditions obstruct or alter 
the normal flow of blood.3,31 For example, 
conditions such as Paget-Schroetter or 
May-Thurner syndrome may disrupt 
the normal flow of blood by altering the 

anatomical alignment of the circula-
tory system, causing impingement in the 
underlying vasculature. Because these 
anatomical alignment conditions are un-
common, it would be cost prohibitive to 
screen each individual in whom the sta-
tus of these conditions is unknown. Preg-
nancy is associated with an increased risk 
for stasis due to the obstruction of venous 
return by the enlarged uterus compress-
ing the surrounding vasculature in the 
lower abdomen. Cardiovascular diseases 
such as heart failure may reduce the ef-
ficiency of the heart to circulate blood, 
making it more likely to pool in the distal 
extremities, and atherosclerotic vessels 
may cause a pooling of blood behind the 
blockage. However, BFR has been pre-
scribed to patients with cardiovascular 
disease without any adverse events.75

Perhaps most importantly, episodes 
of recent immobility must be considered 
in regard to stasis, especially because it 
is so closely associated with subsequent 
episodes of VTE.115 Patients with extend-
ed stints of immobility, which may be 
related to the initial trauma, type of an-

esthesia, duration of surgery, or postsur-
gical complications such as infection or 
illness, as well as those with nerve dam-
age or a degree of paralysis, may be poor 
candidates for BFR. Ideal candidates for 
BFR are those who can ambulate freely, 
are generally active, do not have a known 
temporary or permanent condition that 
alters the flow of blood, and can perform 
traditional resistance exercise safely, al-
beit not at the high intensities associated 
with traditional resistance training.

Regarding endothelial damage, the 
severity of the initial trauma as well as 
the invasiveness of the surgery must be 
considered.3,31 Unfortunately, it is not 
possible to precisely grade the amount 
of endothelial damage to estimate the 
intensity of the coagulation response. 
Further, the multifactorial nature of 
VTE makes it difficult and somewhat 
subjective to determine overall VTE risk 
for each individual patient.3,31 If specific 
musculoskeletal injuries and orthopae-
dic surgeries are considered on a low-to-
high risk spectrum, certain health care 
professionals may categorize a patient as 
low risk, whereas others may consider the 
same patient high risk.

Pre-existing endothelial damage unre-
lated to the initial trauma or injury must 
also be considered. Open and unhealed 
soft tissue injuries or additional surgeries 
performed after orthopaedic surgery may 
continue to cause hypercoagulability, 
even if these wounds or surgeries are not 
on the limb in which BFR may be per-
formed. Ideal candidates for BFR with 
regard to endothelial injury are those 
with less traumatic injuries and invasive 
orthopaedic surgeries, limited endothe-
lial injury or vascular compromise, no 
open or unhealed soft tissue injuries, and 
an operative site that will not be directly 
underneath the cuff application site.

Pre-existing causes of hypercoagula-
bility, including but not limited to throm-
bophilia, pregnancy or postpartum, sickle 
cell trait or anemia, oral contraceptive 
use, implanted biomedical devices, or 
infection, must also be considered.3,31,91 
Perhaps the most important hyperco-

TABLE 

Possible Contraindications for Blood Flow 
Restriction Resistance Exercise as Related 

to Venous Thromboembolism Risk for 
Patients Following Orthopaedic Surgery*

*This list is not exhaustive, and a given health organization may consider one suggestion a precau-
tion while another may consider it a contraindication. Possible contraindications are presented in 
alphabetical order.

• Abnormal clotting times
• Acid-base imbalance/acidosis
• Age older than 40 years
• Arterial calcification
• Atherosclerotic vessels
• Cardiopulmonary conditions
• Creatine supplement use
• Diabetes
• Dialysis/central venous access
• General/local infection
• High intracranial pressure
• Hip, pelvis, or femur fracture
• History of venous thromboembolism
• Hormonal contraceptive use
• Hypertension
• Immobility for greater than 48 hours in the past month
• Immobilizing cast
• Implanted medical device

• Lymphectomies
• Obesity
• Open fracture
• Open or unhealed soft tissue injuries
• Paralysis
• Peripheral vascular disease
• Pregnancy/postpartum
• Prior revascularization
• Renal compromise
• Severe crush injuries
• Sickle cell trait/anemia
• Skin grafts
• Stroke
• Temporary nerve damage
• Thrombophilia
• Tumor/cancer
• Varicose veins
• Vascular grafting
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agulability risk factor to screen for is a 
personal or family history of VTE.4 It has 
been demonstrated that the risk of recur-
rence of VTE in the general population, 
regardless of cause, is approximately 
5%, 18%, 25%, and 30% at 3 months, 2 
years, 5 years, and 8 years, respectively.104 
The risk of recurrence is increased or de-
creased depending on factors related to 
the initial cause of the specific patient’s 
VTE.104 For example, while chronic fac-
tors such as cancer, thrombophilia, or 
thrombotic syndrome increase the risk for 
VTE recurrence, transient factors such as 
trauma, injury, or surgery have little effect 
on the risk of recurrence.104 Thus, some 
individuals who had a prior VTE event 
may be permitted to perform BFR with-
out additional risk factors present. How-
ever, the acquired risk factor of the most 
recent orthopaedic surgery may make 
these patients poor candidates for BFR.

When BFR is prescribed after a thor-
ough review of the risks and benefits, it 
would likely be appropriate to familiar-
ize the patient with BFR in a progressive 
manner. For example, while BFR cuff 
inflation pressures greater than 50% of 
LOP or AOP are often used,98,125 it may 
be appropriate to begin with a lower 
pressure or no pressure at all (eg, apply 
the cuff but do not inflate it) to allow the 
patient to become comfortable. Then, 
progress the inflation pressure each BFR 
exercise session until the target pressure 
is reached. Similarly, inflation duration 
may be progressed from less than 1 min-
ute to times more aligned with traditional 
BFR prescriptions.98

With regard to ischemic-reperfusion 
injury, these progressions may serve as an 
appropriate preconditioning measure.36 
Some BFR equipment manufacturers 
have incorporated protocols similar to 
IPC that are accomplished before starting 
BFR. These protocols involve progressive 
incremental inflation and deflation of 
the cuff until the final exercise pressure 
is reached.1,94 This approach may be fol-
lowed prior to full BFR cuff inflation dur-
ing each exercise session, making BFR 
exercise more tolerable for the patient.

CONCLUSION

T
he VTE risk associated with BFR 
is likely similar to that of traditional 
high-intensity resistance exercise in 

healthy, active adults, yet the postsurgi-
cal patient has additional considerations. 
While the risk is probably small for most 
patients, the implications of VTE can 
be severe. The collective literature sug-
gests that a proper prescription of BFR 
in the context of Virchow’s triad would 
not heighten the risk of developing VTE. 
Nonetheless, clinicians need to thorough-
ly screen for VTE signs and symptoms and 
be cognizant of each patient’s VTE risk 
factors before proceeding with BFR, par-
ticularly given the risk of asymptomatic 
DVT. Health care professionals must also 
make sure they have the proper training 
and are using the correct BFR equipment 
and pressure prescription techniques to 
ensure their patients’ safety.

Unfortunately, there are no universally 
agreed-upon standards outlining which 
postsurgical orthopaedic patients may 
safely perform BFR. As a result, subjec-
tive decisions by health care professionals 
need to be made for each patient before 
performing BFR. These decisions are 
based on clinicians’ level of comfort with 
BFR, understanding of its physiological 
mechanisms, and perception of its risks. 
As BFR is presently a novel, emerging 
form of rehabilitation exercise, exposure 
among physicians, physical therapists, 
and other orthopaedic and sports medi-
cine professionals is generally low. There 
is no doubt that additional research is 
needed to quantifiably understand VTE 
risk when performing BFR following dif-
ferent types of orthopaedic surgery. U
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