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Abstract
Tranexamic Acid (TXA) has been widely used in orthopedic operations, including hip and knee surgery, to decrease blood loss.
However, the optimal tranexamic acid regimen is still debated between topical or systematic such as oral or intravenous. We
conducted a meta-analysis of randomized controlled trials that compare the e�cacy and safety of the topical application of
transamine in hip and knee surgery with other routes. Outcomes of interest were the comparative aspects of bleeding, hospitality,
and morbidity associated with topical TXA, in contrast to alternative administration routes. Eighty RCTs, involving 13,969
patients, assessed the outcomes of topical tranexamic acid in hip fracture surgery, hip arthroplasty, and knee arthroplasty,
comparing it with intravenous, oral, and placebo administration. Overall, topical TXA decreased total blood loss [-353 mL (95%CI
-395, -311), P<0.001], drainage volume [-239.802 mL (95% CI -298.744, -180.859), P<0,001], intraoperative blood loss [-14.994 mL
(95% CI -34.370, 4.382), P<0.001], hidden blood loss [-123.711 mL (95% CI -153.703, -93.719), P<0.001], total hemoglobin loss
[-0.970 gr/dL (95% CI -1.289, -0.651), P<0.001], total hematocrit loss [-0.937 (95% CI -1.289, -0.584), P<0.001], and blood
transfusion rate [RR diff. 0.480 (95% CI 0.386, 0.597), P<0.001] compared to placebo. Topical TXA administration consistently
demonstrated signi�cant reductions in total blood loss, drain volume, intraoperative blood loss, total hemoglobin loss, and the
need for blood transfusions compared to the placebo group. Subgroup analysis results also indicated that topical TXA performed
better than placebo and was comparable to intravenous and oral routes. 

1 Introduction
Surgical procedures for hip and knee surgeries often result in signi�cant blood loss, which can harm patients, particularly the
elderly, causing hemodynamic stress, increased cardiac demand, and potential tissue hypoxia [1, 2, 3]. Anemia can, therefore,
contribute to the higher morbidity and mortality rates observed after hip fracture surgery. Total knee arthroplasty (TKA) and total
hip arthroplasty (THA) are well-known for substantial blood loss, with TKA ranging from 500 to 1,500 ml and THA from 1,188 to
1651 ml [4, 5]. It's worth noting that over 10% of TKA and THA patients require blood transfusions, which have been linked to
increase in-hospital mortality risk [6]. Reducing blood loss is crucial for mitigating these risks and improving surgical outcomes.

Tranexamic acid (TXA) is a synthetic derivative of the amino acid lysine, which inhibits �brinolysis by blocking the lysine-binding
site of plasminogen [7, 8]. Previous Meta-analyses showed Tranexamic acid reduced blood loss and decreased transfusion rates
in hip fracture, TKA [9, 10] and THA [11]. Three main routes of TXA administration have been reported in the literature, that are
topical [12] or systemic including intravenous [13], and oral [14]. There is still a controversy regarding the optimal route for
administering tranexamic acid (TXA) to patients undergoing hip and knee surgery.

Intravenous TXA administration can rapidly reach peak plasma levels at 5 to 15 minutes after injection [12]. However, patients
with speci�c medical conditions, such as renal insu�ciency, prior deep vein thrombosis (DVT), cerebrovascular or cardiac issues,
may experience adverse effects, including seizures [15, 16], myocardial infarction [17], and other thrombotic complications [18,
19, 20]. Intravenous TXA has also been associated with anaphylactic shock and drug allergies [21]. Given safety concerns with
intravenous administration in certain conditions, the oral route may serve as an alternative approach. However, limited data exist
regarding its e�cacy in reducing blood loss during surgery [14]. Moreover, challenges persist in determining the optimal timing of
oral administration.

Conversely, topical TXA at the operative site is gaining favor for its ability to reduce systemic side effects [22]. It is usually
administered via wash or retrograde injection into the knee joint post-wound closure, utilizing the intra-articular injection and drain
routes [23]. This approach is advantageous, offering easy administration, high local drug concentrations, and minimal systemic
absorption [13, 24].

There is currently no agreement among experts regarding the use of topical tranexamic acid in hip and knee surgery patients. To
address this uncertainty, we conducted a meta-analysis to examine potential differences between topical tranexamic acid and
other administration routes, including intravenous, oral, and placebo.

2 Methods
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2.1 Data Sources and Searches
The eligible papers were searched in PubMed and Scopus until 10 December 2022 to retrieve relevant studies published. The
search term in PubMed was "((hip surgery) OR (knee surgery)) AND (tranexamic)" and in Scopus was “(TITLE-ABS-KEY
(tranexamic) AND TITLE-ABS-KEY (hip AND surgery) OR TITLE-ABS-KEY (knee AND surgery))" We used broad search terms to
maximize search speci�city. Additionally, we used Endnote to collect the data.

2.2 Eligibility Criteria
Only randomized controlled trials evaluating hip and knee surgery patients using topical tranexamic acid compared to other
routes were included. Outcomes assessed included total blood loss, total drain output, intraoperative blood loss, hidden blood
loss, total blood transfusion, number of patients receiving transfusions, total hemoglobin and hematocrit reduction, length of
hospital stay, and morbidity. Abstracts, interim reports, and duplicate articles were excluded. Patients receiving two different
tranexamic acid routes within the same study were also excluded.

2.3 Study Selection
Three authors (S.T., S.A., and P.T.) independently screened the titles and abstracts of all electronic citations. Full-text articles were
retrieved for a comprehensive review and independently rescreened. Three authors independently assessed each study, and any
disagreements were resolved through adjudication by a fourth author (P. S.). The reasons for exclusion are outlined in the
PRISMA �owchart below.

2.4 Data Extraction
The following data were independently extracted from the included studies: �rst author’s name, year of publication, patient
population, surgical operation, topical type, and comparator type. The clinical outcomes were also extracted to evaluate the mean
difference. We further subgroup analysis results exploring the same outcomes strati�ed by hip and knee, route of administration.

2.5 Quality Assessment
Pairs of authors independently assessed study quality with disagreements resolved by discussion and consensus. Study quality
was assessed using a modi�ed JADAD scale, which is based on the adequacy of randomization, blinding, and attrition. A score
of 2–3, and 4–5 corresponds to a study of fair and good quality, respectively.

2.6 Data Analysis
We tabulated and systemized the results of the systemic review qualitatively. We performed a random effect model meta-analysis
to compute the absolute net change in continuous variables, such as blood loss and risk ratio for binary outcomes. All pooled
estimates were displayed with a 95% CI. We assessed the heterogeneity among the effect size of individual studies by the I2

index, in which a value of 75% or higher indicates medium to high heterogeneity. We assessed a publican's bias by the Egger test.
The analyses were performed by Comprehensive Meta-Analysis version 2.0.

3 Results

3.1 Characteristics and Quality of the Study.
A total of 2,055 potentially relevant citations were identi�ed and screened, and 141 articles were retrieved for detailed evaluation
(Fig. 1.). Eighty studies with 87 study arms ful�lled the eligibility criteria for inclusion in the meta-analysis and reported on the
outcomes of using topical tranexamic acid in hip and knee surgery, involving a total of 13,969 participants. Among these, there
were 57 knee studies with 10,505 participants and 23 hip studies with 3,464 participants. All trials included in the analysis were
published between 2010 and 2022, and the participant numbers ranged from 22 to 640. The topical dose of tranexamic acid
ranged from 1g to 3g, oral dose ranged from 2g to 4g, and intravenous dose ranged from 10mg/kg to 30mg/kg. Most studies had
fair to good study quality. Characteristics of the individual trial were demonstrated in Table 1.
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Table 1
The characteristics of included studies

Author �rst,
year

Sample Size

(E/C)

Dx Surgical methods TXA
Intervention

Comparator
type

JADAD
Quality

Wong, J. 2010
[15]

100 (31/34/35) OA knee TKA cemented Local:
1.5g/100 ml

Local:
3.0g/100 ml

Placebo Good

Ishida, K. 2011
[16]

100 (50/50) OA knee TKA cemented IA: 2.0g/20
ml

Placebo Fair

Sa-
Ngasoongsong,
P. 2011 [17]

135 (45/45/45) OA knee TKA IA: 250mg/5
ml

IA:
500mg/10
ml

Placebo Good

Maniar, R. N.
2012 [18]

216

(40/40/40/40/40)

OA knee TKA Local:
3.0g/100 ml

IV: 10 mg/kg
15 min before
de�ation of the
tourniquet (IO
group)

IV: IO + 10
mg/kg 3h after
the �rst dose
(IOPO group)

IV: 10 mg/kg
at least 20 min
before
tourniquet
in�ation + 10
mg/kg 15 min
before
de�ation of the
tourniquet
(POIO group)

IV: 10 mg/kg
20 min before
tourniquet
application + 
10 mg/kg 15
min before
de�ation + 10
mg/kg 3h after
the second
dose (POIOPO
group)

Good

Roy, S. P. 2012
[19]

50

(25/25)

OA knee TKA IA: 500 mg/5
ml

Placebo Good

Alshryda, S.
2013 [20]

161

(80/81)

OA hip THA IA: - Placebo Good

Georgiadis, A.
G. 2013 [21]

101

(50/51)

OA knee TKA Local:
2.0 g/75 ml

Placebo Good

Intra-articular (IA), Peri-articular (PA), Avascular Necrosis (AVN), Total Knee Arthroplasty (TKA), Total Hip Arthroplasty (THA),
Postoperative Autologous Transfusion (PAT), Rheumatoid Arthritis (RA), Cruciate Retaining (CR), Posterior Stabilized (PS),
Proximal Femoral Nailing Antirotation (PFNA), Open Reduction Internal Fixation (ORIF), Dynamic Hip Screw (DHS)
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Author �rst,
year

Sample Size

(E/C)

Dx Surgical methods TXA
Intervention

Comparator
type

JADAD
Quality

Seo, J. G. 2013
[22]

150

(50/50/50)

OA knee TKA IA: 1.5g/100
ml

IV: 1.5g/100
ml

Placebo

Fair

Emara, W. M.
2014 [23]

60

(20/20/20)

Fracture hip Hemiarthroplasty Local:
1.5g/100 ml

IV: 10 mg/kg in
20 ml prior to
skin incision + 
500 mg TXA in
250 ml

Placebo

Fair

Gomez-
Barrena, E.
2014 [24]

78

(39/39)

OA knee TKA cemented IA: 3.0g/100
ml +

IV: 2 doses of
15 mg/kg in
100 ml (during
surgery + 3h
after surgery) 
+ IA

Fair

Martin, J. G.
TKA 2014 [25]

100

50 TKA

(25/25) and

50 THA

(25/25)

OA hip or knee,
Congenital hip
deformity, AVN

THA

TKA

IA: 2.0g/100
ml

Placebo Good

Patel, J. N.
2014 [26]

89

(47/42)

OA knee TKA Local:
2.0g/100 ml

IV: 10 mg/kg
10 min prior to
tourniquet
de�ation

Fair

Soni, A. 2014
[27]

80

(40/40)

OA knee TKA IA: 3.0g/100
ml

IV: 10 mg/kg
pre-operative
20 min before
tourniquet
application + 
10 mg/kg 15
min before
de�ation of the
tourniquet + 10
mg/kg 3h after
surgery

Fair

Wei, W. 2014
[28]

303

(102/101/100)

NR hip THA cementless Local:
3.0g/100 ml

IV: 3.0 g 10
min prior to
incision

Placebo

Fair

Yue, C 2014
[29]

103

(52/49)

OA hip, ONFH THA Local + IA:
3.0g/150 ml

Placebo Good

Intra-articular (IA), Peri-articular (PA), Avascular Necrosis (AVN), Total Knee Arthroplasty (TKA), Total Hip Arthroplasty (THA),
Postoperative Autologous Transfusion (PAT), Rheumatoid Arthritis (RA), Cruciate Retaining (CR), Posterior Stabilized (PS),
Proximal Femoral Nailing Antirotation (PFNA), Open Reduction Internal Fixation (ORIF), Dynamic Hip Screw (DHS)
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Author �rst,
year

Sample Size

(E/C)

Dx Surgical methods TXA
Intervention

Comparator
type

JADAD
Quality

Aguilera, X.
2015 [30]

150

(50/50/50)

OA knee TKA Local:
1.0g/10 ml

IV: 1.0g 15–
30 min before
tourniquet
application + 
1g 60–90 min
after
tourniquet was
removed

Placebo

Fair

Digas, G. 2015
[31]

90

(30/30/30)

OA knee TKA cemented IA: 2.0 g IV: 15 mg/kg
before
de�ation of the
tourniquet

Placebo

Fair

Öztaş S. 2015
[32]

90

(30/30/30)

OA knee TKA IA: 2.0g IV: 15 mg/kg
1h before the
in�ation of the
tourniquet + 10
mg/kg 1 h
after the
de�ation of the
tourniquet

Placebo

Fair

Wang, C. G.
2015 [33]

60

(30/30)

NR knee TKA IA: 0.5g/10
ml

Placebo Good

Wang, G. 2015
[34]

100

(50/50)

NR knee TKA IA: 1.0g/50
ml

Placebo Fair

Yang, Y. 2015
[35]

80

(40/40)

OA knee RA, TA TKA IA: 0.5g/20
ml

Placebo Good

Aggarwal, A. K.
2016 [36]

70

(35/35)

OA knee TKA Local: 15
mg/kg in
100ml

IV: 15 mg/kg
30 min before
tourniquet
de�ation + 15
mg/kg after 2
hours

Fair

Chen, J. Y.
2016 [37]

100

(50/50)

OA knee TKA IA: 1.5g/100
ml

IV: 1.5g/100
ml 20 min after
cementing the
prostheses

Good

Drakos A. 2016
[38]

200

(100/100)

Intertrochanteric
fracture

CRIF Local:
3.0g/30 ml

Placebo Good

Intra-articular (IA), Peri-articular (PA), Avascular Necrosis (AVN), Total Knee Arthroplasty (TKA), Total Hip Arthroplasty (THA),
Postoperative Autologous Transfusion (PAT), Rheumatoid Arthritis (RA), Cruciate Retaining (CR), Posterior Stabilized (PS),
Proximal Femoral Nailing Antirotation (PFNA), Open Reduction Internal Fixation (ORIF), Dynamic Hip Screw (DHS)
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Author �rst,
year

Sample Size

(E/C)

Dx Surgical methods TXA
Intervention

Comparator
type

JADAD
Quality

Drosos, G. I.
2016 [39]

120

(40/40/40)

OA knee TKA IA: 1.0g/100
ml

IV: 1.0g/100
ml 10 min
before incision

Placebo

Fair

Guzel, Y. 2016
[40]

150

(50/50/50)

NR Knee TKA cemented IA: 1.5g/100
ml

PAT: CellTrans
150 ml of
blood was

re-infused

Placebo: a low-
suction drain

Fair

May, J. H. 2016
[41]

131

(69/62)

OA knee TKA IA: 2.0g/50
ml after
capsular
closure + 
100 ml
(placebo)
postcapsular
closure

IV: 1.0g/100
ml before
tourniquet
in�ation + 50
ml (placebo)
after capsular
closure

Fair

North, W. T.
2016 [42]

139

(69/70)

NR hip THA Local:
2.0g/100 ml

IV: 2.0/50ml
10 min before
incision + 
2.0/50 ml
during the
fascial closure

Fair

Pinsornsak, P.
2016 [43]

60

(30/30)

OA knee TKA PA: 750
mg/15 ml

IV: 750 mg/15
ml

Fair

Triyudanto, A.
N. 2016

[44]

22

(7/6/9)

OA knee TKA IA: 0.5g IV: 0.5g 10 min
before
tourniquet was
extended

Placebo

Fair

Tzatzairis, T. K.
2016 [45]

120

(40/40/40)

OA knee TKA IA: 1.0g/100
ml

IV: 1.0g/100
ml 10 min
before incision

Placebo

Fair

Xie, J. 2016
[46]

210

(70/70/70)

NR HIP THA Local + IA:
3.0g/150 ml

IV: 1.5g 15 min
before skin
incision

Combined:
1.0g IV + 
2.0/150 ml
locally

Good

Intra-articular (IA), Peri-articular (PA), Avascular Necrosis (AVN), Total Knee Arthroplasty (TKA), Total Hip Arthroplasty (THA),
Postoperative Autologous Transfusion (PAT), Rheumatoid Arthritis (RA), Cruciate Retaining (CR), Posterior Stabilized (PS),
Proximal Femoral Nailing Antirotation (PFNA), Open Reduction Internal Fixation (ORIF), Dynamic Hip Screw (DHS)
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Author �rst,
year

Sample Size

(E/C)

Dx Surgical methods TXA
Intervention

Comparator
type

JADAD
Quality

Zekcer, A. 2016
[47]

90

(30/30/30)

NR knee TKA Local:
1.5g/50 ml

IV: 20 mg/kg
100 ml at the
same time as
anesthesia
was
administered

Placebo

Good

Guerreiro, J. P.
F. 2017 [48]

43

(22/21)

OA knee TKA Local: 1.0g Placebo Fair

Lacko, M. 2017
[49]

90

(30/30/30)

OA knee TKA Local:
3.0g/50 ml

IV: 10 mg/kg
20 min
preoperatively 
+ 10 mg/kg 3h
after �rst dose

Placebo

Fair

Lee, S. Y. 2017
[50]

376

(93/93/95/95)

OA knee TKA Local:
2.0g/30 ml

IV: 10 mg/kg
30 min before
tourniquet
de�ation + 10
mg/kg 3h after
surgery

Low dose
combined:
1.0g/30 ml IA 
+ 10 mg/kg IV.

High dose
combined:
2.0/30 ml IA + 
10 mg/kg IV.

Fair

Maniar, R. N.
2017 [51]

75

(25/25/25)

OA knee TKA bilateral Local:
3.0g/100 ml
after
cementing
the implant
on the �rst
side + 
3.0g/100 ml
after
cementing
the implant
on the
second side
(LALA)

IV: 10 mg/kg
15 min before
de�ation of
tourniquet on
the �rst side + 
10 mg/kg 15
min before
de�ation of
tourniquet on
the second
side (IOIO)

IV: 10 mg/kg,
20 min before
tourniquet
in�ation + 10
mg/kg before
tourniquet
de�ation on
the �rst side + 
10 mg/kg
before
tourniquet
de�ation on
the second
side

Good

Intra-articular (IA), Peri-articular (PA), Avascular Necrosis (AVN), Total Knee Arthroplasty (TKA), Total Hip Arthroplasty (THA),
Postoperative Autologous Transfusion (PAT), Rheumatoid Arthritis (RA), Cruciate Retaining (CR), Posterior Stabilized (PS),
Proximal Femoral Nailing Antirotation (PFNA), Open Reduction Internal Fixation (ORIF), Dynamic Hip Screw (DHS)



Page 9/34

Author �rst,
year

Sample Size

(E/C)

Dx Surgical methods TXA
Intervention

Comparator
type

JADAD
Quality

Prakash, J.
2017 [52]

200

(50/50/50/50)

OA knee TKA Local:
3.0g/50 ml 5
min prior to
closure

Drain:
3.0g/50 ml
retrograde
through the
drain

IV: 10 mg/kg
20 min before
tourniquet
application + 
10 mg/kg 15
min before
de�ation of the
tourniquet + 10
mg/kg 3 h
after the
second dose

Placebo

Fair

Song, E. K.
2017 [53]

200

(50/50/50/50)

OA knee TKA Drain:
1.5g/50 ml
retrograde
through the
drain

IV: 10 mg/kg
20 min before
tourniquet
application + 
10 mg/kg 15
min before
de�ation of the
tourniquet + 10
mg/kg 3 h
after the
second dose

Combined: 10
mg/kg 20 min
before
tourniquet
application IV 
+ 1.5g/50 ml
retrograde
through the
Drain

Placebo

Good

Wang, J. 2017
[54]

150

(50/50/50)

OA knee TKA IA: 1.0g/50
ml

IV: 1.0g + 50 ml
IA saline

Placebo

Fair

Yen, S. H. 2017
[55]

93

(32/31/30)

OA knee TKA Drain:
3.0g/100 ml

IV: 1.0g/20 ml
10 min before
skin closure + 
160 ml IA
saline

Placebo

Fair

Yuan, X. 2017
[56]

560

(140/140/140/140)

OA knee, RA TKA IA: 3.0g/60
ml

IV: 20 mg/kg
30 min before
skin incision + 
20 mg/kg 12h
after TKA

Oral: 20mg/kg
2h before the
operation + 20
mg/kg 12h
after TKA

Placebo

Good

Intra-articular (IA), Peri-articular (PA), Avascular Necrosis (AVN), Total Knee Arthroplasty (TKA), Total Hip Arthroplasty (THA),
Postoperative Autologous Transfusion (PAT), Rheumatoid Arthritis (RA), Cruciate Retaining (CR), Posterior Stabilized (PS),
Proximal Femoral Nailing Antirotation (PFNA), Open Reduction Internal Fixation (ORIF), Dynamic Hip Screw (DHS)
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Author �rst,
year

Sample Size

(E/C)

Dx Surgical methods TXA
Intervention

Comparator
type

JADAD
Quality

Zekcer, A. 2017
[57]

90 NR knee TKA Local:
1.5g/50 ml

IV: 20 mg/kg
with
anesthesia in
10 min

Placebo

Good

Abdel, M. P.
2018 [58]

640

(320/320)

OA knee TKA Local:
3.0g/45ml

IV: 1.0g prior to
tourniquet
in�ation + 1.0g
at closure

Fair

Ahmed, S. 2018
[59]

140

(70/70)

NR Knee TKA bilateral IA: 1.5g/100
ml

IV: 1.5g/100
ml

Fair

Luo, Z. Y. 2018
[60]

117

(58/59)

OA hip, AVN THA Local + IA:
3.0g/150 ml

Oral: 2.0g 2 h
before surgery 
+ 1g
postoperatively
with a 6-h
interval

Good

Luo, Z. Y. 2018
[61]

180

(60/60/60)

OA hip, AVN THA Local:
2.0g/150 ml

Oral: 2.0g 2 h
before surgery

IV: 20 mg/kg 5
minutes before
the skin
incision

Good

Pérez-Jimeno,
N. 2018 [62]

254

(125/129)

OA hip, AVN,
Dysplasia

THA Drain: 2.0g Placebo Fair

Prakash, J.
2018 [63]

150

(50/50/50)

OA knee TKA Drain:
1.5g/50 ml
retrograde
through the
drain

IV: 10 mg/kg
20 min before
tourniquet
application + 
10 mg/kg 15
min before
de�ation of the
tourniquet + 10
mg/kg 3 h
after the
second dose

Combined: IV 
+ Drain

Good

Tavares, S-M.
2018 [64]

124

(62/62)

OA hip THA cementless Local:
1.5g/45 ml

Placebo Good

Wang, D. 2018
[65]

180

(60/60/60)

OA knee TKA IA: 2.0g/100
ml

Oral: 2.0g 2h
before surgery

IV: 20 mg/kg 5 
min prior to
incision

Good

Intra-articular (IA), Peri-articular (PA), Avascular Necrosis (AVN), Total Knee Arthroplasty (TKA), Total Hip Arthroplasty (THA),
Postoperative Autologous Transfusion (PAT), Rheumatoid Arthritis (RA), Cruciate Retaining (CR), Posterior Stabilized (PS),
Proximal Femoral Nailing Antirotation (PFNA), Open Reduction Internal Fixation (ORIF), Dynamic Hip Screw (DHS)
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Author �rst,
year

Sample Size

(E/C)

Dx Surgical methods TXA
Intervention

Comparator
type

JADAD
Quality

Wang, D. 2018
[66]

147

(73/74)

OA knee TKA IA: 3.0g/100
ml

Oral: 2g 2h
before surgery 
+ 1.0g 6h after
surgery + 1.0g
12h after
surgery

Good

Zhou, K. D.
2018 [67]

170

(57/57/56)

OA hip, AVN,
Dysplasia,
Fracture Hip

THA Local:
3.0g/60 ml

IV: 10 mg/kg
100 ml 15 min
before skin
incision + 10
mg/kg 100 ml
3h after the
�rst dose

Placebo

Good

Jia, J. 2019
[68]

180

(60/60/60)

OA hip, AVN, THA IA: 3.0g/30
ml

IV: 15 mg/kg
30 min before
skin incision

Combined: IV 
+ IA

Fair

Jules-Elysee, K.
M. 2019 [69]

63

(32/31)

OA knee TKA Local:
3.0g/75 ml

IV: 1.5g before
tourniquet
in�ation

Good

Kyriakopoulos,
G. THA 2019
[70]

125 THA

(41/41/43)

124 TKA

(42/41/41)

OA hip

OA knee

THA

TKA

Local:
2.0g/75 ml
for THA
group

Local:
2.0g/75 ml
for TKA
group

IV: 1.0g
immediately
before skin
incision for
THA group

IV: 0.5g before
tourniquet
in�ation + 0.5g
before
tourniquet
release for TKA

Placebo

Good

Mehta, N. 2019
[71]

300

(100/100/100)

OA knee TKA bilateral IA: 2.5g/25
ml

IV: 1.0g before
in�ation of
tourniquet

Placebo

Fair

Qiu, J. 2019
[72]

102

(55/47)

NR hip THA Local + IA:
3.0g/150 ml

Placebo Fair

Wu, J. 2019
[73]

101

(54/47)

OA knee TKA IA: 1.5g/50
ml

Placebo Fair

Zhang, Y. M.
2019 [74]

150

(50/50/50)

OA knee TKA IA: 3.0g IV: 20 mg/kg
before skin
incision

Combined: IV 
+ IA

Good

Intra-articular (IA), Peri-articular (PA), Avascular Necrosis (AVN), Total Knee Arthroplasty (TKA), Total Hip Arthroplasty (THA),
Postoperative Autologous Transfusion (PAT), Rheumatoid Arthritis (RA), Cruciate Retaining (CR), Posterior Stabilized (PS),
Proximal Femoral Nailing Antirotation (PFNA), Open Reduction Internal Fixation (ORIF), Dynamic Hip Screw (DHS)
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Author �rst,
year

Sample Size

(E/C)

Dx Surgical methods TXA
Intervention

Comparator
type

JADAD
Quality

Gómez-
Aparicio MDS
2020 [75]

195

(85/110)

OA hip AVN THA Drain:
2.0g/100 ml

IV: 15 mg/kg
15–20 min
before surgery 
+ 15 mg/kg
15–20 min
after surgery

Fair

Lostak, J. 2020
[76]

400

(100/100/100/100)

OA knee TKA Local:
2.0g/50 ml

IV: 15 mg/kg
prior to skin
incision

IV: 15 mg/kg
prior to skin
incision + 15
mg/kg 6 h
after the �rst
dose

Combined: IV
15 mg/kg prior
to skin
incision + 
2.0g/50 ml
Local

Fair

Morales
Santias, M.
2020 [77]

230

(115/115)

NR knee TKA IA: 2.0g/50
ml

Placebo Good

Song, S. J. CR
TKA 2020 [78]

110

(55/55)

OA knee TKA IA: 1.0g/50
ml

Placebo Fair

Torkaman, A.
2020 [79]

85

(46/39)

OA knee TKA IA: 1.0g/10
ml

IV: 15 mg/kg
10 min before
tourniquet
in�ation

Fair

Zhang, X. 2020
[80]

72

(36/36)

AVN, OA, RA,
Fracture hip

THA Drain:
2.0g/10 ml

IV: 2.0g/100
ml 30 min
before skin
incision

Fair

Abdallah, A. A.
2021 [81]

94

(31/31/32)

OA knee TKA IA + Drain:
1.5g/100 ml

IV: 2.0g 10 min
before
tourniquet
in�ation

Combined: IV 
+ IA

Good

Costain, D.
2021 [82]

65

(31/34)

Fracture hip DHS,
Hemiarthroplasty,
IMN, ORIF, TFN,
THA

Local:
3.0g/50 ml

Placebo Fair

Intra-articular (IA), Peri-articular (PA), Avascular Necrosis (AVN), Total Knee Arthroplasty (TKA), Total Hip Arthroplasty (THA),
Postoperative Autologous Transfusion (PAT), Rheumatoid Arthritis (RA), Cruciate Retaining (CR), Posterior Stabilized (PS),
Proximal Femoral Nailing Antirotation (PFNA), Open Reduction Internal Fixation (ORIF), Dynamic Hip Screw (DHS)
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Author �rst,
year

Sample Size

(E/C)

Dx Surgical methods TXA
Intervention

Comparator
type

JADAD
Quality

Juraj, M. 2021
[83]

123

(41/41/41)

OA hip THA Local:
2.0g/50 ml

IV: 1.0g/100
ml 30 min
before skin
incision + 
1.0g/100 ml
3h later

Placebo

Fair

Kim, J. K. 2021
[84]

325

(65/65/65/65/65)

OA knee TKA IA: 0.5g/50
ml

IA: 1.0g/50
ml

IA: 2.0g/50
ml

IA: 3.0g/50
ml

Placebo Good

Monteiro, O. M.
2021 [85]

42

(14/14/14)

OA knee TKA Local: 15
mg/kg 100
ml

IV: 15 mg/kg
30 minutes
before
tourniquet
de�ation

Placebo

Fair

Örs, Ç. 2021
[86]

90

(30/30/30)

OA hip, AVN THA c osteotomy Local: 2.0g IV: 15 mg/kg
100 ml 5 min
prior to surgery

Combined: IV 
+ IA

Good

Palija, S. 2021
[87]

200

(40/40/40/40/40)

OA hip, others THA Local + IA:
2.0g/100 ml

IV: 1.0g/250
ml 10 min
before skin
incision + 
1.0g/250 ml
3h after

Combined:
1.0g/250 ml
10 min before
skin incision
IV + 1.0g/100
ml IA

Combined:
1.0g/250 ml
10 min before
skin incision
IV + 2.0g/100
ml IA + 
1.0g/250 ml IV
3h after

Fair

Peng, H. M.
2021 [88]

93

(46/47)

OA knee

RA

TKA PA: 1.0g/10
ml

IV: 1.0g/110
ml 10 min
before skin
incision

Good

Intra-articular (IA), Peri-articular (PA), Avascular Necrosis (AVN), Total Knee Arthroplasty (TKA), Total Hip Arthroplasty (THA),
Postoperative Autologous Transfusion (PAT), Rheumatoid Arthritis (RA), Cruciate Retaining (CR), Posterior Stabilized (PS),
Proximal Femoral Nailing Antirotation (PFNA), Open Reduction Internal Fixation (ORIF), Dynamic Hip Screw (DHS)
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Author �rst,
year

Sample Size

(E/C)

Dx Surgical methods TXA
Intervention

Comparator
type

JADAD
Quality

Pinsornsak, P.
2021 [89]

108

(36/36/36)

OA knee

RA

TKA IA: 2.0g PA: 15 mg/kg

Placebo

Good

Vles, G. F. 2021
[90]

120

(60/60)

OA hip, AVN THA Drain:
3.0g/100 ml

IV: 1.5g/100
ml before
wound closure

Good

Yen, S. H. 2021
[91]

103

(34/34/35)

NR knee TKA IA: 3.0g/100
ml

IA: 10 ml of
Floseal®

Placebo

Good

Lostak, J. 2022
[92]

400

(100/100/100/100)

NR knee TKA Local:
2.0g/50 ml

IV: 15 mg/kg
prior to skin
incision

IV: 15 mg/kg
prior to skin
incision + 15
mg/kg 6h after
the �rst dose

Combined: 15
mg/kg prior to
skin incision
IV + 2.0g/50 ml
Local

Fair

Oliva-Moya, F.
2022 [93]

150

(75/75)

OA knee TKA Local:
3.0g/30 ml

Placebo Good

Yee, D. K. 2022
[94]

121

(61/62)

Intertrochanteric
fracture

PFNA Local:
1.0g/10 ml

Placebo Good

Intra-articular (IA), Peri-articular (PA), Avascular Necrosis (AVN), Total Knee Arthroplasty (TKA), Total Hip Arthroplasty (THA),
Postoperative Autologous Transfusion (PAT), Rheumatoid Arthritis (RA), Cruciate Retaining (CR), Posterior Stabilized (PS),
Proximal Femoral Nailing Antirotation (PFNA), Open Reduction Internal Fixation (ORIF), Dynamic Hip Screw (DHS)

3.2 Topical Tranexamic acid VS various methods
Total blood loss (9,416 participants, 87 study arms, Table 2)
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Table 2
Results of topical tranexamic acid compared with the other interventions in both hip and knee surgery.

  No. of study
arms

No. of
patients

Mean diff (95% CI) p-
value

I2 p-
value

Egger's
test

Total blood loss
(mL)

87 9416 -147.559 (-191.264,
-103.854)

< 
0.001

98.1 < 
0.001

0.003

vs iv 46 5154 4.178 (-22.673, 31.029) 0.76 88.1 < 
0.001

 

vs oral 3 384 64.769 (-14.963, 144.502) 0.111 0 0.902  

vs placebo 38 3878 -353.413 (-395.476,
-311.351)

< 
0.001

90.9 < 
0,001

 

Total drain (mL) 74 7905 -96.705 (-128.005,
-65.406)

< 
0.001

98,7 < 
0,001

0.247

vs iv 40 4215 17.660 (-10.578, 45.897) 0.22 96.2 < 
0.001

 

vs oral 1 280 -0.140 (-10.063, 9.783) 0.978 0 1  

vs placebo 33 3410 -239.802 (-298.744,
-180.859)

< 
0,001

98.9 < 
0.001

 

Intr.op. blood loss
(mL)

20 2059 -0.731 (-20.825, 19.363) 0.943 95 < 
0.001

0.742

vs iv 9 877 14.001 (-41.371, 69.374) 0.62 97.5 < 
0.001

 

vs oral 3 384 1.563 (-4.632, 7.758) 0.621 0 0.48  

vs placebo 8 798 -14.994 (-34.370, 4.382) 0.129 80.3 < 
0.001

 

Hidden blood loss
(mL)

18 1903 -24.896 (-67.160, 17.369) 0.248 88,5 < 
0.001

0.619

vs iv 14 1522 1.750 (-45.297, 48.797) 0.942 85.3 < 
0,001

 

vs placebo 4 381 -123.711 (-153.703,
-93.719)

< 
0.001

3,67 0.374  

Hb fall (g/dL) 42 4754 -0.497 (-0.639, -0.356) < 
0.001

97.1 < 
0.001

0.005

vs iv 17 1731 -0.003 (-0.136, 0.130) 0.968 92 < 
0.001

 

vs oral 3 520 0.036 (-0.058, 0.129) 0.454 0 0.623  

vs placebo 22 2503 -0.970 (-1.289, -0.651) < 
0.001

96.7 < 
0.001

 

Hct fall (%) 14 1380 -0.776 (-1.084, -0.469) < 
0.001

90 < 
0.001

0.047

vs iv 5 484 -0.511 (-1.742, 0.720) 0.416 80.6 < 
0.001

 

vs placebo 9 896 -0.937 (-1.289, -0.584) < 
0.001

84.9 < 
0.001

 

  No. of study
arms

No. of
patients

RR diff (95% CI) p-
value

I2 p-
value

Egger's
test

(iv) intravascular, (Hb) hemoglobin, (Hct) hematocrit



Page 16/34

  No. of study
arms

No. of
patients

Mean diff (95% CI) p-
value

I2 p-
value

Egger's
test

Blood transfusion 62 7401 0.610 (0.508, 0.732) < 
0.001

43 < 
0.001

0.305

vs iv 26 3216 0.808 (0.586, 1.114) 0.194 43 0.011  

vs oral 4 667 1.247 (0.747, 2.082) 0.399 0 0.927  

vs placebo 32 3518 0.480 (0.386, 0.597) < 
0.001

35,7 0.025  

  No. of study
arms

No. of
patients

Mean diff (95% CI) p-
value

I2 p-
value

Egger's
test

Hospital Stay (day) 42 5299 -0.046 (-0.136,0.044) 0.317 91.1 < 
0.001

0.605

vs iv 20 2455 -0.119 (-0.328, 0.089) 0.261 93.5 < 
0.001

 

vs oral 5 790 -0.163 (-0.591, 0.264) 0.455 90.3 < 
0.001

 

vs placebo 17 2054 0.067 (-0.037, 0.171) 0.205 82.9 < 
0.001

 

  No. of study
arms

No. of
patients

RR diff (95% CI) p-
value

I2 p-
value

Egger's
test

Morbidity 47 5915 0.733 (0.533, 1.007) 0.056 0 1 0.238

vs iv 19 2705 0.616 (0.343, 1.108) 0.106 0 0.959  

vs oral 2 427 0.336 (0.035, 3.198) 0.342 0 0.995  

vs placebo 26 2783 0.807 (0.549, 1.187) 0.276 0 0.995  

(iv) intravascular, (Hb) hemoglobin, (Hct) hematocrit

The analysis comparing topical and intravenous TXA revealed no statistically signi�cant difference in total blood loss (5,145
participants, 46 study arms, P-value = 0.76). Likewise, no signi�cant difference in total blood loss was observed between topical
and oral TXA (384 participants, 3 study arms, P-value = 0.111). However, the topical TXA demonstrated a statistically signi�cant
reduction in total blood loss compared with placebo (3,878 participants, 38 study arms, mean difference = -353.413 mL, 95% CI:
-395.413 to -311.351 mL, P < 0.001).

Drainage volume (7,905 participants, 74 study arms, Table 2)

The comparison between topical and intravenous TXA showed no signi�cant difference in total drain volume (4,215 participants,
40 study arms, P-value = 0.22). Likewise, a similar result was found when comparing topical and oral TXA (280 participants, 1
study arm, P-value = 0.978). However, the topical tranexamic acid (TXA) demonstrated a statistically signi�cant reduction in total
drain volume compared to the placebo (3,410 participants, 33 study arms, mean difference = -239.802 mL, 95% CI: -298.744 to
-180.859 mL, P < 0.001).

Intraoperative blood loss (2,059 participants, 20 study arms, Table 2)

No signi�cant differences in intraoperative blood loss were observed between topical and intravenous TXA (877 participants, 9
study arms, P-value = 0.62), or between topical and oral TXA (384 participants, 3 study arms, P-value = 0.621). Additionally, there
was no signi�cant difference in intraoperative blood loss between topical TXA and the placebo group (798 participants, 8 study
arms, P-value = 0.129).

Hidden blood loss (1,903 participants, 18 study arms, Table 2)



Page 17/34

There was no signi�cant difference in hidden blood loss observed between topical and intravenous administration of TXA (1,522
participants, 14 study arms, P-value = 0.942). However, the use of topical TXA demonstrated a signi�cant decrease in hidden
blood loss compared to the placebo group (381 participants, 4 study arms, mean difference = -123.711 mL, 95% CI: -153.703 to
-93.719 mL, P < 0.001).

Total hemoglobin loss (4,757 participants, 42 study arms, Table 2)

The comparison of topical versus intravenous TXA and the comparison of topical versus oral TXA did not reveal a signi�cant
difference in the total hemoglobin loss (1,731 participants, 17 study arm, P-value = 0.968 and 520 participants, 3 study arms, P-
value = 0.454 respectively). The topical TXA signi�cantly reduced total hemoglobin loss compared to the placebo group (2,503
patients, 22 study arms, mean difference = -0.970 g/dL, 95% CI: -1.289 to -0.651 g/dL, P < 0.001).

Total hematocrit loss (1,380 participants, 14 study arms, Table 2)

The level of total hematocrit loss was not found to be signi�cant when comparing topical versus intravenous TXA (484
participants, 5 study arms, P-value = 0.416). However, the topical TXA showed signi�cant reduction in total hematocrit loss
compared to the placebo group (896 participants, 9 study arms, mean difference = -0.937%, 95% CI: -1.289 to -0.584%, P < 0.001).

Blood transfusion (7,401 participants, 62 study arms, Table 2)

No signi�cant difference in blood transfusion rates were found between topical and intravenous TXA (3,216 participants, 26
study arms, P-value = 0.194). Similar �ndings were observed in the comparison of topical and oral TXA (667 participants, 4 study
arms, P-value = 0.399). However, the analysis demonstrated signi�cantly lower transfusion rate in the topical TXA compared to
the placebo group (3,518 participants, 32 study arms, RR = 0.480, 95% CI: 0.386 to 0.597, P < 0.001).

Hospital stays (5,299 participants, 42 study arms, Table 2)

The analysis showed no signi�cant distinctions observed between topical and intravenous TXA (2,455 participants, 20 study
arms, P-value = 0.261), nor between topical and oral TXA (790 participants, 5 study arms, P-value = 0.455). Furthermore, there was
no signi�cant difference in hospital stay between the use of topical TXA (2,054 participants, 17 study arms, P-value = 0.205).

Morbidity rate (5,915 participants, 47 study arms, Table 2)

No signi�cant differences were found between topical and intravenous TXA (2,705 participants, 19 study arm, P-value = 0.106), or
between topical and oral TXA (427 participants, 2 study arms, P-value = 0.342). Similarly, there was no signi�cant difference in
morbidity rate between the use of topical TXA and the placebo group (2,783 participants, 26 study arms, P-value = 0.276).

3.3 Investigations of heterogeneity
This part presents the results of knee and hip subgroup analyses that explore the total blood loss, total drain, total hemoglobin
loss, blood transfusion and morbidity outcomes (Table 3). The comparisons were made between the use of topical tranexamic
acid and other systemic administrations, as well as with a placebo group.
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Table 3
Subgroup by organ to compare topical and hip surgery.

Knee No. of
study
arms

No. of
patients

Mean diff
(95% CI)

p-
value

Hip No. of
study
arms

No. of
patients

Mean diff
(95% CI)

p-
value

Total blood
loss (mL)

69 7478 -164.509
(-216.279,
-112.740)

< 
0.001

Total blood
loss

(mL)

18 1938 -83.232
(-183.923,
17.460)

0.105

vs iv 37 4133 -0.643
(-46.301,
45.014)

0.978 vs iv 9 1021 6.285
(-25.244,
37.813)

0.696

vs oral 1 147 83.600
(-36.545,
203.745)

0.173 vs oral 2 237 49.949
(-56.637,
156.535)

0.358

vs placebo 31 3198 -368.730
(-412.145,
-325.315)

< 
0.001

vs placebo 7 680 -285.447
(-444.295,
-126.599)

< 
0.001

Total drain

(mL)

55 6808 -99.491
(-134.717,
-64.265)

< 
0.001

Total drain
(mL)

9 1097 -72.525
(-129.960,
-15.091)

0.013

vs iv 36 3747 19.162
(-11.074,
49.398)

0.214 vs iv 4 468 8.737
(-31.080,
48.553)

0.667

vs oral 1 280 -0.140
(-10.063,
9.783)

0.978          

vs placebo 28 2781 -257.438
(-324.195,
-190.682)

< 
0.001

vs placebo 5 629 -138.452
(-237.450,
-39.454)

0.006

Hb fall
(g/dL)

32 3603 -0.369 (-0.524,
-0.213)

< 
0.001

Hb fall
(g/dL)

10 1151 -0.961
(-1.741,
-0.181)

0.016

vs iv 12 1187 0.019 (-0.157,
0.195)

0.831 vs iv 5 544 -0.148
(-0.539, 0.2)

0.457

vs oral 3 520 0.036 (-0.058,
0.129)

0.454          

vs placebo 17 1896 -0.667 (-0.790,
-0.545)

< 
0.001

vs placebo 5 607 -1.725
(-3.739,0.289)

0.093

Knee No. of
study
arms

No. of
patients

RR (95% CI) p-
value

Hip No. of
study
arms

No. of
patients

RR (95% CI) p-
value

Blood
transfusion

40 4963 0.577 (0.464,
0.719)

< 
0.001

Blood
transfusion

22 1232 0.658 (0.485,
0.894)

0.007

vs iv 15 2042 1.112 (0.788,
1.569)

0.545 vs iv 11 600 0.595 (0.343,
1.033)

0.065

vs oral 3 547 1.151 (0.651,
2.036)

0.628 vs oral 1 60 1.750 (0.540,
5.668)

0.351

vs placebo 22 2374 0.398 (0.318,
0.500)

0.886 vs placebo 10 572 0.670 (0.461,
0.974)

0.036

(iv) intravascular, (Hb) hemoglobin, (Hct) hematocrit
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Knee No. of
study
arms

No. of
patients

Mean diff
(95% CI)

p-
value

Hip No. of
study
arms

No. of
patients

Mean diff
(95% CI)

p-
value

Morbidity 35 4763 0.806 (0.565,
1.151)

0.236 Morbidity 12 1152 0.496 (0.242,
1.016)

0.055

vs iv 15 2314 0.727 (0.381,
1.385)

0.332 vs iv 4 391 0.280 (0.068,
1.148)

0.077

vs oral 2 427 0.336 (0.035,
3.198)

0.342          

vs placebo 18 2022 0.873 (0.566,
1.348)

0.541 vs placebo 8 761 0.606 (0.264,
1.391)

0.237

(iv) intravascular, (Hb) hemoglobin, (Hct) hematocrit

3.3.1 Knee subgroup analysis
The knee subgroup analysis comprised 57 studies with 10,505 participants (Table 3), all of whom underwent TKA for knee
osteoarthritis. There were no signi�cant differences between topical, intravenous, or oral TXA in terms of total blood loss, drain
output, and hemoglobin loss. Topical TXA, in particular, demonstrated signi�cant reductions in total blood loss (MD: -368.730 mL;
95% CI: -412.145 to -325.315 mL; P < 0.001), total drain output (MD: -257.428 mL; 95% CI: -324.195 to -190.682 mL; P < 0.001),
and hemoglobin loss (MD: -0.667g/dL; 95% CI: -0.790 to -0.545 g/dL; P < 0.001) compared to the placebo group. Notably, there
were no signi�cant differences in blood transfusion rates or morbidity rate among all modalities within the knee subgroup
analysis.

3.3.2 Hip subgroup analysis
The hip subgroup analysis comprised 23 studies involving 3,464 patients (Table 3). Among these, the majority (17 studies, 74%)
focused on hip diseases like osteoarthritis and avascular necrosis, which underwent hip arthroplasty, while the rest (6 studies,
26%) addressed hip fractures, involving �xation and hip arthroplasty.

There were no signi�cant differences between topical, intravenous, or oral TXA in terms of total blood loss, and the blood
transfusion rate. The total drain output is also comparable between topical TXA and intravenous TXA group. The topical TXA
demonstrated signi�cant reductions in total blood loss (MD: -285.447 mL; 95% CI: -444.295 to -125.599 mL; P < 0.001), total drain
output (MD: -138.452 mL; 95% CI: -237.450 to -39.454 mL; P-value 0.006). and the blood transfusion rate (RR: 0.670; 95% CI:
0.461 to 0.974; P-value: 0.036) compared to the placebo group. Notably, there were no signi�cant differences in the hemoglobin
loss or morbidity rate among all modalities within the hip subgroup analysis.

3.4 Assessment of publication bias
All outcomes for heterogeneity were tested for by Egger’s test. In cases where the P-value < 0.05, it was considered statistically
signi�cant, indicating the presence of publication bias. All publication bias outcomes were reported in Table 2.

4 Discussion
Our meta-analysis of 13,969 patients undergoing hip and knee surgeries showed that topical TXA offered signi�cant bene�ts over
placebo, reducing blood loss, drainage, and hemoglobin loss. Compared with systemic TXA, the topical TXA demonstrated
equivalence in e�cacy and safety to intravenous and oral TXA. In knee and hip subgroup analysis, similar trends were observed.
A random effect model was chosen to account for potential heterogeneity. No signi�cant differences were found between topical,
intravenous, and oral routes in either hip or knee surgeries.

There were few previous meta-analyses comparing topical TXA with systemic application in hip and knee surgery. Chen et al
found that topical and intravenous TXA resulted in no signi�cant differences in total blood loss and transfusion rates for both
TKA and THA, suggesting both methods are equally effective [105]. On the other hand, Alshryda S. et al highlighted a signi�cant
advantage of topical TXA in reducing transfusion rates for both TKA and THA [106]. Furthermore, Sun Q. et al investigation
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emphasized that intravenous and topical routes had comparable outcomes and risk of venous thromboembolism (VTE) [107]. All
three articles support the e�cacy of TXA in minimizing blood loss during joint arthroplasty, the signi�cant difference lies in the
advantage of topical TXA over intravenous TXA in reducing transfusion rates (as noted by Alshryda S.). The outcomes of our
study align with those of three prior meta-analyses, rea�rming that topical TXA demonstrates comparable effectiveness and
safety to intravenous TXA in reducing blood loss and transfusion frequencies after TKA or THA.

Our knee subgroup analysis results, compared to previous meta-analyses in knee arthroplasty, are presented in Table 4. Panteli et
al [108] (2013) assessed topical tranexamic acid (TXA) vs. placebo in seven RCTs (497 participants), reporting reduced
postoperative drainage, total blood loss, hemoglobin drop, and transfusion need (RR = 0.47), consistent with our meta-analysis
a�rming topical TXA's e�cacy. Wang et al [109] (2014) studied local and intravenous TXA in six RCTs (679 participants), �nding
decreased transfusion needs with topical TXA, aligning with our �ndings. Fillingham et al [110] compared topical and oral TXA,
showing topical's superiority in blood loss and transfusion rate. Lu Feifan et al [111] found similar results. Our meta-analysis
reinforces topical TXA's e�cacy in reducing blood loss and transfusion needs during knee surgery. Overall, the pooling of various
meta-analyses, including our own, highlights the apparent effectiveness of topical TXA in reducing blood loss, reducing the need
for blood transfusion, and preserving hemoglobin levels in knee surgery. Notably, topical TXA demonstrates superiority over
placebo and is as effective as intravenous TXA for knee surgery.
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Table 4
Comparison between previous knee meta-analyses

  Panteli M. (2013)
[105]

Wang H.
(2014) [106]

Fillingham YA (2018)
[107]

Lu F (2020)

[108]

Present
Metanalysis

Population Patients
undergoing TKA

Patients
undergoing
TKA

Patients undergoing TKA Patients
undergoing
TKA

Patients undergoing
TKA

Methods          

Data sources PubMed Medline,
Ovid Medline;
Embase; and the
Cochrane Library,

PubMed,
CENTRAL
Web of
Science, and
Embase

Ovid MEDLINE, Embase,
Cochrane Reviews,
Scopus, and Web of
Science databases

PubMed,
Medline,
Web of
Science, and
Embase

PubMed, Scopus

Years 2010–2012 2012–2014 2017 2016–2020 2010–2022

Intervention Topical Topical Topical Topical Topical

Comparator Placebo IV Oral and placebo IV IV, Oral and Placebo

Number of RCTs 6 RCTs + 1 PCCs 6 RCTs 67 RCTs 28 RCTs 57 RCTs

Analytic
approach

Fixed and random
effect model,
Inverse variance
statistical method

Fixed and
random
effect model

N/R Random
effect model

Random effect
model

Results          

Blood loss MD = − 220.08 ml,

95% CI (− 279.54 to
− 160.63),

p < 0.00001,

I2 = 0%

MD = − 14.36
ml,

95% CI (− 
92.02 to
63.30),

p = 0.72,

I2 = 51%

Oral: MD = − 99.06 ml,

95% CI (− 296.33 to
93.6),

Placebo: MD = − 329.4
ml, 95% CI (− 426.63 to
− 240.21)

MD = 11.55
ml,

95% CI (− 
10.23 to
33.34),

p = 0.30,

I2 = 28.0%

IV: MD = -0.643 ml,
95% CI (-46.301 to
45.014), p = 0.978,

I2 = 89.7%.

Oral: MD = 83.600
ml, 95% CI (-36.545
to 203.745), p = 
0.173,

I2 = 0%.

Placebo: MD =
-368.730 ml, 95% CI
(-412.145 to
-325.315), p < 0.001,

I2 = 87.2%.

IV – intravenous; N/R – Not Reported; MD – Mean Difference; RR – Risk Ratio; TKA – Total Knee Arthroplasty
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  Panteli M. (2013)
[105]

Wang H.
(2014) [106]

Fillingham YA (2018)
[107]

Lu F (2020)

[108]

Present
Metanalysis

Total drain MD = − 268.36 ml,

95% CI (− 491.55, − 
45.18),

p = 0.02

I2 = 94%

MD = 21.91
ml,

95% CI (− 
85.01 to
128.82),

p = 0.69,

I2 = 94%

N/R N/R IV: MD = 19.162 ml,
95% CI (-11.074 to
49.398), p = 0.214,

I2 = 96.5%.

Oral: MD = -0.140,
95% CI (-10.063,
9.783),

p = 0.978, I2 = 0%.

Placebo: MD =
-257.438 ml, 95% CI
(-324.195,
-190.682), p < 0.001,

I2 = 98.7%

Hemoglobin loss MD = − 0.94 gr/dL,

95% CI (− 1.24, − 
0.65),

p < 0.00001, I2 = 0%

MD = 0.43
gr/dL

95% CI (− 
0.25 to 1.110,

p = 0.22, I2 = 
95%

N/R N/R IV: MD = 0.019
gr/dL, 95% CI
(-0.157, 0.195), p = 
0.831, I2 = 88%.

Oral: MD = 0.036 gr/
dL, 95% CI (-0.058,
0.129),

p = 0.454, I2 = 0%.

Placebo: MD =
-0.667 gr/dL, 95% CI
(-0.790, -0.545), p < 
0.001,

I2 = 68%

Mean blood
transfusion

RR = 0.47,

95% CI (0.26 to
0.84),

p = 0.01, I2 = 0%

MD = − 0.40

95% CI (− 
0.75 to − 
0.05),

p = 0.03, I2 = 
15%

Oral: RR = 1.06,

95% CI (0.48, 2.38)

Placebo: RR = 0.26

95% (0.15, 0.4)

RR = 1.04

95% CI (0.64
to 1.69),

p = 0.88,

I2 = 7%

IV: RR = 1.112, 95%
CI (0.788, 1.569),

p = 0.545, I2 = 0%.

Oral: RR = 1.151,
95% CI (0.651,
2.036),

p = 0.628, I2 = 0%.

Placebo: RR = 
0.398, 95% CI
(0.318, 0.500), p = 
0.886, I2 = 0%.

Thromboembolic
complications

N/R RR = 7.00

95% CI (0.37
to 132.10),

p = 0.19;

N/R RR, 1.43

95% CI (0.81
to 2.54),

p = 0.22,

I2 = 0%

N/R

IV – intravenous; N/R – Not Reported; MD – Mean Difference; RR – Risk Ratio; TKA – Total Knee Arthroplasty
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Our hip subgroup analysis results, compared to previous meta-analyses in hip arthroplasty, are presented in Table 5. Chen et al
[112] found a signi�cant reduction in blood loss, drain output, and hemoglobin loss with topical tranexamic acid in 2,594
patients. Liu et al [113] reported that combining topical and intravenous tranexamic acid in 747 patients during THA may reduce
blood loss without raising postoperative complications. Yoon et al's network meta-analysis [114] found comparable results
across various tranexamic acid application methods. All prior meta-analyses on topical tranexamic acid usage in hip surgery
align with the �ndings of our current meta-analysis.
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Table 5
Comparison between previous hip meta-analyses

  Chen S. (2016) [109] Liu X. (2017) [110] Yoon BH (2018)
[111]

Present
metanalysis

Population Patients undergoing
primary THA

Patients undergoing primary
THA

Patients
undergoing
primary THA

Patients with hip
fracture, OA, AVN

Methods        

Data sources PubMed, Embase, the
Cochrane Library, Web of
Science, and Chinese
Biomedical Database

PubMed, Medline, Embase, Web
of Science, the Cochrane Library,
ChinaWanfang database, and
Google database

PubMed-
Medline,
Embase, and
the Cochrane
Library

PubMed, Scopus

Years 2013–2014 2015–2016 2000–2017 2010–2022

Intervention Topical (intra-articular) Topical + IV Topical Topical

Comparator Placebo IV IV, Combined,
Placebo

IV, Oral, Placebo

Number of RCTs 7 RCTs + 7 cohort 6 RCTs 25 RCTs 23 RCTs

Analytic
approach

Fixed-effects and random-
effect models

Fixed-effects and random-effect
models

Fixed-effects
model

Random-effect
models

Results        

Blood loss MD = − 297.65 ml,

95% CI (− 371.68 to
116.08),

p < 0.01, I2 = 71%.

MD = − 250.37 ml,

95% CI (− 376.43 to − 124.31),

p = 0.000, I2 = 94.3%.

IV: OR = 0.99,
95% CI (0.65 to
1.52).

Combined: OR 
= 0.63, 95% CI
(0.19 to 2.06).

Placebo: OR = 
2.00, 95% CI
(1.35 to 2.96).

IV: MD = 6.285 ml,
95% CI (− 25.244 to
37.813), p = 0.696,

I2 = 72.2%.

Oral: MD = 49.949
ml, 95% CI (− 
56.637 to 156.535),
p = 0.358, I2 = 0%.

Placebo: MD = − 
285.447 ml, 95% CI
(− 444.295 to − 
126.599),

p < 0.001, I2 = 
95.4%.

Total drain MD = − 164.68 ml,

95% CI (− 236.63 to − 
92.73),

p < 0.01, I2 = 96%.

N/R IV: OR = 0.92,
95% CI (0.26 to
3.19).

Combined: OR 
= 0.93, 95% CI
(0.17 to 5.02).

Placebo: OR = 
2.09, 95% CI
(0.74 to 5.92);

IV: MD = 8.737 ml,
95% CI (− 31.080 to
48.553), p = 0.667,

I2 = 39.3%.

Placebo: MD = − 
138.452 ml, 95% CI
(− 237.450 to − 
39.454),

p = 0.006, I2 = 
96.8%.

IV – intravenous; N/R – Not Reported; MD – Mean Difference; OR – Odds Ratio; RR – Risk Ratio; THA – Total Hip
Arthroplasty;
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  Chen S. (2016) [109] Liu X. (2017) [110] Yoon BH (2018)
[111]

Present
metanalysis

Hemoglobin loss SMD = − 0.66,

95% CI (− 0.91 to − 0.41),

p < 0.01, I2 = 81%.

MD = − 0.11,

95% CI (− 0.11 to 0.17),

p = 0.443, I2 = 78.1%.

N/R IV: MD = − 0.148,
95% CI (− 0.539 to
0.2), p = 0.457;

I2 = 92.3%.

Placebo: MD = − 
1.725, 95% CI (− 
3.739 to 0.289),

p = 0.093, I2 = 
99.0%.

Mean blood
transfusion

OR = 0.26,

95% CI (0.17 to 0.40),

p < 0.01, I2 = 41%.

RR = 0.32, 95% CI (0.17 to 0.63),
p = 0.001, I2 = 0%.

IV: OR = 0.88,
95% CI (0.52 to
1.49).

Combined: OR 
= 0.12, 95% CI
(0.02 to 0.64),
p-value 0.014.

Placebo: OR = 
3.31, 95% CI
(2.03 to 5.18).

IV: RR = 0.595, 95%
CI (0.343 to 1.033),
p = 0.065,

I2 = 67.7%.

Oral: RR = 1.750,
95% CI (0.540 to
5.668), p = 0.351,

I2 = 0%.

Placebo: RR = 
0.670 95% CI
(0.461 to 0.974), p 
= 0.036,

I2 = 57.5%.

Thromboembolic
complications

DVT (OR = 1.19, 95% CI
(0.40 to 3.57) p = 0.006),

PE (OR = 1.11, 95% CI
(0.11 to 10.81); p = 0.006),

I2 = 0%.

RR = 1.23,

95% CI (0.38 to 4.00),

p = 0.729.

IV: OR = 0.38,
95% CI (0.10 to
1.50).

Combined: OR 
= 3.51, 95% CI
(0.69 to 17.81);

Placebo: OR = 
0.59, 95% CI
(0.20 to 1.78),
p-value 0.31;

N/R

IV – intravenous; N/R – Not Reported; MD – Mean Difference; OR – Odds Ratio; RR – Risk Ratio; THA – Total Hip
Arthroplasty;

Our meta-analysis stands out for several reasons. Firstly, it's the most extensive analysis of its kind, involving 13,969 patients in
randomized controlled trials, making it the largest study to date on topical tranexamic acid in orthopedic surgery. Secondly, we
gathered data over a considerable timeframe, spanning from 2010 to 2022, providing a comprehensive and up-to-date analysis.
Thirdly, we included both hip and knee surgery, considering various methods of administering tranexamic acid compared to
placebo. However, there are notable limitations. Concerns about study heterogeneity and publication bias persist. The diverse
forms of the topical route, such as intra-articular, peri-articular, and local, pose challenges in comparison. In future studies, we
plan to address this by systematically comparing each route. Additionally, we acknowledge the differences in surgical
approaches between knee and hip surgeries. Although there's a greater volume of knee surgery trials, we categorized and reported
them as subgroup analyses to maintain meaningful insights.
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5 Conclusion
In this meta-analysis of 80 RCTs with 13,969 patients undergoing hip and knee surgeries, topical tranexamic acid emerged as a
signi�cant asset, notably reducing blood loss, drainage, and hemoglobin loss when compared to a placebo. Knee surgeries
showed clear bene�ts, while similar trends were observed in hip surgeries with fewer studies. Topical tranexamic acid exhibited
equivalence to intravenous and oral administration, providing a practical, effective and safe option. Our study a�rms and
consolidates �ndings from previous meta-analyses, underscoring the consistent effectiveness of topical tranexamic acid in
orthopedic surgery. However, concerns about study heterogeneity and publication bias warrant consideration, guiding our plans
for future comprehensive investigations.
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