
Recommendations from the ICM-VTE: Trauma
The ICM-VTE Trauma Delegates*

1 - What is the most optimal VTE prophylaxis in patients
with multiple orthopaedic injuries?

Response/Recommendation: Although multiple forms
of prophylaxis against venous thromboembolism (VTE) with
variable effectiveness are available for patients with multiple
orthopedic injuries, low-molecular-weight heparin (LMWH) is
considered the most optimal choice based on available literature.

Strength of Recommendation: Acceptable.
Delegates vote: Agree 86.36% Disagree 9.09% Abstain

4.55% (Strong Consensus).
Rationale: VTE events following multiple orthopaedic

injuries are associated with significant morbidity and mortal-
ity1,2. The prevalence of deep venous thrombosis (DVT) in
trauma patients without prophylactic treatment can reach up
to 60%. Pulmonary embolism (PE) can be a fatal form of VTE
with prevalence ranging between 2 - 16%3,4. VTE can be pre-
vented using different mechanical and chemical prophylaxis
agents, therefore, significantly lower the burden on healthcare
systems worldwide1. The aim of this review is to find the most
optimal VTE prophylaxis in patients with multiple orthopaedic
injuries.

Multiple orthopaedic injuries rarely happen without extra-
skeletal injuries, therefore, no studies in the current literature
addressed VTE prophylaxis in patients with multiple orthopaedic
injuries but without extra-skeletal injuries. Most of the available
literature is addressing this patient population under different
groups including, patients with trauma, poly-trauma, high energy
fractures and lower extremity injuries1-3,5-7. The level of evidence
varies among the reviewed literature, however, randomized con-
trolled clinical trials in this subject are limited3,4.

Based on our review, LMWH is considered the most
optimal VTE prophylaxis in patients with multiple orthopaedic
injuries1,3,5,6,8-14. Ley et al., recommends using LMWH due to its
increased bioavailability, acceptably low bleeding complica-
tions and longer plasma half-life1. Rogers et al., published in
their guidelines for prevention of VTE in trauma patients that
LMWH has superior bioavailability when compared to low-
dose heparin (LDH)5. Knudson et al., concluded in a pro-
spective, randomized trial that LMWH is an extremely effective

and safe method in preventingDVT in high-risk trauma patients15.
Geerts et al., also concluded in a randomized double blinded study
that LMWHwasmore effective than LDH in preventing VTE after
major trauma16. Aggarwal et al., concluded in their guidelines for
prevention of VTE in hospitalized patients with pelvis and ace-
tabular fractures that LMWH is the preferred agent of choice8.

In the updated Western Trauma Association (WTA) guide-
lines to reduce VTE in trauma patients1, LMWH was the recom-
mended agent of choice for most trauma patients with a standard
dose of 40 mg subcutaneously twice daily. However, in some cases
such as obese patients, they recommended weight-based dosing at
0.5 mg to 0.6 mg/kg twice daily1. Timing of administration of
LMWH is critical to achieve the optimal prophylaxis desired. It
should be given to patients as soon as risk of bleeding is low to
avoid complications1,3,11,17. According to Ley et al., pharmacologic
prophylaxis should be started as soon as possible within 24 hours
after injury1.

Fondaparinux18 is a synthetic penta-saccharide drug that
potentiates activity of antithrombin III that inhibits factor Xa.
With a common dosage of 2.5 mg daily subcutaneously, this
chemical prophylaxis showed promising results in elective ortho-
paedic surgery such as arthroplasty19. However, several issues have
been raised to debate its safety in trauma patients18,20. Therefore,
further studies are required to prove its safety and efficacy in
trauma5.

Another method of prophylaxis is the use of mechanical
prophylaxis in form of pneumatic compression devices (PCD)
which was promoted by the Eastern Association for the Surgery
of Trauma (EAST) work group practice management guide-
lines for the prevention of VTE in trauma patients3, especially
in patients where chemical prophylaxis is contraindicated1,6-8,21.
PCD can be used as an adjunct with chemical prophylaxis in
moderate and high-risk patients1,10,22,23. The combination has
shown lower incidence of symptomatic PE according to Ley
et al1. High-risk patients include those with hemodynamic
instability, active bleeding, and head trauma1,5,8. The use of
mechanical prophylaxis without chemical prophylaxis in the
absence of contraindication to chemical prophylaxis is not
recommended according to multiple studies2,7.

*A list of the ICM-VTE Trauma Delegates is included in a note at the end of the article.
Disclosure: The Disclosure of Potential Conflicts of Interest forms are provided with the online version of the article (http://links.lww.com/JBJS/G855).
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Inferior vena cava (IVC) filters are another form of
prophylaxis against VTE4,24, although they are not without risk.
It has an established role as an adjunct to LMWH in patients
with DVT to prevent PE8. However, multiple studies recom-
mend the use of IVC filters to be reserved for patients who
cannot receive any form of prophylaxis or patients undergoing
urgent surgery5,6,25. Khansarinia et al., concluded that insertion
of IVC filter in multiply injured high-risk patients contributed
to lower incidence and mortality rates of fatal and non-fatal
PE24.
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2 - What is the optimal VTE prophylaxis for polytrauma
patients with both fractures and visceral injuries?

Response/Recommendation: In patients with fractures
and visceral injuries, anticoagulant-based thromboprophylaxis
should be commenced as soon as bleeding risk allows. Bilateral
mechanical thromboprophylaxis, if possible, should be admin-
istered to patients who are at high bleeding risk.

Strength of Recommendation: Strong.
Delegates vote: Agree 100.00% Disagree 0.00% Abstain

0.00% (Unanimous Strong Consensus).
Rationale: Orthopaedic trauma patients frequently have

concomitant visceral and/or brain injuries26-29. In general, major
fractures significantly increase the risk of VTE in polytrauma30-35

while non-orthopaedic injuries (except spinal cord injuries)
generally have a much lower impact on the risk of VTE asso-
ciated with fractures36,37. Conversely, bleeding risk in patients
with polytrauma is largely dictated by the presence of visceral
and brain injuries.

In polytrauma, VTE risk is relatively high38,39, and use of
mechanical and/or chemical prophylaxis should be consid-
ered40-43. However, there is wide variability in thrombopro-
phylaxis practice among orthopaedic trauma centers at least in
part because of the paucity of direct evidence in this specific
group44.

Timing of the initiation of anticoagulant thromboprophy-
laxis: In major trauma patients, the transition to a hyperco-
agulable state usually occurs early and is often seen at the time
of admission45-47. Furthermore, numerous studies have shown
that early initiation of anticoagulant thromboprophylaxis is asso-
ciated with decreased risk of VTE in mixed trauma groups27,28,37,43,44
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and in subgroups, including pelvic trauma45-48, spine fractures49-52,
solid abdominal organ injuries53-56, and head injuries33,57,58. At the
same time, bleeding complications were not shown to be increased
with early anticoagulant prophylaxis in most studies33,37,43-46,48-55.
Among 2,752 patients with isolated, severe pelvic fractures, com-
mencement of anticoagulant thromboprophylaxis within 48 hours
after admission was associated with a 49% decrease in VTE, a
5-fold lower pulmonary embolism (PE) rate, and reduced mor-
tality with no bleeding complications compared with later com-
mencement46. However, patients who received early anticoagulant
thromboprophylaxis had less severe injuries. Another study, that
included 79,386 trauma patients, showed a significant
decrease in VTE if thromboprophylaxis was started within
the first 48 hours compared with a later start without an
increase in bleeding events44. In this database study, most of
the patients had an injury severity score (ISS) of less than 16
and neither distribution of fractures nor surgical manage-
ment were reported. Rostas et al., found that early antico-
agulant thromboprophylaxis in patients with blunt liver or
spleen injuries was safe and was associated with reduced
rates of VTE43. A double-blind randomized trial demon-
strated the effectiveness and safety of low-molecular-weight
heparin (LMWH) thromboprophylaxis started within 36
hours of injury in 344 major trauma patients; LMWH was
also shown to be significantly more effective and as safe as
low-dose heparin59. Another trial showed that, among
trauma patients who were randomized to receive enoxaparin
within 24 hours of admission or only mechanical thrombo-
prophylaxis, major and minor bleeding did not differ between
groups60.

For patients with high risk of bleeding or in whom evi-
dence of hemostasis has not yet occurred, the initial use of
sequential compression devices (SCD) is recommended, although
the evidence for use of SCD in major trauma is weak35,36,61.

Traumatic brain injury patients: The main barrier to early
anticoagulant thromboprophylaxis in patients with orthopae-
dic trauma is the presence of traumatic brain injury (TBI)33,58,62.
Although patients with TBI have an increased risk of VTE63,64,
anticoagulant thromboprophylaxis is often delayed because of
concerns about progression of intracranial bleeding (ICB). One
study reported a greater risk of ICB associated with early
anticoagulant thromboprophylaxis65, while the vast majority
did not33,57,62,66-71. Among 1,803 patients with moderate or severe
TBI (head Abbreviated Injury Scale > 2), those who started
anticoagulant thromboprophylaxis within 48 hours after injury
were three times less likely to develop VTE than those who
started later without increased bleeding risk33. Three systematic
reviews have each shown that VTE was significantly decreased
with early anticoagulant thromboprophylaxis in TBI without
an increased risk of ICB progression67,72,73. A possible limitation
of most of the studies on this topic is that patients with the
most severe head injuries may have been excluded or had de-
layed anticoagulant thromboprophylaxis. However, a large Trauma
Quality Improvement Project (TQIP) study in 2,468 severe TBI
patients used propensity-matching of those who had early (< 72

hours) or later (> 72 hours) anticoagulant thromboprophylaxis57.
The early group had a lower risk of PE (odds ratio [OR], 0.48) and
DVT (OR, 0.51) without an increase in either mortality or neu-
rosurgical intervention. In the only randomized trial addressing
this issue, enoxaparin started within 24 hours after injury in 681
TBI patients with stable head computer tomography (CT) was not
associated with an increased risk of hemorrhagic progression
compared with placebo74. Finally, a systematic review of 21
studies found no relationship between the timing of antico-
agulant thromboprophylaxis initiation and hemorrhagic pro-
gression in patients with TBI69.

The Neurocritical Care Society recommends that TBI
patients commence anticoagulant thromboprophylaxis within
24 - 48 hours of presentation75. The American Association for
the Surgery of Trauma (AAST) 2021 guidelines on VTE pro-
phylaxis in TBI also recommend initiation of thrombopro-
phylaxis as soon as possible, generally within 24 - 72 hours after
admission38. We agree with early initiation of LMWH throm-
boprophylaxis in most TBI patients with the provision that a
repeat head CT after the admission scan should demonstrate
stability of intracranial bleeding. The presence of an intracra-
nial pressure measurement device is not a contraindication to
anticoagulant thromboprophylaxis76.

Patients with solid organ injury: The majority of solid
organ injuries (liver, spleen, kidney, and pancreas) are now
treated nonoperatively77. Anticoagulant thromboprophylaxis star-
ted within 48 hours after blunt solid organ injury in addition to
SCD was associated with significantly fewer DVT than a later start
(0 vs. 9%, p = 0.024) with no patient requiring an intervention for
bleeding54. The American College of Surgeons TQIP database was
accessed to identify 36,187 patients with nonoperative solid organ
injuries over a two-year period55. Patients who received thrombo-
prophylaxis within 48 hours had significantly fewer DVT and PE
than those who started later with no increase in bleeding compli-
cations or transfusion. These findings were confirmed in a sub-
group analysis comparing a start of thromboprophylaxis within 24
hours compared to within 48 hours. Among 3,223 patients with
isolated abdominal solid organ injuries, late initiation of anticoag-
ulant thromboprophylaxis was an independent predictor of VTE
(OR 3.2; 95% confidence interval [CI] 1.9 - 5.2) while abbreviated
injury scale (AIS) scores of 3 - 5 for liver or spleen injuries were
associated with increased bleeding rates regardless of timing of
thromboprophylaxis56. The 2021 AAST guidelines recommend that
LMWH start within 48 hours after solid organ injury if there is
evidence that active bleeding has stopped38. This is based on mul-
tiple studies showing no increase in bleeding with early initiation of
anticoagulant thromboprophylaxis in patients with solid organ
injuries43,54,55,78.

Conclusion: In polytrauma, the bleeding risk is highest
immediately and in the early period after injury. Clearly, the
initial clinical priority in such patients is to control active
bleeding. The risk of VTE also begins early after injury although
clinically important thrombosis is usually delayed. Both VTE
and bleeding risks are modified by the combination of fractures
and non-orthopaedic visceral injuries. Orthopaedic trauma
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patients are at relatively high risk of VTE while the risk of
bleeding is generally dictated by the concomitant visceral and
head injuries. In general, delayed thromboprophylaxis is associated
with increased VTE rates. At the same time, early initiation of
anticoagulant thromboprophylaxis does not appear to be
associated with increased bleeding risk in patients with visceral
and head injuries when there is evidence that there is no active
bleeding.

Recommendations:
1. We recommend that every polytrauma patient be

evaluated on admission for both bleeding and throm-
bosis risks37.

2. Patients with active bleeding are usually managed
surgically or by endovascular embolization. We recom-
mend that anticoagulant thromboprophylaxis be
delayed until the high bleeding risk resolves.

3. Once there is evidence that there is no active
bleeding, we recommend anticoagulant thrombopro-
phylaxis, generally with weight-based LMWH and
generally within 24 hours after injury37. For TBI,
when consecutive brain imaging is stable for ICB
(usually 24 - 36 hours after injury), we recommend
starting anticoagulant thromboprophylaxis.

4. For patients at high risk for bleeding, we recom-
mend starting SCD, although the high frequency of
lower extremity fractures in polytrauma often pre-
cludes use of bilateral SCD. Once hemostasis occurs,
we recommend replacing SCD with LMWH or adding
LMWH to SCD.

5. We recommend early fixation of unstable fractures to
reduce pain, promote mobility and decrease VTE
risk47. If fracture repair will be delayed, we recom-
mend that LMWH thromboprophylaxis not be delayed.

6. Since missed anticoagulant doses are associated with
increased VTE risk, this should be avoided unless it is
essential33,78,79.

7. Early mobility and daily physiotherapy should also be
encouraged80,81; for example, increased risk of DVT
was seen after spinal injuries in which spinal precau-
tions persisted beyond 72 hours compared with a
shorter time in spite of routine use of SCD in both
groups82.

8. The duration of thromboprophylaxis in polytrauma
is uncertain and is generally more influenced by
orthopaedic and spinal cord injuries than by visceral
injuries. We recommend that thromboprophylaxis gen-
erally be limited to the length of hospital stay.

9. For patients undergoing in-patient rehabilitation, we
recommend continuation of thromboprophylaxis with
either a direct oral anticoagulant such as rivaroxaban
(generally our preference) or with LMWH. However,
we recommend against post-discharge primary throm-
boprophylaxis unless there are additional major risk
factors (such as previous VTE or active cancer); this
approach has not been carefully studied and, therefore,

is at the clinical judgement of the care team83. Further
studies are underway84.

10. We recommend the use of standardized VTE
prophylaxis policies, embedded in routine order
sets, as well as periodic audits of adherence to reduce
unnecessary variability in practice and improve patient
outcomes including VTE37,38,85,86.

William H. Geerts, Abdulaziz N. Aljurayyan,
Malin S. Carling
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70. Störmann P, Osinloye W, Freiman TM, Seifert V, Marzi I, Lustenberger T. Early
Chemical Thromboprophylaxis Does not Increase the Risk of Intracranial Hematoma
Progression in Patients with Isolated Severe Traumatic Brain Injury. World J Surg.
2019 Nov;43(11):2804-11.
71. Rivas L, Vella M, Ju T, Fernandez-Moure JS, Sparks A, Seamon MJ, Sarani B.
Early Chemoprophylaxis Against Venous Thromboembolism in Patients With
Traumatic Brain Injury. Am Surg. 2021 Jan 27:3134820983171.
72. Lu VM, Alvi MA, Rovin RA, Kasper EM. Clinical outcomes following early versus
late pharmacologic thromboprophylaxis in patients with traumatic intracranial
hemorrhage: a systematic review and meta-analysis. Neurosurg Rev. 2020 Jun;
43(3):861-72.
73. Spano PJ 2nd, Shaikh S, Boneva D, Hai S, McKenneyM, Elkbuli A. Anticoagulant
chemoprophylaxis in patients with traumatic brain injuries: A systematic review. J
Trauma Acute Care Surg. 2020 Mar;88(3):454-60.
74. Phelan HA, Wolf SE, Norwood SH, Aldy K, Brakenridge SC, Eastman AL,
Madden CJ, Nakonezny PA, Yang L, Chason DP, Arbique GM, Berne J, Minei JP.
A randomized, double-blinded, placebo-controlled pilot trial of anticoagulation
in low-risk traumatic brain injury: The Delayed Versus Early Enoxaparin
Prophylaxis I (DEEP I) study. J Trauma Acute Care Surg. 2012 Dec;73(6):
1434-41.
75. Nyquist P, Bautista C, Jichici D, Burns J, Chhangani S, DeFilippis M, Goldenberg
FD, Kim K, Liu-DeRyke X, Mack W, Meyer K. Prophylaxis of Venous Thrombosis in
Neurocritical Care Patients: An Evidence-Based Guideline: A Statement for
Healthcare Professionals from the Neurocritical Care Society. Neurocrit Care. 2016
Feb;24(1):47-60.
76. Dengler BA, Mendez-Gomez P, Chavez A, Avila L, Michalek J, Hernandez B,
Grandhi R, Seifi A. Safety of Chemical DVT Prophylaxis in Severe Traumatic Brain
Injury with Invasive Monitoring Devices. Neurocrit Care. 2016 Oct;25(2):
215-23.
77. Cimbanassi S, Chiara O, Leppaniemi A, Henry S, Scalea TM, Shanmuganathan
K, Biffl W, Catena F, Ansaloni L, Tugnoli G, De Blasio E, Chieregato A, Gordini G,
Ribaldi S, Castriconi M, Festa P, Coccolini F, di Saverio S, Galfano A, Massi M,
Celano M, Mutignani M, Rausei S, Pantalone D, Rampoldi A, Fattori L, Miniello S,
Sgardello S, Bindi F, Renzi F, Sammartano F. Nonoperative management of
abdominal solid-organ injuries following blunt trauma in adults: Results from an
International Consensus Conference. J Trauma Acute Care Surg. 2018 Mar;84(3):
517-31.

78. Louis SG, Sato M, Geraci T, Anderson R, Cho SD, Van PY, Barton JS, Riha GM,
Underwood S, Differding J, Watters JM, Schreiber MA. Correlation of missed doses of
enoxaparin with increased incidence of deep vein thrombosis in trauma and general
surgery patients. JAMA Surg. 2014 Apr;149(4):365-70.

284

THE JOURNAL OF BONE & JOINT SURGERY d J B J S .ORG

VOLUME 104-A d NUMBER 6 (SUPPLEMENT 1) d MARCH 16, 2022
RECOMMENDATIONS FROM THE ICM-VTE: TRAUMA



79. Salottolo K, Offner P, Levy AS, Mains CW, Slone DS, Bar-Or D. Interrupted
pharmocologic thromboprophylaxis increases venous thromboembolism in
traumatic brain injury. J Trauma. 2011 Jan;70(1):19-24, discussion :25-6.
80. Booth K, Rivet J, Flici R, Harvey E, Hamill M, Hundley D, Holland K, Hubbard S,
Trivedi A, Collier B. Progressive Mobility Protocol Reduces Venous
Thromboembolism Rate in Trauma Intensive Care Patients: A Quality Improvement
Project. J Trauma Nurs. 2016 Sep-Oct;23(5):284-9.
81. Regner JL, Shaver CN; SWSC Multicenter Trials Group. Determining the impact
of culture on venous thromboembolism prevention in trauma patients: A
Southwestern Surgical Congress Multicenter trial. Am J Surg. 2019 Jun;217(6):
1030-6.
82. MacCallum KP, Kalata S, Darcy D, Parsikia A, Chao E, Stone ME, Teperman S,
Reddy SH. Prolonged use of spinal precautions is associated with increased
morbidity in the trauma patient. Injury. 2020 Feb;51(2):317-21.
83. Haac BE, Van Besien R, O’Hara NN, Slobogean GP, Manson TT, O’Toole RV,
Johal H, Berger PZ, Reahl GB, Marinos D, Degani Y, Mascarenhas D, Connelly D,
Scalea TM, Stein DM. Post-discharge adherence with venous thromboembolism
prophylaxis after orthopedic trauma: Results from a randomized controlled trial of
aspirin versus low molecular weight heparin. J Trauma Acute Care Surg. 2018 Apr;
84(4):564-74.
84. O’Toole RV, Stein DM, Frey KP, O’Hara NN, Scharfstein DO, Slobogean GP,
Taylor TJ, Haac BE, Carlini AR, Manson TT, Sudini K, Mullins CD, Wegener ST,
Firoozabadi R, Haut ER, Bosse MJ, Seymour RB, Holden MB, Gitajn IL, Goldhaber SZ,
Eastman AL, Jurkovich GJ, Vallier HA, Gary JL, Kleweno CP, Cuschieri J, Marvel D,
Castillo RC; METRC. PREVENTion of CLots in Orthopaedic Trauma (PREVENT CLOT):
a randomised pragmatic trial protocol comparing aspirin versus low-molecular-
weight heparin for blood clot prevention in orthopaedic trauma patients. BMJ Open.
2021 Mar 24;11(3):e041845.
85. Haut ER, Lau BD, Kraenzlin FS, Hobson DB, Kraus PS, Carolan HT, Haider AH,
Holzmueller CG, Efron DT, Pronovost PJ, Streiff MB. Improved prophylaxis and
decreased rates of preventable harm with the use of a mandatory computerized
clinical decision support tool for prophylaxis for venous thromboembolism in trauma.
Arch Surg. 2012 Oct;147(10):901-7.
86. Machado-Aranda DA, Jakubus JL, Wahl WL, Cherry-Bukowiec JR, To KB, Park PK,
Raghavendran K, Napolitano LM, Hemmila MR. Reduction in Venous
Thromboembolism Events: Trauma Performance Improvement and Loop Closure
Through Participation in a State-Wide Quality Collaborative. J Am Coll Surg. 2015
Sep;221(3):661-8.

3 - What is the best way to determine acute blood loss
and predict operative blood loss in trauma patients with
orthopaedic injuries?

Response/Recommendation: Multiple factors have been
studied to assess blood loss in acute trauma patients, and to predict
the need for transfusion. Adequate risk stratification involves
consideration of the patient’s vital signs, laboratory data, injuries,
and medical history.

Strength of Recommendation: Low.
Delegates vote: Agree 88.37% Disagree 4.65% Abstain

6.98% (Strong Consensus).
Rationale: Bleeding is a significant source of morbidity

and mortality in trauma patients87,88. Adequate resuscitation is
an important aspect of management of trauma patients89-91. In
patients requiring surgery, under-resuscitation may delay
operative treatment, and is associated with increased risk of
complications. Many factors indicate an increased risk of
substantial bleeding in trauma patients. A patient’s pre-
senting vital signs, temperature, coagulopathic state, severity
of injuries, mechanism of injury, as well as their medical
comorbidities all contribute to the risk of bleeding in acute
trauma. Prehospital care may also have an effect. A variety of
scoring systems have been developed to guide clinicians in
evaluating this risk90,92-99.

Clinicians routinely use a trauma patient’s present-
ing blood pressure and tachycardia to evaluate sustained

blood loss88,94,100. Shock index, defined as heart rate/sys-
tolic blood pressure (HR/SBP), is a validated tool in
stratifying blood loss and is simple to calculate in the acute
trauma setting. El-Menyar et al., found that shock index
greater than 0.8 was an independent predictor of trans-
fusion and mortality94. Similarly, Vandromme et al.,
showed increased transfusion rates in patients with shock
index greater than 0.9, and five-fold increase in transfu-
sion rates with shock index greater than 1.1100. Cannon
et al., found higher mortality in patients with a presenting
shock index greater than 0.996.

Other scoring systems for prior acute blood loss have
been developed that supplement vital signs data with
additional presenting laboratory values. The assessment of
blood consumption (ABC) score considers SBP < 90, HR
> 120, penetrating mechanism, and a positive Febuxostat
versus Allopurinol streamlined trial (FAST) study92,95.
Patients with at least two of these are likely to require
massive transfusion. However, Schroll et al., found ABC
score to have lower sensitivity but greater specificity than
shock index for predicting massive transfusion101. Further
systems include the bleeding audit for trauma & triage
(BATT) score, developed to predict hemorrhagic death in
trauma, which uses SBP < 100, BP > 100, as well as respi-
ratory rate, the Glasgow coma scale (GCS) score, age,
penetrating mechanism, and high velocity trauma98. The
head injury severity score (HISS) uses presenting labs of
glucose, lactate, pH, potassium, and pO2 to predict mor-
tality and intensive care unit (ICU) stay97.

In addition to a patient’s presenting laboratory values
and vital signs, overall injury burden and mechanism of
injury contribute to bleeding risk. Rainer et al., showed
that patients with displaced pelvic fractures had odds ratio
of 7.6 for requiring massive transfusion102. Additionally,
they showed that positive FAST score, injury severity score
(ISS) greater than 25, and high energy motor vehicle col-
lision (MVC) were associated with transfusion102. Further,
the physiologic response to trauma varies by mechanism
and has a significant impact on bleeding risk103. Blunt
trauma without shock promotes a prothrombotic response
due to diffuse tissue damage104. However, penetrating
trauma or trauma with shock may have produced a coa-
gulopathic response associated with increased bleeding
risk104. Given the variable effects of trauma on coagulation
pathways, viscoelastic assays have been studied to monitor
hemostasis in acute trauma88,103. The use of thromboelas-
tography (TEG) is used more widely in Europe than in
North America, but more locations are evaluating this
methodology105.

Patients requiring surgery are at increased risk of bleeding,
and this varies with type of surgery needed. Patients who required
hemostatic or endovascular surgery have been shown to require
massive transfusion more frequently106. In femur fracture patients
receiving intramedullary nails, perioperative blood loss has been
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estimated at about 1,200cc using dilutional methods107. In ace-
tabular fracture fixation, reported blood loss can be more than
2,000 cc depending on the pattern and approach, with approxi-
mately 40% requiring transfusion108-110.

Medical history must also be considered when evaluating
bleeding risk in trauma patients. Taking a personal and family
history of bleeding is recommended in all preoperative patients111.
Medication history should routinely be reviewed, as patients on
anticoagulation are also at higher risk of bleeding after trauma.
Williams et al report anticoagulation and international normal-
ized ratio (INR) > 1.5 were independent risk factors for mortality
in trauma patients91.

Appropriate risk stratification for bleeding in trauma
patients requires a multi-factorial approach. Multiple scoring
systems exist to evaluate vital signs and laboratory data. In
particular, hypotension and tachycardia on presentation con-
sistently prove to be important factors in predicting significant
blood loss. In addition to these tools, physicians should also
consider overall injury burden, mechanism of injury, and patient
medical history to appropriately stratify bleeding risk.

Factors that influence blood loss in orthopaedic trauma
patients:
Injury related factors

1. Presenting vitals/labs
1. Shock index - (HR/SBP > 0.8) an independent

predictor of transfusion and mortality94.
2. HISS score uses presenting labs of glucose,

lactate, pH, potassium, pO2 to predict mortality
and ICU stay97.

2. Overall injury burden/injury severity score
1. Displaced pelvic fracture, positive FAST, increased
ISS / increased risk of needing massive
transfusion102.

2. BATT score to predict hemorrhagic death: age,
GCS, mechanism of injury, vital signs98. The
prediction of acute coagulopathy of trauma
(PACT) score used similar variables93.

3. Mechanism of injury
1. Blunt trauma with shock associated with

increased risk of bleeding. The trauma brain
injury (TBI) severity score is also associated
with delayed clot formation104.

2. Higher energy injury such as MVC associated
with greater risk of massive transfusion106.

3. Can consider viscoelastic assays, however not
widely used at this time

4. Planned surgery
1. Major surgery associated with > 2% blood

loss (joint replacement, major orthopaedic
surgery, operation > 45 mins). Lower risk
with arthroscopy, hand, or foot surgeries112.

2. Patients who required hemostatic or endo-
vascular surgery more likely to needmassive
transfusion106.

Patient-related factors
1. Bleeding related comorbidities

1. Medical and family history of bleeding should
be obtained in all preoperative patients111.

2. Medications - anticoagulants, antiplatelet agents
1. Anticoagulation and INR > 1.5 independent
risk factors for bleeding and mortality91.

3. Additional medical comorbidities (capacity to
compensate for blood loss/increased risk)
1. BATT score shows correlation between

increased age and hemorrhagic death98.

Justin E. Kleiner, Paul Tornetta III

References
87. Maegele M. Acute traumatic coagulopathy: Incidence, risk stratification and
therapeutic options. World J Emerg Med. 2010;1(1):12-21.
88. Maegele M. The European Perspective on the Management of Acute Major
Hemorrhage and Coagulopathy after Trauma: Summary of the 2019 Updated
European Guideline. J Clin Med. 2021 Jan 19;10(2):362.
89. Tran A, Matar M, Lampron J, Steyerberg E, Taljaard M, Vaillancourt C. Early
identification of patients requiring massive transfusion, embolization or hemostatic
surgery for traumatic hemorrhage: A systematic review and meta-analysis. J Trauma
Acute Care Surg. 2018 Mar;84(3):505-16.
90. Cornero SG, Maegele M, Lefering R, Abbati C, Gupta S, Sammartano F,
Cimbanassi S, Chiara O. Predictive Factors for Massive Transfusion in Trauma: A
Novel Clinical Score from an Italian Trauma Center and German Trauma Registry. J
Clin Med. 2020 Oct 10;9(10):3235.
91. Williams TM, Sadjadi J, Harken AH, Victorino GP. The necessity to assess
anticoagulation status in elderly injured patients. J Trauma. 2008 Oct;65(4):772-6,
discussion :776-7.
92. Nunez TC, Voskresensky IV, Dossett LA, Shinall R, Dutton WD, Cotton BA. Early
prediction of massive transfusion in trauma: simple as ABC (assessment of blood
consumption)? J Trauma. 2009 Feb;66(2):346-52.
93. Peltan ID, Rowhani-Rahbar A, Vande Vusse LK, Caldwell E, Rea TD, Maier RV,
Watkins TR. Development and validation of a prehospital prediction model for acute
traumatic coagulopathy. Crit Care. 2016 Nov 16;20(1):371.
94. El-Menyar A, Goyal P, Tilley E, Latifi R. The clinical utility of shock index to predict
the need for blood transfusion and outcomes in trauma. J Surg Res. 2018 Jul;227:
52-9.
95. Cantle PM, Cotton BA. Prediction of Massive Transfusion in Trauma. Crit Care
Clin. 2017 Jan;33(1):71-84.
96. Cannon CM, Braxton CC, Kling-Smith M, Mahnken JD, Carlton E, Moncure M.
Utility of the shock index in predicting mortality in traumatically injured patients. J
Trauma. 2009 Dec;67(6):1426-30.
97. Bhat A, Podstawczyk D, Walther BK, Aggas JR, Machado-Aranda D, Ward KR,
Guiseppi-Elie A. Toward a hemorrhagic trauma severity score: fusing five
physiological biomarkers. J Transl Med. 2020 Sep 14;18(1):348.
98. Ageron FX, Coats TJ, Darioli V, Roberts I. Validation of the BATT score for
prehospital risk stratification of traumatic haemorrhagic death: usefulness for
tranexamic acid treatment criteria. Scand J Trauma Resusc Emerg Med. 2021 Jan 6;
29(1):6.
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4 - What is the optimal management of patients on
antiplatelet and/or anticoagulation presenting with
acute lower extremity trauma and needing surgery?

Response/Recommendation: The optimal manage-
ment of patients on antiplatelets and/or anticoagulants
presenting with acute lower extremity trauma and needing
surgery should involve a risk-benefit assessment weighing
the risk of bleeding against the risk of thrombosis. De-
pending on the degree of urgency, extent of trauma and
patient’s coagulation status, the optimal approach may
involve postponing the procedure and monitoring the
coagulation status, perioperative bridging therapy, or acute
reversal of anticoagulation.

Most studies recommend that patients receiving
aspirin (ASA) can undergo surgery safely without delay. In
patients taking oral anticoagulants, coagulation tests should
be performed. If surgery cannot be delayed, anticoagulant
reversal agents should be administered. Recent literature
has suggested that the use of reversal agents does not lead to
adverse outcomes following lower extremity trauma sur-
gery. In addition, early surgical treatment of hip fractures
despite anticoagulation may be prudent in a subgroup of
patients.

Strength of Recommendation: Limited.
Delegates vote: Agree 90.91% Disagree 6.82% Abstain

2.27% (Strong Consensus).
Rationale: Antithrombotic agents can be broadly sub-

divided into two classes: anticoagulants and antiplatelet med-

ications113,114. When patients on these agents undergo orthopaedic
procedures, management should entail an individualized assess-
ment of the risk of bleeding as well as the risk of thrombosis.
Approximately 1 in 10 surgical patients are prescribed chronic
anticoagulation or antiplatelet therapy, and majority will require
temporary antithrombotic interruption, bridging or reversal113,115-117.
It is widely established that urgent, non-deferrable surgery should
not be delayed in patients on antiplatelets, even in those receiving
dual antiplatelet therapy118,119. In contrast, given the wide variety of
anticoagulation agents available120, there is substantial heterogeneity
with regards to the perioperativemanagement of these patients.Not
surprisingly, there is still a lack of consensus on this topic within the
orthopaedic community121.

The majority of recommendations regarding the inter-
ruption of anticoagulant or antiplatelet therapy in trauma
patients with amoderate to high risk of bleeding are reflected in
the latest clinical guidelines of various professional socie-
ties118,122,123. These strategies have largely been developed from
general surgical and neurosurgical literature124. As existing
guidelines are based on expert opinion, consensus, and retro-
spective studies, the level of evidence is extremely limited. In
addition, most recommendations have been restricted to the
safety of neuraxial anesthesia rather than trauma surgery
per se118,122,125.

Recent data has shown that hip fracture patients are
prone to prolonged elimination half-lives of direct oral
anticoagulants (DOAC), with almost 50% of patients still
having therapeutic levels at the time of surgery126. Patients on
DOAC have increased delays to surgery compared to patients
who are not on anticoagulation or those on vitamin K
antagonists. Average time to surgery for DOAC patients may
range from 35.0 hours to 66.9 hours127,128. King et al.129,
concluded that taking DOAC on admission was not a reason
to delay hip fracture surgery. Similarly, Bruckbauer et al.130,
suggested that early hip fracture surgery should be indicated in
DOAC patients. Consistent with these findings, Schuetze et al.131,
noted that early surgical care of proximal femur fractures was safe
in patients on anticoagulants, as long as preparations for possible
intraoperative transfusions were made. In contrast, Gosch et al.132,
found that hip fracture patients on oral anticoagulation had
higher rates of in-hospital mortality, transfusion (requiring 3 or
more packed red cells), major bleeding, hemoglobin drop of 6
g/dL or more, myocardial infarction, stroke, and thrombo-
embolic events, compared to controls who were not on
anticoagulation.

Besides hip fractures, data on the management of other
lower extremity fractures in patients on antiplatelet or anti-
coagulation remains scarce. Recent literature has demonstrated a
trend away from the routine use of bridging anticoagulation133,
with several reports suggesting that the administration of reversal
agents may not lead to adverse outcomes in lower extremity
trauma surgery134. Ultimately, the risks associated with delaying
operative care in lower extremity trauma is fracture- and patient-
specific. Depending on the degree of urgency, extent of trauma
and patient’s coagulation status, the optimal approach may
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involve postponing the procedure and monitoring the coagu-
lation status, perioperative bridging therapy, or acute reversal
of anticoagulation.

The following recommendations are brief excerpts from
current guidelines and recent literature, which provide an
update on the most common antithrombotic reversal strategies
or corrective measures. These strategies should be carried out
in collaboration with cardiology, anesthesiology, and other
specialties.

Warfarin: There is an ongoing debate regarding the peri-
operative management of trauma patients on warfarin. Some
authors advocate a watch-and-wait approach, while others rec-
ommend urgent reversal. It is well established that fracture surgery
can be expedited by reversing the anticoagulation effect of war-
farin with vitamin K135,136. The National Institute for Health and
Care Excellence (NICE) guidelines have underscored the impor-
tance of prompt surgical management of elderly patients with hip
fractures within the first 36 hours, reiterating that delays related to
anticoagulation are often unjustified137. Gulati et al.138, andMoores
et al.139, advised that the action of warfarin should be reversed in
order to expedite hip fracture surgery. This reversal can be
achieved with vitamin K, prothrombin complex concentrate
([PCC] Beriplex), fresh frozen plasma (FFP), or recombinant
factor VIIa116,140.

For surgeons adopting a watch-and-wait approach,
the 2017 American College of Cardiology (ACC) guidelines
recommended checking the international normalized ratio
(INR) 5 to 7 days before surgery. The INR should then be
rechecked within 24 hours of surgery to ensure normali-
zation. Bridging anticoagulation, typically with low-
molecular-weight heparin (LMWH), is undertaken in
patients at high thrombotic risk, which has been defined as
patients with a Congestive heart failure, Hypertension, Age
‡ 75 years, Diabetes mellitus, prior Stroke or transitory
ischemic attack (TIA) or thromboembolism - Vascular
disease, Age 65 – 74 years, female Sex category (CHA2DS2-
VASc) score of ‡ 7 (greater than 10% annual risk of stroke or
embolism) or patients with a thrombotic event within the
past 3 months114.

Dabigatran: For procedures with high bleeding risk, ACC
guidelines recommend an antithrombotic interruption (ATI)
period of 2 days before surgery without the need for bridging
anticoagulation. In patients with impaired renal function
(creatinine clearance < 50 mL/min), a longer ATI duration of
4 days is recommended114. The fourth edition of the American
Society of Regional Anesthesia (ASRA) guidelines suggest
only a 34-hour ATI interval before neuraxial block, and 72 to 90
hours in patients with renal impairment141.

In the event of overdose, its effect can be reversed with
hemodialysis and antidote administration using idarucizumab
(Praxbind)142. The approved dose is two 2.5 g IV bolus infu-
sions administered within 15 min113. In life-threatening
bleeding, this can be combined with tranexamic acid (TXA)
(1 g. IV). PCC is another option, although there is limited
evidence regarding its use in patients on DOAC. The use of FFP

is currently restricted to rescue therapy if other alternatives are
not available125,143.

Low-molecular-weight heparin (LMWH): For patients on
treatment doses of LMWH, surgery under neuraxial anes-
thesia should be delayed for at least 24 hours. For patients on
prophylactic doses of LMWH, this delay can be reduced to
12 hours122.

Oral anticoagulants should be discontinued prior to
procedures with a moderate to high risk of bleeding
including long bone fractures and hip fractures118. In
patients with a low to moderate thrombotic risk, perioper-
ative bridging therapy may not be necessary. However, for
patients with a high thromboembolic risk, bridging therapy
with LMWH at prophylactic doses can be administered. If
urgent surgery is indicated, the use of reversal agents should
be considered118,143.

Rivaroxaban: The ACC guidelines recommend a dis-
continuation period of 2 days before high-risk procedures,
with a longer ATI period of 3 days in the setting of renal
impairment. The ASRA guidelines recommend discontinuing
rivaroxaban 22 to 26 hours before neuraxial block except in the
setting of renal impairment, in which case 44 to 65 hours is
recommended141.

Rivaroxaban is not removed by hemodialysis. Andexanet alfa
(AndexXa) is the first and only antidote for patients taking
rivaroxaban (Xarelto), apixaban (Eliquis) or edoxaban (Sa-
vaysa)144. Activated charcoal may help to reduce absorption
in cases of acute over-ingestion of DOAC and should be
administered within 1 - 2 hours of novel oral anticoagulants
(NOAC) intake145.

Apixaban: The ACC recommends an ATI period of
2 days. As 27% of the drug is renally cleared, a longer ATI of
3 days is recommended in the setting of renal impairment2.
The ASRA guidelines recommend discontinuing apixaban
26 to 30 hours before neuraxial procedures, and 40 to 75
hours in patients with a serum creatinine of 1.5 mg/dL or
more141.

Edoxaban: No published studies have investigated the
periprocedural safety of continued use of edoxaban, nor the
appropriate ATI period for this anticoagulant in the setting of
orthopaedic surgery. The ACC recommends an ATI period of
48 hours before surgery in patients with normal renal function
and 72 hours in patients with renal impairment114. The ASRA
guidelines recommend a 20- to 28-hour interruption period
before neuraxial procedures, and 40 to 70 hours for patients
with renal impairment141.

Acetyl salicylic acid – Aspirin (ASA): Bleeding risk
while taking ASA in the perioperative period has been
extensively studied, but conflicting results have been
reported116,117. In particular, several studies have demon-
strated the safety of continuing ASA during elective hip and
knee surgery116,117.

Recent guidelines recommend continuing ASA in patients
at moderate to high risk of cardiovascular events and dis-
continuing ASA 7 to 10 days before surgery in patients at low risk
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of cardiovascular events, acknowledging that the discontinuation
of ASA may carry an increased risk of thrombotic events in
patients with strong cardiovascular risk factors117,146.

Surgery should not be postponed in patients receiving
ASA as the low risk of bleeding does not justify the surgical
delay119,147,148. The ASRA guidelines also recommend continuing
ASA regardless of dosage or indication before neuraxial pro-
cedures, citing multiple studies demonstrating that ASA does
not significantly increase the risk of spinal hematomas fol-
lowing neuraxial blocks141. Notwithstanding, there is a risk of
bleeding if ASA is taken in combination with other thrombo-
prophylactic medication, hence ASA may be withheld during
inpatient stay unless indicated for unstable angina or recent/
frequent transient ischemic attacks135.

Clopidogrel: The 2012 American College of Chest Phy-
sicians (ACCP) guidelines recommend stopping clopidogrel
or prasugrel 5 days before surgery146. Similarly, the ASRA
guidelines recommend discontinuing clopidogrel 5 days
before neuraxial procedures. The recent Scottish Intercolle-
giate Guidelines Network (SIGN) recommend that surgery
should not be delayed, and platelets should not be adminis-
tered prophylactically, although marginally greater blood loss
should be anticipated. This is also associated with an increased
risk of spinal hematoma when regional anesthesia is em-
ployed135. Bridging is not required during temporary clopi-
dogrel discontinuation in the perioperative setting, but ASA
should be continued in patients on dual antiplatelet therapy
(DAPT) after stent placement149.

The antiplatelet effect of clopidogrel can only be over-
come with platelet transfusions, since clopidogrel irreversibly
inhibits platelet function and there is no known antidote for
this drug. Platelet concentrates may be administered if platelet
dysfunction is documented in a patient who requires urgent
surgery, suffers continued bleeding, or sustains an intracranial
hemorrhage. Desmopressin (0.3 μg/kg) may also be adminis-
tered in such patients123.

Prasugrel: No data on the safety of continuing prasugrel
in the setting of orthopaedic surgery has been published. The
AACP recommends stopping clopidogrel or prasugrel 5 days
before cardiac surgery146, whereas the ASRA recommends dis-
continuing prasugrel 7 days before neuraxial block141. No
available reversal agent for prasugrel exists.

Ticagrelor: No data exists regarding the continuation of
ticagrelor in orthopaedic procedures. Platelet aggregation re-
turns to normal within 5 days of discontinuation of tica-
grelor150. Consequently, the ASRA guidelines recommend
discontinuing ticagrelor 5 days before any procedure141.

No specific reversal agent exists. PB2452, a monoclonal
antibody fragment that binds ticagrelor, is being developed as
an antidote for patients requiring urgent surgery or experi-
encing life-threatening bleeding151,152.

Conclusion: Given the varying indications for antith-
rombotics, medication diversity and patient heterogeneity,
defining the optimal strategy for patients on these medications
who present with acute lower extremity trauma and require

urgent surgery remains a challenging task. Periprocedural
interruption and/or correction of anticoagulant therapy is often a
complex risk-benefit intervention, requiring a thorough assess-
ment of the patient’s bleeding and thrombotic risks. The need to
reverse the effect of the anticoagulant or antiplatelet drug should
be determined by the need to perform surgery urgently. If sur-
gery cannot be delayed, reversal agents or other corrective
measures should be administered. Ultimately, orthopaedic sur-
geons should always strive to manage these patients in collabo-
ration with their colleagues in cardiology, anesthesia, and other
medical specialties.

Dragan K. Radoičić, Francisco Chana-Rodŕıguez,
Antonio Benjumea-Carrasco, Jesús Gómez-Vallejo
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5 - Concerning VTE risk, which surgeries can be
considered major and which surgeries can be considered
non-major in orthopaedic trauma?

Response/Recommendation: Surgical procedures in the
upper extremity and distal to the ankle can be considered non-
major. The risk of venous thromboembolism (VTE) increases
in the lower limb from the distal leg (or ankle) to the pelvis,
with higher risk associated with more proximal surgeries. In
addition to location of surgery, length of surgery and expected
post-operative mobility must be considered.

Strength of Recommendation: Moderate.
Delegates vote: Agree 95.56% Disagree 4.44% Abstain

0.00% (Strong Consensus).
Rationale: Venous thromboembolism (VTE) is a sig-

nificant source of morbidity and mortality following
orthopedic surgery153,154. The risk of VTE following ortho-
paedic surgery varies significantly based on many patient
and surgical factors155-159. It is important to stratify this risk
in order to develop an appropriate anticoagulation plan
post-operatively160-162.

Most lower extremity surgery is associated with signifi-
cant VTE risk and should be considered major in patients with
isolated tibia or distal lower leg fracture, meta-analysis showed
that low-molecular-weight heparin (LMWH) reduces risk of
overall deep venous thrombosis (DVT) (relative risk 0.7)163.
However, anticoagulation was not shown to reduce rate of
clinically important VTE, defined as proximal or symptomatic
DVT163. In elective arthroplasty patients, symptomatic VTE
occurs in 2-3%, and asymptomatic DVT has been reported in
up to 40% of patients without anticoagulant thrombopro-
phylaxis164,165. Further, the Caprini score was introduced to
predict the risk of VTE after orthopaedic surgery. Notably, a
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score > 10 predicts increased risk, with 5 points for lower
extremity fracture, elective arthroplasty, or polytrauma166. This
risk is reflected in current practice, as survey data indicates that
76% of orthopaedic surgeons recommended chemical DVT
prophylaxis in foot and ankle fractures167. This increases to 86%
for tibia fractures, and > 95% for all other lower extremity
fractures167. Agency for Healthcare Research and Quality
(AHRQ) guidelines for VTE prophylaxis define major ortho-
paedic surgery as total hip arthroplasty, total knee arthroplasty,
and hip fracture surgery, and recommend chemical prophylaxis
for these operations168.

Orthopaedic procedures in the upper extremity, lower
extremity arthroscopy, and surgery distal to the ankle in
patients with isolated injuries have lower VTE risk and can
be considered non-major. In a large database study, risk of
DVT in patients with upper extremity surgery was 0.2%169.
In current clinical practice, orthopaedic surgeons recom-
mend chemical anticoagulation in 38% of isolated upper
extremity injuries, less frequently than in lower extremity
surgeries167. Patients undergoing foot and ankle surgery also
have rates of VTE less than 1%170. However, this risk is higher
in patients undergoing foot and ankle surgery for ortho-
paedic trauma – especially in cases where chemical pro-
phylaxis is not used (up to 36%)170. Despite the higher overall
occurrence of VTE in foot and ankle trauma patients, the
actual rate of proximal DVTwas significantly lower – ranging
between 0.9 - 6.4%. In a meta-analysis of patients under-
going knee arthroscopy, only 10 out of 921 had symptomatic
DVT without anticoagulation171. Reflecting this data, the
American College of Chest Physicians guidelines recom-
mend no chemical VTE prophylaxis after knee arthroscopy,
due to low rate of DVT and equivalent risk of bleeding
complications172.

While anatomic location of surgery is an important
predictor of post-operative DVT, additional factors must be
considered when defining major surgery. Notably, length of
surgery and expected patient mobility post-operatively must be
considered when defining VTE risk161,173-175.

Justin E. Kleiner, Marc F. Swiontkowski, Paul Tornetta III
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6 - Is routine VTE prophylaxis indicated in patients with a
single lower extremity fracture who do not require
surgery?

Response/Recommendation: Routine venous throm-
boembolism (VTE) prophylaxis is not routinely needed in
patients with a single lower extremity (LE) fracture who do not
require surgery. The need for VTE prophylaxis in patients with
isolated LE fracture is restricted to high-risk individuals with
significant medical comorbidities, severely limited activity or
other coagulopathic risk factors.

Strength of Recommendation: Moderate.
Delegates vote: Agree 95.65% Disagree 4.35% Abstain

0.00% (Strong Consensus).
Rationale: Fractures of the LE are common, with an

annual incidence of approximately 17% to 22%176,177. The
incidence of these fractures is increasing178, and a significant
proportion of these fractures are managed non-operatively,
most commonly with cast immobilization179,180. The incidence
of VTE in patients with isolated LE fracture who do not require
surgery is low, with reported rates of 0.1% to 4%, leading most
to believe that there is no need for routine thromboprophylaxis
in this patient population181-184.

An interesting finding amongst patients with LE injuries
is that compared to foot and ankle fractures, acute achilles
tendon ruptures have a relatively greater incidence of devel-
oping VTE182,185, probably due to dysfunction of the calf muscle
pump. Contrary to popular belief, active ankle and toe move-
ments and compression stockings did not reduce VTE inci-
dence and are not viable strategies for preventing VTE186,187.
Existing literature remains inconclusive with regards to the
need for thromboprophylaxis for patients receiving this mode
of management.

The American College of Chest Physicians (ACCP) guide-
lines does not recommend any prophylaxis for isolated LE fractures
requiring immobilization188. Jameson et al., after retrospectively
analyzing 14,777 adults over a 54-month period, stated that isolated
ankle fractures not requiring surgery is not an indication for routine
VTE prophylaxis189. In addition, Selby et al., found routine pro-
phylaxis to be less favorable for these patients190 following analysis
based on their prospective multicenter study. In contrast, other
studies have demonstrated that prophylaxis significantly reduces
VTE incidence and related events in patients with isolated LE
fractures treated with immobilization181-195. Assessment of risk fac-
tors and developing clinical risk assessment models predicting VTE
in these patients would therefore improve the evidence gap in this
domain.

Few studies have sought to assess risk factors and
patients at risk for developing VTE following non-surgical
treatment for isolated LE fractures196-198. Age > 70 years,
limited mobility in and out of hospital196, immobiliza-
tion197,198, previous history of VTE, high body mass index
(BMI), oral contraceptive pill intake, and air-travel198 have
been reported as risk factors, particularly when two or more
are present. The thrombosis risk prediction following cast
immobilization (L-TRiP) score199 and the trauma, immo-

bilization, and patients’ characteristics (TIP) score200 are
useful tools for accurately stratifying patients into risk
categories in order to guide thromboprophylaxis. The evi-
dence base for the optimal choice of pharmacological pro-
phylaxis in these patients varies with low-molecular-weight
heparin (LMWH)194,195, and oral anticoagulants (such as
nadroparin or fondaparinux or rivaroxaban)191,201 being
shown to be effective in preventing VTE and related events.

Based on available literature, administration of
routine VTE prophylaxis for patients with isolated LE
injuries, even if immobilized, does not seem to be sup-
ported. However, VTE prophylaxis in the forms of
mechanical or chemical treatment may need to be con-
sidered for high-risk patients (see risk stratification) with
isolated LE injury.

Abtin Alvand, Raja Bhaskara Rajasekaran, Marc F. Swiontkowski
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7 - Is routine VTE prophylaxis indicated in patients with
immobilization of the lower extremity (e.g., casting)
without surgery?

Response/Recommendation: Routine venous throm-
boembolic (VTE) prophylaxis is not indicated in patients with
immobilization of the lower extremity.

Strength of the Recommendation: Moderate.
Delegates vote: Agree 86.96% Disagree 10.87% Abstain

2.17% (Strong Consensus).
Rationale: Patients with cast immobilization of the lower

extremity may be at an increased risk for developing VTE.
Based on one study, patients not receiving thromboprophylaxis
have a pooled absolute risk for asymptomatic events of 18.0%
(95% confidence interval [CI] 12.9 to 23.1) and a symptomatic
risk of 2.0% (95% CI 1.3 to 2.7) (within approximately
3-months)202.

The effectiveness of thromboprophylaxis for the pre-
vention of VTE in these patients has been addressed in multiple
small randomized controlled trials (RCT), focusing on
asymptomatic events in the past. All trials allocated patients to
either no therapy or low-molecular-weight heparin (LMWH).
Patients were managed with various types of casts, for a variety
of non-surgical problems (fractures treated conservatively,
tendon ruptures, and so on). In one of the earlier trials, per-

formed in 1993, 253 patients, aged > 16 years were recruited
and conservatively managed with a lower limb cast for at least
7 days203. Patients were randomized between nadroparin or no
treatment for 16 days. In the protocol analysis, after 53 post-
randomization exclusions, 4.8% of all patients with prophy-
laxis, and 16.5% of patients without prophylaxis developed
asymptomatic deep venous thrombosis (DVT) (defined by
compression ultrasound) (risk reduction of 11.7% [95% CI
4.3% – 19.3%]). Kock et al., then published a RCTusing similar
inclusion criteria, in which 339 patients with a lower limb cast
were analyzed204. Upon cast removal, a compression ultrasound
and duplex scanning was performed, and suspected asymp-
tomatic events were confirmed with venography. In this trial,
much lower incidences were found; 0% in the treated and 4.3%
in the non-treated group developed asymptomatic DVT (risk
reduction 4.3% [95% CI 1.2% – 7.4%]).

Two other trials have been published, but patients under-
going surgery and treated non-operatively were included. In one
study205, there was no protective effect of the LMWH (no differ-
ences between groups, and no symptomatic DVT in any arm). In
the other study206, a significant reduction in asymptomatic DVT
(relative risk [RR] 0,45, 95% CI 0,24 to 0,83), but no significant
reduction for symptomatic VTE (RR, 0.08, 95% CI 0.00 to 1.36)
was detected.

To verify whether patients with lower limb cast immo-
bilization could benefit from thromboprophylaxis, a multi-
center high-quality RCT (POT-CAST trial), powered based on
symptomatic VTE reduction, was performed207. The trial
included 1,519 patients who were assigned to LMWH or no
prophylaxis during the full period of immobilization of the
lower limb. While most patients (approximately 90%) were
treated without surgery, the study did include patients who
required surgical intervention. Symptomatic VTE occurred in
10 of the 719 patients (1.4%) in the treatment group and in 13
of the 716 patients (1.8%) in the control group (RR, 0.8; 95%
CI, 0.3 to 1.7; absolute difference in risk, -0.4 percentage
points; 95% CI, - 1.8 to 1.0). No major bleeding events
occurred. The results of this trial indicated that there was no
advantage to administration of routine chemoprophylaxis
(LMWH) to patients with isolated lower extremity injury that
required immobilization.

Several meta-analyses have reviewed the published data
on this subject matter208,209. In a Cochrane review208, it was
reported that thromboprophylaxis was effective for the pre-
vention of asymptomatic VTE for a pooled RR of 0.49, 95% CI
0.34 to 0.72 (heterogeneity I2 20%, p = 0.29). It is important to
note that all of these trials were powered for prevention of
asymptomatic VTE and are of limited quality. Thus, based on
our understanding of the available literature, we do not believe
that routine use of thromboprophylaxis is indicated in patients
with immobilization of lower extremity, who are not under-
going surgery. With the exception of the POT-CAST trial,
studies suffer from extensive heterogeneity of included
patients, weak methodology such as inadequate sample size
(underpowered), high rates of loss to follow-up, inclusion of
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high-risk patients only, and post-randomization exclusions.
The latter may also explain why the American College of Chest
Physicians (ACCP) guideline also does not recommend routine
chemoprophylaxis for patients with isolated lower limb injuries
requiring leg immobilization210. Other available guidelines
advocate for the use of thromboprophylaxis on an individu-
alized approach by evaluating the risks and benefits of such
prophylaxis211.

Banne Nemeth, Francisco Palma-Arjona,
Alberto D. Delgado-Martinez, James W.M. Kigera
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8 - Does the duration of immobilization of patients with
lower extremity injuries influence the choice of VTE
prophylaxis?

Response/Recommendation: Duration of immobiliza-
tion in patients with lower extremity injuries does not influence
the choice of venous thromboembolism (VTE) prophylaxis.

Strength of Recommendation: Moderate.
Delegates vote: Agree 93.18% Disagree 4.55% Abstain

2.27% (Strong Consensus).
Rationale: Prolonged postoperative immobilization is a

well-established risk factor for the development of VTE after
surgery212. However, the use of VTE prophylaxis in patients
who are immobilized following lower-extremity injuries
remains a contentious issue213,214. The 2012 American College of
Chest Physicians (ACCP) guidelines recommend against the

routine use of VTE prophylaxis in patients with isolated lower-
extremity injuries, including immobilized patients215. Despite
this, standard practice in Europe is still to routinely administer
low-molecular-weight heparin (LMWH) as a method of VTE
prophylaxis for all patients immobilized following a lower-
extremity injury216. Current clinical practice guidelines have yet
to reach a consensus on a reliable treatment algorithm in this
setting213,215. Furthermore, whether the duration of immobili-
zation in these patients should influence the choice of VTE
prophylaxis remains inadequately investigated.

LMWH has a well-documented adverse side effect
profile217. Despite this, it is still commonly used as a method
of VTE prophylaxis following lower-extremity injuries218.
Recent literature has suggested that it may not be as reliable
at preventing VTE in these patients as previously believed.
In a study by Lapidus et al.219, participants were randomized
to receive either thromboprophylaxis with dalteparin or
placebo for 5 weeks after ankle fracture surgery. To be eli-
gible for inclusion, patients had to have received dalteparin
for at least 1-week prior to randomization. The mean
duration of immobilization was 44 days in both groups. The
incidence of radiographically confirmed deep venous
thrombosis (DVT) did not significantly differ between the
two groups. Additionally, a randomized controlled trial
(RCT) by Nemeth et al.220, demonstrated that patients with
below-knee cast immobilization administered LMWH, vs.
those receiving placebo, demonstrated comparable rates of
VTE occurrence. The average immobilization duration in
this study was 4.9 weeks. Similarly, Van Adrichem et al.221,
conducted two separate clinical trials to investigate the
efficacy of dalteparin and nadroparin for the prevention of
VTE in patients immobilized following either knee
arthroscopy, or after casting of the lower leg. The average
duration of immobilization was 4.9 weeks. Patients were
randomized to receive either dalteparin, nadroparin or no-
anticoagulation. They found that patients receiving LMWH,
vs. patients in the no-anticoagulation group, demonstrated
comparable rates of symptomatic VTE occurrence (1.4%
and 1.8%, respectively).

Conversely, several studies have demonstrated LMWH
ability to cause a relative risk reduction of VTE in this patient
population, regardless of the duration of immobilization.
Lassen et al.222, conducted a clinical trial to evaluate the safety
and efficacy of reviparin in patients immobilized for ‡ 5-weeks
after a distal leg fracture or achilles tendon rupture. Mean
duration of immobilization in the treatment and control
groups was 43-days and 44-days, respectively. Radiographically
confirmed DVT occurred in 9% of patients randomized to
receive reviparin, and 19% of patients randomized to the pla-
cebo group. In another study, Otero-Fernandez et al.223, audited
the effectiveness of bemiparin in orthopaedic patients managed
both surgically and medically. Patients were stratified to receive
high-dose (3,500 IU daily) or low-dose (2,500 IU/daily) be-
miparin based on their individual physician’s assessment of
their risk for developing VTE. 6,456 patients were included,
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26% of whom were immobilized by plaster cast. Within this
sub-group, mean immobilization and duration of treatment
was 12.8 days and 21 days, respectively. Patients placed in a cast
had a low rate (0.45%) of symptomatic VTE at 30-days.

Following the advent of newer more potent anticoagu-
lants, several studies have been designed in an effort to inves-
tigate their safety and efficacy, when compared to more
conventional anticoagulation. In one study, Bruntink et al.224,
conducted a multicenter RCTof patients with an ankle or foot
fracture who required immobilization. Patients were ran-
domized to either the no-treatment group, the nadroparin
group (2,850 IU once daily), or the fondaparinux group
(2.5 mg once daily). Mean duration of immobilization was
40 days for the no-treatment and nadroparin groups, and
38 days for those receiving fondaparinux. The incidence of
DVT was 2.2% in the nadroparin group, 1.1% in the fonda-
parinux group, and 11.7% in the control group (p = 0.011).
Similarly, Samama et al.225, reported on a multicenter study
comparing efficacy and safety between fondaparinux and na-
droparin. 1,349 patients with an isolated non-surgical, unilat-
eral below-knee injury were randomized into either treatment
group. Mean immobilization and treatment durations were
32 days in the fondaparinux group, and 34 days in the na-
droparin group. The incidence of DVT in the fondaparinux
group and nadroparin group was 2.6% and 8.2%, respectively
(p < 0.001). Additionally, The PROphylaxis in NOn-Major
Orthopaedic Surgery (PRONOMOS)226 clinical trial compared
the effect of rivaroxaban versus enoxaparin in preventing major
VTE in patients undergoing lower limb non-major orthopae-
dic surgery. Patients had to have been scheduled to receive VTE
prophylaxis for at least 2 weeks to be eligible for enrollment.
The primary outcome studied was the occurrence of sympto-
matic proximal or distal DVT, pulmonary embolism (PE), and
VTE-related death during the treatment period, as well as
asymptomatic proximal DVT at the end of treatment. The
primary outcome occurred in 0.24% of patients in the rivar-
oxaban group and in 1.10% of patients in the enoxaparin group
(p < 0.05). Bleeding rates were comparable between the ri-
varoxaban and enoxaparin groups (1.08% and 1.04%, respec-
tively). In conclusion, rivaroxaban proved more effective than
enoxaparin in preventing VTE events during a period of
immobilization after non-major orthopaedic surgery of the
lower limbs, regardless of the duration of immobilization.

The likelihood of VTE complications occurring post-
operatively depends on a dynamic interplay between both
patient-related and nonpatient-related factors227. Studies have
repeatedly shown that prolonged postoperative immobilization
does definitively increase a patient’s risk of developing VTE
complications228. Guidelines on early and aggressive postoper-
ative mobilization have been established to mitigate the risks it
poses to patients229. Currently, the duration of immobilization
in patients with lower extremity injuries does not appear to
influence the choice of VTE prophylaxis.

Aydin Gahramanov, Saad Tarabichi, Charles-Marc Samama
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9 - What is the most optimal VTE prophylaxis for patients
undergoing internal fixation of a hip fracture?

Response/Recommendation: Mechanical and pharma-
cological venous thromboembolism (VTE) prophylaxes are

295

THE JOURNAL OF BONE & JOINT SURGERY d J B J S .ORG

VOLUME 104-A d NUMBER 6 (SUPPLEMENT 1) d MARCH 16, 2022
RECOMMENDATIONS FROM THE ICM-VTE: TRAUMA



advised for patients undergoing internal fixation of a hip
fracture, following an individualized risk assessment. In the
setting of surgical delays, preoperative pharmacological pro-
phylaxis should be considered. Pharmacological thrombopro-
phylaxis should continue throughout the persistent
postoperative prothrombotic state, commencing 12 hours post
wound closure, and continuing for at least 28 days.

Strength of Recommendation: Moderate
Delegates vote: Agree 95.56% Disagree 2.22% Abstain

2.22% (Strong Consensus).
Rationale: Patients sustaining hip fracture are subjected

to a risk of VTE quoted at over 30% within the literature230-233.
Advancements in thromboprophylaxis have reduced the
overall rates of clinically relevant VTE to less than 4%234-237.
The goals of VTE prophylaxis within this at-risk cohort are
to prevent fatal pulmonary embolism (PE) and reduce the
incidence of post-VTE morbidity, both of which contribute
to the significant in-hospital and one-year mortality
rates238-240. Despite widespread awareness of the merits of
thromboprophylaxis, variability in practice patterns persist,
owing to a lack of available high-quality evidence241-244. As
such, published clinical practice guidelines (CPG) have
made efforts to highlight the standards required of health-
care providers so as to mitigate VTE risk within the hip
fracture population235,244-247.

On admission, it is advised that hip fracture patients
undergo medical optimization, adequate hydration and receive
mechanical prophylaxis, using graduated compression stock-
ings (GCS) or intermittent pneumatic compression devices
(IPCD), ensuring correct application, provided no contrain-
dications are identified235,245,246,248,249. Pharmacological prophy-
laxis should be considered preoperatively if surgical delays are
anticipated, commenced ideally within 14 hours of admission,
following a comprehensive bleeding and thrombosis risk
assessment250. Appropriate preoperative agents include either
low-molecular-weight heparin (LMWH), with the last dose
administered no less than 12 hours preoperatively, or un-
fractionated heparin (UFH) with close serological monitoring,
particularly in patients requiring weight or renal adjusted
formulations245,250,251. Fondaparinux use has been historically
suggested, however its use has been more recently cautioned
preoperatively given its known protracted onset of action, and
the need for 24 hours to ensure adequate pharmacological
clearance. In addition to mechanical and chemical thrombo-
prophylaxis, early definitive internal fixation is favored, so as to
mitigate the crescendo effect of delayed surgical intervention
on VTE risk, whilst also minimizing the period of preoperative
bed-rest234,252,253.

Postoperatively, mechanical prophylaxis should take the
form of early mobilization, coupled with continuous GCS or
IPCD use for the duration of stay in both the acute hospital and
post-discharge rehabilitation settings247,248,254,255. Choice of GCS
length, either knee-length or thigh-length, should rely on
patient compliance, preference and local skin condition, as no
significant difference has been identified to date between either

in preventing postoperative VTE256. Mechanical prophylaxis
has also been advised to continue, for at least 18 hours per day,
until a level of mobility is achieved resembling the patient’s pre-
admission status245,248,249.

The published CPG all agree that pharmacological pro-
phylaxis, in combination with mechanical prophylaxis, is
required to prevent fatal PE and post-VTE morbidity. Post-
operatively, it is suggested that the first prophylactic dose
should be administered no sooner than 12 hours post wound
closure245,247,257,258. Agents proven to be efficacious in the setting
of hip fractures include LMWH, UFH, fondaparinux, adjusted-
dose vitamin K antagonists and aspirin (ASA)253. Agent selec-
tion should be based on patient parameters, healthcare pro-
vider preferences and a shared decision. Therapy should
continue for a minimum of 10 to 14 days, with most recom-
mendations within CPG to continue for at least 28 to 35 days
postoperatively, in light of the persistently elevated postoper-
ative VTE risk233,236,245,247,257,259,260. LMWH or UFH are often uti-
lized in the early postoperative period in clinical practice, given
their parenteral preparations and reliable pharmacokinetics234.

To date, a leading pharmacological agent has yet to be
defined. LMWH has been established as the prophylactic agent
against which novel medications are compared235. The Amer-
ican College of Chest Physicians (ACCP), and the American
Society of Hematology (ASH) guidelines both specifically
advocate for a full extended prophylactic course of LMWH in
the setting of a hip fracture, despite surgeon reservations sur-
rounding the need for administration education, as well as the
inconvenience of daily subcutaneous injections235,247. Fonda-
parinux has demonstrated equivocal VTE rates to LMWH, but
has been cautioned in light of major bleeding rates experienced
by frail patients weighing less than 50 kilograms235,261.
Warfarin, a vitamin K antagonist, has not demonstrated sig-
nificant benefits compared to LMWH in the hip fracture
population to date. Safety concerns with warfarin remain,
particularly in relation to management of the international
normalized ratio (INR) perioperatively, contributions to sur-
gical delays due to prolonged clearance, slow onset on action,
and drug interactions affecting its efficacy234,235,258,262,263. Rivar-
oxaban, dabigatran and apixaban have been approved for use
against VTE in the setting of total joint arthroplasty but have
not yet been sufficiently evaluated in the setting of hip frac-
tures. Recent studies, one of retrospective nature, and one
randomized controlled trial with small sample sizes in all study
groups, demonstrated encouraging results with direct oral
anticoagulant (DOAC) use, however further evidence is
required before clinical practice is influenced264,265. ASA has been
shown to significantly reduce VTE rates throughout the high-risk
post fracture time period compared to placebo, but routine ASA
use remains controversial, given the lack of evidence to support
equivalence to LMWH proven efficacy266,267. ASA and DOAC use
have come under investigation of late. Two heterogenous meta-
analyses, recently published, suggest favorable findings with re-
gards to VTE reduction, however level one evidence is yet to
emerge268,269. Both agents are convenient given their more
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simplistic oral regimens and encouragingly low rates of VTE, but
reservations persist concerning hemorrhagic events, particularly
in the immediate postoperative period263,270.

A clear consensus amongst CPG is unfortunately
lacking regarding the optimal pharmacological agent, dose
and duration. Concerns surround balancing the suscepti-
bility of hip fracture patients to VTE, with the rate of wound
complications and significant hemorrhagic events271. Despite
recent advancements in enhanced recovery programs, clin-
ical care pathways and national audit programs, which have
combined to improve the standard of hip fracture care
worldwide, VTE CPG continue to reference evidence stem-
ming from the 1990’s and 2000’s. As such, focusing future
research efforts on well-designed high-quality trials is of
utmost importance, so as to clarify a consensus on means to
reliably prevent VTE in the hip fracture population, and
facilitate the publication of guidelines that will positively
influence clinical practice.

Andrew J. Hughes, Dheenadhayalan Jayaramaraju,
Svetlana A. Bozhkova, Aleksandar R. Lešić, Nagashree Vasudeva,

Alina Kasimova, Velmurugesan P. Sundaram, Jaimo Ahn,
Chad A. Krueger
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10 - What is the optimal VTE prophylaxis for patients
undergoing arthroplasty (hemiarthroplasty or total hip
arthroplasty) for patients with hip fracture?

Response/Recommendation: Hip fracture patients
treated with arthroplasty are at higher risk of venous throm-
boembolism (VTE) and should receive some form of chemo-
thromboprophylaxis. Studies demonstrate that aspirin (ASA) is
an effective agent for prevention of VTE in this patient’s
population.

Strength of Recommendation: Strong.
Delegates vote: Agree 84.78% Disagree 8.70% Abstain

6.52% (Strong Consensus).
Rationale: Hip fracture is one of the most common

orthopaedic conditions worldwide, which is associated with
1.7 to 3.6% rate of deep venous thrombosis (DVT), and
1.1% rate of developing pulmonary embolism (PE)272,273.
Treatment of the hip fracture with total hip arthroplasty
(THA) or hemiarthroplasty (HA) is associated with a higher
risk of VTE when compared with treatment by internal
fixation (hazard ratio [HR] 2.67, p = 0.02)274. Administration
of thromboprophylaxis to patients undergoing surgical
treatment of hip fracture has been shown to reduce VTE
events275. Other studies have questioned the need for routine
administration of chemoprophylaxis to these patients and
advocated prophylaxis in high-risk populations such as
those with a history of VTE, elderly patients (> 75 years),
women and those receiving HA276.

From a timing standpoint, one large registry study
has shown superiority of prophylactic treatment with low-
molecular-weight heparin (LMWH) beginning preopera-
tively when compared with postoperative initiation of
anticoagulation277. There are very few studies that specifi-
cally address chemoprophylaxis in patients undergoing HA

or THA for hip fracture. One such study found that the
combination of mechanical prophylaxis combined with
fondaparinux was superior to fondaparinux prophylaxis
alone278. Another study evaluated the role of low-dose ASA
for patients with hip fracture undergoing HA or internal
fixation and found that administration of low-dose ASA
was associated with increased need for blood transfusion
and a higher all-cause mortality during the first year after
surgery279. However, a meta-analysis comparing ASA vs.
other thromboprophylaxis showed a statistically nonsig-
nificant trend favoring other anticoagulants (relative risk
[RR] = 1.60). The risk of bleeding was found to be con-
siderably lower when ASA was administered vs. other
anticoagulants (RR = 0.32)280. One of the sentinel studies
was the Pulmonary Embolism Prevention (PEP) trial that
included 13,356 patients with hip fracture receiving ASA
vs. placebo. Administration of ASA to hip fracture patients
was found to reduce the risk of VTE by a third281.

A recent multi-institutional study evaluated 1,141
patients with femoral neck fracture who underwent THA or
HA. Patients were allocated into cohorts based on the type of
prophylaxis administered that included ASA (n = 454) and
other anticoagulants (n= 687). The overall VTE rate was 1.98%
for patients receiving ASA, compared to 6.7% for patients
receiving other anticoagulants (p < 0.001). When controlling
for potential confounders in the multivariate analysis, ASAwas
independently associated with a lower risk of VTE (odds ration
[OR] 0.31 95% confidence interval [CI] 0.13 - 0.65; effect size
estimate: -1.17; p = 0.003). In addition, patients receiving ASA
demonstrated a lower rate of 90 days readmission, and peri-
prosthetic joint infection (PJI). Furthermore, patients admin-
istered ASA had a lower rate of allogeneic blood transfusion
despite no difference in preoperative hemoglobin levels.

Based on the available literature, it appears that patients
with hip fracture undergoing HA or THA are at higher risk of
VTE and require prophylaxis. ASA appears to be an effective
agent for prevention of VTE in this patient’s population.

Stephen L. Kates, Eduardo A. Salvati, Lars G. Johnsen
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11 - Is routine VTE prophylaxis required for patients with
fragility fracture of the pelvis or lower extremity?

Response/Recommendation: Chemoprophylaxis against
venous thromboembolism (VTE) is recommended for patients
with a fragility fracture of the pelvis or lower extremity as long
as the risk of VTE outweighs the risk of bleeding given other
medical comorbidities. The use of intermittent pneumatic
compression (IPC) devices should be considered for those who
cannot receive chemoprophylaxis.

Strength of Recommendation: Low.
Delegates vote: Agree 95.56% Disagree 4.44% Abstain

0.00% (Strong Consensus).
Rationale: Fragility fractures are those fractures which

result from low-level trauma, such as a fall from standing
height, where mechanical forces would not ordinarily
cause a fracture282. Patients frequently present with pain and
limited mobility but may not be able to recall the inciting
event283. The treatment spectrum varies from open reduction
internal fixation, to percutaneous fixation to non-operative
treatment283.

Only one retrospective study was found with a dedi-
cated focus on VTE in low-energy isolated fractures. In this
retrospective review of 1,701 patients by Prensky et al.,
71.8% (1,222) of the patients sustained lower extremity
fractures. Up to 85.6% of patients with a lower extremity
fracture received chemoprophylaxis in the form of low-
molecular-weight heparin (LMWH), heparin, or vitamin K
antagonists. The number receiving chemoprophylaxis rose
to 94% when looking at only patients who sustained a hip or
pelvis fracture. There were 19 clinically symptomatic VTE in
patients with lower extremity fractures within 90 days of
discharge. Seventeen of the 19 VTE occurred in patients with
hip or pelvis fracture for an overall VTE rate of 2.6% in
patients with hip and pelvis fractures and 0.7% for all other
fractures. Female sex and high body mass index (BMI) were
found to be statistically significant predictors of VTE284. It
should be noted that 30.5% of the fractures in this study were
classified as hip fractures. Hip fractures are specifically
excluded from our recommendation as this question is ad-
dressed separately.

There remains a paucity of literature on this topic and
the rest of the recommendation is based on studies which did
not differentiate between high and low energy trauma. In a
survey 103 Orthopaedic Trauma Association (OTA) mem-
bers, there was no consensus for the modality or duration of
VTE prophylactic agent following pelvis or acetabular (P&A)
fractures regardless of weight bearing status, need for sur-
gery or type of surgical intervention. In this survey, LMWH
and aspirin (ASA) were the two most frequently prescribed
chemoprophylaxis for patients receiving VTE prophylaxis285.
For nonsurgical P&A fractures, 64.7% prescribed LMWH
while 19.6% prescribed ASA. For surgically treated P&A
fractures, 75.7% prescribed LMWH and 7.8% prescribed
ASA285. Contrary to practices of American surgeons, surveys
of trauma centers in the United Kingdom found that 45% of
P&A trauma units do not routinely prescribe chemopro-
phylaxis post-operatively and 56% do not prescribe che-
moprophylaxis for conservatively managed patients286; 62%
do not use chemoprophylaxis following cast immobilization
after lower limb injuries287.

In a retrospective review of 901 patients who underwent
surgical treatment of a fracture below the hip, thrombopro-
phylaxis decreased the risk of post-operative VTE from 6.8% to
2.3%. While the exact mechanism of injury for these is not
known, over 50% of the patients sustained an injury from a slip
or fall287,288. An industry funded prospectively randomized
controlled trial (RCT) evaluating IPC devices found that when
coupled with LMWH, these devices decreased the rate of VTE
from 1.7% (LMWH only) to 0.4% (LMWH combined with
IPC) in 1,803 patients undergoing a variety of orthopaedic
procedures289.

A recent systematic review of 15 studies of individual risk
of VTE due to lower limb immobilization after injury describes
advancing age as the most consistent individual risk following
injury type and BMI. However, physicians should take into
consideration the limited evidence supporting thrombopro-
phylaxis in these cases290. Also, early fixation, before 48 hours of
pelvic and lower extremity fractures should be noted as an
independent predictor of VTE291. Other systematic review of 5
level I studies for surgical management of tibia fractures sug-
gested no routine prophylaxis due to doubtful clinical
benefit292.

With foot and ankle surgery, there is no consensus; some
studies do not recommend prophylaxis in outpatient surgery
patients without individual risks for VTE or those not
requiring immobilization293-297. Furthermore, others advise
using VTE prophylaxis in long cast immobilization, indepen-
dent of the previous procedure, until weightbearing or
removal298-300. However, there is a bias in these studies: VTE
events following achilles tendon ruptures are greater than ankle
fractures treated surgically or conservatory301. American Col-
lege of Chest Physicians (ACCP) guidelines does not support
routine prophylaxis, but IPC is recommended in this field302.

Further research is needed in the form of high quality
prospective RCT to determine the need for VTE prophylaxis in
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patients who sustain a fragility fracture of the lower extremity.
Although there have been some attempts to create VTE risk
assessment tools303,304, to this day none have been validated or
standardized305. Until then, risk stratification based on other
medical comorbidities should play a role in shared decision
making between the surgeon and the patient in determining
the need for VTE prophylaxis in these patients. Specifically,
patients treated surgically should be separately evaluated from
those treated non-operatively and the ability of a patient to
frequently mobilize factored into the outcomes306. It is
important to consider that while chemoprophylaxis has been
shown to decrease the incidence of VTE, its impact on all-cause
mortality and mortality from PE is up for debate307-309. Studies
designed to answer this question should delineate symptomatic
from asymptomatic VTE events. Additionally, broad use of
VTE prophylaxis is not without risks with at least one study
demonstrating that the risk of death from major bleeding on
LMWH was greater than the mortality from PE avoided by its
use310.

Taylor D'Amore, Guillermo Araujo, Iván J. Salce,
Nigel D. Rossiter
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12 - Should VTE prophylaxis be administered to patients
with a hip fracture who do not undergo surgery?

Response/Recommendation: 1. For patients with a non-
displaced hip-fracture not requiring surgery, a standard pro-
phylactic regimen of either low-molecular-weight- heparin
(LMWH), fondaparinux, low dose unfractionated heparin
(LDUFH), adjusted-dose vitamin K antagonist (VKA) or
aspirin (ASA) should be considered.

2. For patients with a displaced hip fracture who are
treated conservatively, venous thromboembolism (VTE) pro-
phylaxis should be considered in a similar fashion to hip-
fracture surgery patients.

Strength of Recommendation: Limited.
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Delegates vote: Agree 97.78% Disagree 2.22% Abstain
0.00% (Strong Consensus).

Rationale: Patients who undergo hip-fracture surgery
(HFS) are at high-risk for developing post-operative VTE,
including deep vein thrombosis (DVT) and/or pulmonary
embolism (PE). Multiple randomized controlled trials (RCT)
showed that either LMWH, fondaparinux, LDUFH, adjusted dose
VKA, or ASA reduced the occurrence of post-operative VTE.

While the majority of patients with hip fractures
receive operative management, certain patients (4 - 8%)
with either intracapsular fractures, significant medical
morbidities precluding surgery, non-displaced patterns, or
with delayed presentation are treated conservatively. For
patients with a hip fracture who are treated conservatively no
RCT have been performed to investigate whether throm-
boprophylaxis is effective in preventing symptomatic VTE311.
However, numerous studies have investigated the preopera-
tive prevalence of asymptomatic DVT in patients with a hip
fracture.

In 1999, authors from Kings College Hospital United
Kingdom (UK) performed a phlebography in hip-fracture
patients awaiting surgery, and who were not operated on until
after 48 hours following their hospital admission. All patients
were treated with 5,000 IU of unfractionated subcutaneous
heparin at admission and every 12h thereafter. They found that
13/21 (62%) of patients had an asymptomatic DVT in the
affected limb, and 1/21 (4.8%) patient had clinical signs and
symptoms of VTE312.

In another investigation,101 consecutive patients with a
hip fracture who received preoperative prophylactic anti-
coagulation, underwent doppler ultrasound evaluation before
surgery. DVT was found in 10/101 (9.9%) patients, and two
patients (2%) developed a symptomatic PE. The authors sug-
gested that a delay in surgery resulted in a higher risk of DVT313.

In another similar study among 208 individuals with a
hip fracture, patients underwent indirect multidetector com-
puted tomographic venography for preoperative VTE detection
after admission. The prevalence of preoperative asymptomatic
VTE was 11.1% (23/208 of patients). While no patients had a
symptomatic event, they noted that VTE occurrence correlated
with surgical delay314.

While multiple observational studies confirmed a 10 -
25% prevalence of asymptomatic VTE prior to surgery, no
large studies substantiating the rates of symptomatic VTE in
non-surgically treated hip fractures have been published yet.
Nevertheless, one large study from a single institution in the
UK showed that among 5,300 with a proximal femur fracture,
2.2% developed a post-operative symptomatic VTE despite the
use of thromboprophylaxis315.

Considerations: For patients with a hip-fracture who are
treated conservatively, the risk of asymptomatic VTE is certainly
high and ranges between 10 - 25% in large observational studies.
While the risk for symptomatic VTE in hip-fracture patients not
receiving surgery remains unknown, smaller studies suggest a rate
of 2% which is in line with studies among HFS patients.

Additionally, time until surgery is an important predictor
for the occurrence of pre-operative VTE, hence it is expected
that for patients with displaced hip fracture (thus those who are
bed-confined), the risk for VTE is significant.

Finally, the data on the effectiveness of thrombopro-
phylaxis in patients with a hip fracture not undergoing
surgery remains lacking. However, extrapolating from HFS
literature, we speculate that the effectiveness of thrombo-
prophylaxis applies to non-surgical patients, as the risks of
VTE in this patient population are at least similar, and
perhaps greater in patients who are immobilized, or bed
confined.

Banne Nemeth, Clifford W. Colwell
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13 - Is routine VTE prophylaxis needed for patients
undergoing osteotomy around the knee?

Response/Recommendation: Routine use of mechanical
and/or chemical thromboprophylaxis for patients undergoing
osteotomy around the knee is recommended.

Strength of Recommendation: Moderate.
Delegates vote: Agree 93.48% Disagree 2.17% Abstain

4.35% (Strong Consensus).
Rationale: Osteotomies around the knee are used for

deformity correction / realignment and is an effective alter-
native to total knee arthroplasty (TKA) for certain patients with
isolated compartment arthritis of the knee. Through osteot-
omy the mechanical axis is transferred from the arthritic
compartment to the adjacent compartment that provides pain
relief as well a possible delay in progression of osteoarthritis316.
There is currently a general consensus about venous throm-
boembolism (VTE) prophylaxis following TKA317-319. However,
the treatment of VTE following knee osteotomy has not been
well-established although the incidence was relatively high
from 2.4 to 41%320,321. The rates of deep venous thrombosis
(DVT) in the included studies ranged between 0.5% to 25.5%.
Sidhu et al., and Giuseffi et al., did not use imaging modalities
routinely to check for DVT and reported rates of 0.5% and
1.1%, respectively322,323. Kubota et al., and Onishi et al., per-
formed ultrasonography one week post-operatively and found
DVTrates several times higher, with rates of 25.5% and 13.8%,
respectively324,325. Kobayashi et al., performed a randomized
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controlled trial investigating DVT rates via venography fol-
lowing tibial osteotomy. The edoxaban (a factor Xa inhibitor)
treated group had a rate of 16.7% compared to the non-
edoxaban rate of 21.7%326. The incidence of pulmonary
embolism (PE), as reported in three of the five studies. Sidhu
et al., report a rate of 0.5%, Giuseffi et al., a rate of 1.1% and
Kobayashi et al., reported PE rate of 6.3% in the edoxaban
group and 16.7% in the non-edoxaban group322,323,326. None of
the studies reported any VTE related complications such as
death, bleeding, or others.

There is scant literature related to the subject of VTE
after knee osteotomy (Table I). Based on the available data,
however, it likely that these patients are at increased risk of
DVT and some form of thromboprophylaxis may need to be
administered to these patients. Combined with extrapolation
from the data from TKA literature, we believe that mechanical

and/or chemoprophylaxis (including aspirin) should be effec-
tive in these patients.

Yasushi Oshima, Hasan R. Mohammad, Tokifumi Majima,
Hemant G. Pandit
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TABLE I Descriptive and rates of VTE in the included studies.

Study year
(Type)

Number
of knees VTE prophylaxis Follow up Demographics DVT rate PE rate

Stroke
rate

Myocardial
infarction

rate

Mortality from
thromboembolic

event

Significant
bleeding
events

Sidhu et al.
322

2020
(Observational)

200 None unless
risk factors in
which aspirin
prescribed

Minimum 2
years follow
up

Mean age: 52.6 years
Sex: 143 males
Mean BMI 31.7
11 smokers

1 case (0.5%).
Resolved with
anticoagulants.

1 (0.5%) 0 0 0 0

Kubota et al.
324

2021
(Observational)

137 None preop.
One case
prasugurel,
aspirin,
sarpogrelate and
ethyl
icospenatate.
Post op edoxaban
for 2 weeks

1 weeks. US
performed in
all cases

Mean age: 62.1
Sex: 37 males
Mean BMI 26.2
Smokers: N/A

35 (25.5%).
No
symptomatic
DVT and all in
soleus vein.

0 0 0 0 0

Giuseffi et al.
323

2015
(Observational)

89 Not stated Mean: 4
years

Mean age: 48.1
Sex: 64 males
Mean BMI: N/A
Smokers: 17

2 (2.2%)
1 of the above
required
vascular
surgery in the
popliteal artery.

1 (1.1%) 0 0 0 0

Onishi et al.
325

2020
(Observational)

326 Postop elastic
compression
stockings and
mechanical
compression
devices. All
patients had
edoxaban for one
week

US
performed
1 month
before and
7 days after
surgery

Mean age: 61.7
Sex: 151 males
Mean BMI: 25.2
Smokers: 17

45 (13.8%) 0 0 0 0 0

Kobayashi et al.
326

2017 (RCT)
135
66
edoxaban
group
69 non
edoxaban
group

All had elastic
stockings and
foot pump.
Edoxaban
15/30mg for
14 days.
Non edoxaban
group had no
chemical
propylaxis

Angiography
performed on
day 7 post op

Mean age: 66
Sex: 45 males
Mean BMI: 25.6
Smokers: 17

11 (16.7%) in
edoxaban
group
15 (21.7%) in
non edoxaban
group

4 (6%) in
edoxaban
group
11 (15.9%) in
non
edoxaban
group

0 0 0 0

VTE = Venous thromboembolism; DVT = Deep venous thrombosis; PE = Pulmonary embolism; BMI = Body mass index; US = Ultrasound.
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14 - Is routine VTE prophylaxis required for patients with
isolated patellar fracture who may or may not require
surgery?

Response/Recommendation: Routine thromboprophy-
laxis is not indicated for patients with isolated patellar fracture
but should be considered for patients with risk factors for
venous thromboembolism (VTE).

Strength of Recommendation: Limited.
Delegates vote: Agree 93.02% Disagree 6.98% Abstain

0.00% (Strong Consensus).
Rationale: Venous thromboembolism (VTE), which

includes deep venous thrombosis (DVT) and pulmonary
embolism (PE), is a serious complication that occurs in 1.6 -
21% of patients with lower extremity fractures327-330. However,
there is limited data regarding the incidence of VTE in patients
with isolated patellar fractures, and the use of routine VTE
prophylaxis is controversial. Tan et al.331, conducted a retro-
spective review of 716 patients admitted to a single institution
to investigate the incidence and location of postoperative DVT
in patients who underwent operative repair of isolated patella
fractures. Duplex ultrasound (DUS) was used for diagnosis
only in patients clinically suspected of DVT. All patients
received subcutaneous low-molecular-weight heparin (LMWH)
and sequential compression devices (SCD) throughout admission
as part of routine VTE prophylaxis. Of the 716 patients, 29 cases
were diagnosed with postoperative DVT, with an incidence of
4.1%. The majority of the diagnosed DVTwere located distally (n
= 22; 3.1%), while 0.98% (n = 7) were located proximally (i.e.,
localized in the popliteal vein or proximally). There were no cases
of PE. Tan et al.332, conducted a similar study investigating pre-
operative DVT in patients with isolated patellar fractures using
nearly identical methodology. However, this study differed in that
all participants underwent DUS of bilateral lower extremities at
admission and then every three days until discharge. Of the 790
included patients, 35 developed a preoperative DVT (4.4%), with
3.2% (n = 25) located distally and 1.2% (n = 10) located proxi-

mally. No DVT were found on admission. The authors recom-
mend individualized risk stratification and early anticoagulation
for patients with risk factors (age ‡ 65 years, D-dimer > 0.5 mg/L
and albumin < 35 g/L). Similarly, Wang et al.333, conducted a
retrospective analysis of the perioperative incidence and location
of DVT following isolated lower extremity fractures in patients
that received routine thromboprophylaxis and DVTmonitoring
with DUS. A small cohort of 59 patients with isolated patellar
fractures were included in the study. Overall, 15 (25.4%) patients
in the patellar cohort developed a DVT. One patient had a
proximal DVT (1.7%), while the remaining DVT were distal
(23.7%). No patients with patellar fracture developed sympto-
matic PE. The authors concluded that the perioperative incidence
of DVT is high following isolated lower extremity fractures,
although the majority were distal DVT, and the rate of sympto-
matic PE was low.

Only one study has assessed the rate of VTE in patellar
fracture patients who did not receive any thromboprophy-
laxis. Selby et al., conducted a multicenter prospective study
in a population of patients with a variety of isolated lower
extremity fractures including fractures of the tibia, fibula,
ankle, patella and foot334. Fractures treated both operatively
and conservatively were included, and 82% of the patients
were treated in a cast or splint for an average of 42 days. All
patients were followed with a telephone interview at two,
six, and twelve weeks to determine the prevalence of
symptomatic VTE. Suspected DVTand PE were investigated
in a standardized manner using DUS and computed
tomography (CT) pulmonary angiography. Overall, 1,200
patients were enrolled, of which 60 patients (5%) had
patella fractures. In total, there were seven confirmed VTE
events (0.6%), including two proximal DVT (0.17%), three
distal calf DVT (0.25%), and two PE (0.17%). There were
no fatal PE. The overall event rates were too low to allow
multivariate analyses for predictors of VTE. Since a
breakdown of VTE by fracture location was not reported,
the true incidence of VTE in the patients with isolated
patella fractures was unclear.

Additionally, several large database studies have investi-
gated the incidence of VTE following operatively treated iso-
lated patellar fracture in populations that included both
patients who received routine prophylaxis and patients who did
not. Warren et al., used the American College of Surgeons
National Surgical Quality Improvement Program (ACS-
NSQIP) database to evaluate the annual incidence of 30-day
thrombotic events for a variety of isolated lower extremity
fractures from 2008 to 2016327. Overall, 2,825 patients with
operatively managed patellar fracture were identified. The VTE
rate in this cohort was 0.9% (n = 26), including 18 DVT (0.6%)
and 11 PE (0.4%). The authors concluded that the VTE rates
from 2008 to 2016 have remained relatively unchanged and
that thromboembolic guidelines should be reassessed. Like-
wise, Kapilow et al.335, also published a retrospective review
using NSQIP that reported the early outcomes after surgical
management of isolated patellar fractures in a population of
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1,721 patients 65 years of age or older. Overall, only 13 (0.8%)
of these patients developed VTE, but the authors noted that this
patient cohort was at higher risk for prolonged hospitalization,
discharge to a facility, unplanned readmission or reoperation,
and surgical site complications in the first 30 days.

Overall, the studies that utilized routine thrombo-
prophylaxis in all patients found the incidence of DVT after
isolated patellar fracture to range from 4.1% to 25.4%, with
no recorded instances of PE in any of the studies331-333. The
wide range in the reported incidence of DVTwas influenced
by the different methodologies used in these studies. For
example, the paper by Tan et al.331, which reported the lowest
rate of VTE (4.1%), only scanned symptomatic patients and
did not include intermuscular vein blood clots when cal-
culating the incidence of DVT. Conversely, Wang et al.333,
routinely screened all patients using DUS and included
intramuscular vein blood clots, which resulted in the highest
reported incidence of VTE (25.4%). Notably, if the study by
Wang et al.333, is excluded, the highest reported incidence of
DVT drops from 25.4% to 4.4%. This highlights the major
discrepancy between studies using different clinical end-
points and VTE screening protocols.

The large cohort studies utilizing the NSQIP database
did not control for the routine use of VTE prophylaxis;
however, much lower rates of VTE between 0.8 - 0.9% were
noted327,335. Unfortunately, the NSQIP database does not
include VTE prophylaxis, so it is unclear if a prophylaxis was
utilized, and if so, what specific type of VTE prophylaxis was
used. They also included the largest sample size of any of the
included studies, and were the only studies not limited to a
single institution, lending increased power and generaliz-
ability to their findings.

In all studies, distal DVT was more common than
proximal DVT. It is widely accepted that proximal DVT
represents a greater risk for the development of PE and requires
further treatment, while the clinical relevance of distal DVT
remains uncertain and the risk of proximal propagation is not
well defined333,334. The treatment of distal DVTs is not stan-
dardized and may be either monitored with serial scans or
actively treated with anticoagulation. The rate of proximal DVT
reported in these studies was low, ranging from 0.17% to
1.2%331-333. The observed rate of PE was even lower, ranging
from 0% to 0.4%327,331-334. While the rate of VTE were very low,
many studies on isolated patella fractures utilized routine VTE
prophylaxis and there were no studies in the literature in which
VTE prophylaxis was randomized. As such, the recommen-
dation to routinely use or omit VTE prophylaxis remains dif-
ficult to assess. Despite the various methodologies utilized in
the reviewed studies, the universally low rate of proximal DVT
and PE should be considered in the decision to implement
routine VTE prophylaxis in patients with isolated patellar
fractures. It may be safer and more cost-effective to initiate
VTE prophylaxis only in patients with risk factors for VTE,
such as elderly patients, those with longer length of stays,
longer operative time, or arrhythmia331,332. However, given the

limitations of the available data, future studies comparing the
use of VTE prophylaxis versus no prophylaxis in patients with
isolated patellar fracture are required.

Kara M. McConaghy, Geoffrey H. Westrich, Nicolas S. Piuzzi
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15 - Does WALANT for tibia/fibula fracture fixation have
an increased risk of VTE events?

Response/Recommendation:Whether wide-awake local
anesthesia no tourniquet (WALANT) for tibia/fibula fracture
fixation has a risk of venous thromboembolism (VTE) com-
pared to other techniques for tibia/fibula fracture is unknown.
We recommend using anticoagulant prophylaxis as per existing
thromboprophylaxis guidelines, independent of the technique
used.

Strength of Recommendation: Moderate.
Delegates vote: Agree 95.35% Disagree 4.65% Abstain

0.00% (Strong Consensus).
Rationale:WALANT is a surgical technique that was first

described byDr. Donald H. Lalonde for surgery of the wrist and
hand336. To perform the technique, the surgeon injects a lido-
caine and epinephrine mixture into the operative site. The
lidocaine provides surgical anesthesia and allows the patient to
remain comfortably awake during the procedure. The epi-
nephrine assists in hemostasis and eliminates the need for a
tourniquet336. Aside from wrist and hand surgery, WALANT
has been successfully used for plate fixation of distal radius
fractures337 and clavicular fractures338. The successful applica-
tion of WALANT for upper extremity fracture repair has
prompted investigations in its utility for lower extremity
fractures.
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The literature on WALANT for lower extremity fractures
is limited. We identified a case report, published as an abstract
from a scientific meeting describing the use of WALANT in a
patient that underwent plating of a proximal tibia fracture. The
authors did not report any complications339. Li et al.,
described a prospective case series of 13 patients using WA-
LANT for malleolar fractures and no complications, including
VTE, were reported340. Bilgetekin et al., performed a retro-
spective chart review of 31 patients that underwent WALANT
for foot and ankle surgery341. Of these patients, 20 hadmalleolar
fractures and no complications, including VTE, were reported.
Poggetti et al., studied the use ofWALANT for removal of distal
fibula implants342. In their study, 60 patients were scheduled for
distal fibula hardware removal following open reduction
internal fixation and were randomized to receive either WA-
LANTor a stimulation guided sciatic and femoral nerve block
with tourniquet. The primary outcome was not defined, and
like the previous studies, no VTE were reported342.

Overall, these studies are limited by their small size,
heterogeneity, and lack of power to detect VTE complications.
As a result, the risk of VTE in patients receiving WALANT for
tibia/fibula fracture fixation remains poorly defined and we are
unable to recommend a specific anticoagulant regimen for
thromboprophylaxis.

Thomas Volk, Jeffrey J. Mojica, Azlina A. Abbas
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16 - Should patients undergoing hardware removal of
lower extremity require routine VTE prophylaxis?

Response/Recommendation:Patients undergoing removal
of hardware from lower extremity are at low risk of venous
thromboembolism (VTE). Thus, routine VTE thrombopro-
phylaxis is not recommended.

Strength of Recommendation: Limited.
Delegates vote: Agree 95.56% Disagree 2.22% Abstain

2.22% (Strong Consensus).

Rationale: VTE affects thousands of people in the world
each year and lower limb surgery is a known acquired risk
factor343 However, there is a paucity of evidence relating to
thromboembolism after lower extremity hardware removed.

Systematic review of the literature, using the search terms
appended below, revealed no studies that directly address
thromboembolic complications or thromboprophylaxis around
lower extremity hardware removal. Fenelon et al., performed a
10-year retrospective review of complications following 1,482
ankle open reduction internal fixation (ORIF) cases, and iden-
tified no deep venous thrombosis (DVT) or pulmonary embo-
lism (PE) in the 185 (12.5%) cases who underwent hardware
removal during the follow-up period; however, the use of
thromboprophylaxis was not reported344. Kovar et al.,
published a 16-year descriptive outcomes study examining
complications following implant removal in proximal femur
fractures, and reported that none of the 61 complications seen in
the 428 procedures examined were DVT or PE; however, there
was no mention of whether or not thromboprophylaxis was
implemented345.

Clinical practice guidelines published by the American
Academy of Orthopaedic Surgeons (AAOS)346, the American
College of Chest Physicians (ACCP)347, and the American College
of Foot andAnkle Surgeons (ACFAS)348 do not specifically address
hardware removal. The National Institute for Health and Care
Excellence (NICE) guidelines349 recommend anticoagulation fol-
lowing foot and ankle surgery if prolonged immobilization if
expected, or surgical time is greater than 90 minutes, or when the
risk of VTE development outweighs the risk of bleeding350. These
recommendations could be extrapolated to cases of lower
extremity hardware removal although they are not specifically
intended for this setting.

Knowledge of Virchow’s triad (hypercoagulability,
endothelial injury and venous stasis) and the mechanisms of
production of thromboembolic disease, can help guide
thromboprophylaxis in individual situations where there is no
specific evidence351. Hardware removal could be stratified as
complicated or not with respect to the difficulty of removal,
surgical time, bony manipulation, use of tourniquet, and need
for general anesthesia. Although this may seem logical, there is
currently no evidence to support this practice.

Clinicians can combine guideline recommendations
for other patient groups with individual patient VTE risk
factors352,353. The Caprini score, while not specifically val-
idated in this setting, may be used to guide decisions about
VTE prophylaxis353. The Caprini score has been validated
in over 100 trials worldwide involving more than 250.000
patients354. It has specific items for orthopaedic surgery,
but hardware removal has again not been independently
assessed.

In conclusion, we have no evidence that lower extremity
hardware removal independently increases the risk of VTE
over a patient’s own risk factors. There are no guidelines or
evidence for this specific surgical process. For this reason, we
recommend a comprehensive assessment of risk factors should
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be performed to aid in the decision-making process. If suffi-
cient risk factors are present, mechanical and/or chemical
thromboprophylaxis should be considered and weighed against
the potential risks of prophylaxis. However, exactly what con-
stitutes sufficient risk remains unknown, especially in this
setting of lower extremity hardware removal. Further studies
on this topic are needed to develop more specific and evidence-
based recommendations.

Karan Goswami, Tomas Roca-Sanchez, Nestor Moreno-Moreu
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17 - Should patients undergoing hardware removal of
upper extremity require routine VTE prophylaxis?

Response/Recommendation:Patients undergoing removal
of hardware from the upper extremity are at extreme low risk
of venous thromboembolism (VTE). Thus, routine use of VTE
prophylaxis in these patients is not required. The use of aspirin
as a VTE prophylaxis may be considered for those at high risk of
VTE.

Strength of Recommendation: Consensus.

Delegates vote: Agree 97.78% Disagree 2.22% Abstain
0.00% (Strong Consensus).

Rationale: Although upper extremity deep venous
thromboses (UEDVT) is a rare complication after upper
extremity surgery, it can have serious consequences355. During
the past decade, some studies have reported an increased risk of
UEDVT in patients undergoing elective orthopaedic proce-
dures of the upper extremity356,357. This finding has generated
questions regarding the role of prophylactic agents for patients
undergoing elective upper extremity surgery. Several studies
demonstrate that upper limb surgery can be associated with
thrombosis in the upper and lower limbs358. Basat et al359,
documented a case report of deep venous thrombosis (DVT) of
brachial vein that lead to massive pulmonary thromboembo-
lism after surgical treatment of an ulnar pseudoarthrosis
4 months after prior internal fixation. The surgery lasted 110
minutes including 85 minutes under tourniquet. They sug-
gested the use of a low molecular weight heparin prophylaxis
after upper extremity surgeries necessitating long-term
immobilization. However, the operation also included autol-
ogous iliac crest bone graft harvesting. Many case studies
reported on UEDVT events after conservative treatment of
clavicular fracture360-363 and humeral shaft fracture and364.
Pearsall et al.365, reported a case of internal jugular vein
thrombosis after a case of humerus nonunion treatment
including metal removal, iliac bone graft and replating of the
humerus shaft.

Importantly, the reported cases confirm that upper and
lower extremity DVT can occur in relation to upper limb
surgery. However, these studies do not provide any evidence
that upper limb surgery confers any additional risk of throm-
boembolism to the patient over that resulting from individual
patient related factors. These events cause symptoms for a
relatively small number of patients, but rates of asymptomatic
disease may be higher. As yet, the true extent of this as a
problem is undefined, which makes risk assessment and
management difficult.

The risk of complications following a UEDVT,
including post-thrombotic syndrome and pulmonary
embolism (PE), is substantially higher compared with a
DVT of the lower extremity355,366. Risk factors for UEDVT
include malignancy, age older than 60 years, dehydration,
known thrombophilia, obesity, history of DVT, oral con-
traceptive or hormonal therapy, varicose veins with phle-
bitis, multiple comorbidities, and pregnancy367-369. Further,
Hastie et al., assessed the VTE incidence in 3,357 upper limb
procedures and found that the most striking common factor in
the patients who sustainedUEVTE events was the strong family or
personal history of DVT, or PE357.

Surgery resulting in reduced mobility is a recognized risk
factor for VTE370. The exact degree to which mobility needs to
be reduced has not been established, although one study found
reduced mobility for 3 days or more was associated with an
increased risk of symptomatic lower limb DVT371. Recently, Lv
et al.372, reported a case of PE after an external and internal
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fixation procedure of distal radius and ulna with DVT in
bilateral posterior tibial veins. However, the procedure was
prolonged (4 hours), an iliac graft was harvested, and they
described that the patient was reluctant to move out of bed for
3 days because of pain. Although the majority of the cases of
hardware removal from upper limb might seems straight for-
ward with low risk of complications, in certain situations the
removal procedures can become challenging. Certain factors
such as prolonged surgical time, excessive bone manipulation,
and the use of tourniquet can put patients at higher risk of
complications after surgery373.

There is no consensus regarding the role and efficacy of
prophylactic measures in preventing UEDVT after hardware
removal surgery. In general, the existing guidance for VTE
prophylaxis for elective upper limb surgery is unclear, and
contradicting recommendations are unhelpful.

The American Academy of Orthopaedic Surgeons (AAOS)
and the American College of Chest Physicians (ACCP)374 do not
offer specific guidelines regarding the use of prophylactic agents
after elective orthopaedic procedures of the upper extremity.
Guidelines from the United Kingdom National Institute for
Clinical Excellence (NICE)368 recommend VTE prophylaxis in
major orthopaedic procedures and interpret this as hip and knee
arthroplasty surgeries and upper limb surgery lasting longer than
90 minutes. The Scottish Intercollegiate Guidelines Network
(SIGN) VTE guidelines recommended that this should include
the total procedure time, including the time to administer an
anesthetic375. There is no evidence for the specific timings chosen,
and for this reason, separate guidelines produced by SIGN refer
only to ‘‘prolonged immobility’’ associated with orthopaedic
procedures or plaster immobilization.

The existing guidelines are consistent in that they rec-
ommend an assessment of risk for each patient. This must be
the standard of care and should form part of the consent
process during which the risk of bleeding and VTE are con-
sidered358. In addition, it is recommended that mechanical
prophylaxis (including fitted compression hosiery, intermittent
pneumatic compression devices, and foot pumps) be routinely
offered to patients undergoing elective upper limb surgery on
admission and continued until discharge, unless there is a
specific contraindication374. Chemical prophylaxis (e.g., aspi-
rin, unfractionated heparin [UFH], low-molecular-weight
heparin [LMWH], factor Xa inhibitors, thrombin inhibitors
or warfarin) can be considered when patients are judged to
have an increased VTE risk on the basis of their individual
patient-related factors balanced against the risk of bleeding358.
However, there is likely no need for chemical prophylaxis if
such patients are able to quickly return to their prior level of
mobility. For those who cannot, chemical prophylaxis is sug-
gested with no recommendation regarding length of use after
surgery358. With all forms of chemical prophylaxis, the risk of
bleeding must be weighed carefully before beginning therapy.
No evidence exists regarding the length of use; however, the
authors recommend at least 2 weeks if chemical prophylaxis is

given because the risk of DVT is highest in the first 2 weeks
following surgery.

In conclusion, there is no evidence to suggest that elective
hardware removal from the upper limb confers an additional
VTE risk in itself. The quality of this evidence is poor, and
further research should be undertaken to examine the extent of
the problem and any specific risks associated with these pro-
cedures. Due to the paucity of studies evaluating the efficacy of
prophylaxis for UEDVT after implant removal, specific rec-
ommendations cannot be made regarding the choice of VTE
prophylaxis and the length of use after these surgeries. It seems
reasonable to adopt a multimodal approach that involves all
patients receiving mechanical prophylaxis, with chemical
prophylaxis reserved for those who are at high risk for VTE.

Mohammad S. Abdelaal, Nestor Moreno Moreu
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