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Abstract

Background The use of antifibrinolytic medications in

hip and knee arthroplasty reduces intraoperative blood loss

and decreases transfusion rates postoperatively. Tran-

examic acid (TXA) specifically has not been associated

with increased thromboembolic (TE) complications, but

concerns remain about the risk of symptomatic TE events,

particularly when less aggressive chemical prophylaxis

methods such as aspirin alone are chosen.

Questions/purposes We determined whether the rate of

symptomatic TE events differed among patients given

intraoperative TXA when three different postoperative

prophylactic regimens were used after primary THA and

TKA.

Methods We retrospectively reviewed 2046 patients who

underwent primary THA or TKA and received TXA from

2007 to 2009. The three chemical regimens included

aspirin alone, warfarin (target international normalized

ratio, 1.8–2.2), and dalteparin. Primary outcome measures

were venous TE events, including symptomatic deep vein

thrombosis (DVT) and pulmonary embolism (PE), and

arterioocclusive events, including myocardial infarction
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and cerebrovascular accident. Patients judged to be at high

risk for TE due to recent cardiac stent placement or strong

personal/family history of TE disease were excluded.

Results For aspirin, warfarin, and dalteparin, the rates of

symptomatic DVT (0.35%, 0.15%, and 0.52%, respec-

tively) and nonfatal PE were similar (0.17%, 0.43%, and

0.26%, respectively). There were no fatal PE. Among the

three groups, we found no difference in the rates of

symptomatic DVT or PE with or without stratification by

ASA score.

Conclusions A low complication rate was seen when using

TXA as a blood conservation modality during primary THA

and TKA with less aggressive thromboprophylactic regi-

mens such as aspirin alone and dose-adjusted warfarin.

Level of Evidence Level III, therapeutic study. See the

Instructions for Authors for a complete description of

levels of evidence.

Introduction

Historically, THA and TKA have been associated with a

substantial risk of blood transfusion resulting from peri-

operative blood loss. One strategy to decrease the amount

of blood loss and lower the risk of transfusion is the use of

an antifibrinolytic medication [11]. Antifibrinolytics inhibit

clot degradation by preventing plasmin from cleaving

fibrin and dissolving the incipient clot. Tranexamic acid

(TXA) and e-aminocaproic acid (EACA) are lysine analog

antifibrinolytics that reversibly bind both plasmin and

plasminogen. TXA is considerably more potent than

EACA [8] and is currently FDA approved for use in

patients with hemophilia to prevent hemorrhage during

tooth extraction, although the use of this drug in other

scopes of practice has been well studied for decades. Pro-

spective studies in both the cardiovascular and orthopaedic

literature have shown TXA and EACA reduce blood loss

and postoperative transfusion rate largely without major

complications [1–3, 10, 11, 18, 23, 24, 27–29]. In addition,

many meta-analyses have substantiated these results [4, 14,

16, 17, 21, 26], including a recently updated Cochrane

review synthesizing data from 252 randomized controlled

trials and 25,000 patients [16]. However in 2005, 85% of a

surveyed group of hip and knee orthopaedic surgeons had

no experience with antifibrinolytics [22]. Aprotinin, a

nonlysine antifibrinolytic, was more effective at decreasing

blood loss but was associated with increased cardiovascular

complications and death in patients undergoing cardiac

surgery and was therefore removed from the market in

2008 [12]. While no similar increased cardiovascular risk

has been found with TXA or EACA, some orthopaedic

surgeons remain concerned these agents could elevate the

risk of thromboembolic (TE) events such as deep vein

thrombosis (DVT) and pulmonary embolism (PE) after

THA and TKA [15].

After having used TXA successfully in clinical practice

for nearly a decade, we sought to document the relative

safety of this medication in association with primary hip

and knee arthroplasty. Although TXA has not been asso-

ciated with increased TE rates in the aforementioned

studies [1–3, 10, 11, 18, 23], concern remains about the risk

of symptomatic TE events, particularly when less aggres-

sive chemical prophylaxis methods such as aspirin or

warfarin with a target international normalized ratio (INR)

of less than 2.5 are chosen.

We therefore asked: When TXA is used intraoperatively

in primary THA and TKA, is there a difference in the risk

of symptomatic venous or arterial TE events among three

chemical prophylaxis regimens, namely aspirin, adjusted-

dose warfarin with an INR of 1.7 to 2.2, and dalteparin

(low-molecular-weight heparin)?

Patients and Methods

We retrospectively reviewed all 2246 patients undergoing a

primary THA or TKA at a single institution from 2007 to

2009 by three orthopaedic surgeons (RTT, MWP, RJS).

We excluded all revisions and partial knee arthroplasties.

Each surgeon followed a different TE prophylactic regimen

except when comorbidities (ie, atrial fibrillation, prosthetic

heart valve, thrombotic predisposition) necessitated the use

of warfarin or heparin bridging therapies. As standard

practice, the anesthesiologist administered TXA at a dose

of 1 g intravenously at the beginning and closure of the

case. We excluded 200 patients with a history of recent

cerebrovascular accident (CVA), recent cardiac stent

placement within 3 months, recent DVT or PE, or other

anesthesiologic concern who did not receive TXA. Over

that time period, 1250 primary THAs and 996 primary

TKAs were performed. After excluding those not receiving

TXA, 2046 patients were eligible for inclusion in the study.

Patients received aspirin alone (n = 579), warfarin

(n = 692), or dalteparin (n = 775). No patients were lost

to followup, and no deaths occurred in the 90-day post-

operative period. No patients were recalled specifically for

this study; all data were obtained from the Mayo Clinic

Joint Registry. A full chart review was performed on

patients with a complication identified by the registry. The

study was approved by our institutional review board.

All patients received a comprehensive, multidisciplinary

approach to postoperative care with mechanical (sequential

compressive device) prophylaxis in-house, regional anes-

thesia if appropriate, early mobilization with physical

therapy, and medical optimization. Each surgeon used a

standard prophylactic regimen. Aspirin treatment consisted
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of 325 mg aspirin twice a day for 6 weeks beginning the

night of surgery. In another cohort, warfarin was initiated

with a pharmacist protocol and a target INR of 1.7 to 2.2

unless comorbidity required a higher therapeutic range

with or without bridging. For those not requiring chronic

anticoagulation, the INR was monitored for 3 weeks and

then patients were placed on 3 weeks of twice daily

325 mg aspirin therapy. For the low-molecular-weight

heparin arm, 2500 U dalteparin was injected the morning

after surgery and then 5000 U for 9 more days. The

remaining 5 weeks of prophylaxis was then switched to

325 mg aspirin twice a day. Primary outcome measures

were any TE event in the 90-day postoperative period,

including DVT, PE, myocardial infarction (MI), or CVA.

Before surgery, patients were classified with an American

Society of Anesthesiologists (ASA) physical status score

by the anesthesia team and divided into two subgroups

according to ASA score [6]: (1) those with ASA scores of

less than 3 (1494 patients) and (2) those with ASA scores

of 3 or greater (552 patients).

We used contingency table analysis and a Pearson chi-

square test to assess differences among the three prophy-

lactic regimens for any TE complication and individual

complications. This was performed on the overall cohort

and stratified between subgroups with an ASA score of less

than 3 and 3 or greater. There were no missing data.

Results

When TXA was used intraoperatively in these primary

THAs and TKAs, there was no detectable difference in the

risk of symptomatic venous or arterial TE events among

the three groups based on chemical prophylaxis regimen.

The rates of DVT were similar (p = 0.61) for aspirin

alone (0.35%) compared to warfarin (0.14%) and daltepa-

rin (0.52%) (Table 1). The rates of PE were also similar

(p = 0.68): 0.17%, 0.43%, and 0.26% for aspirin, warfarin,

and dalteparin therapy, respectively. There were no fatal

PE. Four MIs and two CVAs occurred in the 90-day

postoperative period. For the aspirin, warfarin, and dal-

teparin regimens, the rates of MI were similar (p = 0.88):

0.17%, 0.14%, and 0.26%, respectively, as were the rates

of CVA (p = 0.54): 0.17%, 0.14%, and 0% (Table 1).

When stratified into two subgroups based on ASA score,

we found no detectable differences in rates for DVT or PE

(Table 2).

Discussion

Multiple meta-analyses and systematic reviews show

antifibrinolytic medications such as TXA decrease blood

loss and transfusion rates [4, 11–13, 15, 20]. TXA has a

good safety profile, but for many orthopaedic surgeons,

concerns remain about the risk of symptomatic TE events,

particularly when less aggressive chemical prophylaxis

methods such as aspirin or warfarin with a target INR of

less than 2.5 are chosen after THA and TKA. We therefore

determined whether the rate of symptomatic TE events

differed among patients given intraoperative TXA when

three different postoperative prophylactic regimens (aspi-

rin, adjusted-dose warfarin, low-molecular weight heparin)

were used after primary THA and TKA. In this group of

2046 patients who received intraoperative TXA, we found

a consistently low risk for adverse TE events and that risk

was not different among the three groups of patients based

on the type of chemical prophylaxis.

There are limitations to our study. The first relates to

statistical power since a sizable cohort is required to detect

small differences among events that occur less than 1% of

the time. However, with a power of 80%, 424 patients in

each group would be required to detect a difference of 3%

among complications. This reflects symptomatic DVT

incidence and thus our study is adequately powered in this

regard. In contrast, detecting a 1% change in an event

occurring 0.1% of the time would require 936 patients in

each group. The latter is more closely reflective of PE rates

and indicates this study may not adequately minimize the

Table 1. Summary of rates and statistical analysis of three prophy-

lactic regimens

Regimen Rate (%)

DVT PE MI CVA

Aspirin 0.35 0.17 0.17 0.17

Warfarin 0.14 0.43 0.14 0.14

Dalteparin 0.52 0.26 0.26 0

p value 0.48 0.68 0.88 0.54

DVT = deep vein thrombosis; PE = pulmonary embolism; MI =

myocardial infarction; CVA = cerebrovascular accident.

Table 2. Summary of DVT and PE rates with stratification by ASA

score

Regimen Rate (%)

ASA score \ 3 ASA score C 3

DVT PE DVT PE

Aspirin 0.45 0.23 0 0

Warfarin 0 0.23 0.39 0.78

Dalteparin 0.65 0.16 0 0.63

p value 0.26 0.96 0.56 0.60

ASA = American Society of Anesthesiologists; DVT = deep vein

thrombosis; PE = pulmonary embolism.
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risk of a Type II error for this event. Second, although the

joint registry provides a formal, organized system to follow

outcomes of patients, it requires the accurate reporting of

complications occurring in the postoperative period. This

difficulty is highlighted by the fact that many times patients

are from different geographic regions and may be followed

locally. This may underreport the number of complications.

We focused on the 90-day risk of each of the outcome

variables and had complete records for all patients. The

ASA physical status score, as a general sense of patient

morbidity, does not account for the many gradations of

moderate illness between a score of 2 (mild systemic

illness) and 3 (severe systemic illness), nor does it differ-

entiate between patients at a higher risk of TE events per

se. Third, confounding variables may exist with individual

surgeon technique within specific prophylactic groups, as

well as the lack of documenting unique, presurgical med-

ical conditions that may predispose patients to TE events

such as a previous DVT or PE.

Despite previous suppositions that clots formed in the

venous circulation are not commonly platelet based but

rather protein and erythrocyte based [5], aspirin therapy

alone reduces the risk of both DVT and PE. In the Anti-

platelet Trialists’ Collaboration Part III review of 52 trials

and 8400 patients [25], DVT and PE risks were nearly

halved with aspirin in a wide range of surgical patients,

with a greater reduction in higher-risk orthopaedic patients

compared to placebo. Furthermore, in the Pulmonary

Embolism Prevention multicenter trial of 17,444 patients

with hip fractures undergoing elective arthroplasties ran-

domized to either low-dose aspirin (160 mg) or placebo,

DVT and PE risks were reduced with aspirin by 29% and

43%, respectively [25]. However, controversy continues

with regard to the appropriate postoperative prophylactic

regimen as evidenced by discordant guidelines by both the

American Academy of Orthopaedic Surgeons (AAOS) in

2009 and the American College of Chest Physicians

(ACCP) in 2008 for patients with a standard risk of venous

TE [9, 13, 15, 20]. Even in patients receiving TXA to

prevent blood loss, our rates of DVT and PE in the aspirin

prophylactic regimen were similar to those for warfarin and

dalteparin and did not change when stratified by ASA

score. Dorr et al. [7] found a similar rate (0.4%) of clini-

cally symptomatic DVT utilizing a standard low- versus

high-risk venous TE assessment for prophylaxis and the

majority of patients received antiplatelet therapy alone.

However, a recently published prospective study [19]

compared venous TE rates between utilization of the

AAOS PE risk stratification versus the ACCP anticoagu-

lation guidelines and showed an increased rate of any

venous TE complication (7.9% compared to 1.2%). Spe-

cifically for symptomatic PE and DVT, both rates were

4.6% in the AAOS PE risk-stratified group compared to

0.7% in the ACCP group. This continues to raise questions

about the efficacy of aspirin therapy alone in total joint

arthroplasty but also the inadequate detection and appro-

priate stratification of higher-risk patients.

Surgeons and hospitals may be interested in considering

the use of an antifibrinolytic agent such as TXA as part of a

strategy to decrease blood loss and decrease transfusion

after hip and knee arthroplasty. We have used TXA in our

practice for the past decade with supportive data from the

literature documenting its effectiveness. Our study begins to

answer, but certainly is not definitive in answering, ques-

tions on the safety of TXA in elective hip and knee

arthroplasty. In this study, we found TXA was associated

with a low risk of symptomatic TE events when used with

three different chemical prophylactic regimens after routine

primary THA and TKA. During the time frame of our study,

TXA was not routinely used in patients judged to be at high

risk of TE disease and so we lack the ability to comment

scientifically on the relative safety of TXA in patients with a

recent cardiac stent, a recent history of another TE event, or

a strong family history of TE complications. However, for

the vast majority of patients undergoing elective THA or

TKA in our practice, TXA is used as part of a compre-

hensive strategy to decrease blood loss and transfusion.

Acknowledgments We thank Hugh Smith MD, PhD, Christopher

Duncan MD, and Michael Kelm MD, of the Department of Anes-

thesiology, Mayo Clinic, and Youlonda Loechler with the Mayo

Clinic Joint Registry for their contributions to the collection and

organization of patient data.

References

1. Alvarez JC, Santiveri FX, Ramos I, Vela E, Puig L, Escolano F.

Tranexamic acid reduces blood transfusion in total knee

arthroplasty even when a blood conservation program is applied.

Transfusion. 2008;48:519–525.

2. Benoni G, Fredin H, Knebel R, Nilsson P. Blood conservation

with tranexamic acid in total hip arthroplasty: a randomized,

double-blind study in 40 primary operations. Acta Orthop Scand.
2001;72:442–448.

3. Camarasa MA, Olle G, Serra-Prat M, Martin A, Sanchez M,

Ricos P, Perez A, Opisso L. Efficacy of aminocaproic, tranexamic

acids in the control of bleeding during total knee replacement: a

randomized clinical trial. Br J Anaesth. 2006;96:576–582.

4. Cid J, Lozano M. Tranexamic acid reduces allogeneic red cell

transfusions in patients undergoing total knee arthroplasty: results

of a meta-analysis of randomized controlled trials. Transfusion.
2005;45:1302–1307.

5. Colwell CW Jr. What is the state of the art in orthopaedic

thromboprophylaxis in lower extremity reconstruction? Instr
Course Lect. 2011;60:283–290.

6. Daabiss M. American Society of Anaesthesiologists physical

status classification. Indian J Anaesth. 2011;55:111–115.

7. Dorr LD, Gendelman V, Maheshwari AV, Boutary M, Wan Z,

Long WT. Multimodal thromboprophylaxis for total hip and knee

arthroplasty based on risk assessment. J Bone Joint Surg Am.
2007;89:2648–2657.

Volume 471, Number 1, January 2013 Low Risk of TE Complications With TXA 153

123



8. Dunn CJ, Goa KL. Tranexamic acid: a review of its use in sur-

gery and other indications. Drugs. 1999;57:1005–1032.

9. Eikelboom JW, Karthikeyan G, Fagel N, Hirsh J. American

Association of Orthopedic Surgeons and American College of

Chest Physicians guidelines for venous thromboembolism pre-

vention in hip and knee arthroplasty differ: what are the

implications for clinicians and patients? Chest. 2009;135:513–

520.

10. Engel JM, Hohaus T, Ruwoldt R, Menges T, Jurgensen I,

Hempelmann G. Regional hemostatic status and blood require-

ments after total knee arthroplasty with and without tranexamic

acid or aprotinin. Anesth Analg. 2001;92:775–780.

11. Eubanks JD. Antifibrinolytics in major orthopaedic surgery. J Am
Acad Orthop Surg. 2010;18:132–138.

12. Fergusson DA, Hebert PC, Mazer CD, Fremes S, MacAdams C,

Murkin JM, Teoh K, Duke PC, Arellano R, Blajchman MA,

Bussieres JS, Cote D, Karski J, Martineau R, Robblee JA, Rodger

M, Wells G, Clinch J, Pretorius R. A comparison of aprotinin and

lysine analogues in high-risk cardiac surgery. N Engl J Med.
2008;358:2319–2331.

13. Geerts WH, Bergqvist D, Pineo GF, Heit JA, Samama CM,

Lassen MR, Colwell CW; American College of Chest Physicians.

Prevention of venous thromboembolism: American College of

Chest Physicians Evidence-Based Clinical Practice Guidelines

(8th Edition). Chest. 2008;133(6 suppl):381S–453S.

14. Gill JB, Rosenstein A. The use of antifibrinolytic agents in total

hip arthroplasty: a meta-analysis. J Arthroplasty. 2006;21:869–

873.

15. Haas SB, Barrack RL, Westrich G, Lachiewicz PF. Venous

thromboembolic disease after total hip and knee arthroplasty.

J Bone Joint Surg Am. 2008;90:2764–2780.

16. Henry DA, Carless PA, Moxey AJ, O’Connell D, Stokes BJ,

Fergusson DA, Ker K. Anti-fibrinolytic use for minimising

perioperative allogeneic blood transfusion. Cochrane Database
Syst Rev. 2011;3:CD001886.

17. Ho KM, Ismail H. Use of intravenous tranexamic acid to reduce

allogeneic blood transfusion in total hip and knee arthroplasty: a

meta-analysis. Anaesth Intensive Care. 2003;31:529–537.

18. Hynes M, Calder P, Scott G. The use of tranexamic acid to reduce

blood loss during total knee arthroplasty. Knee. 2003;10:375–

377.

19. Intermountain Joint Replacement Center Writing Committee. A

prospective comparison of warfarin to aspirin for thrombopro-

phylaxis in total hip and total knee arthroplasty. J Arthroplasty.
2012;27:1–9.e2.

20. Johanson NA, Lachiewicz PF, Lieberman JR, Lotke PA, Parvizi

J, Pellegrini V, Stringer TA, Tornetta P 3rd, Haralson RH 3rd,

Watters WC 3rd. American Academy of Orthopaedic Surgeons

clinical practice guideline on prevention of symptomatic

pulmonary embolism in patients undergoing total hip or knee

arthroplasty. J Bone Joint Surg Am. 2009;91:1756–1757.

21. Kagoma YK, Crowther MA, Douketis J, Bhandari M, Eikelboom

J, Lim W. Use of antifibrinolytic therapy to reduce transfusion in

patients undergoing orthopedic surgery: a systematic review of

randomized trials. Thromb Res. 2009;123:687–696.

22. Lee GC, Hawes T, Cushner FD, Scott WN. Current trends in

blood conservation in total knee arthroplasty. Clin Orthop Relat
Res. 2005;440:170–174.

23. Lemay E, Guay J, Cote C, Roy A. Tranexamic acid reduces the

need for allogenic red blood cell transfusions in patients under-

going total hip replacement. Can J Anaesth. 2004;51:31–37.

24. Murkin JM, Haig GM, Beer KJ, Cicutti N, McCutchen J,

Comunale ME, Hall R, Ruzicka BB. Aprotinin decreases expo-

sure to allogeneic blood during primary unilateral total hip

replacement. J Bone Joint Surg Am. 2000;82:675–684.

25. Prevention of pulmonary embolism and deep vein thrombosis

with low dose aspirin: Pulmonary Embolism Prevention (PEP)

trial. Lancet. 2000;355:1295–1302.

26. Shiga T, Wajima Z, Inoue T, Sakamoto A. Aprotinin in major

orthopedic surgery: a systematic review of randomized controlled

trials. Anesth Analg. 2005;101:1602–1607.

27. Veien M, Sorensen JV, Madsen F, Juelsgaard P. Tranexamic acid

given intraoperatively reduces blood loss after total knee

replacement: a randomized, controlled study. Acta Anaesthesiol
Scand. 2002;46:1206–1211.

28. Yamasaki S, Masuhara K, Fuji T. Tranexamic acid reduces

postoperative blood loss in cementless total hip arthroplasty.

J Bone Joint Surg Am. 2005;87:766–770.

29. Zohar E, Fredman B, Ellis MH, Ifrach N, Stern A, Jedeikin R. A

comparative study of the postoperative allogeneic blood-sparing

effects of tranexamic acid and of desmopressin after total knee

replacement. Transfusion. 2001;41:1285–1289.

154 Gillette et al. Clinical Orthopaedics and Related Research1

123


	Low Risk of Thromboembolic Complications With Tranexamic Acid After Primary Total Hip and Knee Arthroplasty
	Abstract
	Background
	Questions/purposes
	Methods
	Results
	Conclusions
	Level of Evidence

	Introduction
	Patients and Methods
	Results
	Discussion
	Acknowledgments
	References


