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Abstract

Background Tranexamic acid (TXA) is well established
as a versatile intraarticular and intravenous (IV) antifibri-
nolytic agent that has been successfully used to control
bleeding after total knee arthroplasty (TKA). The present
meta-analysis aimed at assessing the effectiveness and
safety of TXA in reducing blood loss and transfusion in
TKA.

Methods We searched the PubMed, Medline, Embase,
Cochrane Central Register of Controlled Trials, and Go-
ogle Scholar databases from 1966 to December 2013. Only
randomized controlled trials (RCTs) were included in the
present study. Two independent reviewers identified the
eligible studies, assessed their methodological quality, and
extracted data. The data were using fixed-effects or ran-
dom-effects models with standard mean differences and
risk ratios for continuous and dichotomous variables,
respectively. Subgroup analysis was performed according
to the IV or intraarticular administration of TXA.

Results  Thirty-four RCTs encompassing 2,594 patients
met the inclusion criteria for our meta-analysis. Our meta-
analysis indicated that when compared with the control
group, the IV or intraarticular use of TXA significantly
reduced total blood loss, postoperative blood loss, Hb loss,
and transfusion rate as well as blood units transfused
per patient after primary TKA, but did not reduce
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intraoperative blood loss. No significant difference in deep
vein thrombosis (DVT), pulmonary embolism, or other
adverse events among the study groups.

Conclusions 1V or intraarticular use of TXA for patients
undergoing TKA is effective and safe for the reduction
blood loss and blood transfusion requirements, yet does not
increase the risk of postoperative DVT.

Level of evidence Level Il
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Introduction

Total knee arthroplasty (TKA) is widely acknowledged to
be one of the effective treatments for severe osteoarthritis
of the knee. However, this surgery is particularly prone to
significant intraoperative and postoperative blood loss with
long operation times and large wound surfaces. Estimated
blood loss reported for TKA varies between 500 and
1,500 mL [1]. Despite the advances in techniques and
perioperative management, however, TKA 1is associated
with substantial bleeding [2]. Therefore, considerable
blood loss after TKA is still problem, which can increase
morbidity [3]. Postoperative blood transfusion may be a
life-saving measure in those with hemorrhage, but it carries
a substantial risk of transmitting infections (viral and
bacterial), hemolytic transfusion reactions, transfusion-
related diseases and increases hospital costs [4, 5]. Thus, it
is very important to control perioperative bleeding for
maintaining hemodynamic stability.

A variety of effective blood-conservation interventions
have been used to reduce blood loss and the need for post-
operative transfusion, including controlled hypotension,
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autologous blood transfusion, intraoperative blood salvage,
navigation, minimally invasive surgery (MIS), use of
tourniquet, and intravenous (IV)I or intraarticular admin-
istration of tranexamic acid (TXA) [6-8]. TXA is a syn-
thetic antifibrinolytic drug that competitively blocks the
lysine-binding sites of plasminogen, plasmin, and tissue
plasminogen activator, thereby delaying fibrinolysis and
blood clot degradation [9]. Currently, IV administration of
TXA has been widely used in different settings and
reduced the need for transfusion in cardiac, orthopedic,
cranial and orthognathic, hepatic, and urological surgery
[10, 11].

With respect to the IV administration of TXA in TKA
patients, it has been reported to reduce blood loss and be
safe [12]. However, TXA may be administered intrave-
nously or topically in the surgical wound and different
surgeons have their individual plans. Therefore, the opti-
mal TXA treatment protocol in such conditions is still
unknown. Besides, a number of clinical studies are con-
flicting on the effectiveness and safety of TXA [6, 13-21].
Because individual studies might have been underpowered
to detect the overall effects and some studies are limited by
their sample size and subsequently suffer from too low
power to detect effects that may exist, and meta-analysis
combining data from many randomized controlled trials
(RCTs) is generally considered to provide the strongest
evidence of clinical interventions, we deemed it important
to perform a quantitative synthesis of the evidence.
Therefore, we carried out this meta-analysis to evaluate the
safety and efficacy of TXA in the reduction of blood loss in
TKA.

Methods
Literature search

We identified RCTs from the previously published sys-
tematic review. We updated the list of studies by searching
the PubMed, Medline, Embase, Cochrane Central Register
of Controlled Trials, and Google Scholar databases. Two
authors independently searched for relevant studies from
1966 to December 2013. The search strategy was created
with the assistance of a librarian using a combination
of terms including antifibrinolytics, tranexamic acid,
cyklokapron, total knee arthroplasty, total knee replace-
ment, TKA, TKR, RCT, prospective, meta, review, and
random. We limited searches to randomized controlled
trials, systematic reviews, and meta-analyses and imposed
no language or other limitations. Reference lists of all the
selected articles were hand-searched for any additional
trials. Authors were contacted when possible to obtain
missing information.

@ Springer

Inclusion and exclusion criteria

Studies were included if they met the following three
inclusion criteria: (1) The patients underwent unilateral
TKA; (2) the study involved the comparison of a TXA
treatment group to a control group who received either a
placebo or no treatment at all; and (3) the trial was RCT.
Exclusion criteria included: (1) RCTs of low quality; (2)
simultaneous bilateral primary TKA or revision TKA; (3)
the procedure involved was described as minimally inva-
sive or less invasive. Two authors independently assessed
the articles for compliance with the inclusion criteria, and
disagreement was followed by discussion until consensus
was reached.

Selection of the literature

Two authors according to inclusion criteria independently
reviewed the title and abstract and excluded the studies that
did not meet the inclusion criteria obviously. A full text of
any published article that potentially met the inclusion
criteria was obtained to confirm. Any disagreements during
the selection course were resolved by discussion with a
third reviewer.

Methodological quality assessment

Two reviewers assessed the quality of the studies inde-
pendently; revised Jadad Scale was used to perform the
quality assessment. This scale includes the random
sequence production (2 points), allocation concealment (2
points), appropriateness of blinding (2 points), and
description of dropouts and withdrawals (1 point). The total
score is 7 points, 0-3 points means poor quality and 4-7
points means high quality, and consolidated standards on
reporting trials (CONSORT) checklist and scoring system
were used to evaluate the quality of included trials: Scores
of 18-22 are considered excellent study quality, 13-17
good, 8-12 fair, and <7 poor.

Data extraction

All data were extracted independently by two reviewers.
The following data were extracted: postoperative venous
thromboembolism (VTE), postoperative drainage loss, total
blood loss, intraoperative blood loss, rate of patients who
had allogeneic blood transfusion, units of transfusion,
incidence of deep vein thrombosis (DVT) and/or pulmon-
ary embolism (PE) complications and other adverse events.
A consensus method was used to resolve disagreements,
and a third reviewer was consulted if disagreements per-
sisted. In order to understand the baseline of each included
study, we extracted from trials included the following



527

Eur J Orthop Surg Traumatol (2015) 25:525-541

(uorsuajodAy

puE BIPILOAYDR) ‘SSOUSSAYILaIq) HMIN'T pue
eruroue jo swoldwAs 9anoafgns sdojoaop ‘uonezIfiqowt
juoned (¢) ‘pue Tp/ws < SSO[ qH & YIm A[1ed
ooeds Jenonteenul  Suofe Yy (]—8 ISIY Ul [W )OS< UONII[0D pUB 1OUDYO03S €0'8 F 9599 D
Y4 ¥4 pererado oy ut Sw (0§ VXL ureIp (g) ‘o 8> 1001eWaH () uotssardwo)  [¢/61  ST'L F 099 :VXL  IDY¥ l6€] Aoy
uonerodo 10)Je
skep ¢ 10 yX I, peuLiojeIo jo Aep 1od 9SIOIOXQ
Sw G ‘uoy) ‘A[Paneradolsod y ¢ e (erwoue jo swoydwAs Surdwnd
3y/3w 1 pue jenbruinoy oy Sunepur 1o ‘uorsud) odAy ‘erpIedAyoe)) BLIAILIO pjue €01 €9 F +'69 (6]
09 09 210Jaq I O] AT 8%/ Sw QI VX1, [ed1ur(o pastwordwos 10 p/3 01> qH [BITUBYIIN /LT VXL €9 F 869D  LDY  Ydlueajoysueareys
Ip/3wr '8 pue
uonoafur 0", U9oM1aq [9A9] qH Ue Im sjuened
ISIY Y} JO JUSUIAOUWWOD A} Jajje ur Juawode[dar SWIN[OA I9)Je UAD
Y ¢ pareadar pue ‘uonjepep jenbruinoy  pojsisiad erpreokyoe) 1o eoudsAp se yons LS 6SF 6L
06 06 2I0joq Ut O¢ Al 3Y/Sw O VXL  swodwAs dnusue i 1o 7Ip/Sw §°L> qH HMIN'T /€0 DSSTFSEL VXL 1D [LT] wry
erwoue o) anp eoudAyoe) pue
‘erpeoLyoe) ‘Io[ed ‘uoneydied ‘on3nej
V3L 9y podojoadp oym juaned e ur p/3 ] pue
JO puo 2y} Jje punom ay) ojur pakerds L udam)aq qH ‘Arood erwoue pajeIs[ol 96 F SS9
8L 6L uonnjos duifes JuI O¢ ur 5 [ YXJI, oymjuened e ur Ip/3 > qH “Ip/3 L> dH HMINT  €8//L VXLTOI F1L9:D AD¥ [+] epArysiy
ISI QY) Ioije potrad aaneradojsod
Y 9 UOISNJUI PUOJIS A} PUB ASBI[I oy} Suunp owin Aue eIWISUER L'LF 769
9¢ 9¢ tonbrumoy a10joq AT SY/8w O VX1  Jo swoidwiAs [eorurp 1o 7p/3 0'g> gH  xnuuedepuog  79/01 D 6'L F L'69 VXL  ID¥ [82] 201
Burmns S[rym suonounysAp
Kyaeo yurof sowy oy oyt 8 61 VXL (0)  ueSio pererer-erwoue Aue 1o swoydwAs I'9 F 8.9
0S :AI 0S so)1s [eorSins Sursofo STWIOUE 9[qEIS[0IUT JUB)UIOIUOD y€1 2D €9 F 899
0S¢  -e[nonteenup Toye Apererpowrat AT 8 ¢'T VXL (1) WIs Ip/3 0°01> gH 10 7IpS (0'8> dH IN /91 AL99 F 6L9 VI LDY [zy] 098
20ULIA[0)
paAowaI sem Jonbruinoy o1eISOYII0 MO Pey oym sjuoned
Ay} uayM AJ 3sop 3 | puoos ur -Ip/3 6 pue '8 usamIq gH 1o
oy} pue ‘Jonbruno) onewnoud Jo  ‘s1eak () UBY) IOP[O JO SSBISIP 1LY YIM 0L F 6¥L
(97 ¥ UOUBPUI 210Joq U O¢—G] AT S [ VX1 swened ur 1p/3 ¢'g> gH 10 “Ip/3 8> gH HMINT  9L/1T D99 F ¥TL VXL 1Dd [¢] e1o[ISY
9SOP ISIY A} IA)Je [ 9 9SOP PUOIIS
6 0S oy ‘A1o8ms 210§0q Y [ AT 3 T VXL IN IN  18/81 IN ID¥ [9¢] tmegoeq
2Inso[o
[eo131ns 03 Joud ooeds jurol ayy ojur uorssardwoo 89'6 F 879 D
Y4 94 aurfes [euriou jo Jw 00T I 8 ¢ VXI “Ip/3 L> qH 10 ‘uotsudjodAy onewoydwkg  100J [edIURYRN  ST/ST  SSOT F 91°L9 'VXIL  L1DY [o¢] unrey
punoa ayy 0 parjdde Ip/3 (°'L> 93H Aue 10 06 F 0'L9
Is 0§ Ppue dulfes [euriou Tu ¢/ Ul 8 0’7 VXL TP/3 0'8 JO qH Yim erwoue snewoidukg HMINT OL/T¥ VXLT8FS+9:D  1D¥ [91] stperSioan
D vi sixe[Aydoxd  orewoy ugisap
SOSEO JO IoqUINN UOTUOAIOIU] [0o0joxd 1.9 ALA  /TeIN (Teak) oSe ueopy  Apmig SQOUQIOJOY

S[eL) papn[our Jo

uondosag 1 dqe],

pringer

A



Eur J Orthop Surg Traumatol (2015) 25:525-541

528

Iore] y ¢ pareadar €8 F 1¥9°L9
IS IS ‘uonepep jenbrumo) a10joq AT 8 T VXL /3 001> 9H HMIN'T 65/ D06 F ¥#1'89 VXL  LDY [¥] Sueyz
I91e] ¢ pareadar ‘uonegep jenbruimoy
0S 0S 210j2q A UM ¢ 3WI 00S VXL % ST> PH umdsy - IN IN  1D¥ [e€] Lorron
4 9 10 uorsnjur y/3y/3ur | adoouAs 10 ‘eoudsAp ‘erpreskyoe)
uay) pue jonbruinoy oy jo uoneyop se yons erxod£y Jo yioq 1o ‘swoydwAs LFTL
6% 9t a10joq Ut O¢ AT $Y/Bw O VX1  ‘sudis pajuasard syuwaned 1o 1p/ 5 8> qH utrediuog  8//L1 D6 FILVXL 1D¥ [9] zoreary
Insoo 1p/ 8 8> gH‘siuoned 1oy30
punom [nun y/3y/3w | uayl ‘uonepydp  Ip/ 3 Q1> gH ‘oseasip Areuowndorpied Vv F 799
cl cl yonbrunoy a10§oq AT ¥/3W O VXL, PRIBIOOSSE PUB ()9 19A0 sjualied IN LI/L D¥V6F v VXL 1LOd [e] rexey
uonerado 9y} Jo UOISN[OUOD Y} 1T F 69D
6 L Yeunu ¢ oy uoneordde 1eo0] 3 ¢'1 VX1 IN IN  €I/€ 6 F LO9VNL  LD¥ [¢] mueysuqy
3urno20
sem ssSO[ poo[q Suro3uo j1 1o (erwoxodAy
JO BIWAYDST [BIPIEOOAW SE [ons)
9sned I9Yjoue 0) J[qeINqLIIE JoU Sem
pUE BIWOUR O} PIJE[OI Udaq ALY Aewl
JBy) UoNOUNJSAp uesIo Aue IO BIWUAUE JO
£1931ns jJo pud swoldwAs a[qersfojur pado[oaap juoned 611 F L9
33 1€y e jurof ayy oyur paridde § ¢’ VX1, oy JLIp/3 0°01> dH 10 Tp/3 08> gH HMINT  Lv/6l ‘VXLP¥O0I 89D  1Dd [¢v] Suom
Y ¢ Ioye 5Y/Sw g usy) ‘uoneyop SL6 F S99 LO
0¢ 0¢  Jenbrumo) a1050q Y ¢°0 S/5w O] VXL % 0€> H 0 7Tp/3 8> qH IN  ¥2/91 9 F 6969 'VXL  1LDY [S1] wemen
uohensiuiuipe (19 seL
0s 0s Te[nonreenu] W Oz/Sw 000C VXL IN HMINT  88/CI D09 €EL VXL  1DY [12] epryst
skep ¢ 10j (A[rep sown 2a1y) so[nsded uowigal
om] ‘omnsdes/3w ()Gz) Snip 2y Jo JSIOIOXD
wIoj [eI1o ue udy) pue ‘Apaneradoysod Surdwnd
Y ¢ ureSe pue uoneput 1onbruno) opjue CI'9 + 0889 D (rrl
0s 0s a10jaq Ut O] AT $/3W O VXL IN [eOIUBYIRN  G8/ST €19 F 0T°69 -VXL  1Dd  YdueA[oydusoreys
QINSO[o punom Iojje
uonensiuiupe Ienonreenu] SN [W s €8 F S0L
0s 0S /ouIoIYd0ZeqIEd JUI (G + VXL 8 T IN IN  €8/L1 D10l F+OL-VXL 1D¥ [¥¢€] r1opouQ
uridse [e1o
BISOYISOUL pue sSuryo0)s
(44 [4¢ Jo wondnput Je AT SY/3w 0T VXL IN uorssardwo)  61/6T IN  IDY¥ [z€] T1euuoDoW
90UBIJ[0} s3uryo0s
aseorar Jonbruinoy a10jeq pue juerdur 9SIOIOXQ Pasearddp Io ‘eoudAyoe) QoUY-MmO[oq
oy} Sunuowed 10yye A[reoo] parjdde ‘e1pIeokyoe) se yons ‘dofoAdp erwoue pue HMIN'T
QuI[es [euLIou W (O] Ul pAINJIp 0) pajefar swoydwAs yim Ip/3 01 ‘SISTOIOXD 6'LF VLY
3 ¢ (7) yenbrumo) ay) jo uoneyep  pue ¢'g USAMIAq UIqo[Sowdy Ip/3 01> JUSWIAOW 001 WIT6F €L9
0y Ov VIOV AL a10joq utwr T SY/3wr O VXL (1) @H WM SIOPIOSIP deIpIed UIp/3 ¢'¢> gH  J00J pue dpuy /0T AL TLFT99 D LOY [6¢] Teruey
E sixejAydord  orewoy u3Isop
S9SED JO IoquInN UOT)UIATIU] [000joxd 1.9 ALA /BN (1e0K) o3e ueoy  ApmiS SQOUAIRJOY

penunuod T dqe],

pringer

A's



529

pringer

A

Eur J Orthop Surg Traumatol (2015) 25:525-541

U ¢ Iolje Sy/Sur O uay) uonegop LF VL
(34 (974 jenbrumoy a10§aq AT 33/5W O VXL /3 ¢8> qH HMIN'T  €9/€C D LFOLVXL LDY [8] mouag
U -9 pue U $—¢ Ioye Sy/Suwi O] jo
S9SOp [eUONIpPpE 7 pue jonbruino) oy S F 69
8¢ 6€  Jo uonepop d10jaq AL /W G VXL /3 01> gH HMNT 972l DLFOLVXL IDY¥ [61] eredduy
skep
€ 10J 4 8§ A19A9 pajeadar pue 1onbruinoy (08—29) L'0OL
1C [ 9y Jo UONEYUI A10§aq AT SY/SW ST VXL % 9> SWN[OA [[90 payoed HMIN'T ve/)8 VXL (P8-¥9) 1L D  1Dd [cT] uesuer
Y ¢l 10} uoisnjut
y/3y/3w ] uay) ‘uoneyep jenbruinoy SF IL
0l 01 a10Jaq AT Urur O¢ /3w ST VX, % LT> WH HMIN'T cl/L VXL8FCLD LDY [z1] sma
y ¢ 193e 3y/Sw ] pue jenbruinoy 6F 1L
cl TI 2y Jo uonepyap aI0joq Al 3/5w ST VX, /3 01> dH HMIN'T 91/8 VXL ITF99:D 1LDY [¢1] 198ug
(dnoi3 yN I, doenur
pue -a1d) jonbruno} oy jo uoneyop
210Joq urw ()| urede pue A193Ins
a10Joq utw 1 /8w 0 VXL (€)
(dnoi3 yN.L
doenur) jenbruioy ay) jo uonegep
a10joq Ut O] /3w 0T VXL (04-89)
pue A1931ns 210Joq urw () durpes (7) 69 :v.1, doenur
(dnox3 pue -a1d (69—6S)
VNL.L doaid) jonbruinoy ay3 jo uoneyep 69 v doenuy
210joq uTW ()] QuIfes pue A1a3Ins (1.-09) S9 VL
9T €L a10joq utw O AT 3/8w 0z VXL (1) IN IN 89/1¢ doaid (0L-6S) 9D  LDYA (€] eyeue],
Al 181y oy} 1oyje
U ¢ AI 85/8ur o] pue jonbrumoy ot 06 F $69
Sl Sl Jo uoneyap a10joq AT 3y/5W (T VXL % 8C> WH HMIN'T ST/S DS6FS0OL VXL 1D¥ [91] ustep
Al 381y o) Iayye
4 € AI 3y/Sw ([ pue 1enbrunoy oy (€8-9%) L
T LT  Jo uonepap a10jaq Al /W O] VXL 1/3 06> 9H HMINT  9¢/ST VXL (#8-09) 2L D 1Dd¥ [L1] pooD
Y C1 10} uoisnjut
y/3y/3w ] uay) ‘uoneyep jenbruinoy 8 F ¢L
0c 0C a10Joq AT Urur 6T SY/3w GT VX, % 8C> WH HMIN'T  LT/gl VXL LFELD [S¥] reyoz
Al 381y 9y} 10)je
U ¢ AI 8¥/3w Q[ pue jenbrumoy ayy (¥8-19) €L
09 ¢¢  Jo uomepop a103oq AT 3Y/5W O VXL /3 08> aH IN  vL/1T VXL ($8-CS)TL:D  1Dd [01] eserewre)
PooudWWOD FUIXIU (8L—0L) €L
4! S JuaWwed dwm Je AT S3/5W G VXL 13 06> aH HMINT  8U/IT VXL (7€9) 69D 1D [s¢] uadio
E sixejAydord  orewoy u3Isop
S9SED JO IoquInN UOT)UIATIU] [000joxd 1.9 ALA /BN (1e0K) o3e ueoy  ApmiS SQOUAIRJOY

penunuod T dqe],



530

Eur J Orthop Surg Traumatol (2015) 25:525-541

Table 1 continued

C

Number of cases

TA

Intervention

BT protocol

VTE
female prophylaxis

Male/

Mean age (year)

Study
design

References

@ Springer

13

15

TXA 15 mg/kg IV before tourniquet

Hb <100 g/L

TXA: 70 (56-82) C: 523  LMWH

RCT

Hiippala [20]

deflation

70 (63-78)

LMWH low molecular weight heparin, C control group, IV intravenous groyp, IA Intraarticular group, NT not mentioned, BT blood transfusion

information: Number of patients enrolled, characteristics of
participants, male/female ratio, dose of TXA, method of
TXA administration, and transfusion criteria.

Data analysis

For each study, relative risks and 95 % confidence intervals
were calculated for dichotomous outcomes, and standard
mean differences (SMD) and 95 % confidence intervals
were calculated for continuous outcomes. We assessed
statistical heterogeneity for each study with the use of a
standard Chi-square test with a significance set at a p value
of 0.1, and the quantity of heterogeneity was measured by
P statistic. An I statistic value of 50 % was considered to
indicate substantial heterogeneity. We performed the meta-
analysis using a fixed-effect model if no significant heter-
ogeneity was present (I < 50 %; p > 0.1). Otherwise, we
adopted the random-effects model. The clinical heteroge-
neity prevented a direct quantitative meta-analysis; the data
would be pooled by subgroup analysis according to the
different (IV or topical) administration of tranexamic acid.
To investigate whether publication bias might affect the
validity of the estimates, funnel plot for transfusion rate (as
this was the outcome that most studies included in meta-
analysis) was generated to evaluate potential publication
bias. Data analyses were performed using STATA version
11.0. A p value of <0.05 was considered statistically
significant.

Results
Literature search

A search of the PubMed, Embase, Cochrane Central Reg-
ister of Controlled Trials, and Google Scholar databases
retrieved 658 articles. By screening the title, reading the
abstract, 472 articles were excluded. Then, of the remain-
ing 40 studies, two were excluded for bilateral TKA, two
revision TKAs and one computer-assisted TKA. Therefore,
a total of 34 studies were included by reading the whole

paper.
Study characteristics

These 34 studies [4, 13—45] included a total population of
1,351 participants in the TXA group and 1,241 in control
group. Thirty-three studies were published in English, and
one study was Chinese. All included trials had compared
the baseline preoperatively, and each had similar baseline.
More characteristics of the 34 studies are described in
Table 1. All the studies were RCT. TXA was administered
intravenously in 25 studies [13, 14, 16, 17, 19, 20, 23-32,
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Table 2 Quality assessment of — References Random Allocation ~ Blind ~ Withdrawal Revised CONSORT

in.clude(.i randqmized controlled equence concealment method Jadad’s scale statement

trials with revised Jadad scale production score

and CONSORT statement
Georgiadis [16] 1 2 2 1 6 17
Martin [30] 1 1 2 1 5 19
Pachauri [36] 2 1 2 1 6 11
Aguilera [3] 2 2 0 1 5 19
Seo [42] 1 1 2 1 5 16
Lee [28] 2 2 2 1 7 19
Alshryda [4] 2 2 2 1 7 19
Kim [27] 2 1 2 1 6 18
Cchareancholvanich 2 2 1 1 6 17

[9]
Roy [39] 2 2 2 1 7 18
Maniar [29] 1 2 2 1 6 20
McConnell [32] 1 2 1 1 5 15
Onodera [34] 1 1 2 1 5 14
Charoencholvanich 2 2 2 1 7 19
[11]

Ishida [21] 1 0 2 1 4 14
Gautam [15] 2 2 2 1 7 17
Wong [43] 2 2 2 1 7 20
Abrishami [2] 1 1 2 1 5 17
Kakar [24] 1 1 2 1 5 12
Alvarez [6] 2 2 2 1 7 19
Molloy [33] 2 2 2 1 7 17
Zhang [44] 1 1 2 1 6 14
Orpen [35] 1 1 2 1 5 17
Camarasa [10] 2 2 2 1 7 20
Zohar [45] 2 1 2 1 6 16
Good [17] 2 1 2 1 6 16
Veien 2002 [46] 2 2 2 1 7 18
Tanaka [43] 1 2 2 1 6 15
Engel [13] 1 1 2 1 5 13
Ellis [12] 1 1 2 1 5 13
Jansen [22] 2 1 2 1 6 15
Hiippala [19] 1 2 2 1 6 15
Benoni [8] 1 2 2 1 6 17
Hiippala [20] 1 2 2 1 6 16

34, 35, 37, 38, 40-42, 44, 45], intraarticularly in seven
studies [4, 15, 17, 22, 33, 39, 43]. Two studies [21, 36]
reported the results on both IV and intraarticular use of
TXA. To prevent DVT, seventeen trials used low molec-
ular weight heparin [4, 13, 15, 16, 24, 27, 28, 30-34, 40,
42-45], three performed a mechanical ankle pump exercise
regimen [13, 18, 26], two used aspirin [37, 38], two used
compression stockinet and low molecular weight heparin
[20, 36], one used bemiparin [23], one used fondaparinux
[17] and eight did not mention any preventative measures

[19, 21, 22, 25, 29, 35, 39, 41]. Postoperative drainage was
quantified between 24 and 48 h, when drains were in most
cases removed. The study by Onodera et al. [39], used
TXA containing 50 mg of carbazochrome, was also
included. The study by McConnell et al. [37], reported in
2012, included a group that received fibrin as well as TXA
and control groups, was also included. The study [41]
compared four IV bolus methods. Since there were five
randomized controlled groups in this study, we regarded it
as four independent studies in the following comparative

@ Springer
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A Sty Events, Events, %
D RR (95% CI) TXA(total) control(total) Weight
intraarticular :
Wong (2010) -+ 2.26 (0.22, 23.71) 231 135 1.82
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Fig. 1 Forest plot diagram showing the effect of TXA on incidence of: a DVT, b PE, ¢ other adverse events

@ Springer



Eur J Orthop Surg Traumatol (2015) 25:525-541

533

C sn Everns, S =
= RR (95% CO TXApotal) comyoNTo WNegm
1
rrsvencus '
Seo 2013) - 3.00 013, 7152 150 oso 139
Lee 2013 —0—1— 033 (0.15,0.97) w36 1338 3610
Seo 2013) ; 03310.01,7.99) oS0 1150 w17
Seo 2013) 1.00 (0.6, 15.55) 150 150
Charesnchonenich (2012 I 1.00 (008, 1562 160 160
Charcenchonenich (2011) : 1.00 0.06, 15.55) 150 150
Mooy (2007 —-— 0.50 10.05, 5.34) 150 280 sss
®oca (2003) ’ + 268 0.11,62381) vzr oze 147
Tansks (2001 I¢ 1.09 0.05, 26.08) 73 o2
ioosis (1957 63203612734 339 o3s 141
Benonl (1995) A—— 200 (023, 4.34) 1243 s43 1858
=ioosis (1995) — - 029 0.03.245) ns 3 s93
McConnelt (2012) ! (Exchses) oz oz2 0
Avarez (2008) X (Exchuses) ous o 0
Gausam (2011) : (Exchuged) 20 020 0.00
Camsrass (2005 I (Exchuses) o3 oo 0
Veien (2003 ' (Exchusen) s o8 0
Suoiors! (rsquared = 0.0%, D = 0.445) <> .96 10.60, 1.53) 28881 23685 8603
;
e - o=Vl g :
Asrros (2013 —tr— : 0.20 0.02, 1.65) "3 578 1397
Seo 2013) 1 (Exchses) oso oso 0.00
Suoos rsaumes e % 0= —{::Il:_ 020 0.02, 1.65) "3 5138 1397
;
Cversi (-sures = €3% 0 =0378) <P 085056, 133 3810 3784 100.00
1
1
L

Fig. 1 continued

research. Two studies [21, 39] compared efficacies of
intraarticular and IV tranexamic acid, which had three
independent randomized controlled groups, so we included
them and regarded them as two independent studies in this
review (Table 1).

Methodological quality

These 34 studies [4, 13—45] were relatively well designed,
and the quality assessment score of most was high. For the
revised Jadad Scale, no studies were 1-3 points with a poor
quality; 34 studies were 4—7 points with a high quality. 35
RCTs were evaluated by the CONSORT checklist and
scoring system; four studies were 8—12 scores; 19 studies
were 13—17 scores; and 11 studies were 18—22 scores, all
the RCTs had satisfied quality. The details are described in
Table 2.

Publication bias
The funnel plot based on the studies with data on trans-

fusion rate (as this was the outcome that most studies
included in their meta-analysis) demonstrates only minimal

asymmetry and a few outliers, indicating minimal publi-
cation bias.

Safety of TXA

Twenty-seven of the trials [4, 13, 15-17, 20, 21, 23, 25, 26,
28-32, 34-45] reported on the DVT. Among them, 61
patients in TXA group and 41 in control group developed
DVT. The IV subgroup was proved to present higher DVT
incidence (6.3 %) compared with the control group
(3.8 %), although the difference did not reach levels of
statistical significance, (RR = 0.92, p = 0.678, 95 CI 0.62,
1.38). The DVT incidence for the intraarticular subgroup
was 3.8 % (12/325) and for the control was 3.6 % (12/329)
(RR 1.02,95 % C10.49, 2.15; p = 0.953) with no evidence
of heterogeneity P =4 %, p = 0.384) (Fig. 1a).

For PE, 15 trials [4, 15-17, 20, 21, 24, 26, 29, 31, 32, 38,
39, 41, 43] including 1,411 patients provided useful data on
PE. The incidences of PE in the TXA and control groups
were 2 of 705 and 7 of 706 patients, respectively. The rate
of PE was not affected by the use of TXA when the TXA
group was compared with the control group and evidence
showed no heterogeneity (Fig. 1b).
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Besides thromboembolic complications, other adverse
events including hematoma, ecchymosis, infection and
pneumonia et al were found in 16 studies [4, 14, 17, 21,
23-26,29-32,37, 38, 41, 42]. The IV subgroup was proved
to present lower adverse events incidence (4.1%) compared
with the control group (4.3 %), although the difference did
not reach levels of statistical significance (RR = 0.96,
p = 0.849, 95 CI 0.60, 1.53). Evidence showed no heter-
ogeneity (I = 0 %, p = 0.445). The adverse events inci-
dence for the intraarticular subgroup was 0.78 % (1/129)
and for the control was 3.9 % (5/128) (RR 0.2, 95 % CI
0.02, 1.65; p = 0.134) (Fig. lc).

Transfusion rate

The 27 eligible studies [4, 13-17, 20, 21, 23-32, 34, 36,
38-45] that reported a total of 2,235 patients provided
information on transfusion requirements. The transfusion
rates for the intraarticular was 7.4 % (24/325) and for
the control was 26.4 % (87/329) (RR = 0.35, 95 % CI
0.18, 0.67; p = 0.002) with evidence of heterogeneity

(P =423 %, p =0.109), showing that there was sig-
nificant difference between the two groups. In the
IV subgroup, the pooled analysis also found significant
difference in transfusion rates between two groups
(RR =040, 95 % CI 0.31, 0.52; p = 0.00). Evidence
showed substantial heterogeneity (I> = 1.5 %, p = 0.000)
(Fig. 2).

Blood units transfused per patient

The units of blood transfused to patients were recorded in
14 trials [14, 15, 23, 25-28, 30-32, 34, 38, 41, 42],
including 503 patients in TXA group and 479 patients in
control group. In the intraarticular group, there was only
one studies reported the data of blood units transfused per
patient [15]. This study documented the mean number of
transfused units was lower in patients receiving TXA (0 U)
than in the control group (0.14 U). In the IV subgroup, the
combined SMD for patients undergoing IV administration
was found to be —1.14 (p = 0.000; 95 % CI —1.53,
—0.76). The pooled analysis indicates that blood units
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D RR (35% CY) TXAQtal) controiiotal)  Weignt
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Wong (2010 B B E— 090(027.307) 431 535 27
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Fig. 2 Forest plot diagram showing the effect of TXA on transfusion rate
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Fig. 3 Forest plot diagram showing the effect of TXA on blood units transfused per patient

transfused per patient was less in the IV TXA groups in
comparison with the control group at a statistically sig-
nificant level. There was significant heterogeneity between
studies (p = 0.000, I* = 83.8 %) (Fig. 3).

Total blood loss

Eighteen trials [4, 13, 15, 16, 22-26, 29, 31, 32, 34-36, 38,
39, 44] described total blood loss, including 756 patients in
TXA group and 780 patients in control group. In TXA
group, five studies [4, 15, 22, 36, 39] provided data on
transfusion rate in intraarticular application of TXA and 14
studies [13, 16, 23-26, 29, 31, 32, 34, 35, 38, 39, 44] were
IV administration. The combined SMD for patients
undergoing intraarticular application was found to be —
0.86 (p = 0.000; 95 % CI —1.14, —0.59). This indicates
that total blood loss was less in the intraarticular TXA
groups in comparison with the control group at a statisti-
cally significant level. In the IV subgroup, the use of TXA
significantly reduced total blood loss (SMD = —1.01,
95 % CI —1.43, —0.60; p = 0.00). There was a high level

of statistical heterogeneity between studies (p = 0.000,
P =927 %) (Fig. 4).

Postoperative blood loss

Sixteen trials [4, 13, 14, 17, 20, 21, 23-25, 29, 31-33, 36,
44, 45] involving 1,420 patients described postoperative
blood loss. Four studies [4, 20, 21, 36] provided data on
postoperative blood loss in intraarticular application of
TXA and 14 [13, 14, 17, 20, 21, 23-25, 29, 31-33, 44, 45]
were in [V administration. The combined SMD for patients
undergoing intraarticular application was found to be
—1.32 (p = 0.001; 95 % CI —2.08, —0.55). This indicates
that postoperative blood loss was less in the intraarticular
TXA groups in comparison with the control group at a
statistically significant level. There was heterogeneity
between studies (p = 0.000, I* = 90.4 %). In the IV sub-
group, the use of TXA significantly reduced postoperative
blood loss (SMD = —1.11, 95% CI —1.61, —0.61;
p = 0.000). There was a high level of statistical hetero-
geneity between studies (p = 0.000, I* = 92.6 %) (Fig. 5).
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Fig. 4 Forest plot diagram showing the effect of TXA on total blood loss

Intraoperative blood loss

Intraoperative blood loss was recorded in six trials [15, 20,
24, 31, 32, 44] which included 223 patients in TXA group
and 221 patients in control group. In intraarticular sub-
group, the combined SMD for patients undergoing intra-
articular application was found to be —0.67 (p = 0.098;
95 % CI —1.47, 0.12). This indicates that intraarticular
TXA did not significantly reduce intraoperative blood loss.
In the IV subgroup, there was no decrease intraoperative
blood loss associated with the use of TXA compared
with the control group (SMD = —0.14, p = 0.244, 95 CI
—0.37, 0.09) (Fig. 6).

Hb loss

Eleven trials [14-17, 20, 21, 25, 26, 29, 38, 39] reported
postoperative reduction of Hb level. In intraarticular
subgroup, the combined SMD for patients undergoing
intraarticular application was found to be —0.65
(»p = 0.000; 95 % CI —0.96, —0.35). This indicates that
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postoperative reduction of Hb level was lower in intra-
articular group in comparison with the control group at a
statistically significant level. In the IV subgroup, postop-
erative reduction of Hb level was lower compared
with the control group (SMD = —0.85, p = 0.000, 95 CI
—1.26, —0.44) (Fig. 7).

Discussion

In this meta-analysis, we assessed the evidence from RCTs
that compared outcomes with TXA or not in TKA. The
most important findings of our meta-analysis demonstrate a
statistically significant benefit for TXA in reducing total
blood loss, postoperative blood loss, Hb loss, blood units
transfused per patient, and the number of patients receiving
allogeneic transfusions in TKA. Only for the intraoperative
blood loss, TXA has a trend of reduced intraoperative
blood loss, but not statistically significant between TXA
and control groups. At the same time, TXA did not appear
to increase the risk of thromboembolic complications and
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Fig. 5 Forest plot diagram showing the effect of TXA on postoperative blood loss

other adverse events. We found the effect was even greater
or patients in our review.

Our findings were basically consistent with the recent
meta-analysis by Tan et al. [46] which included 19 trials,
and another systematic review by Zhang et al. [12], which
included 15 trials; however, more studies with higher
amount cases were included in this analysis. This study was
a complete meta-analysis about clinical results in the top-
ical or IV use of TXA for prevention of bleeding associated
with TKA procedures. More comprehensive evaluating
indicators were discussed in this study which included total
blood loss, postoperative blood loss, Hb loss, intraoperative
blood loss, and blood units transfused per patient, the
number of patients receiving allogeneic transfusions, DVT,
PE, and other adverse events. What is more, previous meta-
analysis only included 19 RCTs, which intervention was
the administration of IV TXA, while our review included
34 RCTs. There had been a growing interest in the intra-
articular use of TXA for prevention of bleeding in TKA.
So, this study provided a more credible and stable evidence

in comparing the effectiveness and safety of TXA in
reducing blood loss and transfusion in TKA.

The methodological quality assessment identified some
limitations of the current evidence bases. The quality
assessment score for most of the studies included was high,
which contributes to the strength of point estimates. The
majority of included trials were of good methodological
quality, they were relatively well designed, and the quality
assessment score was high in most of them. There are
several issues related to quality control in conducting a
meta-analysis, in particular study selection and the homo-
geneity of the studies. Hence, our study focused on the use
of TXA and the data would be pooled by subgroup analysis
according to the IV or intraarticular use of TXA. Accord-
ingly, this review of meta-analysis should be considered as
appropriate.

Heterogeneity is a potential problem when interpreting
the results of the present meta-analysis. In this meta-ana-
lysis, notable heterogeneity was observed in some com-
parisons. Although the overall methodological quality of

@ Springer



538

Eur J Orthop Surg Traumatol (2015) 25:525-541

NOTE Weignis 3re from rancom emects analsis

sy %

o SMD (95% C1) weignt
1

ntraarticuar !
|
|

2012 & o | & »

Roy (2012 &€ . X 111 (-1.71, 052) 1309
|

Anarew (2013 —_— 030 (-069.0.09) 2011
1

Suooal (-equared = 30.0%. p = 0.025 -{:b:— Q67 (-147.0.12) 320
1
1
|
1
1

nraenous ]
1
1

Hippa (1995 - 0.05 (068, 079) 951
|
|

Benonl (1996 —— 000 (0.42.042) 1888
1

Hippaia (1997 —_— 0.18(<063.027) 1791
1

Zrang (2007 _— 027 (466.0.12) 2021
1

Suononal (-equared = 0.0%. p = 0766 <:> 014 (037.009) 620
1
1
1
1

Owerall (-squared = $07%. p = 0071 <> 029 (0.56.0.01) 10000
1
1
1
1
;

I
-7

0 m

Fig. 6 Forest plot diagram showing the effect of TXA on intraoperative blood loss

the included studies was high relatively, some degree of
clinical heterogeneity was induced by the following fac-
tors: first, clinical heterogeneity may be caused by blood
transfusion protocol, surgical technologies of different
centers, and the type of surgical hemostasis (i.e., gauzes
packing, electrical cauterization). Second, the total blood
loss and the amount of transfused blood per person may be
affected by the operation time, type of surgery procedure,
dose regimen of TXA, different follow-ups etc. Finally, the
baseline of patients of individual studies, such as age,
preexisting comorbidities, and economic condition, may
also be confounding factors, which may exert influence on
the stability of the pooled results.

There were several strengths of our review and meta-
analysis. First, we performed exhaustive searches of the
English and non-English languages literature to limit
publication bias and pooled data from 34 manuscripts,
including only RCTs. Second, all included studies were
assessed rigorously by revised Jadad Scale and CONSORT
checklist and scoring system, which indicated that most
articles were of high quality. When came to heterogeneity,
a random-effects model and sensitivity analysis were per-
formed to control the veracity and stability of pooled
results.

@ Springer

Although this study was believed to be the most com-
prehensive meta-analysis of RCT-based evidence for the
safety and efficacy of TXA in the reduction of blood loss in
TKA, we acknowledged that this study has some limita-
tions. First, the general lack of random sequence produc-
tion and allocation concealment methods in the included
RCTs made it difficult to assess their methodological
quality; thereby, the risk of bias and potential to overesti-
mate the effect may be existent. Second, we did not limit
the language in the process of the literature retrieval, but
only Chinese- and English-language trials were included in
the meta-analysis, publication and potential English lan-
guage biases may have occurred. Third, the results of the
other outcome measures (functional outcome scores,
quality of life, length of stay, and cost effective) could not
be pooled, either because too few data were available or
because the methods varied too much; therefore, no definite
conclusions can be drawn from these data.

Conclusion

This meta-analysis demonstrated that intraarticular or
intraoperative application of TXA significantly reduced
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Fig. 7 Forest plot diagram showing the effect of TXA on Hb loss

total blood loss, postoperative blood loss, Hb loss and
transfusion rate as well as blood units transfused per patient
after primary TKA. However, there were no statistically
significant differences in reducing intraoperative blood
loss. Patients receiving TXA had no significant increase in
the risk of thromboembolic complications or other adverse
events. For exploring the cost effective and optimal dose,
well-designed RCTs are still needed to be run.
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