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ABSTRACT

INTRODUCTION: Major elective orthopedic surgery is often associated with blood loss, requiring the need
for blood transfusion. A possible pharmacological option to reduce surgical blood loss in total arthroplasty
is the use of tranexamic acid. The objective of the study was to undertake a meta-analysis investigating
the effects of tranexamic acid on knee arthroplasty.

MATERIAL AND METHODS: The study was designed as a systematic review and meta-analysis. The PubMed, Cen-
tral, Web of Science, and Scopus databases were searched up to March 23, 2022, to identify randomized con-
trolled trials concerning tranexamic acid (TXA) administration during knee arthroplasty. Overall and stratified
pooled odds ratios (ORs) or mean differences (MDs) with their 95% confidence intervals (Cis) were obtained.

RESULTS: Fifty-two articles were included. Pooled analysis showed that hemoglobin changes in TXA group
was 3.4 = 3.1, compared to 4.03 £ 2.62 for non-TXA group (MD = —1.30; 95% Cl: -1.57 to -1.03;
12 = 99%; p<0.001). Total blood loss was reported in 31 trials and was statistically significantly lower in the
TXA group compared to non-TXA (MD = -391.51; 95% Cl: —454.29 to —328.73; p < 0.001). Intraoperative
blood loss was lower when using TXA rather than non-TXA (MD = —32.10; 95% CI: —50.63 to —13.58;
p < 0.001). 24-hours blood loss from the drain was also lower with TXA than with placebo (MD = —228.68;
95% Cl: —293.31 to —164.05; p < 0.001). The above dependencies also applied to the intravenous as well
as topical application of TXA. Blood transfusion was performed in 11.2% of patients from TXA group, com-
pared to 34.3% of patients treated with placebo (OR = 0.16; 95% Cl: 0.11 to 0.22; p < 0.001). Deep vein
thrombosis (DVT) was observed in 4.6% of patients treated with TXA, compared to 5.8% of patients treated
with placebo (OR = 0.81; 95% Cl: 0.49 to 1.35; p = 0.42) and pulmonary embolism was 0.5% in TXA group
and 1.4% in placebo group (OR = 0.44; 95% Cl: 0.15 to 1.36; p = 0.15).

CONCLUSIONS: Tranexamic acid is effective and safe in reducing blood loss, the requirement for blood trans-
fusion, and drain output in patients undergoing knee arthroplasty.
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INTRODUCTION
Tranexamic acid is an antifibrinolytic drug that can
significantly reduce blood loss in the perioperative
period in the case of total primary knee arthro-
plasty [1]. In the light of current research, its use is
important in reducing intraoperative bleeding and
the need for blood transfusion in the postoperative
period in patients undergoing total knee arthroplas-
ty [2]. The use of tranexamic acid in the perioper-
ative period does not increase the risk of adverse
thromboembolic complications [1, 3]. In selected
groups of patients, the use of TXA without the use
of a tourniquet gives comparable results in terms
of reducing the risk of bleeding during surgery as
the use of only a tourniquet [4]. Moreover, the use
of TXA alone without the use of a tourniquet leads
to the occurrence of smaller limb edema in the
postoperative period, a greater range of mobility
of the operated jointly at discharge from the hospi-
tal, and increased patient satisfaction [4]. There are
no unambiguous recommendations regarding the
dosage of the drug or the route of administration,
however, intravenous distribution seems to have ad-
vantages over oral or infiltration [2]. The results of
some studies indicate that the effectiveness of both
intravenous and local administration is comparable,
taking into account the total blood loss, including
drainage, the control level of hemoglobin 24 hours
after the procedure, and the incidence of com-
plications, including infectious complications [5].
The most promising seems to be the simultaneous
local and intravenous administration of TXA [6], as
well as local and intra-arterial administration [7],
however, there are no clear guidelines as to the dos-
age or timing of drug administration [6]. When trying
to determine a safe dose of tranexamic acid, the po-
tential cytotoxic effect on articular cartilage, tendons
and synovium should be taken into account, how-
ever, doses up to 20 mg/mL seem safe. There is evi-
dence that caution should be exercised with intra-ar-
ticular administration of TXA and long-term obser-
vations with topical administration [8]. According to
the current state of knowledge, the incidence of
complications is rare. However, tranexamic acid
should not be administered to patients with recent
bleeding from the urinary tract, pulmonary embo-
lism, or myocardial infarction, after percutaneous
transluminal coronary angioplasty (PTCA) or after
stent implantation, as well as in patients with a his-
tory of epilepsy [9]. In patients with the above-men-
tioned risk factors, other methods of limiting periop-

erative blood loss, including clamping the tube for
a period of 3 hours, should be considered. Moreover,
the combined use of temporary clamping of the
tube and intra-arterial administration of tranexamic
acid should be considered in patients with a high
risk of bleeding or in the group of patients with
the lateral release of the patella patellar in order to
reduce complications of surgical site healing [10].

The objective of the study was to undertake a me-
ta-analysis investigating the effects of tranexamic
acid on knee arthroplasty.

MATERIAL AND METHODS
The study was designed as a systematic review
and meta-analysis and was performed according to
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement [11].

Search strategy

We searched PubMed, Central, Web of Science, and
Scopus databases (from inception to 23 March 2022).
The search was performed using the following terms:
“TXA" or “TA" or "tranexamic acid” and "knee”
and “arthroplasty” or “replacement”.

Study selection
Two reviewers (J.P. and M.P) independently deter-
mined whether eligible studies met the following
PICOS criteria: (1) Population: adult patients treated
with knee arthroplasty; (2) Intervention: treated with
tranexamic acid; (3) Controls: patients without TXA;
(4) Outcomes: operation time, length of hospital stay,
blood loss and adverse events concerning to TXA ad-
ministration; (5) Studies: randomized controlled trials.
Exclusion criteria were as follows: reviews,
non-randomized studies, animal studies, editorials,
letters, case reports, conference or poster abstracts,
or articles not containing original data.

Data extraction

The initial and full-text reviews and data extrac-
tion from the included studies were performed
independently by two reviewers (J.P. and M.A-L.).
Any discrepancies were resolved by discussion with
the third review (L.S.), and a decision was reached
by consensus. Data were collected using a prede-
signed form. For each study, the following informa-
tion was extracted: the last name of the first author,
year of publication, country of publication, study
design, inclusion and exclusion criteria, TXA dose,
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and patient characteristics in each group (number
of patients, age, sex male), outcomes (i.e. operation
time, length of hospital stay, adverse events type,
blood loss parameters, need of transfusion).

Assessment of risk of bias

The methodological quality of the studies that met
the selection criteria was appraised by two of the
researchers independently (J.P, M.P) to assess
the risk of bias using the revised tool for risk of bias
in randomized trials (RoB-2 tool) [12]. The risk of
bias assessments was visualized using the Robvis
application [13].

Statistical analysis

The Review Manager, version 5.4 EN (RevMan;
The Cochrane Collaboration, Oxford, UK) was used
to perform data analysis. The results are presented
as forest plots using odds ratios (ORs) for dichoto-
mous data and the mean difference (MD) for con-
tinuous data with 95% confidence intervals (Cls).
The heterogeneity was tested using I* percentag-
es to consider the impact potential heterogeneity
would have on the meta-analysis. When there was
heterogeneity across studies (I > 50%), the ran-
dom effect model was used, whereas the fixed-ef-
fect model was used.

RESULTS
Study characteristics
Our initial searches identified 1043 articles. After du-
plicate removal, 729 articles were screened based
on titles and abstracts. 93 articles were eligible for
full-text assessment. Finally, 52 articles were included
[14-65]. Figure 1 depicts the PRISMA flow chart of
the literature search and article selection. Figure S1
and S2 (see Supplementary file) show the assessment
of the risk of bias, agreed on by three reviewers of the
individual studies using the Cochrane Collaboration’s
tool for assessing the risk of bias.

Bleeding outcomes

Hemoglobin changes in 24 hours after surgery was
reported in 20 trials. Pooled analysis showed that
hemoglobin changes in TXA group was 3.4 + 3.1,
compared to 4.03 = 2.62 for non-TXA group
[MD = —1.30; 95% Cl: —1.57 to —1.03; I = 99%;
p < 0.001 (Fig. 2)]. Subgroup analysis concerning
to type of TXA administration showed that the use
of TXA compared to non-TXA was associated with
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FIGURE 1. Meta-analysis flow chart of included and excluded
studies

a statistically significantly lower decrease in hemo-
globin levels both in terms of intravenous adminis-
tration (4.15 = 3.98 vs 4.36 = 4.06, respectively;
MD = —1.54;95% Cl: —1.891t0 —1.19; p < 0.001)
as well as in topical administration [2.4 = 0.96 vs
3.1 =1.3; MD = —-0.78; 95% Cl: —1.03 to —0.54;
p < 0.001 (Fig. S3, see Supplementary file)].

Total blood loss was reported in 31 trials and
was statistically significantly lower in the TXA
group compared to non-TXA [MD = —391.51;
95% Cl: —454.29 to —328.73; p < 0.001 (Fig. 3)].
When analyzed in subgroups, applying TXA ver-
sus placebo-treated group showed a significant re-
duction in total blood loss for both intravenous
(MD = —381.82; 95% CI: —461.48 to —302.15) and
topical method of administration [MD = —436.21;
95% Cl: —511.54 to —360.89; p < 0.001 (Fig. 54,
see Supplementary file)].

Analysis of 14 trials showed that intraopera-
tive blood loss was statistically lower when using
TXA rather than non-TXA [MD = —32.10; 95% Cl:
—50.63 to —13.58; p < 0.001 (Fig. 4)]. Significant
reductions in intraoperative blood loss have been
observed with the intravenous administration of TXA
compared to non-TXA treatment (MD = —31.12;
95% Cl: —60.32 to —1.93; p = 0.04). A similar
relationship was observed with the topical adminis-
tration of TXA [MD = —28.41; 95% Cl: —49.98 to
—6.84; p = 0.01 (Fig. S5, see Supplementary file)].
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TXA Non-TXA Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
Digas 2015 2.25 0.2 60 2.8 0.14 30 6.5% -0.55 [-0.62, -0.48] -
Fernandes Guerreir 2017 1.04 0.6 22 1.6 1 21 5.4% -0.56 [-1.06, -0.06] =
Georgiadis 2013 25 0.8 50 33 1.2 51 5.7% -0.80 [-1.20, -0.40]
Guzel 2016 1.26 0.13 50 2.02 0.09 50 6.6% -0.76 [-0.80, -0.72] L
Huang 2017 2.3 0.49 50 3.71 0.95 50 6.1% -1.41[-1.71, -1.11] =
Kim 2013 4 14 163 44 14 163 6.1% -0.40 [-0.70, -0.10]
Kyriakopoulos 2019 2.55 1 83 332 1.43 41 5.4% -0.77 [-1.26, -0.28] —_——
Lee 2013 2 0.9 36 22 09 36 5.7% -0.20 [-0.62, 0.22] =T
Lee 2017 1.7 0.8 94 25 0.9 95 6.2% -0.80 [-1.04, -0.56] -
Liu 2018 94 32 150 7.6 4.8 74 2.8% 1.80 [0.59, 3.01] —_——
Macgillivray 2011 55 2.8 40 22 0.7 20 3.7% -16.50[-17.42, -15.58] ¢
Morales Santias 2020 23 0.7 115 2.8 0.9 115 6.3% -0.50[-0.71, -0.29] -
Motififard 2015 1.89 0.06 45 2.67 0.09 45 6.6% -0.78 [-0.81, -0.75] L
Onodera 2012 2.2 1.11 50 3.11 1.26 50 5.5% -0.91 [-1.38, -0.44] —_
Orpen 2006 23 13 15 26 13 14 3.6% -0.30 [-1.25, 0.65] _
Sa-ngasoongsong 2013 22 0.7 90 29 1.2 45 5.8% -0.70 [-1.08, -0.32] —_
Shen 2015 23 96 41 23 3.6 40 0.7% 0.00 [-3.14, 3.14]
Sun 2017 22 06 45 3.5 0.8 45 6.1% -1.30 [-1.59, -1.01] =
Wong 2010 33 1.3 64 52 13 35 5.2% -1.90 [-2.44, -1.36] =
Total (95% CI) 1263 1020 100.0% -1.30 [-1.57, -1.03] ®

Heterogeneity: Tau® = 0.29; Chi® = 1245.53, df = 18 (P < 0.00001); I* = 99%
Test for overall effect: Z = 9.47 (P < 0.00001)
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FIGURE 2. Forest plot of Hemoglobin changes in 24-hours after surgery among TXA and non-TXA groups. The center of each square
represents the weighted mean differences for individual trials, and the corresponding horizontal line stands for 95% CI. The diamonds
represent pooled results

TXA Non-TXA Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Rand: 95% ClI 1V, Rand 95% ClI
Aguilera 2015 918.5 420.2 95 1,415.72 595.11 48 2.9% -497.22 [-685.59, -308.85] ¢
Alshryda 2013 919 487 64 1,725 823 61 2.5% -806.00 [-1044.52, -567.48] ¢
Antinolfi 2013 576.75 226.7 20 915.25 193.8 20 3.4% -338.50[-469.21, -207.79] ¢
Benon 1996 486.3 224 35 1,143.8 457.7 39 3.1% -657.50[-819.18, -495.82] ¢
Camarasa 2006 1,095 473 35 1,784 660 60 2.6% -689.00[-918.01, -459.99] ¢
Chen 2016 1,739.5 609.1 60 2,392.9 538.8 60 2.8% -653.40[-859.17, -447.63] ¢
Digas 2015 1,014.5 118.4613 60 1,455 116 30 3.9% -440.50 [-491.70, -389.30] ¢
Drosos 2016 1,085.785 217.0471 60 1,342.49 363.04 30 3.3% -256.70[-397.75, -115.66] ¢
Engel 2001 736.3 2179 12 836.3 324.8 12 2.7% -100.00 [-321.29, 121.29] * >
Georgiadis 2013 940.2 327.1 50 1,293.1 532.7 51 3.1% -352.90[-524.93, -180.87] ¢
Good 2003 1,043.5 1443 27 1,491 243.1 24 3.5% -447.50[-558.95, -336.05] ¢
Hippala 1995 847 574 15 1,549 574 13 1.4% -702.00 [-1128.31, -275.69] ¢
Huang 2017 7345 274.2 50 1,584.3 4143 50 3.3% -849.80[-987.51, -712.09] ¢
Jansen 1999 678 352 21 1,419 607 21 2.1% -741.00 [-1041.11, -440.89] ¢
Kim 2013 1,074.1 356.3 163 1,179.9 380.5 163 3.7%  -105.80[-185.82,-25.78] +————
Kundu 2015 146 33.7 30 577.67 155.07 30 3.8% -431.67 [-488.46, -374.88] ¢
Lal Gautam 2011 443 134.48 20 985.25 220.4 20 3.5% =542.25[-655.40, -429.10] ¢
Lee 2017 398 186 94 626 265 95 3.8% -228.00[-293.22,-162.78] ¢
Liu 2018 547.2 139 150 697.51 176.63 74 3.9% -150.31[-196.29, -104.33] ¢
Macgillivray 2011 570 294.3 40 918 549 20 2.4%  -348.00 [-605.31, -90.69]
Maniar 2012 816.5 287.9 80 1,097 674.2 40 2.7% -280.50 [-498.75, -62.25] ¢—
Molloy 2007 1,225 499 50 1,415 416 50 3.0% -190.00 [-370.07,-9.93] &
Morales Santias 2020 620.3 277.3 115 1,094.8 279.7 115 3.8% -474.50 [-546.49, -402.51] ¢
Onodera 2012 380.4 271.2 50 676.4 306.2 50 3.5% -296.00[-409.38, -182.62] ¢
Orpen 2006 660 94.7 15 726 102 14 3.8% -66.00 [-137.77,5.77] ¢
Shen 2015 958.4 191.8 41 1,172.6 466.3 40 3.2% -214.20 [-370.18, -58.22] ¥———
Shinde 2015 295 218 14 482 186 14 3.2% -187.00[-337.11,-36.89]
Sun 2017 877.31 91.83 45 1,296.94 207.99 45 3.8% -419.63 [-486.06, -353.20] ¢
Wong 2010 1,249.9 85.5 64 1,609.5 745 35 3.9% -359.60[-391.97, -327.23] ¢
Zhang 2019 850.79  226.44 57 1,128.66 279.38 59 3.6% -277.87[-370.27,-185.47] ¢
Zhang 2021 2,328.82 108.91 50 2,875.01 107.39 52 3.9% -546.19 [-588.18, -504.20] ¢
Total (95% CI) 1682 1435 100.0% -391.51 [-454.29, -328.73] <

Heterogeneity: Tau? = 25905.35; Chi? = 440.67, df = 30 (P < 0.00001); I* = 93%
Test for overall effect: Z = 12.22 (P < 0.00001)
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FIGURE 3. Forest plot of total blood loss among TXA and non-TXA group. The center of each square represents the weighted mean dif-
ferences for individual trials, and the corresponding horizontal line stands for 95% ClI. The diamonds represent pooled results

24-hours blood loss from the drain was lower
with TXA than with placebo [MD = —228.68; 95%
Cl: —293.31 to —164.05; p < 0.001 (Fig. 5)]. Sim-
ilar relationship of occurrence during the subgroup
analysis of intravenous TXA (MD = —243.25; 95%
Cl: —316.36 to —170.14; p < 0.001) as well as
topical administration [MD = —202.89; 95% Cl:

—307.32 to —98.46; p < 0.001; (Fig. S6 , see Sup-
plementary file)].

Blood transfusion was performed in 11.2% of
patients from TXA group, compared to 34.3%
of patients treated with placebo [OR = 0.16; 95% Cl:
0.11100.22; p < 0.001 (Fig. 6)]. Subgroup analysis
showed that IV TXA compared to placebo was asso-
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TXA Non-TXA Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Aguilera 2015 172.2095 140.4869 95 538.06 301.26 48 3.9% -365.85 [-455.64, -276.06] ¢
Alipour 2013 364.6 165.1 26 588.8 193 27 3.9% -224.20[-320.78, -127.62] ¢
Alshryda 2013 297 196 64 465 298 65 3.9% -168.00 [-254.91, -81.09] +—
Alvarez 2019 392 376 11 518 339 11 2.2% -126.00 [-425.17, 173.17] ¢ >
Bidolegui 2014 363.4 141 25 626 260 25 3.7% -262.60 [-378.54, -146.66] ¢
Bradshaw 2012 476.8 86.9 26 724.8 99 20 4.1% -248.00 [-302.76, -193.24] ¢
Chen 2016 245.3 126.4 60 613.4 263.1 60 4.0% -368.10[-441.96, -294.24] ¢
Chiang 2019 56.1 34.1 152 80.1 48 152 4.2% -24.00 [-33.36, -14.64] ==
Digas 2015 156.5 40.5021 60 415 24 30 4.2% -258.50[-271.87,-245.13] ¢
Emara 2014 632.5 30.9673 40 1,100 30 20 4.2% -467.50[-483.78, -451.22] ¢
Good 2003 421.8 73.6 27 800.8 134.8 24 4.1% -379.00[-439.66, -318.34] ¢
Guzel 2016 174.48 128 50 760 145 50 4.1% -585.52[-639.13, -531.91] ¢
Huang 2017 168.5 72.5 50 3214 121.9 50 4.2% -152.90[-192.21, -113.59] ¢
Keyhani 2016 414  44.5942 80 494 73 40 4.2% -80.00 [-104.64, -55.36] +———
Kim 2013 55 74.7 163 153.8 184 163 4.2% -98.80 [-129.29, -68.31] +—
Kim 2021 278.5 198.2 254 258 110.8 64 4.2% 20.50 [-15.98, 56.98] —
Lee 2013 191 145 36 462 225 36 3.9% -271.00 [-358.44, -183.56] ¢
Lee 2017 154 77 94 203 77 95 4.2% -49.00 [-70.96, -27.04]
Maniar 2012 256 171.7 80 500 184.1 40 4.1% -244.00[-312.34,-175.66] ¢
Oztas 2015 357.7 142.4 60 777.43 249.46 30 3.9% -419.73 [-515.99, -323.47] ¢
Sa-ngasoongsong 2013 0 0 0 V) 0 0 Not estimable
Shen 2015 195.3 98.6 41 3413 1118 40 4.2% -146.00 [-191.95, -100.05] ¢
Volquind 2016 552.81 107 32 740.16 205 30 4.0% -187.35[-269.54, -105.16] ¢
Zhang 2021 179.08 7.72 50 187.08 8.06 52 4.2% -8.00 [-11.06, -4.94] =
Zohar 2004 213.5 57.2 40 444 143 20 4.1% -230.50[-295.63, -165.37] ¢
Alvarez 2008 170 109 46 551 352 49 3.8% -381.00[-484.47, -277.53] ¢
Total (95% CI) 1662 1241 100.0% -228.68 [-293.31, -164.05] «

Heterogeneity: Tau? = 25597.10; Chi? = 5137.02, df = 24 (P < 0.00001); I> = 100%
Test for overall effect: Z = 6.93 (P < 0.00001)
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FIGURE 4. Forest plot of intraoperative blood loss among TXA and non-TXA group. The center of each square represents the weighted
mean differences for individual trials, and the corresponding horizontal line stands for 95% Cl. The diamonds represent pooled results

TXA Non-TXA Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Chen 2016 486.7 138.3 60 592.5 170.5 60 5.2% -105.80[-161.35, -50.25] +——
Digas 2015 260 35.0411 60 277 22 30 9.5% -17.00 [-28.86, -5.14] —
Engel 2001 231 115.5 12 161.5 433 12 4.1% 69.50 [-0.29, 139.29] »
Hippala 1995 428 254 15 415 244 13 0.9% 13.00 [-171.70, 197.70] + >
Huang 2017 144.8 80.1 50 154 549 50 8.2% -9.20 [-36.12, 17.72] —_—T
Kundu 2015 40.83 25.87 30 139.67 57.28 30 8.6% -98.84[-121.33,-76.35] +——
Liu 2018 176.79 32.8 150 181.39 35.2 74 9.6% -4.60 [-14.19, 4.99] =T
Orpen 2006 220 50.8 15 144.3 60.9 14 6.7% 75.70 [34.73, 116.67] _—
Roy 2012 109.6 71.54 25 194 79.66 25 6.5% -84.40[-126.37,-42.43] ————
Shinde 2015 142 80 14 310 149 14 3.0% -168.00 [-256.59, -79.41] +—
Sun 2017 134.23 21.21 45 208.95 31.42 45 9.5% -74.72 [-85.80, -63.64] ==
Yang 2015 124 40 40 114 47 40 8.9% 10.00 [-9.13, 29.13] L B
Zhang 2019 94.74 26.26 57 141.02 42.25 59 9.4% -46.28 [-59.04, -33.52] =
Zhang 2021 109.89 12.81 50 131.01 9.21 52 9.8% -21.12 [-25.46, -16.78] -
Total (95% CI) 623 518 100.0% -32.10[-50.63, -13.58] -
Heterogeneity: Tau? = 906.04; Chi? = 221.91, df = 13 (P < 0.00001); I* = 94% ‘_100 _éo ) y 100‘

Test for overall effect: Z = 3.40 (P = 0.0007)

50
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FIGURE 5. Forest plot of 24-hours blood loss from the drain among TXA and non-TXA groups. The center of each square represents the
weighted mean differences for individual trials, and the corresponding horizontal line stands for 95% Cl. The diamonds represent pooled results

ciated with a reduction in the need for transfusions
(12.7% vs 37.2%; OR = 0.13; 95% Cl: 0.09 to 0.20;
p < 0.001). The same relationship was observed
with topical administered TXA [7.5% vs 30.0%;
OR =0.20; 95% Cl: 0.14 10 0.28; p < 0.001 (Fig. S7,
see Supplementary file)].

Adverse events

Twenty studies reported deep vein thrombosis. DVT
was observed in 4.6% of patients treated with TXA,
compared to 5.8% of patients treated with place-
bo (OR = 0.81; 95% Cl: 0.49 to 1.35; p = 0.42).
Pooled analysis showed that TXA administered intra-
venously compared to placebo is associated with the
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occurrence of DVT at the level respectively: 6.7% vs
6.0% (OR = 1.11; 95% ClI: 0.61 t0 2.02; p = 0.72).
When topical TXA was used, the incidence of DVT
was 2.9%, compared to 6.1% in placebo group
(OR = 0.45; 95% ClI: 0.20 to 1.02; p = 0.06).
Eleven studies reported pulmonary embolism as
a potential adverse event. Polled analysis of TXA and
non-TXA group showed, that pulmonary embolism
was 0.5% in TXA group and 1.4% for placebo group
(OR = 0.44; 95% Cl: 0.15t0 1.36; p = 0.15). Sub-
group analysis showed similar relationships between
TXA and placebo for both intravenous TXA adminis-
tration (0.0% vs. 1.5%; OR = 0.30; 95% Cl: 0.06 to
1.55; p = 0.15) as well as in case topical TXA ad-
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Odds Ratio Odds Ratio

M-H, Random, 95% CI

TXA Non-TXA
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% ClI
Aguilera 2015 4 100 13 50 3.4%
Alshryda 2013 1 79 13 78 1.8%
Alvarez 2019 0 11 5 11 1.0%
Bidolegui 2014 0 25 8 25 1.1%
Camarasa 2006 1 35 23 60 1.8%
Chen 2016 36 60 58 60 2.7%
Digas 2015 12 60 13 30 3.9%
Drosos 2016 74 60 18 30 3.6%
Emara 2014 2 40 7 20 2.3%
Georgiadis 2013 0 50 4 51 1.0%
Good 2003 3 27 14 24 2.8%
Hippala 1997 17 39 34 38 3.3%
Huang 2017 0 50 8 50 1.1%
Ishida 2011 0 50 1 50 0.9%
Jansen 1999 2 21 13 21 2.3%
Karaaslan 2015 7 41 13 40 3.7%
Keyhani 2016 7 80 10 40 3.7%
Kim 2013 6 163 26 163 4.0%
Kundu 2015 3 30 24 30 2.7%
Kyriakopoulos 2019 7 83 27 41 3.8%
Lee 2013 4 36 15 36 3.2%
Liu 2018 46 150 38 74 5.0%
Macgillivray 2011 13 40 10 20 3.6%
Maniar 2012 10 80 Fi 40 3.7%
Onodera 2012 2 50 X 50 1.4%
QOrpen 2006 1 15 3 14 1.4%
QOztas 2015 0 60 8 30 1.1%
Roy 2012 2 25 7 25 2.3%
Sa-ngasoongsong 2013 6 90 10 45 3.6%
Shen 2015 4 41 5 40 2.9%
Sun 2017 2 45 20 45 2.6%
Veien 2002 0 15 2 15 0.9%
Wang 2015 0 30 7 30 1.1%
Wong 2010 4 64 5 35 2.9%
Yang 2015 10 40 19 40 4.0%
Zhang 2019 0 57 0 59
Zhang 2021 7 50 23 52 3.9%
Zohar 2004 S 40 L2 20 3.1%
Alvarez 2008 2 46 36 49 2.6%
Total (95% Cl) 2078 1631 100.0%
Total events 233 560

Heterogeneity: Tau? = 0.49; Chi* = 76.88, df = 37 (P = 0.0001); ¥
Test for overall effect: Z = 10.91 (P < 0.00001)

0.12 [0.04, 0.39]

0.06 [0.01, 0.50]

0.05 [0.00, 1.09] ¢
0.04 [0.00, 0.75]
0.05 [0.01, 0.37]
0.05 [0.01, 0.23]
0.33 [0.13, 0.85]
0.09 [0.03, 0.26]
0.10 [0.02, 0.53]
0.10 [0.01, 1.99]
0.09 [0.02, 0.38]
0.09 [0.03, 0.31]
0.05 [0.00, 0.88]
0.33 [0.01, 8.21]
0.06 [0.01, 0.36]

D —
————

0.43 [0.15, 1.22] _—F
——
—-—

0.29 [0.10, 0.83]
0.20 [0.08, 0.50]
0.03 [0.01, 0.12]
0.05 [0.02, 0.13]
0.17 [0.05, 0.60]
0.42 [0.24, 0.74]
0.48 [0.16, 1.44]
0.67 [0.24, 1.93]
2.04 [0.18, 23.27]
0.26 [0.02, 2.88]
0.02 [0.00, 0.39]
0.22 [0.04, 1.21]
0.25 [0.08, 0.74]
0.76 [0.19, 3.05]
0.06 [0.01, 0.27]
0.17 [0.01, 3.96] +
0.05 [0.00, 0.95] ¢
0.40 [0.10, 1.60]
0.37 [0.14, 0.95]
Not estimable
0.21 [0.08, 0.54]
0.10 [0.03, 0.35]
0.02 [0.00, 0.08] ——

0.16 [0.11, 0.22] <&

= 52% k + + J

0.01 0.1 10 100
Favours [TXA] Favours [Non-TXA]

FIGURE 6. Forest plot of blood transfusion occurrence among TXA and non-TXA group. The center of each square represents the weight-
ed odds ratios for individual trials, and the corresponding horizontal line stands for 95% Cl. The diamonds represent pooled results

ministration (0.7% vs. 1.2% respectively; OR = 0.50;
95% Cl: 0.08 t0 3.16; p = 0.46).

DISCUSSION
Tranexamic acid is a commonly used anti-fibrinolyt-
ic agent that blocks the plasminogen lysine bind-
ing site, which can effectively reduce the duration
and amount of blood loss, making it widely used
in orthopedic surgery [66]. Along with the increase
in the number of knee arthroplasty procedures per-
formed and the continuous expansion of indications
qualifying for the procedure, it is necessary to reduce
complications during the procedure, and postopera-
tive complications and increase the improvement of
the results of the procedure. According to previous
research, roughly 38% of knee arthroplasty patients

require blood transfusions, resulting in a total blood
loss of 1500 mL during the perioperative phase [67].
Many patients with tissue extravasation following
knee arthroplasty have lower limb edema, discom-
fort, and functional activity limitations. Autologous
blood transfusions, intraoperative hemodilution, hy-
potensive anesthesia, and current modified drainage
procedures all add to the logistical issues while also
being immunomodulatory. The use of tranexam-
ic acid avoids many of these complications and is
widely available and inexpensive.

In this meta-analysis, we evaluate results from fif-
ty-two studies that compared outcomes in the TXA
group and non-TXA group. The main findings of this
study relate to several factors, which we have sorted
out for clarity: Hemoglobin changes in 24 hours, total
blood loss, intraoperative blood loss, 24-hours blood
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loss from the drain, blood transfusion, comparisons of
these categories for subgroup analysis concerning to
type of TXA administration and also adverse events-
deep vein thrombosis and pulmonary embolism. All
the above-mentioned factors assessed by us in the
analysis favor tranexamic acid. Its wide use in orthope-
dics will allow both to reduce the costs of surgery and
the length of the patient’s stay in the hospital, as well
as significantly improve the patient’s comfort and limit
possible intraoperative and postoperative complica-
tions. The potential complications of using tranexamic
acid should also always be considered — but does
it really pose such a risk for patients without other
loads? There are still concerns about the safety of
different modes of administration of TXA and the risk
of deep vein thrombosis and pulmonary embolism in
high-risk groups with a history of thromboembolism,
acute myocardial infarction, or ischemic cerebrovas-
cular accident [68]. Considering these safety issues,
topical TXA can be a safe route of administration to
reduce postoperative bleeding without increasing the
risk associated with knee arthroplasty, because using
TXA administered intravenously compared to placebo
is associated with the occurrence of DVT at the level
respectively: 6.7% vs 6.0% and when topical TXA was
used, the incidence of DVT was 2.9%, compared to
6.1% in the placebo group. The analysis for pulmo-
nary embolism showed similar relationships between
TXA and placebo for both intravenous TXA admin-
istration (0.0% vs 1.5%) as well as in case topical
TXA administration (0.7% vs 1.2%). One aspect of TXA
administration that needs to be considered and imple-
mented in larger orthopedic research is the toxicity of
TXA in human periarticular tissues. In current ortho-
pedic practice, the interaction between critical tissues
such as cartilage, tendons, subpatellar fat pads, and
ligaments with TXA remains largely unclear [69]. We
found substantial improvements for TXA in all of the
parameters described in our statistical study.

The performed meta-analysis is not without lim-
itations. The lack of information in many studies
on the use of tourniquets and the duration of their
use to reduce blood loss however, these limitations
in a meta-analysis of tourniquet use in knee arthro-
plasty found no major differences, in whether or not
a tourniquet was used when using TXA during knee
arthroplasty [70]. Another limitation may be the lack
of knowledge about blood transfusions and blood
products that affect hemoglobin levels in addition,
the estimation of blood loss was variable as blood
loss due to hematomas or tissue extravasation was

rarely measured, which could lead to inaccurate
results. Arthroscopic surgery and trauma surgery
should also be considered. However, the collected
data indicate statistically and clinically significant
findings regarding the use, route of administration,
and safety of TXA in knee arthroplasty.

It is worth emphasizing, however, that this is
the most complete meta-analysis from the stud-
ied range, including as many as 52 randomized
trials. An additional advantage of meta-analysis is
subanalysis divided into intravenous and topical ap-
plication methods of TXA.

CONCLUSIONS
Tranexamic acid is effective and safe in reducing
blood loss, the requirement for blood transfusion,
and drain output in patients undergoing knee ar-
throplasty.
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