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Venous thromboembolism (VTE) remains an immediate threat to patients following total 
hip and knee replacement. While there is a strong consensus that steps should be taken to 
minimise the risk to patients by utilising some forms of prophylaxis for the vast majority of 
patients, the methods utilised have been extremely variable. Clinical practice guidelines 
(CPGs) have been published by various professional organisations for over 25 years to 
provide recommendations to standardise VTE prophylaxis. Historically, these 
recommendations have varied widely depending in underlying assumptions, goals, and 
methodology of the various groups. This effort has previously been exemplified by the 
American College of Chest Physicians (ACCP) and the American Academy of Orthopaedic 
Surgeons (AAOS). The former group of medical specialists targeted minimising 
venographically proven deep vein thrombosis (DVT) (the vast majority of which are 
asymptomatic) as their primary goal prior to 2012. The latter group of surgeons targeted 
minimising symptomatic VTE. As a result prior to 2012, the recommendations of the two 
groups were widely divergent. In the past year, both groups have reassessed the current 
literature with the principal goals of minimising symptomatic VTE events and bleeding 
complications. As a result, for the first time the CPGs of these two major subspecialty 
organisations are in close agreement.

Despite decades of clinical experience and hun-
dreds of studies, the ideal method of venous
thromboembolism (VTE) prophylaxis remains
controversial. This has resulted in variability
and inconsistency of prophylaxis for total joint
replacement patients and a concern that many
patients may be left at risk with no prophylaxis
or suboptimal prophylaxis. This void has been
filled to some degree by clinical practice guide-
lines (CPGs). Among the first subspecialty
groups to take the lead in this subject were the
American College of Chest Physicians (ACCP)
who held their first conference in 1985 and
published their findings the following year.1 In
2001, their sixth conference refined the levels
of risk and placed all patients undergoing total
joint replacement in the highest risk category.2

The seventh conference explicitly categorised
levels of recommendation into 1A, 1B, 1C, and
2.3 Grade 1 recommendations were defined as
those having a strong basis to indicate that the
benefit outweighs the risk, burden, and cost.
1A recommendations required the presence of
randomised clinical trial with consistent
results. 1B recommendations were based on
randomised clinical trials with either inconsist-
ent results or major methodological weak-
nesses. 1C recommendations come from

observational studies or generalisations from
groups of patients included in randomised tri-
als to a different, but somewhat similar group
of patients who did not participate in the trials.
Grade 2 recommendations are based on studies
that are of less certain magnitude of benefits,
risks, burdens, and costs. The 1A recommen-
dations for hip and knee replacement were the
use of Warfarin with a target international nor-
malised ratio (INR) of 2 to 3, Low Molecular
Weight Heparin (LMWH), or Fondaparinux
for all patients. The eighth conference of
ACCP was published in 20084 and recom-
mended the same 1A pharmacoprophylaxis for
all total joint patients, but recommended a
lower threshold for extended prophylaxis of
35 days, especially for total hip patients. Dur-
ing the same timeframe of the publication of
the seventh and eighth conference recommen-
dations, the Center for Medicare and Medicaid
Services (CMS) mandated prophylaxis as a
quality measure under the Surgical Care
Improvement Program (SCIP).5 This lead to
the widespread promotion of use of a 1A pro-
tocol as the safest strategy for meeting SCIP
guidelines. In the last two years there have
been dramatic changes in CPGs of which total
joint surgeons should be aware. These
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represent ‘sea change’ in the approach to VTE prophylaxis.
These changes were based largely on concerns for the meth-
odology and recommendations of the ACCP. This review
will focus on issues that were identified with the ACCP
guidelines, how and why changes occurred, and the current
status of VTE prophylaxis recommendations of two of the
major subspecialty organisations dealing with this issue,
the ACCP and the American Academy of Orthopaedic Sur-
geons (AAOS).

Concerns with prior CPGs
A number of issues have been identified with the ACCP
guidelines up through the eighth conference in 2008. The
methodology emphasised multicenter, randomised clinical
trials with the end point of venographically proven deep
vein thrombosis (DVT), the vast majority of which are
asymptomatic. Venography is rarely used at most major
medical centers and has been largely supplanted by ultra-
sonography. Virtually all studies performed with venogra-
phy as an endpoint to are pharmaceutical sponsored FDA
investigational device exemption (IDE) studies. The FDA
does recognise venographically proven DVT as a valid end-
point for efficacy of drugs for VTE prophylaxis. This meth-
odology, however, is enormously expensive and weighted
towards pharmaceutical sponsored studies. The resources
to study low cost, generic options such as Aspirin, Warfa-
rin, and intermittent pneumatic compression devices (IPC)
is limited and rarely, if ever, would reach the 1A level. There
is also concern that the target INR of 2 to 3 is high by the
standards of most orthopaedic surgeons and the use of a
relatively high dose Coumadin, LMWH, or Fondaparinux
for all patients regardless of risk profile may be placing a

high population of patients at risk for bleeding that are at
relatively low risk for VTE.

Extensive debate exists as to the clinical significance of
asymptomatic DVT. A recent study by Parvizi et al6 found a
very low correlation between the presence of DVT and PE
and questioned the significance of asymptomatic DVT. The
effect of lowering the incidence of DVT has on the subse-
quent risk of symptomatic PE or death is therefore question-
able. A final concern has been the under reporting of
complications of VTE prophylaxis including persistent
wound drainage, bleeding, and the subsequent morbidity
associated with such complications particularly hematoma
following total knee replacement. The methodology of the
ACCP defined a major bleeding episode as overt bleeding
associated with at least of the following: death or life threat-
ening clinical event, bleeding confirmed to be retroperito-
neal, intracranial or intraocular, transfusion of more than
two units of packed blood cells or whole blood, or a decrease
in hemoglobin greater than 20 g/l compared with the rele-
vant post-operative level.3 These criteria are generally not
applicable to total joint replacement procedures particularly
of the knee. Persistent wound drainage and bleeding into a
joint great enough to result in serious clinical morbidity
would frequently not have reached the level of a major bleed
by this definition yet would have substantial clinical impact
(Fig. 1). Galat et al7 reported that patients with wound com-
plications requiring reoperation within 30 days of total knee
replacement were ten times more likely to have subsequent
major surgery and associated morbidity than those that did
not. Failure to meet these strict criteria of a major bleed has
likely resulted in systematic underreporting of bleeding com-
plications in studies utilising this definition.

Fig. 1b

Clinical photographs of patients readmitted to hospital with wound drainage and hematoma with elevated INR (> 3.0) yet not meeting ACCP definition
of major bleed.

Fig. 1a

Fig. 1c

Fig. 1d
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Despite the issues and concerns with the ACCP guide-
lines, this particular CPG was rapidly embraced by numer-
ous groups including hospital oversight committees, state
and federal agencies, and lawyers as a de facto standard of
care. There is a natural tendency to use a 1A protocol as the
safest standard for compliance for the SCIP program and
from a medical legal perspective. While it is true that a 1A
protocol did meet the SCIP guidelines for hip and knee
replacement, an IPC was also deemed acceptable for knee
replacement. It should be noted, however, that the dose and
duration of pharmacoprophylaxis, especially the use of
Warfarin, is not specified and although aspirin alone is not
recommended, it can be used with proper documentation.

The question remains as to whether there was substantial
clinical concern with the widespread application of 1A pro-
tocols in hip and knee arthroplasty. A study was under-
taken in 2005 at Barnes-Jewish Hospital8 in which all hip
and knee arthroplasty patients were standardised to a 1A
protocol. Routine ultrasounds screening of asymptomatic
patients prior to discharge was discontinued as per the
ACCP recommendations and ten days of Lovenox was
implemented. Prior to that time, patients had routinely
been treated with a shorter course of low-dose Coumadin
(target INR 2.0) with predischarge ultrasound screening.
The results were excellent with one PE and no deaths out of
over 700 total hip cases and less than 2% symptomatic
VTE.8 The results with a 1A protocol at the same hospital
were poor and the study was discontinued prematurely due
to a high number of complications. Major complications
were observed in 9% of patients and the efficacy was also
inferior to that reported with a non-approved protocol.9

The experience at Barnes-Jewish Hospital was not unique
to that institution. Novicoff, et al10 reported similar results
at the University of Virginia when they experienced a dra-
matic increase in bleeding complications after switching to
a 1A protocol, again in an attempt to be in compliance with
a 1A protocol per the ACCP. This brought to light a num-
ber of potential disadvantages of the ACCP guidelines. Not
only did orthopaedic surgeons experience an increase in
drainage and bleeding complications, but they were also
precluded from utilising less-aggressive, less expensive, and
more cost effective options. Excellent results have been
reported with the use of aspirin with or without mechanical
compression, especially in patients that did not have an
above average risk following total joint replacement, espe-
cially total knee replacment.11-13 Another modality that
became available in that timeframe was the use of a mobile
IPC. A multicenter RCT published by Colwell et al14 in
2010 showed a mobile IPC achieved equivalent incidence of
proximal and distal DVT and PE with no deaths and a
much lower bleeding rate (1.3% versus 4.3%). A final con-
cern with the ACCP guidelines up through 2008 was the
issue of financial conflict of interest. All but one author
listed numerous potential financial conflicts of interest. In
this timeframe, the Institute of Medicine issued recommen-
dations regarding guideline development that discouraged

a financial conflict of interest among authors of CPGs, cer-
tainly not among a majority of the authors.15 

The AAOS responds
In response to the number of concerns regarding the ACCP
recommendations, the AAOS formed the DVT/PE work-
group in 2007, which issued its first recommendations that
were subsequently updated in 2011 to meet the CPG stand-
ards of the Agency for Healthcare Research and Quality
(AHRQ). The available literature on VTE was reviewed
with new methodology that focused on PE and death as
endpoints with symptomatic DVT also considered as an
end point in 2011.16 The goal was to achieve more balance
in minimising risk as well as maximising efficacy and elim-
inating or minimising conflict of interest in the guideline
development. Patients were classified based on risk for VTE
and risk for bleeding. When symptomatic events were uti-
lised as an endpoint, the data was not sufficient to recom-
mend any commonly utilised pharmacoprophylaxis,
including aspirin, over another for total hip or knee
replacement. More aggressive prophylaxis was recom-
mended for those at high risk for VTE, but the only risk fac-
tor that was consistently supported in the literature was
prior history of VTE. Less aggressive prophylaxis or no
prophylaxis was recommended for those with a bleeding
disorder, but again the only risk factor with strong support-
ing literature was severe liver disease or a bleeding disorder.
This placed the AAOS in direct conflict with the ACCP in
every major recommendation until the ninth edition of the
ACCP was published in 2012, which largely resolved the
conflict between the two groups (Tables I and II).

Current status of AAOS and ACCP
The ninth conference of the ACCP addressed virtually all
of the previously described concerns with their CPG. The
conflict of interest issue was addressed with most authors
(five of nine) declaring no potential conflict of interest.
The methodology changed dramatically with a focus
placed on clinically important outcomes rather than
asymptomatic VTE. More focus was placed on bleeding
and wound drainage. The only IPC that was recom-
mended was a mobile device with a compliance monitor-
ing chip as supported by the recent level 1 publication by
Colwell, et al.14 Going forward, the ACCP recommended
emphasis on clinically symptomatic events and avoiding
bleeding while minimising the importance of asympto-
matic events.

This dramatic change in methodology resulted in an
equally dramatic change in recommendations. No inter-
vention achieved a 1A status. Similar to the AAOS, the evi-
dence did not support any of the major utilised drug
interventions over another including aspirin and all were
placed in the 1B category. IPC achieved a 1C recommen-
dation and the length of treatment for all of these modali-
ties was 10 to 14 days.17 There are a number of lower level
recommendations in the level 1B or 2 category (Table II).
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Both the AAOS and the ACCP do not find literature to
support any specific indication for an IVC filter to prevent
PE and the ACCP recommends against its use while the
AAOS states there is lack of literature support for its use.

Conclusion
VTE remains an important complication following total
hip and knee replacement. A ‘sea change’ has occurred in
the recommendations of the CPGs of the AAOS and ACCP,
which are now largely in agreement for the first time. Both
now recognise all major options for prophylaxis including
aspirin and IPCs. Both now focus on clinically symptomatic
events and avoiding iatrogenic complications. Further
research is needed to identify patients at risk for VTE and
bleeding and the role of IVC filters remains to be estab-
lished with stronger studies. The ultimate choice of proph-
ylaxis, however, remains with the treating physician and his
unique knowledge of a particular patient’s medical history.

The current CPGs, however, give orthopaedic surgeons more
latitude in their choice of VTE prophylaxis with less impetus
to apply aggressive pharmacoprophylaxis to all patients, less
emphasis on asymptomatic VTE, and more emphasis on
avoiding iatrogenic complications of prophylaxis. This
seems particularly appropriate given the higher volume of
arthroplasty procedures that are being performed, the
shorter surgical times, more rapid mobilisation, large cohort
of relatively healthy patients undergoing these procedures,
and the apparent decline in risk of VTE due to these numer-
ous factors. While much work remains to be done to refine
these CPGs, the current situation has placed the AAOS and
the ACCP in much closer alignment and seems to be a major
step forward for both patients and surgeons.

No benefits in any form have been received or will be received from a commer-
cial party related directly or indirectly to the subject of this article.

This paper is based on a study which was presented at the Winter 2011 Cur-
rent Concepts in Joint Replacement meeting in Orlando, Florida, 7th – 10th
December.

Table I. Summary of AAOS 2011 CPG on Preventing VTE in Patients

Recommendation Grade of Recommendation

Against routine post-operative duplex ultrasonography screening Strong
Practitioner should further assess the risk of VTE
Factors other than a history of previous VTE don’t have clear support as risk factor for VTE

Weak
Inconclusive

Assess for known bleeding disorders like hemophilia and for the presence of active liver disease
Factors other than the presence of a known bleeding disorder or active liver disease don’t have clear support as risk 
factor for bleeding

Consensus
Inconclusive

Discontinue antiplatelet agents before undergoing elective hip or knee arthroplasty Moderate
Use of pharmacologic agents and/or mechanical compressive devices for prevention of VTE
Which prophylactic strategy is/are optimal or suboptimal
Patients and physicians should discuss the duration of prophylaxis

Moderate
Inconclusive
Consensus

Patients who have also had a previous VTE, should receive pharmacologic prophylaxis AND mechanical 
compressive devices

Consensus

Patients who have a known bleeding disorder and/or active liver disease, use mechanical compressive devices 
for preventing VTE

Consensus

Early mobilization is of low cost, minimal risk to the patient, and consistent with current practice Consensus
Use of neuraxial anesthesia to help limit blood loss, even though evidence suggests that neuraxial anesthesia does 
not affect the occurrence of VTE disease

Moderate

Unable to recommend for or against inferior vena cava (IVC) filter for patients with contraindication for 
chemoprophylaxis

Inconclusive

Table II. Summary of ACCP 9th, 2012 Edition Recommendations

Grade Recommendation

All 1B* Use of one of the following rather than no antithrombotic prophylaxis: LMWH; fondaparinux; dabigatran†, apixaban†, rivaroxa-
ban (THA or TKA but not hip fracture surgery); low-dose unfractionated heparin; adjusted-dose vitamin K antagonist; aspirin

1C*,‡ Intermittent pneumatic compression device (IPCD)
2C/2B Use of LMWH in preference to the other agents recommended as alternatives
2C In patients receiving pharmacologic prophylaxis: adding an IPCD during the hospital stay
2B Extending thromboprophylaxis for up to 35 days
2C In patients at increased bleeding risk: an IPCD or no prophylaxis
All 1B In patients who decline injections: using apixaban† or dabigatran†

2C Suggest against using IVC filter placement for primary prevention in patients with contraindications to both pharmacologic and 
mechanical thromboprophylaxis

1B Against Doppler (or duplex) ultrasonography screening before hospital discharge
2B For patients with isolated lower extremity injuries requiring leg immobilization: no thromboprophylaxis
2B For patients undergoing knee arthroscopy without a history of VTE: no thromboprophylaxis

* Length of treatment minimum 10 to 14 days
† Not FDA approved for DVT prophylaxis prior to total joint replacement
‡ Recommend the use of only portable, battery-powered IPCDs capable of recording and reporting proper wear time on a daily basis for 
inpatients and outpatients. Efforts should be made to achieve 18 hours of daily compliance
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