
Currently, there is very limited literature on the effect

of long term anticoagulants on total knee arthroplas-

ty. The primary purpose of this study was to deter-

mine the effect of warfarin and clopidogrel on the

transfusion rate, intra-operative blood loss, and post-

operative blood loss for total knee arthroplasty. The

secondary purpose was to determine their effect on

post operative wound complications and length of

stay. Data was collected retrospectively from medical

charts between 2003-2008 and case matched to a con-

trol group. The patients on warfarin had a higher

rate of blood transfusion, blood loss, and length of

hospital stay compared to the clopidogrel and control

groups.

Keywords : knee arthroplasty ; warfarin ; clopidogrel ;
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INTRODUCTION

Anticoagulants are now widely used in the pre-

vention of thrombotic events in patients with

 coronary artery disease, cardiac arrhythmias,

cerebro vascular disease, valvular heart disease, pre-

vious pulmonary embolism and post coronary stent-

ing (1,7,8,13). Clopidogrel, an inhibitor of platelet

aggregation (11) and warfarin, an inhibitor of the

synthesis of vitamin K- dependent clotting fac-

tors (12), are two commonly used agents. The use of

these agents has increased dramatically in recent

years, especially among the elderly population.

These patients are at an increased risk of periopera-

tive bleeding and it’s associated complications as

has been demonstrated by studies in the cardiotho-

racic literature with regards to emergency proce-

dures (2-6,10). Consequently, the current American

College of Cardiology/American Heart Association

guidelines recommend that clopidogrel be disconti-

nued 5-7 days prior to both urgent and elective

 cardiothoracic surgery (1).

Currently there are no guidelines in place regard-

ing the management of patients on anticoagulants

undergoing elective total knee arthroplasty.

Similarly, evidence on the effect of long term anti-

coagulation on perioperative bleeding and its com-

plications in total knee arthroplasty is limited (12).

In our practice, to reduce the potential increased

risk of perioperative bleeding, we advise patients to

discontinue their anticoagulant prior to elective

total knee arthroplasty as per the American College

of Chest Physician’s guidelines (9). The evidence to

date on the effect of anticoagulants on patients
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undergoing surgical procedures while on an antico-

agulant is limited mainly to cardiothoracic studies.

The majority of these studies describe patients who

are commenced on clopidogrel as a result of an

acute ischaemic event and are typically on clopido-

grel for a short period (5-7 days) prior to coronary

artery bypass surgery (2,3.4,5,6,10). Limited data is

available regarding the effect of prolonged clopido-

grel or warfarin use on perioperative bleeding. The

aim of this study was to assess the effect of long-

term anticoagulant use on perioperative bleeding in

elective total knee arthroplasty (TKA). we specifi-

cally assessed the two most common anticoagulants

(warfarin and clopidogrel) used in our patient

 population.

METHODS

Patient Population

Twenty patients on warfarin and 10 patients on clopi-

dogrel who underwent elective total knee arthroplasty

were included in the study. Inclusion criteria included

patients on long term warfarin or clopidogrel

(> 3 months) who underwent total knee arthroplasty

under spinal anaesthesia over a 6 year period (2003-

2009). Patients had to discontinue clopidogrel for at least

5 days prior to surgery while those on warfarin had to

discontinue their medication (typically for 3-5 days)

until a target INR less than 1.4 had been reached.

Exclusion criteria included patients with a known histo-

ry of anaemia or bleeding disorders. Indications for anti-

coagulation included atrial fibrillation, ischaemic heart

disease, valvular heart disease, and previous thrombo -

embolic events (Table I). Patients in the anticoagulant

groups were compared to a control group of patients who

were not on an anticoagulant. The patients in the control

group were matched for sex and age. 

All patients in both treatment and control groups were

placed on either low molecular weight heparin subcuta-

neously (or intravenous heparin where indicated) on

admission prior to surgery. All procedures were perfor-

med by the senior author (JPM). All patients undergoing

total knee arthroplasty had standard tourniquet control,

three drain placement and limb compression bandaging

afterwards. All patients were recommenced on their

 respective anticoagulant on the first day after surgery.

Bridging low molecular heparin was discontinued in the

warfarin group when the INR returned to a level > 1.5. 

The patients were retrieved retrospectively from our
pre-assessment clinic database from 2003 to 2009.
demographic and outcome data was collected from
retrieved patient charts. Our primary outcome was trans-
fusion rate and wound complications (infection, haema-
toma and wound ooze) related to perioperative bleeding
of the anticoagulant groups compared to their respective
control group. Secondary outcomes included blood loss,
operating time and length of stay.

For continuous variables, we compared the study
arms using the Student paired t test. For categorical vari-
ables we compared the study arms using the chi square
test. Post operative complications were documented as a
binary number where 0 meant no complication occurred
and 1 indicated a complication had occurred. Analysis
was performed using Analyze-It-Software (Analyze-It,
Leeds, uK). A p value < 0.05 was considered significant.

RESULTS

The control groups were matched to their respec-

tive treatment groups to control for age and sex.

Regarding our primary outcome for transfusion

rate, patient on warfarin were more likely to requi-

re a blood transfusion (40%, p = 0.03) compared

to those not on anticoagulant (13%), despite dis -

continuation of the anticoagulant preoperatively

(Table I). In agreement with an increased require-

ment for transfusion, perioperative blood loss was

greater in patients on warfarin undergoing total

knee replacement, although the difference was not

statistically significant (p = 0.0839). However, the

increased requirement for a blood transfusion was

not accompanied by an increased risk of wound

complications in patients undergoing total knee

replacement procedures (see Table I). 

Patients undergoing total knee replacement who

discontinued their clopidogrel preoperatively were

not at an increased risk of requiring a blood trans -

fusion relative to the respective control group

(Table I). In agreement with this, there was no sig-

nificant difference in perioperative blood loss (p =

0.324) or complications associated with periopera-

tive bleeding. Overall the risk of wound complica-

tions was equal between all groups ranging between

20-30%.

In terms of secondary study outcomes, the opera-

ting time was significantly longer in the warfarin

(129 min, p = 0.0254) and clopidogrel group
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(123 min, p = 0.0753) compared to the control

group (104 min). The length of stay was longer in

the warfarin group compared to the clopidogrel and

control groups (21, 15, 10 days respectively).

DISCUSSION

This study clearly demonstrates that patients on

the anticoagulant warfarin over a prolonged period

prior to elective total knee arthroplasty are at risk

for increased perioperative bleeding and blood

transfusion even though they discontinue warfarin

preoperatively as per the American College of

Chest Physicians’ guidelines (9). This did not trans-

late to an increase in wound complications related

to bleeding. In contrast to this, patients on clopido-

grel undergoing total knee replacement, who dis-

continued it preoperatively were not at an increased
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Table I. — Patient characteristics and outcomes for total knee arthroplasty

p values refer to the comparison of the anticoagulant group versus the control group.

Patient Characteristic warfarin

(n = 20)

Clopidogrel

(n = 10)

Control

(n = 30)

Male, number (%) 8 (40%)

p = 0.36

6 (60%)

p = 0.46
14 (47%)

Age (years), mean +/- Sd 71 ± 9

p < 0.05

70 ± 12

p < 0.05
70 ± 9

Indication for anticoagulation

Atrial Fibrillation

deep vein thrombosis

valvular Heart disease

Artificial valve

12

3

0

0

0

1

0

0

1

0

0

0

Study Outcomes

Transfusion

yes 

No 

Transfusion (units/patient)

units 0

1

2

3+

8 (40%)

12 (60%)

p = 0.03

12

0

4

4

2 (20%)

8 (80%)

p = 0.6

8

0

1

1

4 (13%)

26 (87%)

26

0

4

0 

Perioperative blood loss (mL)

(intra-op + post-op)

779 (194 +585)

p = 0.0839 

864 (276 + 569)

p = 0.324

557 (63 + 494)

wound Complication 

Ooze

Haematoma

Infection

5

0

2

1

0

1

8

0

1

wound Complication Occurrence 

yes (%)

No (%)

6 (30%)

14 (70%)

p = 0.9401

2 (20%)

8 (80%)

p = 0.5165

9 (30%)

21 (70%)

Operative time (min) 129

p = 0.0254

123

p = 0.0582

104

Length of stay (days) 21

p = 0.0001

15

p = 0.0132

10
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risk of blood transfusion or perioperative wound

complications relative to control. 

despite an increase in the prevalence of anticoa-

gulated patients presenting for total knee arthro-

plasty, a literature review only identified one study

that investigated the effect of preoperative anticoa-

gulation on perioperative bleeding in patients

undergoing lower limb arthroplasty (12). Rhodes et

al investigated the effect of discontinuing warfarin

preoperatively in total knee arthroplasty (12). unlike

our study, they did not specifically compare a chro-

nically anticoagulated patient group with a chroni-

cally non-anticoagulated group, but evaluated the

effect of discontinuing warfarin preoperatively in

patients on long term warfarin. They retrospective-

ly compared 39 patients who had their warfarin

 discontinued preoperatively with 38 patients who

continued to take their warfarin as normal. They

found no difference in the rates of postoperative

blood transfusions and complications related to

perioperative bleeding, leading them to conclude

that discontinuing warfarin was not necessary in

patients undergoing TKR. Taking into account our

findings, this seems to suggest that patients under-

going total knee arthroplasty on warfarin are at an

increased risk of perioperative bleeding, but this

risk is not affected by the patient discontinuing their

warfarin preoperatively.

Our finding that clopidogrel does not increase

the risk of perioperative bleeding and it’s associated

sequellae if it is has been discontinued for 5 days

preoperatively prior to surgery is similar to the fin-

dings of a number of cardiothoracic surgery studies

which have evaluated the effect of preoperative clo-

pidogrel on perioperative bleeding in coronary arte-

ry bypass graft procedures (2,3.4,5,6,10). In a recent

systematic review, Carrel et al concluded that there

is a moderately elevated risk of bleeding in patients

who undergo coronary artery bypass (CABg) while

on clopidogrel without discontinuing it preoperati-

vely (4). After 5 days they concluded that the risk of

perioperative bleeding reduces to control group

levels. This is reflected in the American College of

Cardiology/American Heart Association guidelines

which recommend that clopidogrel be discontinued

5 days prior to CABg surgery (1). In our study,

despite being off clopidogrel for at least 5 days,

patients on long term clopidogrel were more likely

to have perioperative bleeding, although this did

not translate into a significant increased need for

blood transfusion.

It is not clear why patients on warfarin are at a

higher risk of perioperative bleeding, despite dis-

continuing the anticoagulant preoperatively until an

INR < 1.4 while patients on clopidogrel are not at

risk. As warfarin and clopidogrel work via different

physiological pathways, (warfarin selectively inhi-

bits vitamin K dependent factors II, vII, IX and

X (12) whereas clopidogrel is an antiplatelet agent),

a pharmacologic mechanism, not reflected in the

usual bleeding time indices may be responsible.

Another possibility is that patients on warfarin may

have a more significant co-morbid illness profile

which results in an anticoagulant state. 

Limitations to this study include it being a retro-

spective, observational and single centre study.

Secondly, we did not report complications as per

severity, rather treating then as binary variables in

our analysis, thus in this study wound ooze carries

the same severity as a wound re-exploration. Also

the analysis was not risk adjusted for medical co-

morbidities, with patients in the anticoagulant

groups being more likely to suffer from a co-mor-

bid illness. This may contribute to their increased

risk of perioperative bleeding. However, our con-

clusion remains valid, i.e. that this patient group is

at a higher risk of perioperative bleeding relative to

a control group. 

In conclusion, the data herein demonstrates that

patients on warfarin who are undergoing total knee

arthroplasty are at an increased risk of periopera -

tive bleeding and are more likely to require a blood

transfusion despite the discontinuation of their

anticoagulant  preoperatively. Clopidogrel, once it

is discontinued for 5 days preoperatively, does not

increase the risk of perioperative bleeding. This is

the first study to compare an anticoagulated patient

group undergoing total knee arthroplasty with a

non-anticoagulated group. In terms of reducing the

risk of perioperative bleeding in patients on warfa-

rin undergoing lower limb arthroplasty, we do not

recommend that patients should be left off their

anticoagulant for longer than recommended by

 current guidelines due to the accruing risk of a
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thrombotic event. However, patients on warfarin

should be informed prior to total knee arthroplasty

of the increased risk of perioperative bleeding and

the need for a blood transfusion. Strategies to redu-

ce perioperative blood loss such as perioperative

autotransfusion should also be considered in this

patient group.

REFERENCES

1. Antman EM, Hand M, Armstrong PW et al. 2007 focu-

sed update of the ACC/AHA 2004 guidelines for the

management of patients with ST-elevation myocardial

infarction : a report of the American College of Cardiology/

American Heart Association Task Force on Practice

guidelines. J Am Coll Cardiol 2008 ; 51 : 210-247.

2. Berger JS. Platelet-directed therapies and coronary artery

bypass grafting. Am J Cardiol 2009 ; 104(5 Suppl) : 44C-

48C.

3. Berger JS, Frye CB, Harshaw Q et al. Impact of clopido-

grel in patients with acute coronary syndromes requiring

coronary artery bypass surgery : a multicenter analysis.

J Am Coll Cardiol 2008 ; 52 :1693-1701.

4. Carrel T, Englberger L. Coronary bypass surgery in

patients treated with clopidogrel. Is it safe ? Curr Opin

Cardiol 2009 ; 24 : 539-543.

5. Chu MW, Wilson SR, Novick RJ, Stitt LW, Quantz MA.

does clopidogrel increase blood loss following coronary

artery bypass surgery ? Ann Thorac Surg 2004 ; 78 : 1536-

1541.

6. Englberger L, Faeh B, Berdat PA et al. Impact of

clopido grel in coronary artery bypass grafting. Eur J

Cardio thorac Surg 2004 ; 26 : 96-101.

7. Evans EM, Freeman MA, Miller AJ, Vernon-Roberts B.

Metal sensitivity as a cause of bone necrosis and loosening

of the prosthesis in total joint replacement. J Bone Joint

Surg 1974 ; 56-B : 626-642.

8. Fitzmaurice DA, Hobbs FD. Anticoagulant management

in patients with atrial fibrillation. Semin Thromb Hemost

2009 ; 35 : 543-547.

9. Geerts WH, Bergqvist D, Pineo GF et al. Prevention of

venous thromboembolism : American College of Chest

Physicians Evidence-Based Clinical Practice guidelines

(8th Edition). Chest 2008 ; 133(6 Suppl) : 381S-453S.

10. Kapetanakis EI, Medlam DA, Boyce SW et al.

Clopidogrel administration prior to coronary artery bypass

grafting surgery : the cardiologist’s panacea or the surge-

on’s headache ? Eur Heart J 2005 ; 26 : 576-583.

11. Quinn MJ, Fitzgerald DJ. Ticlopidine and clopidogrel.

Circulation 1999 ; 100 :1667-1672.

12. Rhodes DA, Severson EP, Hodrick JT, Dunn HK,

Hofmann AA. discontinuation of warfarin is unnecessary

in total knee arthroplasty. Clin Orthop Relat Res 2010 ;

468 : 120-126.

13. Steinhubl SR, Berger PB, Mann JT et al. Early and

 sustained dual oral antiplatelet therapy following percuta-

neous coronary intervention : a randomized controlled trial.

JAMA 2002 ; 288 : 2411-2420.

Acta Orthopædica Belgica, Vol. 78 - 2 - 2012

ANTICOAguLANT uSE ANd ITS EFFECT ON BLEEdINg ANd COMPLICATIONS IN TOTAL KNEE ARTHROPLASTy 191

radovanovic-_Opmaak 1  23/03/12  10:34  Pagina 191




