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Objectives

Tranexamic acid (TXA) is an antifibrinolytic agent used as a blood-sparing technique in
total knee arthroplasty (TKA), and is routinely administered by intravenous (IV) or intra-
articular (IA) injection. Recently, a novel method of TXA administration, the combined IV
and |IA application of TXA, has been applied in TKA. However, the scientific evidence of com-
bined administration of TXA in TKA is still meagre. This meta-analysis aimed to investigate
the efficacy and safety of combined IV and IA TXA in patients undergoing TKA.

Materials and Methods

A systematic search was carried out in PubMed, the Cochrane Clinical Trial Register (Issue12
2015), Embase, Web of Science and the Chinese Biomedical Database. Only randomised
controlled trials (RCT) evaluating the efficacy and safety of combined use TXA in TKA were
identified. Two authors independently identified the eligible studies, extracted data and
assessed the methodological quality of included studies. Meta-analysis was conducted using
Review Manager 5.3 software.

Results

A total of ten RCTs (1143 patients) were included in this study. All the included studies were
randomised and the quality of included studies still needed improvement. The results indi-
cated that, compared with either placebo or the single-dose TXA (IV or IA) group, the combi-
nation of IV and 1A TXA group had significantly less total blood loss, hidden blood loss, total
drain output, a lower transfusion rate and a lower drop in haemoglobin level. There were
no statistically significant differences in complications such as wound infection and deep
vein thrombosis between the combination group and the placebo or single-dose TXA group.

Conclusions

Compared with placebo or the single-dose TXA, the combined use of IV and IA TXA provided
significantly better results with respect to all outcomes related to post-operative blood loss
without increasing the risk of thromboembolic complications in TKA.
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This meta-analysis of randomised
controlled trials aimed to investigate
the efficacy and safety of combined
intravenous (IV) and intraarticular
(IA) TXA in patients undergoing
TKA.

Compared with either placebo or single
dose TXA (IV or IA) group, combination
use of IV and IA TXA group had signifi-
cantly less total blood loss, hidden blood
loss, total drain output, transfusion rate
and lower drop of haemoglobin level.
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Besides, there were no statistical differences in com-
plications, including wound infection and deep vein
thrombosis between combination group and placebo
or single dose TXA group.

Strengths and limitations
To our knowledge, this is the first comprehensive
meta-analysis to evaluate the efficacy and safety of
combined regimen of TXA in TKA.
This meta-analysis included only randomised con-
trolled trials, which provided high-level evidence for
clinical practice.
Third, the preferred reporting items for systematic
review and meta-analysis statement was applied in
this study, ensuring the quality of meta-analysis.

Introduction

Total knee arthroplasty (TKA) is one of the most success-
ful orthopaedic procedures indicated for end-stage oste-
oarthritis and other joint diseases of the knee. However,
TKA is associated with significant blood loss. It is esti-
mated that primary TKA can result in a post-operative loss
of up to 2000 mL." Thus, TKA often requires blood trans-
fusion and the transfusion rate ranges from 11% to 21%
during TKA.2 Blood transfusions are associated with
increased risks of immunological reactions, infection,
alloimmunisation, transfusion-related acute lung injury
and 90-day mortality.3

Many strategies have been developed for the manage-
ment of peri-operative blood loss, including pre-opera-
tive autologous blood donation, various blood salvage
techniques, careful haemostasis and the use of antifi-
brinolytic agents.# In recent years, tranexamic acid (TXA)
has been widely used in orthopaedic surgery. TXA is a
synthetic drug that reduces blood loss through inhibition
of fibrinolysis and clot degradation.> Currently, various
dosing regimens have been used for TXA, including intra-
venous (IV), intra-articular (IA) and oral forms.¢ High
quality evidence from systematic reviews and meta-
analyses’:8 have confirmed the efficacy of IV TXA and IA
TXA in TKA. Recently, a new method, the combined use
of IV TXA and topical TXA has been used in orthopaedic
surgery.®'8 However, the scientific evidence of combin-
ing IV and topical TXA in TKA is still meagre.

Thus, the aim of this meta-analysis was to identify all
available randomised controlled trials (RCTs) to assess
the efficacy and safety of the combined use of IV and IA
TXA during TKA. This meta-analysis was designed mainly
to discuss the following three questions: Is the combined
application of TXA associated with less blood loss com-
pared with placebo? Is the combined application of TXA
superior to single-dose (IV or IA) TXA for reducing blood
loss? Does the combined application of TXA increase the
risk of thromboembolism complications compared with
placebo or single-dose TXA?

Material and Methods

Search strategy. This meta-analysis was conducted
according to the preferred reporting items for system-
atic review and meta-analysis (PRISMA) guidelines.?
A comprehensive literature search was performed in
the following databases: PubMed (search from 1966 to
December 2015), the Cochrane Clinical Trial Register
(December 2015), Embase (1974 to December 2015),
Web of Science (1956 to December 2015) and the
Chinese Biomedical Database (1978 to December 2015).
The literature search was restricted to studies published
in English and Chinese. With the assistance of a librarian,
the search terms included: tranexamic acid; TXA; com-
bin*; knee; arthroplasty; replacement; and randomised
controlled trials (RCTs). In addition, the reference lists of
retrieved studies and relevant reviews were also manu-
ally checked for additional publications.

Inclusion criteria. Papers were included if they met the
following criteria: the design was a RCT; patients under-
took primary TKA surgery; the control group was pla-
cebo, IV TXA or IA TXA; studies reported at least one
outcome of our meta-analysis.

The primary outcomes assessed in this meta-analysis

were blood loss (total blood loss, hidden blood loss and
total drain output), transfusion rate and the drop in hae-
moglobin (Hb) level. The secondary outcomes were
length of hospital stay and complications (deep vein
thrombosis, infection and wound complications).
Data extraction and risk of bias. Data extraction was con-
ducted by two independent reviewers using a standard
data extraction table. The following data were extracted
from all eligible studies: study design; sample size;
age; the dose of TXA in the combined group; surgical
approach; and outcomes reported.

The methodological quality of each component study

was assessed with the use of the Cochrane Reviewer’s
Handbook 5.1 for risk of bias.?° The items included were
the adequacy of randomisation, allocation concealment,
blinding, incomplete outcome data (attrition bias), selec-
tive reporting (reporting bias) and other bias.
Statistical analysis. Risks ratio (RRs) with their corre-
sponding 95% confidence intervals (Cls) were generated
for dichotomous data (transfusion rate, deep vein throm-
bosis, infection and wound complication) and mean
differences (MDs) with 95% Cls were converted to con-
tinuous outcome data (blood loss, drop in Hb and length
of hospital stay). To estimate the heterogeneity among
studies, we calculated |2 values and Cochrane Q statis-
tics (with significance level of p-value < 0.1). In the pres-
ence of homogeneity (12 < 50%), the fixed effects model
was used to estimate the overall effects. If there was
significant heterogeneity among included studies, the
random effects model was used. The meta-analysis was
undertaken using RevMan 5.3 software (The Cochrane
Collaboration, Oxford, United Kingdom).
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Fig. 1
The Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart of study screening and exclusions

Results

Search results. A flow diagram for the study selection is
shown in Figure 1. Our systematic search identified 146
potentially relevant studies. Of those, 15 were excluded
as they were discovered to be duplicates when checked
through Endnote software. Of the remaining 131 stud-
ies, 116 publications were scanned by reading the title
and abstract. This process yielded 15 reports for full-text
review. Of these, ten RCTs?-18 fulfilled the inclusion criteria
and were available for this meta-analysis. No additional
publications were identified from manually searching the
reference lists of retrieved studies and relevant reviews.
Characteristics of included studies. The characteristics of
the included trials are summarised in Table I. A total of
1143 patients were randomised in the ten included RCTs
(Table 1). Of those, 532 patients were randomised to
combination treatment, 287 patients to the single-dose
treatment and 324 patients to placebo. Sample sizes of
individual RCTs ranged from 70 to 146 patients. Seven
studies®19.121517 compared the combination group with
the placebo group, and six studies®11.13,1416,18 compared
the combination group with the single-dose group. Eight
studies used the medial parapatellar approach, one'¢
used minimally invasive subvastus and the remaining

study'® did not report the surgical approach. The base-
line characteristics of included studies were comparable
among different groups (Table I).

Methodological quality. The methodological quality of
the studies was assessed by two independent reviewers
according to the Cochrane Collaboration’s tool for assess-
ing risk of bias. Five of the ten included studies!!,12.14-16
reported an adequate sequence generation. Only three
studies® 1318 explicitly stated the allocation concealment.
Six studies?0.13.14,16-18 reported blinding of outcome asses-
sors and no outcome was selectively reported for any of
the studies. The details of the results of methodological
quality of the studies are listed in Table II.

Meta-analysis: combination versus placebo groups. There
were seven RCTs%10.12-15,17 comparing the combination of
IV and IA TXA with placebo were included for meta-anal-
ysis. A total of 635 patients were randomised either to
the combination group (311 patients) or placebo group
(324 patients).

Primary outcomes: blood loss. All included studies
reported the outcome of total blood loss, hidden blood
loss and total drain output. The results showed that the
combination group had significantly less total blood loss
(mean difference (MD) = -622.98 ml, 95 % CI -1070.37
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Table I. Characteristics of included studies
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Study (yr) Patients (n, yrs) Surgical approach The intervention of combination group
Combination IV 1A Placebo Pre-operative Intra-operative Post-operative
Cui and Wu'” 73 (NR) - — 73 (NR) medial parapatellar 2gTXAIV 2gTXAIA —
Huang et al'8 92 (65) 43 (65) — — medial parapatellar — 1.5gTXAIA 1.5gTXAIV
Jain et al'¢ 59 (68) 60 (70) — — minimally invasive 15 mg/kg 2gTXAIA 10 mg/kg TXA IV
subvastus TXA IV
Karaaslan et al’> 41 (66) - - 40 (66) medial parapatellar 15 mg/kg 3gTXAIA 10 mg/kg TXA IV
TXA IV
Lin et al'4 40 (75) — 40 (83) 40 (88) medial parapatellar TgTXAIV TgTXAIA —
Liuetal'? 25 (NR) 25(NR) 25 (NR) 25 (NR) NR - 1.0gTXAIA 1.0gTXAIV
Tu et al'? 66 (68) — — 80 (67) medial parapatellar 2gTXAIV 2gTXAIA —
Zhao et al" 70 (69) 70(70) — — medial parapatellar — 10 mg/kg TXA IV 0.5 g TXAIA
Zhao et al™® 43 (70) — — 43 (71) medial parapatellar — 1TgTXAIV,1g 1.0gTXAIV
TXAIA
Zhao et al® 23 (65.3) — 24 (65.4) 23 (68) medial parapatellar 10 mg/kg 10 mg/kg TXA IA 1.5gTXAIA
TXA IV
IV, intravenous; IA, intra-articular; TXA, tranexamic acid; NR, no report
Table Il. Risk of bias in included studies
Study Random g ation seq e Allocation concealment Blind Incomplete Selective Other bias
outcome data reporting
Cui and Wu'” Unclear Unclear Yes No Unclear Unclear
Huang et al'® Unclear Concealed envelope Yes No Unclear Unclear
Jain et al’® Computer-generated numbers Unclear No No Unclear Unclear
Karaaslan et al'> Computer-generated numbers Concealed envelope Yes No Unclear Unclear
Lin et al' Computer-generated numbers Unclear No No Unclear Unclear
Liu et al'3 Unclear Unclear No No Unclear Unclear
Tu etal'? Random number table Unclear Yes No Unclear Unclear
Zhao et al™ Computer-generated numbers Unclear Yes No Unclear Unclear
Zhao et al'® Unclear Unclear No No Unclear Unclear
Zhao et al® Unclear Concealed envelope Yes No Unclear Unclear

to =175.59 ml; p < 0.05), less hidden blood loss (MD =
-156.83 ml, 95 % Cl-185.86 to —-127.79 ml; p < 0.05) and
less total drain output (MD =-215.23 ml, 95 % Cl -325.17
to =105.29 ml; p < 0.05) than the placebo group (Fig. 2).
Primary outcomes: transfusion rate. A total of five stud-
ies!1.121415,17 involving 593 patients provided the results
of the transfusion rate. Meta-analysis revealed that the
combination group had a significantly lower transfusion
rate (risks ratio (RR) = 0.24, 95 % Cl 0.14 to 0.40; p <
0.05) compared with the placebo group (Fig. 3).
Primary outcomes: drop in Hb level. A total of four RCTs'%15
with 357 patients reported the data for the drop in Hb
level. The results demonstrated that the combination
group experienced a significantly lower drop in Hb level
atday 1 (MD =-1.00 g/dI, 95 % Cl -1.84 to —-0.16 g/dl;
p < 0.05) and day 3 (MD = -0.50 g/dl, 95 % Cl -0.87 to
—0.13 g/dl; p < 0.05) than the placebo group (Fig. 4).
Secondary outcomes: deep vein thrombosis. A total of four
studies® 121517 with 420 patients reported the outcome of
deep vein thrombosis. Meta-analysis showed that there
was no significant difference in deep vein thrombosis
between the combination groups and placebo groups
(RR=0.70, 95 % C1 0.24 to 2.02; p = 0.51) (Fig. 5).
Combination versus single-dose group. In total, six
RCTs?11.13,14,16,18 comparing the combination of IV and IA

TXA with the single-dose TXA group were included for
meta-analysis. A total of 596 patients were randomised
either to the combination group (309 patients) or the
single-dose TXA group (287 patients).

Primary outcomes: blood loss. All included RCTs reported
the result of total blood loss, hidden blood loss and total
drain output. The results showed that the combina-
tion group had significantly less total blood loss (MD =
-187.16 ml, 95 % Cl -301.34 to -72.86 ml; p < 0.05),
less hidden blood loss (MD =-78.46 ml, 95 % Cl -140.57
to-16.35 ml; p < 0.05) and less total drain output (MD =
-91.70 ml, 95 % Cl -154.69 to -28.71 ml; p < 0.05) than
the single-dose TXA groups (Fig. 6).

Primary outcomes: transfusion rate. A total of four
studies0.1416,18 with 469 patients provided the outcome
of the transfusion rate. The result revealed that the com-
bination group had a significantly lower transfusion rate
(RR=0.42, 95 % CI 0.26 to 0.69; p < 0.05) than the sin-
gle-dose TXA groups (Fig. 7).

Primary outcomes: drop in Hb level. A total of five
RCTs'0.13,1416,18 involving 544 patients reported the data
for the drop in Hb level. Meta-analysis demonstrated that
the combination group had a significantly lower drop in
Hb level at day 1 (MD = -1.07 g/dI, 95 % Cl -1.58 to
-0.55 g/dl; p < 0.05) and day 3 (MD = -1.50 g/dl, 95 %
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Combination Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean  SD Total Weight IV, Random, 95% ClI 1V, Random,95% ClI
1.1.1 Total blood loss
Cui XH 2015 1,590 470 73 2,160 1,240 73 4.3% -570.00 [-874.20,-265.80]
Lin 2014 578.7 246.9 40 705.1 213.9 40 8.6% -126.40 [-227.63,-25.17] —
TuSL 2015 600 500 66 2,200 1,200 80 4.6% -1600.00 [-1889.30,-1310.70] 4
Zhao Z 2015 456 216 24 731 179 23 8.4% -275.00 [-388.22,-161.78] —_—
Subtotal (95% Cl) 203 216 259%  -622.98[-1070.37,-175.59]
Heterogeneity: Tau® =195929.00; Chi’= 92.07, df = 3 (P < 0.00001); I = 97%
Test for overall effect: Z = 2.73 (P = 0.006)
1.1.2 Hidden blood loss
LiuL 2015 427 203 25 629 24 25 9.1% -202.00 [-282.13, -121.87] ——
Zhao GH 2015 596 92 70 746 96 70 9.7% -150.00 [-181.15, -118.85] -
Subtotal (95% CI) 95 95 18.8% -162.36 [-205.74, -118.98] ‘
Heterogeneity: Tau®= 390.01; Chi? = 1.41, df = 1 (P = 0.24); I = 29%
Testfor overall effect: Z=7.34 (P < 0.00001)
1.1.3 Total drain output
Karaaslan F 2014 500 200 41 900 400 40 7.8% -400.00 [-538.25, -261.75] —_—
Lin 2014 56.8 346 40 1109 61.3 40 9.8% -54.10 [-75.91, -32.29] -
Liu L 2015 457 162 25 676 168 25 8.8% -219.00 [-310.48, -127.52] —
Tu SL 2015 123 57 66 624 265 80 9.4% -501.00 [-560.68, -441.32] ——
Zhao GH 2015 210 94 70 316 92 70 9.7% -106.00 [-136.81, -75.19] -
Zhao Z 2015 98 48 24 160 60 23 9.7% -62.00 [-93.15, -30.85] -
Subtotal (95% Cl) 266 278  553% -215.23 [-32.17, -105.29] >
Heterogeneity: Tau® = 17568.40; Chi® = 220.77, df = 5 (P < 0.00001); I = 98%
Test for overall effect: Z = 3.84 (P < 0.0001)
Total (95% Cl) 564 589  100.0% -283.57 [-367.65, -199.48] <o
Heterogeneity: Tau® = 18642.61; Chi’= 349.75, df = 11 (P < 0.00001); I = 97% I } t |
Test for overall effect: Z = 6.61 (P < 0.00001) -1000 -500 0 500 1000
Test for subgroup differences: Chi’ = 4.68, df = 2 (P = 0.10), I* = 57.3% Favours [experimental] Favours [control]
Fig. 2
Forest plot of combination of intravenous and intra-articular tranexamic acid versus placebo in blood loss.
Combination Placebo Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl

Cui XH 2015 0 73 12 73 19.4% 0.04 [0.00, 0.66] =

Karaaslan F 2014 7 41 13 40  20.4% 0.53[0.23,1.18] —a

Lin 2014 0 40 1 40 2.3% 0.33[0.01, 7.95]

Tu SL 2015 0 66 12 80 17.6% 0.05 [0.00, 0.80] &

Zhao GH 2015 7 70 26 70  40.3% 0.27[0.13, 0.58] ——

Total (95% CI) 290 303 100.0% 0.24 [0.14, 0.40] <&

Total events 14 64

Heterogeneity: Chi’=6.55, df =4 (P = 0.16); I’ = 39% } } } |

Test for overall effect: Z = 5.36 (P < 0.00001) 0.001 0.1 1 10 1000

Favours [experimenatal] Favours [control]

Fig. 3

Forest plot of combination of intravenous and intra-articular tranexamic acid versus placebo in transfusion rates.

Cl (-1.90 to -1.10 g/dl); p < 0.05) than the single-dose
TXA groups (Fig. 8).

Secondary outcomes: length of hospital stay. Only one
study'® reported the results of length of hospital stay for
194 patients. The results showed that the combination
group had a shorter hospital stay (MD = -0.30 days, 95
% Cl —0.55 to -0.05 days; p < 0.05) than the single-dose
TXA groups (Fig. 9).

Complications. A total of four RCTs%10.16,18 reported the
results of complications, including deep vein thrombo-
sis and infection. Meta-analysis showed that there were
no significant differences in deep vein thrombosis (RR
= 0.54, 95 % Cl 0.15 to 1.93; p = 0.51) and infections

(RR=1.00, 95 % C1 0.06 to 15.75; p =0.51) between the
two groups (Fig. 10).

Discussion

The most important findings of this meta-analysis were
that, compared with placebo or single-dose TXA groups,
the combination groups provided significant benefits
with respect to reducing blood loss (total blood loss,
hidden blood loss and total drain output), reducing
transfusion rates and reducing drops in Hb levels. At the
same time, combined application of TXA did not appear
to increase the risk of deep vein thrombosis or
infection.
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Combination Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random, 95% CI IV, Random, 95% ClI
1.4.1 at day 1
Karaaslan F 2014 21 0.6 41 3.1 0.8 40 20.0% -1.00[-1.31,-0.69] —-
Lin 2014 08 0.7 40 1.3 0.7 40 20.0% -0.50[-0.81,-0.19] —_—
Liu L 2015 1.4 0.3 25 3.6 0.7 25 20.0% -2.20[-2.50, -1.90] ——
Tu SL 2015 1.2 0.6 66 1.5 0.8 80 20.4% -0.30[-0.53,-0.07] —-—
Subtotal (95% Cl) 172 185 80.4% -1.00[-1.84,-0.16] e
Heterogeneity: Tau? = 0.71; Chi? = 106.53, df = 3 (P < 0.00001); I> = 97%
Test for overall effect: Z=2.33 (P =0.02)
1.4.2 at day 3
Lin 2014 1.9 08 40 24 09 40 19.6% -0.50[-0.87,-0.13] -
Subtotal (95% CI) 40 40 19.6% -0.50[-0.87,-0.13] -
Heterogeneity: Not applicable
Test for overall effect: Z= 2.63 (P = 0.009)
Total (95% CI) 212 225 100.0% -0.90 [-1.60, -0.20] -
Heterogeneity: Tau? = 0.61; Chi? = 110.32, df = 4 (P < 0.00001); 1> = 96% f f f f
Test for overall effect: Z= 2.54 (P = 0.01) -2 -1 0 2
Test for subgroup differences: Chi® = 1.13, df = 1 (P = 0.29); 12 =11.1% Favours [experimental] Favours [control]
Fig. 4

Forest plot of combination of intravenous and intra-articular tranexamic acid versus placebo in Hb drop.

Combination Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% Cl
Cui XH 2015 2 73 4 73 49.2% 0.50 [0.09, 2.65] L
Karaaslan F 2014 1 41 0 40 6.2%  2.93[0.12, 69.83]
Tu SL 2015 2 66 4 80 44.5% 0.61[0.11, 3.21] ———
Zhao Z 2015 0 24 0 23 Not estimable
Total (95% Cl) 204 216 100.0%  0.70 [0.24, 2.02] e
Total events 5 8
Heterogeneity: Chi2 = 0.97, df = 2 (P = 0.62); 12 = 0% t t t {
Test for overall effect: Z=0.66 (P =0.51) 0.01 0.1 1 10 100
Favours [experimental]  Favours [control]
Fig. 5
Forest plot of combination of intravenous and intra-articular tranexamic acid versus placebo in deep vein thrombosis.
Combination Single Mean Difference Mean Difference
Study or Sub group Mean SD Total Mean SD Total Weight 1V, Random,95%ClI IV, Random,95%Cl
1.1.1 Total blood loss
Huang ZY 2014 867 374 92 957 285 92 7.0% -90.00 [-186.08,6.08] —_—
Jain NP 2015 385.6 1825 59 590.7 191.1 60  82% -205.10[-272.23,-137.97] —_—
Lin 2014 578.7 246.9 40 948.8 278.5 40  6.3% -370.10 [-485.44,-254.76] ————
Zhao Z 2015 486 216 24 541 210 23 6.0% -85.00 [-206.79, 36.79] —
Subtotal (95% Cl) 215 215 27.6% -187.16 [-301.45,-72.86]
Heterogeneity: Tau’= 10959.75; Chi’= 16.57, df = 3 (P = 0.0009); I'= 82%
Test for overall effect: Z = 3.21 (P = 0.001)
1.1.2 Hidden blood loss
Huang ZY 2014 321 92 593 311 92 7.2% -54.00 [-145.33, 37.33] —_—
Liu L 2015-1A 427 203 25 524 229 25 6.1% -97.00 [-216.96, 22.96] —_—
Liu L 2015-IV 427 203 25 529 228 25 6.1% -102.00 [-221.67, 17.67] —_—
Subtotal (95% Cl) 142 142 19.4% -78.46 [-140.57, -16.35]
Heterogeneity: Tau’= 0.00; Chi’= 0.52, df = 2 (P = 0.77); I'= 0%
Test for overall effect: Z = 2.48 (P = 0.01)
1.1.3 Total drain output
Huang ZY 2014 328 104 92 364 86 92 9.5% -36.00 [-63.58, -8.42] -
Lin 2014 56.8 34.6 40 211.9 121.9 40 9.2% -155.10[-194.37,-115.83] ——
Liu L 2015-1A 457 162 25 561 146 25 7.5% -104.00 [-189.49, -18.51] ——
Liu L 2015-IV 457 162 25 558 139 25 7.6% -101.00 [-184.67, -17.33] —_—
Zhao LH 2015 450 47 43 605 68 43 9.6% -155.00[-179.71, -130.29] -
Zhao Z 2015 98 48 24 104 44 23 9.6% -6.00 [-32.31, -20.31] -
Subtotal (95% CI) 249 248 53.0% -91.70 [-154.69, -28.71]
Heterogeneity: Tau’= 5507.80; Chi’= 90.04, df = 5 (P< 0.00001); I’= 94%
Test for overall effect: Z = 2.85 (P = 0.004)
Total (95% Cl) 606 605 100.0% -116.24 [-164.10, -68.38]
Heterogeneity: Tau’= 6053.89; Chi’= 125.80, df = 12 (P < 0.00001); I’= 90% 1 1 1 1
Test for overall effect: Z= 4.76 (P < 0.00001) -500 -250 0 250 500

Test for subgroup differences; Chi2= 2.76, df= 2 (P = 0.25); I2= 27.4%

Fig. 6

Favours [experimental] Favours [control]

Forest plot of combination versus single tranexamic acid in blood loss.
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Combination Single Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% ClI
Huang ZY 2014 3 92 4 92 10.1% 0.75[0.17, 3.26] e
Jain NP 2015 1 59 4 60 101% 0.25[0.03, 2.21] N
Lin 2014 0 40 6 40 16.5% 0.08 [0.00, 1.32] =
Zhao LH 2015 12 43 25 43 63.3% 0.48 [0.28, 1.83] -
Total (95% Cl) 234 235 100.0% 0.42[0.26, 0.69] <&
Total events 16 39
Heterogeneity: Chi’= 2.42, df = 3 (P = 0.49); I’= 0% f f f f

T T T
0.005 0.1 10

Test for overall effect: Z =3.45 (P =0.0006) . 1 200
Favours [experimental] Favours [control]
Fig. 7
Forest plot of combination versus single tranexamic acid in transfusion rates.
Combination Single Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI 1V, Random,95% CI
1.3.1 At day 1
Huang ZY 2014 25 05 92 27 05 92 152% -0.20[-0.34, -0.06] -
Jain NP 2015 1.14 0.5 59 1.82 0.61 60 15.0% -0.68 [-0.88, -0.48] --
Lin 2014 0.8 0.7 40 21 0.7 40 145% -1.30[-1.61,-0.99] -—
Liu L 2015-1A 1.4 0.3 25 23 09 25 142% -0.90[-1.27,-0.53] ——
Liu L 2015-IvV 1.4 0.3 25 22 08 25 14.4% -0.80[-1.13,-0.47] ——
Zhao LH 2015 1.9 0.7 43 47 1.8 43 127% -2.80[-3.38, -2.22] —_—
Subtotal (95% Cl) 284 285 86.0% -1.07[-1.58, -0.55]
Heterogeneity: Tau’= 0.38; Chi’= 109.69, df = 5 (P < 0.00001); I’= 95%
Test for overall effect: Z = 4.08 (P < 0.0001)
1.3.2 At day 3
Lin 2014 1.9 0.8 40 3.4 1 40 14.0% -1.50[-1.90, -1.10] —
Subtotal (95% Cl) 40 40 14.0% -1.50[-1.90, -1.10]
Heterogeneity: Not applicable
Test for overall effect: Z = 7.41 (P < 0.00001)
Total (95% CI) 324 325 100.0% -1.13 [-1.62, -0.64]
Heterogeneity: Tau’ = 0.38; Chi’= 127.97, df = 6 (P < 0.00001); I’= 95% 7 5 5 ] ?

Test for overall effect: Z = 4.55 (P < 0.00001)
Test for subgroup differences: Chi’=1.72, df =1 (P = 0.19). I’'=41.7%

Favours [experimental] Favours [control]

Fig. 8

Forest plot of combination versus single tranexamic acid in Hb drop.

Combination Single

Study or Subgroup Mean SD Total Mean SD Total Weight

Mean Difference
1V, Fixed, 95% CI

Mean Difference
1V, Fixed, 95% CI

Huang ZY 2014 6.9 09 92 7.2 08 92

Total (95% Cl) 92

Heterogeneity: Not applicable
Test for overall effect: Z= 2.39 (P = 0.02)

100.0% -0.30 [0.55, -0.05]

92 100.0% -0.30[0.55,-0.05]

025 05
Favours [control]

0.5 -0.25
Favours [experimental]

0

Fig. 9

Forest plot of combination versus single tranexamic acid in length of hospital stay.

TKA is usually accompanied by considerable peri-
operative bleeding because of the large exposed surface of
cancellous bone and activation of local fibrinolysis.2! Anti-
fibrinolytic drugs, including epsilon-aminocaproic acid
(EACA), aprotinin, and fibrin spray, as well as TXA, have
been widely used to reduce blood loss following orthopae-
dic surgery.?2 The use of aprotinin is associated with allergic
reactions, thrombosis, and nephrotoxicity, as well as
spongiform encephalopathy. Aminocaproic acid has been
shown to be more costly and yet less effective than TXA.22

Fibrin sealants are more expensive than TXA although they
have been reported to be as effective as TXA.23 TXA has
gained popularity in reducing blood loss due to its lower
cost and safer profile than other anti-fibrinolytic drugs, with
overall good penetration into major joints.2

In general, there are three common methods of admin-
istering TXA to reduce blood loss in TKA: oral, IV and IA.5
High quality evidence from systematic reviews and meta-
analyses has supported the use of IV TXA8 and IA TXA” in
reducing blood loss and reducing blood transfusion rates
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Combination Single

Risk Ratio

Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
1.6.1 deep-vein thrombosis
Huang ZY 2014 0 92 1 92 20.0% 0.33[0.01,8.08] -
Jain NP 2015 0 59 1 60 19.8% 0.34[0.01,8.15]
Zhao LH 2015 2 43 2 43 26.6% 1.00 [0.1 5,6.78] R
Zhao Z 2015 0o 24 1 23 204%  0.32[0.01,7.48]
Subtotal (95% Cl) 218 218 86.7% 0.54[0.15,1.93]
Total events 2 5
Heterogeneity: Chi’ =0.68, df=3 (P = 0.88); I°= 0%
Test for overall effect: Z= 0.95 (P = 0.34)
1.6.2 Infection
Huang ZY 2014 1 92 1 92 13.3%  1.00[0.06,15.75]
Subtotal (95% Cl) 92 92 13.3% 1.00 [0.06,15.75]
Total events 1 1
Heterogeneity: Not applicable
Test for overall effect: Z= 0.00 (P = 1.00)
Total (95% Cl) 310 310 100% 0.60 [0.19,1.89]
Total events 3 6
1 1
Heterogeneity: Chi?=0.81, df=4 (P = 0.94); 1= 0% ' ' ‘ ‘
0.005 0.1 1 10 200

Test for overall effect: Z= 0.87 (P = 0.38)
Test for subgroup differences: Chi*= 0.1 6, df=1 (P =0.69); 1= 0%

Favours [experimental]  Favours [control]

Fig. 10

Forest plot of combination versus single tranexamic acid in complications.

without increasing the incidence of thromboembolism
complications. Recently, to find the most effective TXA
regimen, a new strategy of TXA use - the combined-use
strategy - was considered.

In this meta-analysis, ten RCTs compared the efficacy
of the combination regimen with placebo or single-dose
TXA. Regarding the primary outcomes, our results
showed that, compared with placebo or single-dose TXA,
the combined regimen resulted in less blood loss, a lower
transfusion rate and a smaller drop in Hb level post-oper-
atively. These findings were in accordance with the find-
ings of previous studies.>'® In our meta-analysis, the use
of TXA in the combination group was usually prior to
tourniquet application (IV),%1214-17 before the wound clo-
sure (IV or IA)*18 and after the surgery (1V).>11,13-16,18

Thromboembolism complications are an important
concern with the use of TXA, especially when using com-
bined IV and IA regimens. A systematic review?> has
reported the safety profile of TXA administration for TKA
without any increased incidence of thromboembolism
complications using different doses, timings and routes
of TXA administration. In our meta-analysis, compared
with placebo or single-dose TXA, the combined regimen
did not increase the risk of deep vein thrombosis.

This study had the following strengths: first, to our
knowledge, this is the first comprehensive meta-analysis
to evaluate the efficacy and safety of the combined IV and
IA regimen of TXA in TKA; second, this meta-analysis
included only randomised controlled trials, which pro-
vided high-level evidence for clinical practice; and third,
the PRISMA statement was applied in this study, ensuring
the quality of the meta-analysis.

There are some limitations to this study: first, although
only RCTs were identified in our meta-analysis, the methodo-
logical quality of those included was not high. Only five
of ten RCTs described the specific methods of randomisa-
tion, and three of ten studies used correct allocation con-
cealment. Secondly, in our meta-analysis only English
and Chinese publications were searched and we did not
search the gray literature so publication bias might exist.
Thirdly, we did not evaluate post-operative clinical func-
tional outcomes in patients receiving TXA administration
in TKA due to insufficient data in included studies.
Fourthly, all studies included in our meta-analysis
excluded the patients with high-risk factors, such as
patients with cardiovascular disease or previous throm-
boembolic events. Finally, there was significant heteroge-
neity among some studies which may influence the
statistical validity of this meta-analysis. High heterogene-
ity occurred several times in some outcomes, such as
total blood loss and drain output. Any kind of variability
among studies with regard to participants, interventions,
study design and risk of bias in a meta-analysis is can
result in study heterogeneity.?¢ In this study, a random-
effects model was used to adjust for study heterogeneity.
However, a random-effects model is not a substitute for a
thorough investigation of heterogeneity. Due to the lim-
ited data of the included studies, we did not undertake
subgroup analysis, thus conclusions had to be drawn
with great caution under these circumstances.

In conclusion, based on ten RCTs with a total of 1143
patients, our meta-analysis found that the combined use
of IV and IA TXA significantly reduced blood loss, lowered
the transfusion rate and reduced the drop in Hb level
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without increasing the risk of thromboembolic complica-
tions. However, the variable sequence of IV and IA TXA
used in the combination group at varying doses and tim-
ings is a matter for future studies.

Supplementary Material

A detailed search strategy can be found alongside this
paper online at http://www.bjr.boneandjoint.org.uk/
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