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ABSTRACT

Objective: To evaluate the efficacy of tranexamic acid in re-
ducing blood loss in total knee arthroplasty by examining the
existing literature. Method: This literature review investigated
the use of tranexamic acid in knee arthroplasty. The search was
performed in the Pubmed, Science Direct, Google Scholar, and
Lilacs databases over a 20-year period using the keywords:
“knee arthroplasty, tranexamic acid, and efficacy”. Only random-
ized clinical trials published between 2000 and 2016 in English,
Spanish, or Portuguese were accepted, and only trials which
scored above 3 on the Jadad scale were selected. Results: A
total of 7 randomized clinical trials met the inclusion criteria, with
a sample of 948 patients. Conclusion: The use of tranexamic
acid in total knee arthroplasty (unilateral or bilateral) reduces
perioperative and postoperative blood loss more than other
available antifibrinolytics. With this reduction in total blood loss
and the need for blood transfusions without any increase in side
effects, the use of tranexamic acid can be considered safe and
effective in controlling bleeding after knee arthroplasties. Level
of Evidence II; Systematic review.

Keywords: Tranexamic acid. Arthroplasty, replacement, knee.
Efficacy. Bleeding.

RESUMO

Objetivo: Avaliar a eficacia do acido tranexamico na redugéo da perda
sanguinea em artroplastia total de joelho com relagéo a literatura exis-
tente. Método: O presente artigo é uma reviséo da literatura a respeito
da utilizagao do &cido tranexamico nas artroplastias de joelho. A busca
foi realizada nas bases de dados do Pubmed, Science Direct, Google
Scholar e Lilacs com os descritores: “knee arthroplasty”, “tranexamic
acid”, and “efficacy”, ao longo de 20 anos. Foram aceitos apenas ensaios
clinicos randomizados, publicados entre o periodo de 2000 e 2016, nos
idiomas inglés, espanhol e portugués. Somente os ensaios graduados
acima de trés pela escala de Jadad foram selecionados. Resultados:
No total, sete ensaios clinicos randomizados satisfizeram os critérios de
inclusdo, com uma amostra de 948 pacientes. Concluséo: O uso do acido
tranexamico na artroplastia total do joelho, tanto uni quanto bilateral, reduz
a perda de sangue no peri e no pds-operatorio em comparagdo com
outros antifibrinoliticos usados. Com a redugéo da perda total de sangue
e da necessidade de transfusées sanguineas, sem qualquer aumento
dos efeitos colaterais, a utilizagdo do uso do acido tranexamico pode
ser considerada segura e eficaz no controle do sangramento depois de
artroplastias do joelho. Nivel de Evidéncia IlI; Revisao sistematica.

Descritores: Acido tranexamico. Artroplastia do joelho. Eficacia.
Sangramento.
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INTRODUCTION

Total knee arthroplasty (TKA) is a procedure which is subject to
a series of postoperative complications; excessive blood loss is
one of the main complications in the intraoperative and immediate
postoperative period, and is related to prolonged hospital stay,
increased hospitalization costs, and possible patient dissatisfaction.'
Blood loss in TKA may vary from 800 ml to 1800 ml, and 10-38%
of patients may require blood transfusions.?

Even when tourniquets are used in TKA, there is considerable
bleeding and this procedure may even be considered controversial.®

Zhang et al.* demonstrated that when the tourniquet is released,
fibronolysis is activated at the site, increasing blood loss.?

Alternatives are continuously being assessed to minimize intra-
operative and postoperative bleeding as well as complications.
These include the use of tranexamic acid (TA), epinephrine, fibrin
glue, Floseal hemostatic matrix, and transfusion. TA is gaining wide
attention from surgeons because of its low cost, easy access and
use, and is a medication which is widely known in the literature.®
Considering this scenario, studies on the clinical effectiveness of TA
in reducing blood loss during TKA are extremely important, since
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there is no consensus regarding the best application protocol or
dosage in the current literature.®

TA, which is a synthetic antifibrinolytic agent, contains the trans
isomer of 4-amino-carboxylic methyl cyclohexane (Transamin), a
synthetic derivative of the amino acid lysine,”8 which acts through
competition to inhibit the activation of plasminogen to plasmin. This
formula has a strong attraction to the site where lysine connects
to the plasminogen and plasmin, thus inhibiting the activation
and competing action of plasmin. Its action is primarily based on
slowing down the fibrinolytic process (it is a potent inhibitor of the
fibrinolytic action of plasmin) after clot formation, extending the time
of dissolution of the fibrin network, thus preserving the clot and
not resulting in the activation of the coagulation cascade. These
properties increase the efficiency of the hemostatic substance,
reducing the intensity and the risks of bleeding in surgical proce-
dures, trauma and diseases where bleeding is likely.”® TA has rapid
absorption of approximately 90% of an intravenous dose excreted
in the urine in 24 hours, a plasma half-life of approximately 2 hours,
and therapeutic levels maintained for 6-8 hours.>'°

Many techniques have been proposed to minimize blood loss and
the need for blood transfusions in TKA, and this review consequently
analyzes the effectiveness of TA in reducing blood loss in TKA and
compares it with other methods presented in the literature.

METHODS

This systematic review was performed according to the PRISMA
Statement protocol'" to select scientific articles analyzing the ef-
fectiveness of TA in primary knee arthroplasty. The search was
performed in the Pubmed, Medline, and Lilacs databases using the
keywords “knee arthroplasty, “tranexamic acid,” and “efficacy” over
a 20-year period. Only randomized clinical trials in English, Spanish,
or Portuguese were accepted. The pre-selected trials were graded
according to the Jadad scale® and only trials with scores over three
were selected. Since this is a review article, the institutional review
board approval for clinical studies was not necessary.

RESULTS

Using the keywords “knee arthroplasty,” “tranexamic acid,” and
“efficacy,” we obtained 31 articles from Pubmed, 27 articles from
Medline, and only 1 article from Lilacs, with a total of 59 articles to be
reviewed, as shown in Figure 1. After excluding duplicate articles, we
were left with 7 articles from Pubmed and Medline, and none from
Lilacs. (Table 1) The other articles were excluded because they did
not meet the pre-established inclusion criteria, i.e., a score above
three on the Jadad scale. The selected studies were summarized
and are shown in Table 2, while the type of intervention as well as
the dosage used in the studies are shown in Table 3.

The study by Aguilera et al." described a randomized clinical trial
(RCT) with 166 patients, who were separated into four groups by use
of fibrin glue, fibrinogen with troponin, and intravenous tranexamic
acid (IVTA), and the last group without any hemostatic mechanism
(control). These authors concluded at the end of the study that IVTA
can reduce blood loss in the postoperative period.

The study by Pachauri et al.® used a RCT with 99 patients receiving
two doses of IVTA: the first applied one hour before incision and
the second applied six hours after wound closure. After reviewing
the results, Pachauri et al.? concluded that IVTA can be regarded
as an effective method to control and minimize blood loss in TKA.
Kim et al."® performed a RCT with 326 patients: one group under-
going unilateral hip arthroplasty received more than one dose
(10 mg/kg) IVTA before deflation of the tourniquet during surgery
and again three hours after surgery, and a second group which
underwent bilateral arthroplasty received more than one dose

» o

31 articles found
in PUBMED

27 articles found] 1 article found

in MEDLINE

59 articles found

................... Duplicate articles
discarded
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after reading title
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Articles with
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3 on the Jadad
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7 articles
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full-text reading

Figure 1. Flowchart of results.

Table 1. Studies included in the review.

Author and Year

of Publication Location

Type of Study Sample

Pachauri et al.,? 2013 Lucknow, India Randomized clinical trial 99

Aguilera et al.,'> 2013 Barcelona, Spain | Randomized clinical trial | 172

Kim etal.,'* 2014 Gyeonggido, Korea | Randomized clinical trial | 326

Wong et al.,'* 2010 Toronto, Canada | Randomized clinical trial | 124

Roy etal.,’s 2012 New Delhi, India | Randomized clinical trial | 50

Kankar et al.,’® 2009 New Delhi, India | Randomized clinical trial 50

Randomized clinical trial | 127

Camarasa etal.,'” 2006 | Barcelona, Spain

Table 2. Table summarizing the results of the studies included in the review.

Author Procedure ) Type o.f Resuls
intervention
Pachauri Total knee Tranexamic acid Reduction in
etal.?2013 arthroplasty hemoglobin drop
Fibrin glue,
Aguilera Total knee .flbrlnogen. Less blood loss when used
1 with thrombin, S
etal.,'»2013 arthroplasty ) tranexamic acid used
intravenous
tranexamic acid
Reduction in total blood loss
Kim etal. Total knee when tranexamic acid used,
2014 " |arthroplasty, bilateral| Tranexamic acid | reduction in rate of blood
and unilateral transfusion varies according
to procedure performed
Wong Total knee Tranexamic acid Reduction in postoperative
etal.,' 2010 arthroplasty hemorrhage
Roy et al. 5 Total knee Reduction in blood
yZO 12 K arthroplasty, Tranexamic acid transfusion when
unilateral tranexamic acid used
Kankar Total knee Reduction in total blood loss
etal. 162009 arthroplasty, bilateral| Tranexamic acid | and blood transfusion rate
v and unilateral when tranexamic acid used
Camarasa am:)l Ig:te Tranexamic acid Reduction in total blood
etal.,'7 2006 unilar:eralyy loss and blood transfusion
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Table 3. Tranexamic acid dose and method of application.

Author and Year

of Publication Type of intervention

2 doses of tranexamic acid, injection, first dose one

1 8
Pachauri etal.” 2013 hour post-procedure and six hours post-procedure

Fibrin glue, fibrinogen with troponin,

Aguilera etal.,2 2013 . o
intravenous tranexamic acid

More than one dose (10 mg.kg™) of tranexamic

i 13
Kim et al. ™ 2014 acid before deflation of the tourniquet

Tranexamic acid 1.5 to 3.0g applied in the

14
Wong etal.,™ 2010 joint for five minutes at the end of surgery

Tranexamic acid 5ml, applied in the

15
Roy etal.>2012 joint after the procedure

Tranexamic acid 10 mg.kg applied shortly
before inflation of the tourniquet, followed by
1 mg.kg"" until the end of the procedure

Kankar et al.,’® 2009

Intravenous tranexamic acid 10 mg.kg™' applied shortly
before deflation of the tourniquet and three hours later,
or use of epsilon aminocaproic acid 100 mg.kg™*

Camarasa et al.,' 2006

(10 mg/kg) before deflation of the tourniquet. This study conclud-
ed that the use of IVTA significantly reduced blood loss, but the
transfusion rate may vary depending on whether the procedure is
unilateral or total arthroplasty.

Wong et al'* published a study based on a RCT with 124 patients
who received 1.5 or 3.0g of TA in 100ml of saline solution or an
equivalent volume of placebo applied in the joint at the end of
the surgery. They concluded that the use of TA reduces bleeding
and increases hemoglobin levels after the procedure compared
with the placebo.

Roy et al.'® conducted a RCT with 50 patients in two groups: the
first group received TA topically applied to the joint through infusion
via suction drain after skin closure, and the second group (control)
received intra-articular application of saline as a placebo. After
analysis of the results, the authors concluded that TA reduced
postoperative bleeding by almost half in patients undergoing TKA,
reducing the need for blood transfusion in these patients.

Kakar et al.'® conducted a RCT with 50 patients divided into four
groups according to procedure, with bilateral and unilateral hip
arthroplasty, and their respective control groups. A test dose of 1
ml was used, then a dose of 10 mg.kg™ IV followed by an infusion of
1 mg.kg1hr' of TA after skin closure. The control groups received
an equivalent amount of saline. Kakar et al.'® concluded that the
use of TA significantly reduced blood loss when compared with
the control groups.

In 2006, Camarasa et al.'” conducted a RCT with 127 patients
divided into two groups, one using IVTA shortly before deflating the
tourniquet and three hours after the end of the procedure in the first
group, and a control group, which received epsilon aminocaproic
acid (EACA). In the conclusion of the article, these authors described
a significant reduction in blood loss when antifibrinolytic agents
were used in patients undergoing TKA, along with a reduction in
the number of blood transfusions.

DISCUSSION

In previous reviews, Kim et al."® found 28 RCTs, Zhang et al.* reviewed
15 RCTs with a total of 842 patients, and Panteli et al.'® found 7
articles in their review. The present review, which includes seven
articles analyzing a total sample of 948 patients, also demonstrated
the positive effects in reducing bleeding in TKA, decreased the
need for blood transfusions, and low rates of complications when
using tranexamic acid.
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Aguilera et al.'”” analyzed 172 adult patients undergoing TKA for the
first time. Their study investigated the efficacy of IVTA and fibrin glue
(FG), comparing two types of FG with TA. The first group used FG
from the Catalonia tissue bank, the second group used Tissucol
(fibrinogen, aprotinin, and thrombin; Baxter AG, Vienna, Austria), a
third group used TA, and a fourth group was a control. The results
of this study showed lower blood loss in the group which used TA
as hemostasis than in the groups that used the two types of FG
and the control. No complications were reported from the use of
hemostatic agents. The numbers of patients in each group were
small in this study, which may have influenced the results observed.
Pachauri et al.8conducted a RCT with a total of 99 patients to eval-
uate the efficacy of TA in reducing intraoperative and postoperative
bleeding in knee arthroplasties, and concluded that there was a
significant reduction in hemoglobin drop in these patients.

In 2013, Kim et al.™® performed another RCT to analyze the efficacy
of TA in reducing blood loss and transfusion rates in unilateral
TKA (UTKA) and bilateral TKA (bTKA). They included 180 patients
who underwent uTKA and 146 patients who underwent bTKA. The
results showed that TA use decreased the total blood loss, but its
effects on transfusion rate may vary; the transfusion rate decreased
when TA was used during bTKA, but there was no effect in uTKA.
Like Kim et al.,'® Kakar et al.'® conducted a similar study, but with
24 patients who underwent UTKA and 26 patients who underwent
bTKA. This study also found reduction in blood loss in both groups,
although this reduction was more significant in patients who
underwent bTKA. The authors also concluded that the use of
TA led to a reduction in postoperative blood transfusions in both
groups. This aspect differs from the conclusion by Kim et al.,'®
which only demonstrated this reduction in patients who underwent
the bilateral procedure. This divergence may be related to sample
size. The protocol for application and dosage of TA also differed
significantly between the studies. Other studies included in this
review with similar results corroborated the findings of Kakar et al.'®
The analysis conducted by Roy et al.'® involving 50 patients who
underwent uTKA evaluated the efficacy of topical intra-articular
TA in reducing blood loss during the postoperative period when
compared with the control group. Roy et al.'® found a similar
reduction in blood transfusion in patients who underwent uTKAu,
like Kakar et al.'® The parameters used in this analysis were drop
in hemoglobin and hematocrit. The results showed that the control
group received six times more blood transfusions than the group
that received TA.

Like Kakar et al.,'® Kim et al.,”® and Roy et al.,'® Camarasa et al.,'”
obtained similar results. Based on a study with 127 patients,
Camarasa et al.'” evaluated the efficacy of fibrinolytics during
treatment, in this case TA, to reduce perioperative blood loss
during uTKA, and concluded that antifibrinolytics significantly
decrease blood loss in patients undergoing TKA, which is reflected
in a reduced number of blood transfusions.

In a study of 124 patients undergoing TKA, Wong et al.'* analyzed
topical use of TA directly in the knee joint, and demonstrated that
topical application of TA can reduce postoperative hemorrhage by
approximately 20-25%.

The limitations of this review include a wide divergence of protocols
of use, dose, and time of administration of TA. A small number of
studies were used, because of the design (RCT) and the use of
this medication in only TKA. The total number of patients analyzed
was suitable for a review study. Patient follow-up in the studies
evaluated was also short, and new RCTs with longer follow-up are
necessary; these should investigate the occult bleeding rate, as
well as the occurrence of late complications such as deep venous
thrombosis (DVT) and pulmonary embolism (PE)."®
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The studies found did not permit a conclusion as to whether in-
travenous application is better than topical in terms of effective-
ness. The choice between the two methods can be based on the
surgeon’s preference, considering that the rate of complications
did not increase when IVTA was used in comparison with topical
application. The main complications such as DVT, pulmonary
embolism, stroke, or acute myocardial infarction are not greater
with IVTA than with topical use of this medication, and adverse
effects also are not more likely. As a result, this review and others
found in the literature>+2%2" allow us to conclude that TA is an
effective medication for controlling bleeding in knee arthroplasty
procedures, regardless of how it is applied.

CONCLUSION

After analysis and comparison of the studies included in this review,
we can conclude that the use of tranexamic acid in total knee
arthroplasty (whether unilateral or bilateral) significantly reduces
blood loss in the perioperative and postoperative periods when
compared to other antifibrinolytic agents, and no difference was
seen between intravenous or topical application. Because of this
reduction in total blood loss and the reduced rate of hemoglobin
and hematocrit as well as blood transfusion, and no increase in
adverse effects, TA can be considered safe to use. The use of TAas a
hemostasis mechanism can reduce costs, decrease hospitalization
time, and avoid the need for blood transfusions.
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