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Abstract

OBJECTIVE:The optimal route of administration of tranexamic acid remains controversial in total knee arthroplasty. This study performed a meta-analysis to

evaluate the effectiveness and safety of combined administration of intravenous and topical tranexamic acid.

METHODS: A systematic literature search was conducted in PubMed, Embase, Medline, Web of Science, and Cochrane Library database until May 2019 to
identify randomized controlled trials of comparing intravenous or topical administration of tranexamic acid and their combination. The search terms include
“total knee arthroplasty, total knee replacement, TKA, TKR, tranexamic acid, TXA”. Cochrane bias risk assessment tool was used to evaluate literature quality.
Data were analyzed using RevMan 5.3 software. The main outcome measures were total blood loss, drainage volume, maximum drop of hemoglobin, and
postoperative hemoglobin level. The secondary outcome measures were the transfusion rate, the incidence of deep vein thrombosis and the incidence of

pulmonary embolism.

RESULTS: (1) A total of 9 randomized controlled trials involving 1 220 patients were included in the meta-analysis. (2) Meta-analysis results suggested that
compared with intravenous administration group, total blood loss (MD=-213.15, 95%C/:-241.23 to —185.08, P < 0.000 01), drainage volume (MD=-40.00,
95%Cl:—62.34 to —17.65, P=0.000 5], maximum drop of hemoglobin (MD=-0.65, 95%C/:-1.01 to —0.30, P=0.002), and postoperative hemoglobin level (MD=0.86,
95%(Cl:0.48-1.24, P < 0.000 1) were better than in the combined group. There was no significant difference between the two groups in the transfusion rate,

the incidence of deep vein thrombosis and the incidence of pulmonary embolism (P > 0.05). (3) Compared with the topical administration group, total blood
loss (MD=-94.24, 95%Cl:=123.83 to —-64.66, P < 0.000 01), maximum drop of hemoglobin (MD=-0.64, 95%C/:-0.93 to —0.35, P < 0.000 1) and transfusion rate
(OR=0.31, 95%CI:0.13-0.74, P=0.009) were better in the combined group. No significant difference was found in drainage volume, the incidence of deep vein
thrombosis and the incidence of pulmonary embolism between the two groups (P > 0.05).
CONCLUSION: The combined intravenous and topical tranexamic acid can further reduce surgical blood loss, hemoglobin drop and drainage, and will not
lead to an increase in the incidence of adverse events such as deep vein thrombosis and pulmonary embolism. The combined use of tranexamic acid is more
effective and safer when comparing with topical or intravenous tranexamic acid alone.
Key words: bone: knee; knee joint; tranexamic acid combination; randomized control; venous embolization; meta-analysis
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Table 1 | Basic information of nine randomized controlled trials
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Table 2 | Intervention mode and dosage of the included articles
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Figure 4 | Forest plot comparison of total blood loss of each group (combined group vs. intravenous

Favours [experimental] Favours [control]

administration group)
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Figure 5 | Forest plot comparison of drainage volume of each group (combined group vs.

Favours [experimental] Favours [control]

intravenous administration group)

Combined group intravenous group Mean Difference Mean Difference

_Studyor S Mean SD Total Mean SD otal Weight IV, Random, 95% C| V., Random, 95% C
1.4.1 Same dose of intravenous administration
Jain 2016 1.14 0.5 59 182 081 60 21.3% -0.68 [-0.88, -0.48] S
Lee 2017 2 0.8 95 29 0.9 93 206% -0.90[-1.14, -0.66] -
Zhang 2018 1.68 0865 50 273 094 50 19.3% -1.05[-1.37,-073) T T
Subtotal (95% CI) 204 203 61.3%  -0.85[-1.06, -0.64] -
Heterogeneity: Tau® = 0.02; Chi*=4.32, df =2 (P =0.12); I = 54%
Test for averall effect: Z = 7.90 (P < 0.00001)
1.4.2 Different dose of intravenous administration
Huang 2014 256 053 92 273 055 92 21.9% -0.17 [-0.33, -0.01] T
Song 2017 24 105 50 29 1.2 50 16.8% -0.50 [-0.84, -0.06] e
Subtotal (35% CI) 142 142 38.7%  -0.27 [-0.56, 0.03] <
Heterogeneity: Tau™ = 0.03; Chi*=1.90, df =1 (P=017) P =47%
Test for overall effect: £ = 1.78 (P = 0.08)
Total (95% CI 346 345 100.0%  -0.85 [-1.01,-0.30] -

Heterogeneity: Tau® = 0.14; Chi* = 41.82, df = 4 (P < 0.00001); I* = 90%
Test for overall effect; Z = 3.65 (P = 0.0003)
Test for subaroun differences: Chi® = 8.93. df = 1 (P = 0.002). * = 89.9%
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Figure 6 | Forest plot comparison of the maximum drop in hemoglobin levels in each group

1 05 0 0.5 1
Favours [experimental] Favours [control]

(combined group vs. intravenous administration group)

Combined group intravenous group Mean Difference Mean Difference

_Studvor $ Mean SD_ Total Mean SD__ Total Weight IV, Fixed, 95% CI| IV, Fixed, 95% CI
Adravanti 2018 1.1 1.2 50 10.4 1.3 50 60.7% 0.70[0.21,1.19] =
Nielsen 2016 12.2 1.1 30 14 13 30 39.3% 1.10[0.49, 1.71] —a
Total (95% CI) 80 80 100.0% 0.86 [0.48, 1.24] >

Heterogeneity: Chi* = 1.00, df = 1 (P =0.32); " = 0% -2 -"I 0 1 2
Test for overall effect: Z = 4.40 (P < 0.0001) Favours [experimental] Favours [control]
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Figure 7 | Forest plot comparison of postoperative hemoglobin levels in each group (combined

group vs. intravenous administration group)

Combined group  intravenous group Odds Ratio Odds Ratio
—Study or S Events Total __Events Total Weight M-H, Fixed,95%Cl MM, Fixed, 95% Cl
Adravanti 2018 0 50 2 50 21.1% 019[0.01, 410 ¥ "
Huang 2014 3 a2 4 92 33.0% 0.74 [0.16, 3.41] —
Jain 2016 1 EE) 4 60 333% 0,24 [0.03, 2.23] - &
Lee 2017 o a5 o a5 Not estimable
Nielsen 2016 a an 1 30 12.6% o3z[o0t. 8291 — |
Saong 2017 ] 20 ] S0 Not estimable
Total (95% CI) 376 377 100.0%  0.41[0.14,1.17] e
Total events 4 11
i it = = = 2= u
Heterogeneity: Chi* = 1.06, df = 3 (P = 0.79); I* = 0% . o ! F .

Test for averall effect; Z = 1.67 (P = 0.10) Favours [experimental] Favours [control]
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Figure 8 | Forest plot comparison of blood transfusion in each group (combined group vs.

intravenous administration group)
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C i group group Odds Ratio Odds Ratio
z ) -
Huang 2014 o 92 1 92 43.2% 033001820 — W ;
Jain 2016 o 59 1 60 427% 033[001,835 — @ —|——
Zhang 2018 1 50 o 50 14.1%  3.08[0.12, 76.95] =
Total (95% Ci) 201 202 100.0%  0.72 [0.14, 3.66)
Total events 1 2
Heterogeneity: Chi* = 1.22. df = 2 (P = 0.54); I = 0% 001 01 1 10 100

Test for overall effect: Z = 0.40 (P = 0.68) Favours [experimental] Favours [control]
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Figure 9 | Forest plot comparison of the incidence of deep vein thrombosis in each group (combined
group vs. intravenous administration group)

Combined group intravenous group Odds Ratio Odds Ratio
i .| i T -H, Fixed, 95% C
Lee 2017 o 95 1 93 50.4% 0.32 [0.01, 8.03] =
Zhang 2018 o] 50 1 50 49.6% 033@01, 821 — W
Total (95% ClI) 145 143 100.0% 0.32 [0.03, 3.16] ——enui———
Total events a . ) ) .
Heterogeneity: Chi* = 0,00, df = 1 (P = 1.00); I* = 0% 0.01 o1 H 10 100

Test for overall effect: Z = 0.97 (P = 0.33) Favours [experimental] Favours [control]
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Figure 10 | Forest plot comparison of the incidence of pulmonary embolism in each group (combined
group vs. intravenous administration group)

Combined group
Study or Mean

Intra-articular group Mean Difference Mean Difference
5 o, i o,

21.3%

Lee 2017 564 242 95 633 205 93 -69.00 [-133.06, -4.94] e

Lin 2015 578.7 2468 40 7051 2139 40 8.5% -126.40[-227.63, -25.17]

Song 2017 89849 19256 50 9433 276.2 50 10.0%  -44.81[-138.14, 48.52] S

Zhang 2018 39444 8694 50 501.34 10679 50 60.1% -106.90 [-145.07, -68.73] —

Total (95% CI) 235 233 100.0% -04.24 [-123.83, -64.66] -

Heterogeneity: Chi* = 248, df = 3 (P = 0.48); I = 0% T 3 50

Test for overall effect: Z = 6.24 (P < 0.00001)
KE: SREREA, BRE R PR RE 05 A Rk Bk
E11 | HESKRMELLIMFRIKE (BXEH vs. FERE )

Figure 11 | Forest plot comparison of the total blood loss in each group (combined group vs. topical

Favours [experimental] Favours [control]

administration group)

Combined group Intra-articular group Mean Difference Mean Difference

_Study or $ Mean SD Total Mean  SD  Total Weight IV, R 95% €I IV, Randgm, 95% CI
Lin 2015 56.8 346 40 1109 613 40 384% -54.10[-75.91, -32.29] -
Song 2017 §35.55 109.79 50 51412 146.76 50 27.4% 21.43 [-29.37, 72.23] I
Yuan 2018 375.26 20.8 48 454.06 773 48  34.1% -78.80 [-112.53,-45.07] — =

Total (95% CI) 138 138 100.0%
Heterogeneity: Tau® = 1239.25; Chi* = 10.49, df = 2 (P = 0.005); I = 81%
Test for overall effect: Z = 1.83 (P = 0.07)

Bl S5RAMLI, AR F IR A 20D 5 E
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Figure 12 | Forest plot comparison of drainage volume in each group (combined group vs. topical

-41.82 [-86.69, 3.05]

——
-100 -50 [} 50 100
Favours [experimental] Favours [control]

administration group)

Combined group  Intra-articular group Mean Difference Mean Difference

—Study or Subgroup __Mean __SD Total Mean  SD _Total Weight IV. 95% CI IV, Random, 95% CI
Lee 2017 2 08 95 2.9 0.9 93 227%  -0.90[-1.14, -0.66] —
Lin 2015 19 08 40 2.4 0.9 40 187%  -0.50 [-0.87, -0.13]
Song 2017 24 105 50 25 12 50 166%  -0.10(-0.54,0.34] L
Yuan 2018 276 0.6 48 376 07 48 222%  -1.00[-1.26,-074 v
Zhang 2018 168 065 50 221 101 50 19.9%  -0.53[-0.86, -0.20] -
Total (95% CI) 283 281 100.0%  -0.64 [-0.93, -0.35] -
Heterogeneity: Tau® = 0.08; Chi* = 16,64, df = 4 (P = 0.002); F = 76% = s U o5 !

Test for overall effect: Z = 4.33 (P < 0.0001) Favours [experimental] Favours [control]
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Figure 13 | Forest plot comparison of maximum drop of hemoglobin levels in each group (combined
group vs. topical administration group)

Combined group
Events Total

Intra-articular group

Odds Ratio
Events i

Odds Ratio
Total Weight M-H. Fixed, 95% Cl M-H. Fixed, 95% CI

Study or =]
0.33 [0.01, 8.22]

Lin 2015 o 40 1 40 T7.9%

Song 2017 o 50 1 50 T7.9% 0.33 [0.01, 8.21] [

Yuan 2018 8 48 19 48 B42% 0.31 [0.12, 0.79]

Total (95% CI) 138 138 100.0% 0.31[0.13, 0.74)

Total events 8 21

Heterogeneity: Chi* = 0,00, df = 2 (P = 1.00); I* = 0% 001 01 10 100

Test for overall effect: £ = 2.61 (P = 0.009) Favours [experimental] Favours [control]
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Figure 14 | Forest plot comparison of blood transfusion rate in each group (combined group vs.
topical administration group)
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Evidence-based medicine

Combined group  intravenous group

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% C|

Adravanti 2018 o 50 o 50

Odds Ratio

Odds Ratio
i M-H, Fixed, 95% C|

Mot estimable

Yuan 2018 1 48 1 48 50.0% 1.00 [0.08, 16.46]

Zhang 2018 1 50 1 50 50.0% 1.00 [0.08, 16.44]

Total {95% CI) 148 148 100.0% 1.00 [0.14, 7.24]

Total events 2 2

Heterogeneity: Chi® = 0.00, df = 1 (P = 1.00); I* = 0% + t t ; +
= = 0.002 0.1 1 10 500

Test for overall effect: Z = 0.00 (P = 1.00) Favours [experimental] Favours [control]
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Figure 15 | Forest plot comparison of the incidence of deep vein thrombosis in each group (combined

group vs. topical administration group)

Combined group  Intra-articular group Odds Ratio Odds Ratio
. ixed, 95% C
Lee 2017 1] as 0 a3 Not estimable
Yuan 2018 a 48 1 48  50.0% 0.33[0.01, 8.22] =
Zhang 2018 Qo 50 1 50 50.0% 0.33 [0.01, 8.21] -
Total (95% CI 193 191 100.0%  0.33 [0.03, 3.19] —li—
Total events o 2

Heterogeneity: Chi* = 0.00, df =1 (P = 1.00); I = 0%
Test for overall effect: Z = 0.98 (P = 0.34)

0.001 01 1 10 1000
Favours [experimental] Fawvours [control]
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Figure 16 | Forest plot comparison of the incidence of pulmonary embolism in each group (combined

group vs. topical administration group)
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