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Abstract

Total knee arthroplasty (TKA) is a surgical procedure that consists of replacing the weight-bearing surfaces of the
affected joint with a prosthesis, aiming at relieving pain and correcting deformities. Due to the inherent risk of venous
thromboembolism, drugs are used for its prophylaxis. This integrative literature review aimed to analyze the
complications involved in the use of tranexamic acid in patients undergoing total knee arthroplasty (TKA), specifically
the thromboembolic events that occurred. Studies were selected from PubMed, SciELO, Medline and Thieme electronic
databases. Eleven randomized clinical trials were included. The total number of patients included in the studies was
1.299 who underwent TKA. In total, seven thromboembolic events were recorded, thus occurring in 0.5% of the cases
analyzed. Thus, the safety of the use of tranexamic acid is proven, so that 99.5% of the patients did not present
thromboembolic events, with the index relative to positive cases being practically irrelevant. Thus, the concluion is that
the drug is safe and effective to be used in this surgical procedure, in order to minimize bleeding, rarely resulting in
thromboembolic events.

Keywords: Knee; Arthroplasty; Thromboembolism; Tranexamic acid.

Resumo

A artroplastia total do joelho (ATJ) é um procedimento cirlrgico que consiste na substituicdo das superficies de
sustentacdo de peso da articulagdo afetada por uma prétese, com o objetivo de aliviar a dor e corrigir deformidades.
Devido ao risco inerente de tromboembolismo venoso, drogas sdo utilizadas para sua profilaxia. Esta revisdo integrativa
da literatura teve como objetivo analisar as complicagdes envolvidas no uso do &cido tranexamico em pacientes
submetidos a artroplastia total do joelho (ATJ), especificamente os eventos tromboembolicos ocorridos. Os estudos
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foram selecionados nas bases de dados eletronicas PubMed, SciELO, Medline e Thieme. Onze ensaios clinicos
randomizados foram incluidos. O nimero total de pacientes incluidos nos estudos foi de 1.299 submetidos & ATJ. No
total, foram registrados sete eventos tromboembdlicos, ocorrendo assim em 0,5% dos casos analisados. Assim, fica
comprovada a seguranc¢a do uso do acido tranexamico, de modo que 99,5% dos pacientes ndo apresentaram eventos
tromboembdlicos, sendo praticamente irrelevante o indice relativo aos casos positivos. Assim, conclui-se que o farmaco
¢ seguro e eficaz para ser utilizado neste procedimento cirdrgico, a fim de minimizar o sangramento, raramente
resultando em eventos tromboembdlicos.

Palavras-chave: Joelho; Artroplastia; Tromboembolismo; Acido tranexamico.

Resumen

La artroplastia total de rodilla (ATR) es un procedimiento quirdrgico que consiste en sustituir las superficies de carga
de la articulacién afectada por una protesis, con el objetivo de aliviar el dolor y corregir las deformidades. Debido al
riesgo inherente de tromboembolismo venoso, se utilizan farmacos para su profilaxis. Esta revision integradora de la
literatura tuvo como objetivo analizar las complicaciones involucradas en el uso de acido tranexamico en pacientes
sometidos a artroplastia total de rodilla (ATR), especificamente los eventos tromboembdlicos ocurridos. Los estudios
se seleccionaron de las bases de datos electrénicas PubMed, SciELO, Medline y Thieme. Se incluyeron once ensayos
controlados aleatorios. EI nimero total de pacientes incluidos en los estudios fue de 1.299 que se sometieron a ATR.
En total se registraron siete eventos tromboembolicos, ocurriendo asi en el 0,5% de los casos analizados. Asi, queda
demostrada la seguridad del uso del acido tranexamico, de forma que el 99,5% de los pacientes no presentaron eventos
tromboembdlicos, siendo practicamente irrelevante el indice relativo a los casos positivos. Por lo tanto, se concluye que
el farmaco es seguro y eficaz para ser utilizado en este procedimiento quirdrgico, con el fin de minimizar el sangrado,
resultando raramente en eventos tromboembélicos.

Palabras clave: Rodilla; Artroplastia; Tromboembolismo; Acido tranexamico.

1. Introduction

Total knee arthroplasty (TKA) is a surgical procedure that consists of replacing the weight-bearing surfaces of the
publication with a prosthesis, in order to relieve pain and disability and change deformities. Due to bone cutting, soft tissue
manipulation and bone marrow violation, an average postoperative drop in hemoglobin of approximately 3g/dL and an estimated
300 to 1000mL of blood recovered postoperatively in drainage devices can be predicted (Padala et al., 2010; Roy et al., 2006).

Although the benefits of TKA are reduced from pain and improved function, there are also risks such as hemorrhage,
thromboembolic events and infection (Tille et al., 2019). The control of massive bleeding that occurs during total arthroplasty
has always been a difficult issue for surgeons, because blood loss can reduce antithrombin 111 levels and inhibit the endogenous
fibrinolytic system, allowing the formation and thrombus growth at all levels (Bredbacka et al., 1987; Eriksson et al., 1989;
Francis et al., 1988).

Tranexamic acid is an antifibrinolytic drug whose mechanism of action is through competitive inhibition of the
activation of plasminogen into plasmin, the main agent responsible for fibrinolysis, through the adhesion of the acid to the
binding sites of lysine in the plasminogen molecule, preventing that it binds to plasminogen activating factor (Bostrom et al.,
2013). As it is a synthetic fibrinolysis inhibitor, recent studies are proposing the use in knee arthroplasty. Considering this
scenario, strategies for the use of tranexamic acid aim to reduce the need for blood transfusion (Jeter et al., 1995).

However, there are still few studies regarding the complications of the use of this drug. There are some indices about
the occurrence of deep vein thrombosis (DVT), a complex and silent disease that can bring serious complications when not
treated quickly and properly. It consists of the formation of clots (thrombus) within a venous blood vessel with a consequent
inflammatory reaction of the vessel, which may result in total or partial venous obstruction, leading to the interruption of blood
flow (Albuquerque et al., 1997). The complication of this disease is pulmonary embolism (PE), in which one or more pulmonary
arteries are blocked by a blood clot, most often originating in the lower limbs, episodes that can occur after the administration
of tranexamic acid.

This study aimed to carry out a systematic review on the complications of the use of tranexamic acid in TKA surgeries,

more specifically, the DVT and PTE index after the use of the drug.
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2. Methodology

This study is an integrative review that is considered as a unique research on the health area, allowing an identification,
synthesis and carrying out a broad analysis in the literature on a specific theme (Silva et al., 2020). Therefore, the following steps
were used: delimitation of the guiding theme of the research, survey of publications based on literature analysis, classification
and analysis of the information found, criticism of the included studies, discussion of the results and analysis of the findings and
synthesis of the criticism (Souza et al., 2010).

This article was prepared from a review of the literature in the electronic databases PubMed, Scielo, Lilacs and Medline,
from 1999 to 2020. The keywords used were "tranexamic acid", "knee”, “arthroplasty" and "thromboembolic events”. Inclusion
criteria were articles referring to randomized clinical trials and prospective cohort studies, and the data analyzed referred to
patients of any sex or age. Exclusion criteria were articles published before 1999, those that referred only to the benefits of the
drug, those that compared tranexamic acid with another drug, and articles in which patients did not receive prophylactic
anticoagulation.

Adding up all the databases, 597 articles were found. After reading the titles, it was noted that 264 were repeated in the
different bases and another 237 did not meet the criteria of this study. A total of 96 articles were selected for reading the abstract,
excluding those that did not fit the purpose of this study, being limited only to the benefits of tranexamic acid. After reading the

abstracts, 22 articles were selected that met the initially proposed criteria and were read in full.

3. Results

In the final selection, only studies referring to randomized clinical trials were selected, resulting in 11 articles for the

study, as described in Table 1.

Table 1 - Selection of articles in the databases.

Identification Author Year Kind of study
1 Jansen et al. 1999 Randomized clinical trial
2 Orpen et al. 2006 Randomized clinical trial
3 Volquind et al. 2014 Randomized clinical trial
4 Zekcer et al. 2016 Randomized clinical trial
5 Spanyer et al. 2016 Randomized clinical trial
6 Santias et al. 2017 Randomized clinical trial
7 Lee et al. 2017 Randomized clinical trial
8 Huang et al. 2017 Randomized clinical trial
9 Wang et al. 2018 Randomized clinical trial
10 Zhang et al. 2019 Randomized clinical trial
11 Tille et al. 2019 Randomized clinical trial

Source: Authors.

They are present in the following journals: Clinical Orthopedics and Related Research, The Medicine, Brazilian
Vascular Journal, Journal of Bone and Joint Surgery, Journal of Knee Surgery, Brazilian Journal of Anesthesiology, European
Journal of Orthopedic Surgery and Traumatology, Journal of Thrombosis and Haemostasis and British Journal of Anaesthesia.
The main countries that developed the research were Brazil, the United States and China.

In the results that refer to the population studied, the individuals who participated in the initial evaluation and those who
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were effectively evaluated were taken as a basis, according to the proposed criteria.

For the analysis of thromboembolic results, in the articles that included a control group and a group treated with
tranexamic acid, only the events that occurred in the treatment group were considered, such as the number of participants and
the DVT and PE rates.

The total number of patients included in the 11 studies was 1.660 who underwent TKA, of which 1.135 were female
(68%) and 525 were male (32%). Of these patients, 467 received placebo and 1.193 received tranexamic acid. In the placebo
group, seven DVT and no PE were recorded (1.5%); in the treatment group, there were five DVT and one PE (0.5%). The
characteristics of the included studies are detailed in Table 2.

Table 2 - Specification of selected articles.

Identification Placebo group Acid treatment group
1 N=21: 18F e 3M N=21: 16F E 5M
DVT:0/PE: 0 DVT:0/PE: 0
2 N=14: 11F e 3M N=15: 15F e 8M
DVT:0/PE: 0 DVT:0/PE: 0
3 N=30: 21F e 9M N=32: 22F e 10M
DVT:0/PE: 0 DVT:0/PE: 0
4 N=26: 25F e 1M N=59: 14F e 45M
DVT:4/PE: 0 DVT:1/PE: 0
5 No placebo group N=104: 66F e 38M
DVT:0/PE: 0
6 N=115: 35F e 80M N=115: 74F e 41M
DVT:0/PE: 0 DVT:0/PE: 0
7 No placebo group N=376: 346F e 30M
DVT:0/PE: 1
8 N=50: 35F e 15M N=100: 34F e 66M
DVT:0/PE: 0 DVT:0/PE: 0
9 N=55: 36F e 19M N=220: 142F e 78M
DVT:0/PE: 0 DVT:0/PE: 0
10 N=55: 43F e 12M N=50: 39F e 11M
DVT:0/PE: 0 DVT:0/PE: 0
11 N=101: 65F e 36M N=101: 56F e 45M
DVT:3/PE: 0 DVT:4/PE: 0

N= number of participants, F= female, M= male. Source: Authors.

Positive results for thromboembolic events

Zekcer et al. (2016) recorded one case of DVT, which was observed in the topical group (in the gastrocnemius vein),
no cases in the intravenous group, and four cases in the placebo group (one in the popliteal vein and three in the gastrocnemius
vein). All these events were diagnosed by duplex ultrasound and the patients were all asymptomatic. These five patients were

medically treated by a vascular surgery specialist. The 30 patients in the “topical group” received a 1.5g solution of tranexamic
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acid (50mg/ml, Transamin®) diluted in 50ml of 0.9% saline solution, which was sprayed for 5 minutes before releasing the
tourniquet. The 30 patients in the “intravenous group” received 20mg/kg of medication, diluted in 100ml of 0.9% saline solution,
for a period of ten minutes, at the same time as the anesthesia administration. All patients received prevention of venous
thrombosis with elastic stockings and 40mg of enoxaparin sodium (Clexane®), administered subcutaneously, once daily, for ten
days.

Lee et al. (2017) registered only one patient in the intravenous-only group with symptomatic pulmonary embolism,
treated with low-molecular-weight heparin and warfarin without residual sequelae. Patients of the intravenous (1) only group
received intraoperatively weight-adjusted tranexamic acid (10 mg/kg) mixed in 100 mL of normal saline, 30 minutes before
tourniquet deflation; the same dose was repeated three hours after surgery. For patients assigned to the intra-articular only (1A)
group, 2.0 g of tranexamic acid in 30 mL of normal saline was injected into the joint after closure of the retinaculum and
quadriceps tendon. Patients in the low-dose combination group received an IA injection of 1.0 g of tranexamic acid in 30 mL of
normal saline, in addition to weight-adjusted 1V and postoperative administrations. Similarly, patients in the high-dose
combination group received an IA injection of 2.0 g of tranexamic acid in 30 mL of normal saline, in addition to intraoperative
and postoperative intravenous administration of tranexamic acid. All patients received thromboprophylaxis according to the
individualized approach protocol and were assessed preoperatively for risk of pulmonary embolism or bleeding and classified
into four risk-stratified categories.

Tille et al. (2019) recorded one proximal and three distal deep vein thrombosis within the treatment group. Within the
control group, three distal deep venous thromboses were observed. Patients received 2.0g (20 ml) of intra-articular tranexamic
acid using a standard syringe after closing the joint capsule. Postoperatively, they received an antithrombotic drug after a
standardized protocol. The medication consisted of rivaroxaban 10mg once daily, a direct Anti-Xa antagonist (Xarelto®) started
six to eight hours after the surgical procedure. Patients with pre-existing anticoagulation received as suggested by the angiologist,

usually low-molecular-weight heparin twice daily, using half the therapeutic dose omitting the immediate preoperative dose.

Negative results for thromboembolic events

Jansen et al. (1999) administered 15mg/kg of tranexamic acid to all patients 30min before tourniquet opening and
surgery, subsequently repeated every eight hours for three days. Routinely, all patients were treated with low-molecular-weight
heparin (Fraxiparin®) from the day before surgery until hospital discharge. To prevent intraoperative blood loss, a pneumatic
tourniquet was inflated after the leg had been elevated for five minutes and was released at the end of the surgery.

Orpen et al. (2006) administered 15mg/kg of tranexamic acid, intravenously, at the time the cement mixing started.
Standard thromboprophylaxis was started in all patients in the form of postoperative low-molecular-weight heparin (Fragmin®)
subcutaneously, according to existing practice. The drug was administered once a day from the night of surgery until discharge.

Volquind et al. (2014) administered 2.5 g of intravenous tranexamic acid, in a single dose, in 0.9% saline solution of
100 mL, five minutes before opening the pneumatic tourniquet. All patients received prophylaxis for deep vein thrombosis with
unfractionated heparin at a dose of 5000 1U subcutaneously every eight hours after the first dose applied before insufflation of
the pneumatic tourniquet and used compression stockings on both lower limbs for the subsequent seven days. the surgery.

Spanyer et al. (2016) administered to all patients 2.0g of topical tranexamic acid (Cyclokapron®) in 40mL of normal
saline applied directly to the surgical arthrotomy with the tissues bathed in the solution without disturbance for two minutes at
the end of the procedure, before releasing the patient. tourniquet. Chemical DVT prophylaxis was started with low molecular
weight heparin in all patients for 14 days after discharge.

Santias et al. (2017) treated the group with 2.0 g of topical tranexamic acid (Amchafbrin®) in 50 mL of normal saline
(0.9% sodium chloride solution) injected into the knee immediately before skin closure. Thromboembolic prophylaxis was
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started with low-molecular-weight heparin, administered for 30 days after discharge.

Huang et al. (2017) treated group A (n=50) with a tourniquet as well as intravenous tranexamic acid (20mg/kg) five to
ten minutes before the skin incision and three, six, 12, and 24 hours later (10mg/kg ) along with 1.0g of topical tranexamic acid
in 50mL of normal saline. Topical medication was administered intraoperatively after implantation of the component by means
of wound irrigation for five to ten minutes, after which the solution was aspirated. Group B (n=50) was treated in the same way
as group A, but without the tourniquet. In both groups, half-dose of enoxaparin (Clexane; 0.2 mL containing 2000 1U) was
administered subcutaneously six hours postoperatively and a full dose (0.4 mL containing 4000 1U) was administered at 24-hour
intervals until discharge. . After discharge, 10 mg of rivaroxaban was administered orally for ten days if no bleeding events
occurred.

Wang et al. (2018) treated group B (n=55) with 2.0g of oral tranexamic acid (500 mg, each tablet) two hours
preoperatively and then 1.0g of oral medication three hours later, postoperatively. operative and 1g of placebo after seven, 11
and 15 hours postoperatively. Group C (n=55) received 2.0g of oral tranexamic acid after two hours preoperatively and then 1.0g
of oral drug after three and seven hours postoperatively, together with 1.0g of placebo after 11 and 15 hours postoperatively.
Group D (n=55) received 2.0g of oral tranexamic acid after two hours preoperatively and then 1.0g of oral drug after three,
sevem and 11 hours postoperatively, along with 1.0g of placebo after 15 hours postoperatively. Group E (n=55) received 2.0g
of oral tranexamic acid after two hours preoperatively and then 1.0g of oral drug after three, seven, 11 and 15 hours
postoperatively. All patients received 1.5 g of tranexamic acid diluted in 50 mL of saline administered intra-articularly. All
patients also received chemical thromboprophylaxis with low molecular weight heparin. 2000 IU of Clexane was used at the
beginning, administered subcutaneously, after eight hours postoperatively and continued once a day (4000 1U) during
hospitalization. Finally, Rivaroxaban (10 mg, administered orally) was prescribed for 10 days after discharge.

Zhang et al. (2019) did not record postoperative cases of PE and DVT at 6-month follow-up. In all patients, 20mg/kg
of tranexamic acid was injected intravenously 15 minutes before tourniquet compression. To stop the bleeding, the tourniquet
was loosened and electrical coagulation was used after the prosthesis was installed. A periarticular injection of drug solution
(1.0g tranexamic acid, 20ml saline) comprising 5ml for the medial capsule, 5ml for the lateral capsule and 10ml for the soft
tissue around the quadriceps femoris. A 20ml tranexamic acid solution (1.0g drug + 20ml saline solution) was injected into the
joint cavity after the suture incision. All patients were injected with 1 ml of low molecular weight heparin subcutaneously
(Fraxiparin®) on the first day after surgery. After discharge, 10mg of Rivaroxaban (Xarelto®) was administered orally once

daily for up to five weeks after the operation.

4. Discussion

The total knee arthroplasty has a growing demand worldwide, due to the aging of the population, (Alves Janior et al.,
2010) and the main goals are pain relief and improvement of patient function. Several studies have analyzed the possibility of
an increase in thromboembolic events related to the use of tranexamic acid in patients undergoing orthopedic procedures, such
as arthroplasty. Due to these complications, a lot of doctors are wary of using this drug. The aim of the present study was to
analyze the complications involved in the use of the drug in patients undergoing TKA, specifically regarding the probable
occurrence of DVT and PE.

After analyzing the 11 selected articles, a sample of 1.660 submitted to TKA was registered, being 1.135 female (68%)
and 525 male (32%). Of these patients, 467 received placebo and 1.193 received tranexamic acid. In the placebo group, seven
DVT and no PE were recorded (1.5%); in the treatment group, there were five DVT and one PE (0.5%). Thus, the safety of the
use of tranexamic acid is proven, so that 99.5% of the patients did not present thromboembolic events and the index related to

positive cases is practically irrelevant, being rare. The likely explanation lies in the fact that tranexamic acid does not affect
6


http://dx.doi.org/10.33448/rsd-v11i15.37094

Research, Society and Development, v. 11, n. 15, e160111537094, 2022
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v11i15.37094

fibrinolytic activity in the vein walls and does not promote prothrombotic activity in the groups studied (Lee et al., 2017).

Furthermore, arthroplasty presents risks of thrombus formation by the physiological process of coagulation. The
mechanisms involved in this process, constituting the hemostatic system, must be regulated to simultaneously counteract
excessive blood loss and prevent the formation of intravascular thrombi, resulting from excessive fibrin formation (Franco,
2001). Tranexamic acid, being an antifibrinolytic, promotes greater clot stability. Several studies have reported that the
occurrence of thromboembolic events is even higher in patients who do not use acid, as in the article by Zecker et al. (2016), in
which four deep venous thrombosis were recorded in the group of patients who used placebo and one in the group who used
tranexamic acid.

In addition, there is a certain risk group in which the use of tranexamic acid is sought to be avoided, due to the greater
probability of thromboembolic events. Spanyer et al. (2017) include in the risk group patients with renal failure, those with a
history of thromboembolic disorders, such as stroke, myocardial infarction, previous deep vein thrombosis (DVT) or pulmonary
embolism (PE). Gali et al. (2017) also mention age over 60 years, obesity, use of oral contraceptives or patches, hormone
replacement therapy, varicose veins, inflammatory bowel disease and prolonged tourniquet time, if used in arthroplasty (Bin
Abd Razak et al., 2017).

It is possible to observe that the use of tranexamic acid after total knee arthroplasty is beneficial and effective when
combined with prophylactic anticoagulation. An example of this was the study by Razak et al. (2016), in which patients did not
receive prophylaxis, resulting in seven episodes of DVT and one episode of PE, a considerably higher number than in cases
where patients received such prophylaxis (Blanchard et al., 1999). Thus, it is assumed that prophylactic anticoagulation reduces
thromboembolic events, as seen in the selected articles, where such events occurred less frequently. In addition, studies that did
not use such prophylaxis were considered an exclusion criterion, as they raised questions about the origin of thromboembolic
events, since they could be the result of the use of tranexamic acid or the non-application of the aforementioned prophylaxis.

Proving the real efficacy of tranexamic acid in the control group, in which placebo was used, in a double-blind study of
557 patients, seven had DVT, a total of approximately 1.5%, a percentage three times higher than in the group in which the drug
was used.

Finally, there are some prophylaxis that can be used in this case. There are some studies that compare the efficiency
between mechanical and pharmacological methods. Blanchard et al. evaluated the occurrence of DVT in 108 patients after TKA,
with phlebography performed eight to 12 days after surgery (Blanchard et al., 1999). DVT prevention was performed in 60
patients with low molecular weight heparin (LMWH) and, in 48, mechanical prevention was performed with intermittent
pneumatic compression of the foot. In this case, 47 episodes of DVT were diagnosed in all patients, 16 (26.7%) in the LMWH
group and 31 (64.6%) in the mechanical prophylaxis group. In the study by Volquind et al. (2014), in which pharmacological
prophylaxis was used (unfractionated heparin 5000 IU subcutaneously every eight hours) associated with the use of compression
stockings for seven days in the perioperative period, there was no evidence of thromboembolic events in the patients studied.

Therefore, the efficiency of the combined use of mechanical methods with pharmacological prophylaxis is evident.

5. Conclusion

The studies included in this review showed that the majority (99.5%) of the patients did not develop DVT and PTE after
the use of tranexamic acid in total knee arthroplasty. Thus, we conclude that the drug is safe and effective to be used in this
surgical procedure, in order to minimize the bleeding that is predicted in this case, rarely resulting in thromboembolic events,
when not used in the risk group.

Finally, further studies on the proposed topic are recommended, in order to obtain as much scientific evidence as

possible and assist physicians in choosing the most appropriate and efficient conduct for total knee arthroplasty.
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