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ABSTRACT: 

Introduction and purpose: Perioperative blood loss remains a significant concern in total knee 

and hip arthroplasty (TKA, THA), leading to decreased hemoglobin levels and an increased 

requirement for blood transfusions. Tranexamic acid (TXA), a potent antifibrinolytic agent, is 

widely utilized to mitigate perioperative bleeding. The objective of this review is to evaluate 

TXA dosing strategies and administration routes, with a particular focus on timing, multidose 

protocols, and their subsequent impact on blood loss and clinical outcomes. 

Description of the state of knowledge: TXA effectively reduces total blood loss, hidden blood 

loss, and hemoglobin decline in TKA and THA. A single preoperative dose limits early bleeding 

but fails to suppress postoperative hyperfibrinolysis. Extended and multidose regimens within 

the first 24 hours provide superior control of fibrinolytic activity. Intravenous, oral, and topical 

routes show comparable efficacy, while combined strategies may enhance hemostasis. 

Additionally, TXA exerts anti-inflammatory effects (lowering IL-6 and CRP), reducing pain 

and edema while improving early clinical outcomes. 

Conclusions: TXA effectively reduces total and hidden blood loss in TKA and THA without 

increasing thromboembolic risk. Maximum clinical benefits are achieved through 
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individualized, extended multidose regimens that ensure sustained suppression of postoperative 

hyperfibrinolysis and inflammation (IL-6, CRP). Optimized TXA protocols significantly 

enhance early recovery by reducing postoperative pain and edema. 

Keywords: Tranexamic acid; total knee arthroplasty; total hip arthroplasty; blood loss; hidden 

blood loss; antifibrinolytic therapy; dosing strategies; route of administration; perioperative 

management; inflammation; IL-6; CRP 

 

INTRODUCTION 

Blood loss remains a significant clinical problem in total knee arthroplasty (TKA) and total hip 

arthroplasty (THA), and can lead to a significant drop in haemoglobin levels and the need for 

blood transfusions (1,2,3,4,5). Bleeding following arthroplasty results not only from direct 

tissue damage during surgery, but also from the activation of the fibrinolytic system. It has been 

demonstrated that fibrinolysis activity following TKA and THA is biphasic and may persist for 

up to 24 hours post-operatively, accompanied by a sustained elevation in fibrinolysis markers 

such as D-dimers and fibrin degradation products (FDP) (6,7,8,9,10,11). A significant 

proportion of total blood loss following arthroplasty is also accounted for by so-called hidden 

blood loss (HBL), which includes bleeding into soft tissues and joint spaces in the postoperative 

period (1,2,12). Numerous studies have shown that HBL may account for a significant 

proportion of total blood loss following TKA and THA and correlates with levels of fibrinolysis 

markers (1,2,4,8,9,10,12).  

To reduce perioperative blood loss in joint replacement surgery, tranexamic acid (TXA) is 

widely used; this synthetic lysine analogue inhibits plasminogen activation and blocks the 

binding of plasmin to fibrin, thereby stabilising the developing clot and limiting fibrin 

degradation within the surgical field (6,7,10,13). This mechanism is of particular importance in 

joint replacement surgery, where surgical trauma leads to increased fibrinolysis in the first few 

hours following the procedure. Clinical studies have shown that the use of TXA leads to a 

significant reduction in total blood loss, hidden blood loss and the need for blood transfusion 

following TKA and THA (1,2,3,4,5,11). Clinical trials have analysed various strategies for the 

use of tranexamic acid in joint replacement surgery, encompassing both different dosing 

regimens and various routes of administration, including systemic, local and combined 

strategies (1,2,7,10,13,14,15,16,17).  
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AIM  

This literature review aims to explore the role of various tranexamic acid dosing strategies in 

total hip and knee arthroplasty, focusing on their applications in different administration routes, 

multiple-dose regimens, and perioperative timing. It evaluates the effectiveness of these 

protocols in reducing blood loss and stabilizing fibrinolytic biomarkers to improve clinical 

outcomes. The review synthesizes recent advances to highlight optimal pharmacological 

approaches for integrating effective blood management into orthopedic care. 

 

MATERIAL AND METHODS 

For the literature review a database such as Pubmed was used with the keywords: ("tranexamic 

acid") AND ("total knee arthroplasty" OR "total hip arthroplasty"). Articles with publication 

dates between 2020 and 2026 were considered to ensure relevance to contemporary 

understanding and practice. 

 

3. STRATEGIES FOR ADMINISTERING TXA  

Single preoperative dose: 

The administration of a single dose of TXA prior to surgery is one of the most commonly used 

strategies for reducing blood loss in joint replacement surgery. This regimen leads to a 

significant reduction in total blood loss and a decrease in haemoglobin levels compared with 

control groups (14,18).  Liu et al., comparing oral and intravenous administration of a single 

dose of TXA in patients undergoing TKA, obtained calculated blood loss values of 880 ± 267 

mL in the intravenous group and 840 ± 278 mL in the oral group, with a decrease in 

haemoglobin concentration of approximately 2.4-2.5 g/dL, without an increase in the incidence 

of thromboembolic complications (1).  Zhang et al. also demonstrated that the use of TXA prior 

to surgery led to a significantly smaller decrease in haemoglobin concentration compared with 

the group not receiving TXA (18).  

Despite the efficacy of a single dose of TXA in limiting early blood loss, studies assessing the 

dynamics of fibrinolysis markers found that elevated levels of D-dimers and FDP persisted for 

at least 24 hours post-surgery (8,9,10,11,19). For this reason, a single dose may be insufficient 

to inhibit late hyperfibrinolysis. 
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Postoperative and multiple-dose intravenous TXA regimens: 

In response to persistent fibrinolytic activity, regimens involving additional doses of TXA 

administered in the postoperative period were introduced. Extending the regimen to include 

doses administered within the first 24 hours post-operatively leads to a further reduction in 

hidden blood loss and a smaller decrease in haemoglobin concentration compared with a 

regimen comprising only a pre-operative dose (2,7,8,9,10,19). In the study by Xie et al., the use 

of postoperative doses of TXA led to a significant reduction in total blood loss and hidden blood 

loss without increasing the incidence of thromboembolic complications (7). Similarly, Zhang 

et al. demonstrated the superiority of a regimen involving TXA administration within the first 

24 hours post-surgery over a single preoperative dose regimen in terms of reducing hidden 

blood loss and the drop in haemoglobin (9). These observations suggest that maintaining the 

antifibrinolytic effect of TXA during the first postoperative day may significantly reduce late-

phase postoperative blood loss. 

One development of this strategy involves multi-dose protocols comprising several 

administrations of TXA during the first postoperative day. The use of such regimens leads to a 

further reduction in hidden blood loss and a greater reduction in fibrinolysis markers compared 

with regimens involving a single dose of the drug (8,9,10). In a study by Zhang et al. comparing 

a single dose of TXA (20 mg/kg) with a protocol of six doses administered over 24 hours 

following TKA, a significant reduction in hidden blood loss and haemoglobin decline was 

demonstrated in the multi-dose regimen. Hidden blood loss was 756 ± 227 mL in the single-

dose group and 515 ± 246 mL in the multi-dose group, whilst the maximum haemoglobin drop 

was 2.77 ± 0.78 g/dL and 2.06 ± 0.73 g/dL, respectively. At the same time, lower levels of 

inflammatory markers were observed, including C-reactive protein (CRP) (134.7 ± 28.8 vs 93.7 

± 22.2 mg/L) and interleukin-6 (IL-6) (161.6 ± 64.4 vs 108.8 ± 41.7 pg/mL) in the multiple-

dose group (8). Similarly Lei et al. demonstrated that a more intensive TXA dosing regimen led 

to a significant reduction in total blood loss and hidden blood loss. In this study total blood loss 

was 536 ± 215 mL in the high-dose group compared with 850 ± 259 mL in the standard group, 

and hidden blood loss was 456 ± 214 mL and 761 ± 259 mL, respectively (10). 
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High loading dose: 

Regimens involving an initial TXA dose of 30–60 mg/kg led to a significant reduction in total 

blood loss and hidden blood loss compared with standard dosing protocols (11,20). 

In the study by Lei et al., the use of such a dosing regimen was associated with lower levels of 

fibrinolysis markers, including D-dimers and FDP, compared to standard doses (11). 

Additionally, the use of a higher initial dose was associated with lower levels of inflammatory 

markers on the third postoperative day (IL-6 levels were 16.67 ± 4.75 pg/mL in the high-dose 

group compared to 29.84 ± 6.91 pg/mL in the standard-dose group, while CRP levels were 

47.83 ± 25.07 mg/L and 76.52 ± 29.44 mg/L, respectively) (21).  

 

Table 1. TXA dosing strategies and their effects on blood loss and fibrinolysis markers in TKA 

and THA  

Strategy 
Typical dosing 

regimen 
Effects References 

Single preoperative 

dose 
10-20 mg/kg IV  

reduced total blood loss and 

hemoglobin drop; persistent 

elevation of fibrinolysis markers 

postoperatively 

[8,9,10,11,14,18,19] 

Postoperative dosing 

 

 doses within 24 h 

 

reduced hidden blood loss and 

hemoglobin drop 
[2,7,8,9,10,19] 

Multiple-dose regimen 
repeated doses 

within 24 h 

reduced hidden blood loss; lower 

CRP and IL-6 levels 
[8,9,10] 

High loading dose 30-60 mg/kg lower D-dimer, FDP, CRP and IL-6 

levels 
[11,20,21] 

 

4. ROUTE OF ADMINISTRATION OF TXA  

Systemic administration of TXA:  

Systemic administration of TXA produces an antifibrinolytic effect throughout the body and 

remains one of the most commonly used methods of drug administration in joint replacement 
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surgery. Studies comparing oral and intravenous administration of TXA have demonstrated 

similar efficacy of both routes in reducing blood loss (14,22). Liu et al., comparing oral and 

intravenous administration of a single dose of TXA in patients undergoing TKA, obtained 

comparable calculated blood loss values of 880 ± 267 mL in the intravenous group and 840 ± 

278 mL in the oral group, with a similar decrease in hemoglobin concentration of approximately 

2.4-2.5 g/dL (14). In another study, oral TXA regimens were associated with a total blood loss 

of approximately 700 mL, with hidden blood loss at approximately 560 mL, confirming the 

efficacy of the drug’s systemic action (22). 

 

Local administration of TXA:  

An alternative to systemic administration is the local application of TXA directly within the 

surgical field, including both intra-articular (IA) administration and local application of the drug 

to the surgical tissues. Intra-arterial administration of TXA led to a significant reduction in total 

blood loss compared to control groups not receiving antifibrinolytic therapy 

(1,13,15,16,23,24,25). A reduction in total blood loss to approximately 830 mL, accompanied 

by a decrease in hemoglobin drop of about 1 g/dL, has been reported following intra-articular 

administration of TXA (1). The mechanism of this effect is explained by the drug’s 

pharmacokinetic properties. It has been demonstrated that local administration leads to 

significantly higher TXA concentrations in synovial fluid than in plasma, enabling effective 

local suppression of fibrinolytic activity within the surgical field (12,16). At the same time, 

when comparing different doses of intra-articularly administered TXA, a gradual reduction in 

total blood loss was also observed as the drug dose increased, without an increase in the 

incidence of thromboembolic complications (13,26,27). 

 

Combined strategies: 

To maximize the hemostatic effect, combined strategies have been developed that involve the 

simultaneous systemic and local administration of TXA. These strategies allow for 

simultaneous systemic action of the drug and the achievement of high local TXA concentrations 

within the surgical field, which may lead to more effective suppression of fibrinolytic activity 

at the surgical site (1,6,12,15,16,17). Abdallah et al., comparing intravenous, intra-articular, 

and combined IV + IA administration, demonstrated a gradual reduction in total blood loss 
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among the analyzed strategies. Total blood loss was approximately 1,000 mL in the IV group, 

approximately 830 mL in the IA group, and approximately 700 mL in the IV + IA group, 

corresponding to an additional reduction in blood loss of approximately 130-300 mL in the 

combined regimen. At the same time, the maximum decrease in hemoglobin concentration was 

approximately 2.3 g/dL in group IV, approximately 2.0 g/dL in group IA, and approximately 

1.7 g/dL in group IV + IA, indicating a further reduction in perioperative blood loss with the 

combined strategy (1). Similar results were reported in the study by Qin et al., in which the use 

of a regimen involving the simultaneous intravenous and intra-articular administration of TXA 

was associated with a total blood loss of 431.7 ± 288.4 mL, compared with 644. 6 ± 237.5 mL 

in the group receiving hemocoagulase atrox, with a smaller decrease in hemoglobin 

concentration (1.21 ± 0.85 vs. 2.08 ± 0.77 g/dL) (28). At the same time, some analyses did not 

confirm a clear advantage of combined strategies. In a study by Yin et al. comparing the 

simultaneous intravenous and topical administration of TXA with a single route of 

administration, no significant differences were found in either total blood loss or the decrease 

in hemoglobin levels between the treatment regimens analyzed (29). 

 

Table 2. Routes of TXA administration and blood loss in TKA and THA 

Route Description Effect  References 

Intravenous (IV)  Systemic administration reduced blood loss [14,22] 

Oral 

 

Systemic administration 

 

similar blood loss 

compared to IV 
[14,22] 

Intra-articular (IA) 
Local administration into 

the joint 
reduced blood loss [1,12,13,15,16,23,24,25]  

Combined (IV + IA) 
Systemic and local 

administration 

lower blood loss 

compared to single-

route administration 
[1,6,12,15,16,17]  

 

5. TXA AND INFLAMMATORY RESPONSE 

In addition to its antifibrinolytic effects, TXA may also influence the postoperative 

inflammatory response following total knee and hip arthroplasty. Surgical trauma leads to the 

activation of numerous inflammatory mediators, including IL-6 and CRP, which play a 
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significant role in the development of pain, swelling, and the inflammatory response in the 

operated tissues (8,11,21,30). 

It has been demonstrated that the use of TXA can lead to a reduction in inflammatory marker 

levels in the postoperative period. Huang et al., using higher initial doses of TXA, obtained 

significantly lower levels of inflammatory mediators on the third postoperative day. The IL-6 

level was 16.67 ± 4.75 pg/ mL in the high-dose TXA group, compared to 29.84 ± 6.91 pg/mL 

in the standard-dose group, while CRP levels were 47.83 ± 25.07 mg/L and 76.52 ± 29.44 mg/L, 

respectively (21). 

Similar findings have been reported in studies examining the effects of multiple-dose TXA 

regimens. By maintaining the drug’s effect during the first postoperative day using multiple-

dose regimens, lower levels of inflammatory markers and a reduction in the inflammatory 

response within the operated joint were achieved (8,11). 

A reduction in the inflammatory response may also translate into improved clinical parameters 

in the postoperative period. Studies evaluating the postoperative clinical picture of patients 

undergoing TKA have shown that the use of TXA was associated with less joint swelling and 

lower levels of postoperative pain, which may facilitate earlier patient mobilization (5,11,13,31). 

Attention has also been drawn to the potential for enhancing the anti-inflammatory effect of 

TXA when used concomitantly with dexamethasone. It has been demonstrated that the 

combination of both drugs led to lower levels of inflammatory markers, including IL-6 and 

CRP, and reduced postoperative pain intensity compared to TXA monotherapy (21,32). 

Table 3. Effects of TXA on IL-6, CRP, pain and swelling after TKA and THA 

Parameter Observation Comparison References 

IL-6  lower levels 
16.67 ± 4.75 vs 29.84 ± 6.91 pg/mL  

(high-dose vs standard-dose) 
[21] 

 lower levels 
108.8 ± 41.7 vs 161.6 ± 64.4 pg/mL 

(multiple-dose vs single-dose) 
[8] 

CRP lower levels 
47.83 ± 25.07 vs 76.52 ± 29.44 mg/L  

(high-dose vs standard-dose) 
[21] 

 lower levels 
93.7 ± 22.2 vs 134.7 ± 28.8 mg/L  

(multiple-dose vs single-dose) 
[8] 

Swelling reduced - [5,11,13,31]  

Pain reduced - [5,11,13,31]  
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6. PATIENT PHENOTYPE- PERSONALIZATION OF TXA TREATMENT 

STRATEGIES  

Patients with rheumatoid arthritis (RA) are characterized by greater blood loss and more 

frequent preoperative anemia, which may limit the effectiveness of standard TXA regimens. In 

this group, a multiple-dose TXA protocol, compared with a single preoperative dose, is 

associated with lower total blood loss (506.1 ± 227.0 vs. 608.8 ± 244.8 mL), hidden blood loss 

(471.6 ± 224.0 vs. 574.0 ± 242.3 mL), and a decrease in hemoglobin (17.5 ± 7.7 vs. 23.4 ± 9.2 

g/L), reflecting more effective inhibition of enhanced fibrinolysis (2). 

Analysis of the safety profile of TXA in patients at high risk of thromboembolic events did not 

reveal a statistically significant increase in the incidence of deep vein thrombosis or pulmonary 

embolism compared to control groups, regardless of the dosing regimen used. These findings 

remain consistent for both multiple-dose protocols and those using high loading doses (60 

mg/kg), demonstrating that the use of TXA in orthopedic surgery remains safe even in patients 

with significant vascular risk factors (10,20,33). 

 

7. TXA COMPARED WITH OTHER HAEMOSTATIC AGENTS  

A study comparing TXA with hemocoagulase atrox, a procoagulant enzyme derived from the 

venom of the Agkistrodon snake, demonstrated that TXA was more effective in reducing blood 

loss following TKA. Total blood loss was approximately 432 mL in the TXA group and 645 

mL in the hemocoagulase group, with a decrease in hemoglobin concentration of 1.21 ± 0.85 

g/dL and 2.08 ± 0.77 g/dL, respectively (34). 

A comparison of TXA with ε-aminocaproic acid (EACA), which belongs to the same group of 

fibrinolysis inhibitors, indicates similar efficacy of both drugs. Total blood loss is 

approximately 800-900 mL after TXA administration and 820-950 mL after EACA 

administration, with no significant differences in the decrease in hemoglobin concentration or 

the incidence of thromboembolic complications (22,35). 

The hypothesis that an additional hemostatic effect could be achieved through the use of local 

biological preparations, such as platelet-rich fibrin (PRF) or other fibrin matrices, was not 

supported. Studies have shown that the simultaneous use of these methods with TXA does not 

lead to a significant additional reduction in total blood loss compared to TXA monotherapy 

(33,36). 
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The study by Li et al. included the use of additional hemostatic agents, such as carbazochrome, 

which acts to stabilize the capillary walls. The combination of carbazochrome with TXA 

allowed for a further reduction in perioperative bleeding, reducing total blood loss by an 

additional 150-200 mL compared to tranexamic acid monotherapy (30). 

 

Table 4. Comparison of TXA with other hemostatic agents  

Agent Total blood loss (mL) Hemoglobin drop (g/dL) References 

TXA ~432 1.21 ± 0.85 [34]  

Hemocoagulase atrox 

 

~645 

 

2.08 ± 0.77 [34]  

EACA 800-900 
no significant differences between 

EACA and TXA 
[22,35] 

TXA + carbazochrome reduction of 150–200 mL not specified [30] 

 

8. CONCLUSIONS  

Tranexamic acid is effective in reducing perioperative blood loss during total knee and hip 

arthroplasty, leading to a reduction in total blood loss, hidden blood loss, and a decrease in 

hemoglobin levels, without increasing the risk of thromboembolic complications. 

Although a single preoperative dose effectively reduces early bleeding, it does not provide 

complete control of postoperative hyperfibrinolysis. For this reason, extended regimens, 

involving TXA administration within the first 24 hours postoperatively- particularly in the form 

of multi-dose protocols or with a higher initial dose- allow for more effective reduction of 

hidden blood loss and stabilization of fibrinolytic activity. 

Regardless of the route of administration- including intravenous, oral, and topical- the efficacy 

of TXA remains comparable. Topical administration, however, allows for high drug 

concentrations within the surgical field. Combination strategies may further enhance the 

hemostatic effect, though their superiority has not been unequivocally confirmed. 

TXA also modulates inflammatory processes, as evidenced by reductions in IL-6 and C-reactive 

protein levels. Limiting the inflammatory cascade results in reduced pain and swelling, which 

contributes to improved outcomes in the early postoperative period.  
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The clinical benefits of TXA are particularly evident in a personalized approach, where 

extended dosing regimens prove most effective in patients with severe inflammation or 

increased fibrinolytic activity. This is particularly relevant in patient phenotypes such as 

rheumatoid arthritis, characterized by increased blood loss and enhanced fibrinolysis. 

Importantly, TXA remains safe even in high thromboembolic risk patients, without increasing 

the incidence of deep vein thrombosis or pulmonary embolism. Compared to other hemostatic 

methods, TXA maintains at least comparable, and often higher, efficacy, remaining one of the 

key elements of modern bleeding management in joint replacement surgery. 

 

Declarations: 

Funding: 

This Research received no external funding. 

Author contributions: 

All authors contributed to the article. Conceptualization: SK, KK; methodology: SK, KK, 

MW; software: AW, PB, MW; check: KK, PB, AW;  formal analysis: SK, AW, KK; 

investigation: MW,PB; resources: SK, KK, MW; data curation: AW, PB; writing -rough 

preparation: SK; writing -review and editing: SK, KK, MW, AW, PB; visualization: AW.; 

supervision: SK; project administration: KK.  

All authors have read and agreed with the published version of the manuscript.  

Conflict of Interest Statement:  

The authors report no conflict of interest. 

Financial Disclosure:  

The study did not receive any funding. 

Institutional Review Board Statement: 

Not applicable. 

Informed Consent Statement: 

Not applicable. 

Data Availability Statement: 

Not applicable. 

 

 

 



13 

 

REFERENCES 

 

1. Abdallah AA, Sallam AA, Arafa MS, Henawy AT. Topical Tranexamic Acid in Total Knee 

Arthroplasty: Does It Augment the Effect of the Intravenous Administration in Patients 

with Moderate-to-High Risk of Bleeding? A Randomized Clinical Trial. J Knee Surg. 

2021;34(14):1570-1578. doi:10.1055/s-0040-171054 

 

2. Kang BX, Xu H, Gao CX, et al. Multiple intravenous tranexamic acid doses in total knee 

arthroplasty in patients with rheumatoid arthritis: a randomized controlled study. BMC 

Musculoskelet Disord. 2021;22(1):425. Published 2021 May 7. doi:10.1186/s12891-021-

04307-4 

 

3. Zhang S, Xie J, Cao G, Lei Y, Huang Q, Pei F. Six-Dose Intravenous Tranexamic Acid 

Regimen Further Inhibits Postoperative Fibrinolysis and Reduces Hidden Blood Loss 

following Total Knee Arthroplasty. J Knee Surg. 2021;34(2):224-232. doi:10.1055/s-

0039-1694768 

 

4. Kang BX, Li YL, Xu H, et al. Effect of Multiple Doses of Intravenous Tranexamic Acid on 

Perioperative Blood Loss in Total Knee Arthroplasty: A Randomized Controlled Study. 

Orthop Surg. 2021;13(1):126-133. doi:10.1111/os.12850 

 

5. Peng HM, Wang W, Lin J, Weng XS, Qian WW, Wang WD. Multimodal Peri-articular 

Injection with Tranexamic Acid can reduce postoperative blood loss versus Intravenous 

Tranexamic Acid in Total Knee Arthroplasty: A Randomized Controlled Trial. J Orthop 

Surg Res. 2021;16(1):546. Published 2021 Sep 3. doi:10.1186/s13018-021-02685-y 

 

6. Lostak J, Gallo J, Slavik L, Zapletalova J, Balaz L. Monitoring of fibrinolytic system activity 

with plasminogen, D-dimers and FDP in primary total knee arthroplasty (TKA) after 

topical, intravenous or combined administration of tranexamic acid. Biomed Pap Med Fac 

Univ Palacky Olomouc Czech Repub. 2020;164(2):168-176. doi:10.5507/bp.2019.034 

 

7. Xue CX, Yao YF, Lv H, Cheng L, Jing JH. Efficacy and Safety of Postoperative Intravenous 

Tranexamic Acid in Total Knee Arthroplasty: A Prospective Randomized Controlled 

Study. Orthop Surg. 2021;13(8):2227-2235. doi:10.1111/os.13045 

 

8. Zhang S, Xu H, Xie J, Cao G, Lei Y, Pei F. Tranexamic acid attenuates inflammatory effect 

and modulates immune response in primary total knee arthroplasty: a randomized, 

placebo-controlled, pilot trial. Inflammopharmacology. 2020;28(4):839-849. 

doi:10.1007/s10787-020-00695-6 

 

9. Ye S, Luo Y, Li Q, Cai L, Kang P. Efficacy of Different Doses of Intra-Articular Tranexamic 

Acid for Reducing Blood Loss and Lower Limb Swelling After Total Knee Arthroplasty: 

A Prospective, Randomized, Controlled Trial. Orthop Surg. 2025;17(3):733-743. 

doi:10.1111/os.14317 

 

10. Lei YT, Xie JW, Huang Q, Huang W, Pei FX. The antifibrinolytic and anti-inflammatory 

effects of a high initial-dose tranexamic acid in total knee arthroplasty: a randomized 

controlled trial. Int Orthop. 2020;44(3):477-486. doi:10.1007/s00264-019-04469-w 



14 

 

11. LoŠŤÁk J, Gallo J, BalÁŽ Ľ, ZapletalovÁ J. Optimal Route for Tranexamic Acid in 

Diabetics and Obese Patients Undergoing Primary Total Knee Arthroplasty - a Data from 

Randomized Study. Optimální způsob podání tranexamové kyseliny u diabetiků a 

obézních pacientů – data z randomizované klinické studie. Acta Chir Orthop Traumatol 

Cech. 2020;87(6):429-437. 

 

12. Zhang S, Wang F, Wang C, Chu P, Shi L, Xue Q. Are The Applications of Tranexamic 

Acid in Reverse Hybrid Total Knee Arthroplasty (TKA) The Same as Those in Fully 

Cemented TKA?: A Randomized Controlled Trial. Adv Ther. 2021;38(5):2542-2557. 

doi:10.1007/s12325-021-01719-5 

 

13. Lei Y, Xie J, Huang Q, Huang W, Pei F. Additional benefits of multiple-dose tranexamic 

acid to anti-fibrinolysis and anti-inflammation in total knee arthroplasty: a randomized 

controlled trial. Arch Orthop Trauma Surg. 2020;140(8):1087-1095. doi:10.1007/s00402-

020-03442-2 

 

14. DeFrancesco CJ, Reichel JF, Gbaje E, et al. Effectiveness of oral versus intravenous 

tranexamic acid in primary total hip and knee arthroplasty: a randomised, non-inferiority 

trial. Br J Anaesth. 2023;130(2):234-241. doi:10.1016/j.bja.2022.11.003 

 

15. Lostak J, Gallo J, Balaz L, Zapletalova J. Combined and intravenous administration of TXA 

reduces blood loss more than topical administration in primary total knee arthroplasty: A 

randomized clinical trial. Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 

2022;166(1):68-76. doi:10.5507/bp.2020.045 

 

16. Yang JQ, Yang L, Tan JS, Huo KP, Zhao L, Cai DZ. Reduction of Blood Loss by Intra-

articular Injection of Tranexamic Acid Combined with Knee and Hip Flexion at 45° 

During Primary Total Knee Arthroplasty: A Randomized Controlled Trial. Orthop Surg. 

2020;12(6):1835-1842. doi:10.1111/os.12814 

 

17. Kim KI, Bae JK, Kim JH, Gwak HG, Lee SH. Tranexamic acid in a periarticular multimodal 

cocktail injection for blood management in total knee arthroplasty: a prospective 

randomized study. BMC Musculoskelet Disord. 2021;22(1):675. Published 2021 Aug 10. 

doi:10.1186/s12891-021-04551-8 

 

18. Campos-Flores D, Lameiro-Sánchez FP, Galicia-Zamalloa AL. Eficacia de la dosis única 

de ácido tranexámico prequirúrgica para prevenir la pérdida de sangre en el reemplazo 

articular total de cadera y rodilla [Efficacy of single-dose preoperative tranexamic acid to 

prevent blood loss in total hip and knee joint replacement]. Acta Ortop Mex. 2025;39(1):8-

12. 

 

19. Kirwan MJ, Diltz ZR, Dixon DT, et al. The AAHKS Clinical Research Award: Extended 

Postoperative Oral Tranexamic Acid in Total Knee Arthroplasty: A Randomized 

Controlled Pilot Study. J Arthroplasty. 2024;39(9S2):S13-S17. 

doi:10.1016/j.arth.2024.02.073 

 

20. Zhou LB, Wang CC, Zhang LT, Wu T, Zhang GQ. Effectiveness of different antithrombotic 

agents in combination with tranexamic acid for venous thromboembolism prophylaxis and 

blood management after total knee replacement: a prospective randomized study. BMC 



15 

Musculoskelet Disord. 2023;24(1):5. Published 2023 Jan 4. doi:10.1186/s12891-022-

06117-8 

 

21. Xu H, Xie J, Yang J, Huang Z, Wang D, Pei F. Synergistic Effect of a Prolonged 

Combination Course of Tranexamic Acid and Dexamethasone Involving High Initial 

Doses in Total Knee Arthroplasty: A Randomized Controlled Trial. J Knee Surg. 

2023;36(5):515-523. doi:10.1055/s-0041-1739197 

 

22. Morales-Avalos R, Ramos-Morales T, Espinoza-Galindo AM, et al. First Comparative 

Study of the Effectiveness of the Use of Tranexamic Acid against ε-Aminocapróic Acid 

via the Oral Route for the Reduction of Postoperative Bleeding in TKA: A Clinical Trial. 

J Knee Surg. 2021;34(4):383-405. doi:10.1055/s-0039-1696722 

 

23. Masaryk J, Melus V, Vidan J, Steno B. Comparison of Intravenous and Topical Tranexamic 

Acid in Total Joint Arthroplasty. Porovnanie celkového a lokálneho podania kyseliny 

tranexámovej pri totálnej náhrade bedrového a kolenného kĺbu. Acta Chir Orthop 

Traumatol Cech. 2022;89(4):286-292. 

 

24. Morales Santias M, Mas Martinez J, Sanz-Reig J, Martínez Gimenez E, Verdu Román C, 

Bustamante Suarez de Puga D. Topical tranexamic acid in cemented primary total knee 

arthroplasty without tourniquet: a prospective randomized study. Eur J Orthop Surg 

Traumatol. 2020;30(6):1003-1008. doi:10.1007/s00590-020-02656-9 

 

25. Jovanovic G, Lukic-Sarkanovic M, Lazetic F, Tubic T, Lendak D, Uvelin A. The Effect of 

Intravenous Tranexamic Acid on Perioperative Blood Loss, Transfusion Requirements, 

Verticalization, and Ambulation in Total Knee Arthroplasty: A Randomized Double-Blind 

Study. Medicina (Kaunas). 2024;60(7):1183. Published 2024 Jul 21. 

doi:10.3390/medicina60071183 

 

26. Kim JK, Park JY, Lee DY, Ro DH, Han HS, Lee MC. Optimal dose of topical tranexamic 

acid considering efficacy and safety in total knee arthroplasty: a randomized controlled 

study. Knee Surg Sports Traumatol Arthrosc. 2021;29(10):3409-3417. 

doi:10.1007/s00167-020-06241-9 

 

27. Souza Neto EP, Usandizaga G. Comparação entre duas doses de ácido tranexâmico intra‐

articular no sangramento pós‐operatório de artroplastia total do joelho: estudo clínico 

randomizado [Comparison of two doses of intra-articular tranexamic acid on postoperative 

bleeding in total knee arthroplasty: a randomized clinical trial]. Braz J Anesthesiol. 

2020;70(4):318-324. doi:10.1016/j.bjan.2020.03.015 

 

28. Zhang X, Ma D, Pan J, Wen L. Effects of Different Applications of Tranexamic Acid on 

Perioperative Blood Transfusion Rate and Postoperative Pain in Unilateral Total Knee 

Arthroplasty. Adv Ther. 2021;38(2):1143-1154. doi:10.1007/s12325-020-01596-4 

 

29. Langar E, Haddad F, Ben Hadj Youssef A, Kammoun E, Saddem I, Mebazaa MS. 

Prevention of bleeding in total hip and knee replacement: Contribution of combined route 

in tranexamic acid administration. Tunis Med. 2025;103(2):225-232. Published 2025 Feb 

5. doi:10.62438/tunismed.v103i2.4991 

 



16 

30. Luo Y, Zhao X, Releken Y, Yang Z, Pei F, Kang P. Hemostatic and Anti-Inflammatory 

Effects of Carbazochrome Sodium Sulfonate in Patients Undergoing Total Knee 

Arthroplasty: A Randomized Controlled Trial. J Arthroplasty. 2020;35(1):61-68. 

doi:10.1016/j.arth.2019.07.045 

 

31. Huang X, Li F, Shi W, Liu W, Huang W, Yin D. Efficacy of perioperative cryotherapy 

combined with intra-articular injection of tranexamic acid in total knee arthroplasty. 

Medicine (Baltimore). 2023;102(29):e34381. doi:10.1097/MD.0000000000034381 

 

32. Liu CH, Chang CH, Chang YH, Shih HN, Hu CC. Topical Fibrin Sealant (Tisseel@) Does 

Not Provide a Synergic Blood-Conservation Effect with Tranexamic Acid in Total Knee 

Arthroplasty-A Prospective Randomized Controlled Trial. Medicina (Kaunas). 

2023;59(12):2078. Published 2023 Nov 26. doi:10.3390/medicina59122078 

 

33. Yen SH, Lin PC, Wu CT, Wang JW. Comparison of Effects of a Thrombin-Based 

Hemostatic Agent and Topical Tranexamic Acid on Blood Loss in Patients with 

Preexisting Thromboembolic Risk Undergoing a Minimally Invasive Total Knee 

Arthroplasty. A Prospective Randomized Controlled Trial. Biomed Res Int. 

2021;2021:2549521. Published 2021 Jan 14. doi:10.1155/2021/2549521 

 

34. Qin JZ, Wang SJ, Zheng XP, et al. Comparison of hemocoagulase atrox versus tranexamic 

acid used in primary total knee arthroplasty: A randomized controlled trial. Thromb Res. 

2020;188:39-43. doi:10.1016/j.thromres.2020.02.001 

 

35. Tripathy SK, Rao PB, Nanda SN, et al. Safety and efficacy of epsilon aminocaproic acid 

(EACA) as an antihemorrhagic drug in bilateral one stage total knee arthroplasty: A 

double-blind randomized controlled trial. Knee. 2020;27(1):229-234. 

doi:10.1016/j.knee.2019.09.019 

 

36. Tandogan RN, Polat M, Beyzadeoglu T, Karabulut E, Yildirim K, Kayaalp A. Topical co-

delivery of platelet rich fibrin and tranexamic acid does not decrease blood loss in primary 

total knee arthroplasty compared to the standard of care: a prospective, randomized, 

controlled trial. Knee Surg Sports Traumatol Arthrosc. 2021;29(2):519-528. 

doi:10.1007/s00167-020-05938-1 


