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Abstract
Background: The use of tranexamic acid (TXA) during primary total joint arthroplasty  pTJA  is well documented. However, whether TXA is safe for patients
undergoing revision total joint arthroplasty (rTJA) remains to be resolved. Methods: This meta-analysis included 12 studies that involved 2195 cases. The
primary outcomes were indicators of TXA effectiveness during perioperative perid, including blood loss, haemoglobin (Hb) level changes, allogeneic blood
transfusion (ABT) rate, and number of red blood cell (RBC) units transfused per patient. The secondary outcomes included thromboembolic complications,
non-thromboembolic complications, and length of hospital stay. Results: TXA administration was associated with statistically signi�cant decreases in the
primary outcomes, including ABT rate (odds ratio [OR], 0.24; 95% con�dence interval [CI], 0.14–0.41; P < 0.00001), change in Hb level (mean difference [MD],
−0.84; 95% CI, −1.28 to −0.41; P=0.002), and number of RBC units transfused per patient (MD, −0.49; 95% CI, −0.61 to −0.38; P < 0.00001) in the patients
undergoing rTJA. Secondary outcome assessments showed no statistically signi�cant differences in venous thromboembolism (OR, 0.99; 95% CI, 0.31–3.14;
P=0.98) and non-thromboembolic complications (OR, 0.54; 95% CI, 0.18–1.68; P=0.29) between the patients who received and those who did not receive TXA
in the revision total knee arthroplasty subgroup, while a signi�cant decrease in length of hospital stay was found in those who received TXA (MD, −2.89; 95%
CI, −4.85 to −0.93; P=0.004). Conclusion: In this meta-analysis, we found that the use of TXA acid can effectively reduce the number of blood transfusions in
patients undergoing TJA without increasing the complication rate.

Background
Total knee arthroplasty (TKA) and total hip arthroplasty (THA) are major orthopaedic treatment procedures for end-stage knee or hip diseases [1, 2]. Over time,
the use of revision joint arthroplasty has been increasingly considered as the prevalence of primary total joint arthroplasty (pTJA) has signi�cantly increased,
especially among young people [3-5]. Compared with pTJA, revision TJA (rTJA) has greater blood loss due to the more complicated osteotomy and muscle
release, which results in higher blood transfusion requirements. In this case, the patient may need a blood transfusion during the perioperative period [6,7].
Although allogeneic blood transfusion (ABT) is widely used in the clinic, considering its potential side effects, it is still a risk factor of potential complications
such as allergic reactions, haemolysis, and even infections around the prosthesis [8,9]. Conversely, from the patient’s point of view, it may extend the length of
hospital stay, delay the initiation of the rehabilitation program, and increase the cost of hospitalisation, thus increasing patient burden [10]. Therefore, in view
of the above-mentioned reasons, we have explored how to improve the perioperative blood management strategy to reduce perioperative blood loss and blood
transfusion rate to reduce the economic burden of patients.

Tranexamic acid (TXA) blocks the lysine binding site on plasminogen molecules and inhibits the formation of plasminogen. In the past decade, TXA has been
widely used in patients undergoing primary joint replacement, and the proportion of patients requiring transfusion during the perioperative period has also
been signi�cantly reduced [11,12]. Although su�cient studies have con�rmed that TXA can effectively reduce the perioperative blood loss and transfusion rate
in pTJA, large trials to study the role of TXA in rTJA are still lacking [13-15]. To clarify this issue, we conducted a meta-analysis to assess whether TXA could
play an active role in rTJA.

Methods
Search strategy

We followed not only the Preferred Reporting Items for Systematic Reviews and Meta-Analyses Statement [16] but also the recommendations of the Cochrane
Collaboration [17] in our present meta-analysis. Computer-retrieved databases such as PubMed, Cochrane Library, Embase, Web of Science, and Ovid were
searched. The search time limit was March 2019. We restricted the search article language type to English. The English search keywords used were
‘tranexamic’, ‘knee’, ‘hip’, ‘joint’, ‘replacement’, ‘arthroplasty’, and ‘revision’. We combined free words and keywords to develop retrieval strategies. We also used
a manual search to �lter the list of references for all the relevant studies to complement our search. If several publications reported the same group of
patients, we selected the latest study. The study titles and abstracts identi�ed in the search were independently reviewed by the two authors to exclude studies
that were clearly unrelated. Disagreements were resolved by consulting the third reviewer to reach a �nal consensus.

Inclusion and exclusion criteria

The included studies met the following conditions: 1) randomised controlled trials (RCTs) or non-randomised controlled trials (non-RCTs) reporting
comparisons between groups with and without TXA during rTJA intervention, and 2) articles that reported at least one of the outcome indicators, namely blood
loss, change in haemoglobin levels, blood transfusion rates, number of red blood cell units per patient infusion, thromboembolic complications (deep vein
thrombosis or pulmonary embolism), other non-thromboembolic complications, and length of hospital stay (LOHS). Articles that did not evaluate the above-
mentioned parameters were excluded. Case reports, letters, and summary of meetings were also excluded. Any disputes were cross-checked and resolved by
the senior authors.

Data extraction

A literature data extraction form was developed, and the two researchers independently read the relevant literature and extracted the following information: 1)
research characteristics, including the name of the �rst author, the year of publication, the nationality of the author, the category of the article, and the speci�c
location of the joint; 2) patient demographic details such as study sample size, participant sex, mean age, mean body mass index, mean American Society of
Anesthesiologists (ASA) score, and mean preoperative haemoglobin levels; and 3) speci�c interventions such as TXA administration, venous
thromboembolism (VTE) prevention method, and transfusion protocols.

Statistical analysis
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Data were processed using the Review Manager 5.3 software (Cochrane Collaboration, Copenhagen, Denmark) and Stata 11.0 software (Stata Corp, College
Station, Texas, USA). The odds ratio (OR) or mean difference (MD) with the 95% con�dence intervals (CIs) of the dichotomous or continuous outcome were
assessed separately. I2 was used to judge the heterogeneity between studies. When I2 was ≤50%, no statistical heterogeneity was considered, and a �xed
effect model was used. Otherwise, when I2 was >50%, statistical heterogeneity was considered present. At this time, a random-effects model was used, and a
sensitivity analysis was performed if necessary. A P value of <0.05 was considered signi�cant. Begg’s funnel plot and Egger’s linear regression test were used
to detect publication bias in the included studies.

Sensitivity analysis and publication bias

A sensitivity analysis was performed to �nd the source of heterogeneity when I2 was >50% to evaluate whether any single study had the weight to skew on the
overall estimate and data. Subgroup analyses were planned according to the type of arthroplasty (THA vs TKA). We quanti�ed publication bias using the
Egger method. A P value of >0.05 obtained with the Egger method indicated no signi�cant publication bias. If publication bias existed, we tested its in�uence
on the results using the rim-and-�ll method.

Quality assessment

The Jadad scale was used on the basis of the randomisation, blinding, numbers of withdrawals and dropouts, inclusion and exclusion criteria, adverse
reactions, and statistical analysis scores ranging from 0 to 5, with studies with scores > 3 points considered as “high-quality” [18]. Two authors evaluated the
included non-RCTs according to the Newcastle-Ottawa Scale (NOS) using the following items: the selection of study groups, the comparability of groups, and
the ascertainment of either exposure or outcome of interest for case-control and cohort studies. The total score was 9 points, and studies with scores > 7
points were considered high-quality studies [19]. They eventually reached a consensus on each study; otherwise, they consulted the third author to resolve the
dispute.

Results
Study selection

On the basis of the above-mentioned search strategy, 190 possible related references were initially identi�ed from the following electronic databases: 54 from
EMBASE, 73 from Web of Science, 40 from PubMed, 8 from Ovid, and 15 from the Cochrane Library. After excluding 94 replicates, 72 unrelated articles were
excluded on the basis of the title and abstract comments. When the full text of the remaining 24 studies were examined, 12 articles without useful data were
excluded. Finally, 12 trials that involved 2159 patients between 2009 and 2018 met the selection criteria and were included in the present meta-analysis
(Figure 1).

Study characteristics

The baseline characteristics of the studies are shown in Table 1. No signi�cant differences in preoperative haemoglobin levels were found in 9 studies. Nine
studies reported no signi�cant difference in ASA score between the two groups. Eight studies included the use of chemoprevention for thromboembolic
complications, such as warfarin, low-molecular-weight heparin, or rivaroxaban. The route of TXA administration was different, and most regimens were
administered intravenously (IV). The blood transfusion protocol was repeated in 9 studies, of which only one RCT had a wider blood transfusion indication[1]
than the other 8 observational studies (haemoglobin level, <10 g/dL; haematocrit level, <30%). In summary, the pre-recorded demographic data and blood
variables showed no statistically signi�cant differences between the TXA and control groups.

Quality assessment

Table 2 summarises the methodological quality assessments of the 12 selected studies. Only one study was a RCT with a Jadad score of 5, which showed
high quality. In the other 12 non-RCTs (2 prospective cohorts and 9 retrospective cohorts), the NOS scores ranged from 6 to 8, indicating that the quality of
these studies was also acceptable.

Primary outcomes

1. Allogenic blood transfusion rate

Eleven trials [13-15, 20-27] were used in the meta-analysis of the transfusion requirements (Figure 2.1). Signi�cant heterogeneity was observed, and a random-
effects model was used (I2 = 73%, P < 0.0001). The transfusion rate was lower in the TXA group than in the control group (OR = 0.24; 95% CI, 0.14–0.41; P <
0.00001). Both the revision THA subgroup with �ve studies and the TKA subgroup with 7 studies had a signi�cantly lower allogenic blood transfusion rate
than the control group (OR = 0.24; 95% CI, 0.10–0.61; P = 0.003; OR = 0.24; 95% CI, 0.11–0.50; P = 0.0001).

2. Reduction in haemoglobin level

Of the 12 studies [13-15, 20-28], 5 trials with 1022 patients [14, 21, 22, 24, 26] compared preoperative and postoperative Hb levels in patients undergoing
revision TJA with or without TXA (Figure 2. 2). High heterogeneity was observed, and a random-effects model was used (I2 = 76%, P = 0.002). The pooled MD
in the Hb levels in the experimental group was less decreased than that in the control group (MD = −0.84; 95% CI, −1.28 to −0.41, P = 0.002). Compared with
TKA (MD = −0.63; 95% CI, −0.97 to −0.30, P = 0.0002), TXA was more effective in the THA group regarding the reduction in haemoglobin level (MD = −1.28;
95% CI, −2.00 to −0.57; P = 0.0004).
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3. Number of RBC units transfused per patient

Nine studies that involved 1,467 subjects [14, 15, 20-26] provided data for this result (Figure 2.3). As no signi�cant heterogeneity was observed, a �xed-effect
model was used (I2 = 24%, P = 0.22). The number of RBC infusions per patient in the TXA group was signi�cantly lower than that in the control group (MD =
−0.49; 95% CI, −0.61 to −0.38; P < 0.00001). The number of RBC units infused per patient in the revision THA subgroup was signi�cantly lower as compared
with that in the control group (MD = −0.81; 95% CI, −1.20 to −0.43; P < 0.0001). Similarly, the number of RBC units infused per patient in the revision TKA
subgroup was also lower (MD = −0.46; 95% CI, −0.58 to −0.35; P < 0.00001).

4. Blood loss

Data from 8 studies [13-15, 20-22, 24, 25] that involved 1,116 patients were used to examine blood loss (Figure 2.4). Owing to the high statistical heterogeneity,
a random-effects model was used (I2 = 91%, P < 0.00001). The use of TXA in revision TJA resulted in signi�cantly less blood loss than that in the control group
(MD = −260.87; 95% CI, −394.88 to −126.86; P = 0.0001). Compared with the control group, the blood loss in the TKA subgroup was signi�cantly reduced (MD
= −428.61; 95% CI, −754.37 to −102.84; P = 0.010). However, such statistical signi�cance was not observed in the THA subgroup (MD = −225.59; 95% CI,
−475.99 to 24.82; P = 0.08).

Secondary outcomes

5. Venous thromboembolic complications

Seven studies [15, 21, 23, 25-28] reported the postoperative incidence rates of deep vein thrombosis and PE (Figure 2.5). No signi�cant heterogeneity was
observed, and a �xed-effects model was used (I2 = 0%, P = 0.78). No statistically signi�cant differences were found between the patients in the TKA subgroup
(OR = 0.99; 95% CI, 0.31–3.14; P = 0.98). However, the patients with modi�ed THA using TXA had higher venous thromboembolic complication rates, although
no statistically signi�cant difference was observed (OR = 1.56; 95% CI, 0.43–5.59; P = 0.50).

6. Non-thromboembolic complications

Four studies [21, 24, 25, 27] that included 802 subjects described other non-thromboembolic complications (Figure 2.6). Overall, 9 patients developed
postoperative infections, 6 had recurrent dislocation, and 4 had periprosthetic fractures. Owing to the high statistical heterogeneity found, a random-effects
model was used (I2 = 78%, P = 0.001). In rTJA, the incidence of other complications was reduced in the TXA group as compared with the control group, but the
difference did not reach statistical signi�cance (OR = 0.54; 95% CI, 0.18 –1.68; P = 0.29). The OR in the THA and TKA groups were 0.44 (95% CI, 0.03–5.44; P =
0.52) and 0.71 (95% CI, 0.32–1.54; P = 0.38), respectively.

7. Leng<href="#/javascript:;">th<href="#/javascript:;">of hospital <href="#/javascript:;">stay

Two studies [14, 26] that reported LOHS were included in the meta-analysis (Figure 2.7). High statistical heterogeneity was found, and a random-effects model
was used (I2 = 75%, P = 0.05). A trend toward a reduction in hospital stay was observed in the TXA group as compared with the control group in the TKA
subgroup (MD = −2.89; 95% CI, −4.85 to −0.93; P = 0.004).

Sensitivity analysis

We found a signi�cant heterogeneity in several outcome indicators. To �nd the source of heterogeneity, we performed a sensitivity analysis to examine
whether the presence of a single study had a decisive effect on the results by removing each study in turn (Figure 3). In the sensitivity analysis for the
transfusion rate group, we found that when the studies by Reichel et al. [25] and Huerfano et al. [21] were removed, the results changed signi�cantly, indicating
that they were the main sources of heterogeneity. In addition, the studies by Mariani et al. [23] and Ortega et al. [14] may be potential sources of heterogeneity.
In the sensitivity analysis for the altered haemoglobin group, we found that when the studies by Smi et al. [26] and Park et al. [24] were removed, the results
changed signi�cantly, indicating that they were the main sources of heterogeneity. In the sensitivity analysis for the blood loss group, we found that when the
study by Peck et al. [28] was removed, the results changed signi�cantly, indicating the study by Peck et al. [28] was the main source of heterogeneity.
Heterogeneity was also observed in terms of complications and LOHS. However, owing to the inadequate number of articles included, the de�nition of
complications and LOHS in different regions were different; thus, heterogeneity could not be avoided. We expect more randomised controlled studies with
precise conclusions in the future.

Publication bias

We quantitatively analysed publication bias using the Egger method (Figure 4). Except for the outcome group of blood transfusion rate, the other P values
were all >0.05, indicating no signi�cant publication bias. In the transfusion rate outcome group, the P values were <0.01, indicating a signi�cant publication
bias. However, after removing the missing studies and adding them in the analysis, and then recalculating the effect size, the OR did not change signi�cantly,
indicating that our results were relatively robust.

 

Discussion
Compared with pTJA, rTJA is a time-consuming procedure with higher blood loss and increased postoperative transfusion rates. These are important factors
of increased morbidity, resource utilisation, and healthcare costs [29], which remains major challenges for orthopaedic surgeons [6]. Although allogeneic blood
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transfusions are now safer because of improved detection methods, allergic reactions, cross-matching or transfusion errors, and potential risk factors of
infections around the prosthesis, and even death still occur [30-32]. Some scholars believe that autologous blood transfusion can reduce the risk of allogeneic
blood transfusion but still cannot control non-immune adverse events [10]. Effective blood management strategies are needed to control perioperative
bleeding.

TXA is a commonly used anti�brinolytic agent and has become increasingly popular in recent years. Administration of TXA is one of the most cost-effective
strategies for oral, IV, or topical administration [33]. Numerous studies have shown that the use of this drug can be effective in pTJA. Li et al. [34] conducted a
meta-analysis that involved 5 RCTs that demonstrated the e�cacy of oral TXA in reducing blood loss in primary THA and TKA. Gianakos et al. [35] found that
the use of IA TXA alone or in combination with IV TXA reduced the amount of total blood loss and excretion in patients with TJA. Fillingham et al. [36] reported
that topical, IV, and oral TXA were not associated with an increased risk of VTE after TJA, with an ASA score of ≥3, and con�rmed that the bene�ts of using
TXA appeared to exceed the potential risk of VET events, even in patients with higher comorbidities.

Although signi�cant effects on perioperative blood protection in primary TJA, without increased risk of VTE events, had been reported, relatively few studies
have examined the role of TXA in rTJA. However, in addition, the American Society of Plastic Surgeons also reported that studies on the safety and e�cacy of
TXA in revision surgery are lacking; thus, it is impossible to make a de�nitive conclusion [37]. As no strong evidence exists that proves the safety of TXA in
rTJA, we conducted this meta-analysis.

The primary �nding of this meta-analysis was that the use of TXA may reduce transfusion rates, haemoglobin levels, and the number of RBC infusion units,
con�rming the role of TXA in rTJA. As for the amount of blood loss, the results between the subgroups were different. The amount of bleeding was
signi�cantly reduced as compared with that in the control group in the modi�ed TKA subgroup (MD = −428.61; 95% CI, −754.37 to −102.84; P = 0.010),
whereas that in the THA subgroup was not statistically different (MD = −225.59; 95% CI, −475.99 to 24.82; P = 0.08). Previous studies produced different
results for the estimated differences in blood loss during different revisions in the hip subgroup. Garvin et al. [38] found the highest rate of blood loss in
implantation of femoral prostheses, followed by repair of femoral and acetabular prostheses and correction of acetabular prostheses. Peck et al. [39]
emphasised that the primary revision group produced the largest total blood loss, followed by the isolated femoral repair group, isolated acetabular repair
group, and head and liner exchange group. Zarin et al. [40] reported that the highest blood loss occurred after repair of the two components but found no
signi�cant difference between the isolated femur and acetabular prosthesis repairs.

Various blood loss measurement methods from pooled studies may lead to this result, and the most consistent method is to determine the estimated amount
of blood loss (EBL). Intraoperative blood loss (IBL) and induced blood loss (DBL) were not completely reliable for assessing perioperative blood loss in TJA, as
the amount of recessive blood loss accounts for almost 50% of total blood loss (TBL). The heterogeneity of indications within each revision group may affect
blood loss. Most previous authors ruled out reimplantation or repair of septic loosening. Kazi et al. [22] included Phase II revision procedures in their research
plans, while Waddell et al. [27] used topical TXA for patients with post-TKA infections in the �rst- and second-phase revisions. Only Reichel et al. [25] included
sterility revisions and reimplantation in a two-stage exchange procedure for rTHA and rTKA. Lin et al [41] showed no correlation between TXA and any major
complications of pTJA. Wu et al. [42] reported that combined intravenous and topical TXA in revision THA did not increase the risk of deep vein thrombosis
and pulmonary embolism as compared with intravenous injection alone. Therefore, the drug treatment pathway may not have a signi�cant correlation with the
complications during TJA repair.

In our analysis of secondary outcomes, the application of TXA in rTJA also did not increase the VTE complication rates as compared with the control (OR =
1.21; 95% CI, 0.51–2.86; P = 0.66), which indicated the safety of TXA in rTJA. However, the VTE complication rate was higher in the revision THA subgroup
using TXA than in the control group, although the difference did not reach statistical signi�cance (OR = 1.56; 95% CI, 0.43–5.59; P = 0.50). In short, strict
control of the indications is important, and concerns still exist regarding the safety of TXA administration, especially regarding the risk of VTE events in high-
risk patients undergoing revision THA. Huerfano et al. [21] found that the use of topical TXA in revision TKA appears to be attractive for patients at greater risk
of thromboembolic and cardiovascular complications. Serrano et al. [43] described that topical administration was preferred by the senior author owing to the
lack of contraindications. As for non-thromboembolic events, the TXA group had reduced incidence rates as compared with the control group, although a
statistically signi�cant difference was not reached for both revision TKA and THA (OR = 0.54; 95% CI, 0.18–1.68; P = 0.29). Moreover, TXA could decrease the
LOHS and reduce the economic burden of patients indicated for revision TKA in a way (MD = −2.89; 95% CI, −4.85 to −0.93; P = 0.05).

Limitations And Strengths
The main advantages of our research include the following: (1) We searched for all available clinical trials that directly compared the safety and e�cacy of
TXA in rTJA (TKA and THA). (2) All the studies included in our meta-analysis were of high quality. (3) On the basis of the large sample size, we extracted and
analysed the maximum number of clinical outcome variables. (4) Our study was the �rst meta-analysis to systematically con�rm the safety of TXA in rTJA.
The current meta-analysis also included a number of limitations as follows: (1) A RCT, 2 prospective studies, and 9 retrospective studies were included in the
meta-analysis, so the qualities of the studies were uneven owing to the uncontrolled bias that led to some inherent heterogeneity. The heterogeneity of the
included studies can explain the minor differences in the factors that affected blood loss and postoperative complication parameters such as the type of
anaesthesia and surgical technique used. (2) TXA was administered in different ways, with different doses and amounts, so we did not recommend giving
speci�c doses in rTJA. (3) As the recognised language was limited to English, publication bias was inevitable.

Conclusions
Administration of TXA in patients undergoing revision TJA resulted in a signi�cant reduction in transfusion rates, haemoglobin level, and number of RBC units
infused per patient, without increasing complications.



Page 6/13

Abbreviations
tranexamic acid: TXA; primary total joint arthroplasty: pTJA; revision total joint arthroplasty: rTJA; haemoglobin: Hb; allogeneic blood transfusion: ABT; red
blood cell: RBC; total knee arthroplasty: TKA; total hip arthroplasty: THA; randomised controlled trials: RCTs; non-randomised controlled trials: non-RCTs; length
of hospital stay: LOHS; American Society of Anesthesiologists: ASA; venous thromboembolism: VTE; odds ratio: OR; mean difference: MD;  con�dence
intervals: CIs; intravenously: IV; estimated amount of blood loss: EBL; intraoperative blood loss: IBL; induced blood loss: DBL; total blood loss: TBL.

Declarations
Acknowledgements

Not applicable.

Authors’ contributions

Conceived and designed the analysis: WQ,WSH and LLS. Performed the analysis: XJN, WSH and ZLJ. Revised the paper: HLX and LLS. Wrote the paper: WQ,
LLS. All authors read and approved the �nal manuscript.

Ethics approval and consent to participate

No ethics approval or patients consent was required because all analyses were based on previous published studies.

Consent for publication

Not applicable.

Competing interests

The authors report no con�icts of interest in this study.

 

References
1. De Martino I, D’Apolito R, Sculco PK, Poultsides LA, Gasparini G. Total knee arthroplasty using cementless porous tantalum monoblock tibial component:

a minimum 10-year follow-up. J Arthroplasty 2016;31(10):2193-8.

2. Zügner R, Tranberg R, Herberts P, Romanus B, Kärrholm J. Stable �xation but unpredictable bone remodelling around the lord stem: minimum 23-year
follow-up of 66 total hip arthroplasties. J Arthroplasty. 2013;28(4):644-9.

3. Maradit KH, Larson DR, Crowson CS, Kremers WK, Washington RE, Steiner CA, et al. Prevalence of total hip and knee replacement in the United States. J
Bone Joint Surg Am. 2015;97(17):1386-97.

4. Sanders TL, Maradit KH, Schleck CD, Larson DR, Berry DJ. Subsequent total joint arthroplasty after primary total knee or hip arthroplasty: a 40-year
population-based study. J Bone Joint Surg Am. 2017;99(5):396-401.

5. Yoshino K, Tsukeoka T, Tsuneizumi Y, Lee TH, Nakamura J, Suzuki M, Ohtori S. Revision total hip arthroplasty using a cementless cup supporter and iliac
autograft: a minimum of 15-year follow-up. J Arthroplasty. 2017;32(11):S0883540317305375.

�. Cankaya D, Della Valle CJ. Blood loss and transfusion rates in the revision of unicompartmental knee arthroplasty to total knee arthroplasty are similar to
those of primary total knee arthroplasty but are lower compared with the revision total knee arthroplasty. J Arthroplasty. 2016;31(1):339.

7. Hamilton DF, Howie CR, Burnett R, Simpson AH, Patton JT. Dealing with the predicted increase in demand for revision total knee arthroplasty: challenges,
risks and opportunities. Bone Joint J. 2015;97-B(6):723.

�. Dodd RY. Current estimates of transfusion safety worldwide. Dev Biol (Basel). 2005;120:3-10.

9. Sarkanovic ML, Gvozdenovic L, Savic D, Ilic MP, Jovanovic G. Autologous blood transfusion in total knee replacement surgery. Vojnosanit Pregl.
2013;70(3):274-8.

10. Bierbaum BE, Callaghan JJ, Galante JO, Rubash HE, Tooms RE, Welch RB. An analysis of blood management in patients having a total hip or knee
arthroplasty. J Bone Joint Surg Am. 1999;81A(1):2-10.

11. !!! INVALID CITATION !!! [11, 12].

12. Bedard NA, Pugely AJ, Lux NR, Liu SS, Gao Y, Callaghan JJ. Recent trends in blood utilization after primary hip and knee arthroplasty. J Arthroplasty.
2017;32(3):724-7.

13. Aguilera X, Videla S, Almenara M, Antonio Fernandez J, Gich I, Celaya F. Effectiveness of tranexamic acid in revision total knee arthroplasty. Acta Orthop
Belg. 2012;78(1):68-74.

14. Ortega-Andreu M, Talavera G, Padilla-Eguiluz NG, Perez-Chrzanowska H, Figueredo-Galve R, Rodriguez-Merchan CE, et al. Tranexamic acid in a multimodal
blood loss prevention protocol to decrease blood loss in revision total knee arthroplasty: a cohort study. Open Orthop J. 2016;10:439-47.



Page 7/13

15. Samujh C, Falls TD, Wessel R, Smith L, Malkani AL. Decreased blood transfusion following revision total knee arthroplasty using tranexamic acid. J
Arthroplasty. 2014;29(9 Suppl):182-5.

1�. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. J Clin
Epidemiol. 2009;62(10):1006-12.

17. Bero L, Rennie D; The Cochrane Collaboration. Preparing, maintaining, and disseminating systematic reviews of the effects of health care. JAMA.
1995;274(24):1935-8.

1�. Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, Gavaghan DJ, et al. Assessing the quality of reports of randomized clinical trials: is blinding
necessary? Control Clin Trials. 1996;17(1):1-12.

19. Bae JM. A suggestion for quality assessment in systematic reviews of observational studies in nutritional epidemiology. Epidemiol Health.
2016;38:e2016014.

20. Gill JB, Chase E, Rosenstein AD. The use of tranexamic acid in revision total hip arthroplasty: a pilot study. Curr Orthop Pract. 2009;20(2):152-6.

21. Huerfano E, Huerfano M, Shanaghan KA, Gonzalez Della Valle A. Topical tranexamic acid in revision total knee arthroplasty reduces transfusion rates and
may be associated with earlier recovery. J Arthroplasty. 2019;34(7S):S249-55.

22. Kazi HA, Fountain JR, Thomas G, Carroll FA. The effect of bolus administration of tranexamic acid in revision hip arthroplasty. Hip Int. 2012;22(6):615-20.

23. Mariani P, Buttaro M, Slullitel P, Comba F, Zanotti G, Ali P, et al. Transfusion rate using intravenous tranexamic acid in hip revision surgery. Hip Int.
2018;28:136.

24. Park KJ, Couch CG, Edwards PK, Siegel ER, Mears SC, Barnes CL. Tranexamic acid reduces blood transfusions in revision total hip arthroplasty. J
Arthroplasty. 2016;31(12):2850-2855.e2851.

25. Reichel F, Peter C, Ewerbeck V, Egermann M. Reducing blood loss in revision total hip and knee arthroplasty: tranexamic acid is effective in aseptic
revisions and in second-stage reimplantations for periprosthetic infection. BioMed Res Int. 2018;2018:3891870.

2�. Smit KM, Naudie DD, Ralley FE, Berta DM, Howard JL. One dose of tranexamic acid is safe and effective in revision knee arthroplasty. J Arthroplasty.
2013;28(8 Suppl):112-5.

27. Waddell BS, Zahoor T, Meyer M, Ochsner L, Chimento G. Topical tranexamic acid use in knee periprosthetic joint infection is safe and effective. J Knee
Surg. 2016;29(5):423-9.

2�. Peck J, Kepecs DM, Mei B, Sa�r OA, Backstein D, Gross AE, et al. The effect of preoperative administration of intravenous tranexamic acid during revision
hip arthroplasty: a retrospective study. J Bone Joint Surg Am. 2018;100(17):1509-16.

29. Bozic KJ, Kamath AF, Ong K, Lau E, Kurtz S, Chan V, et al. Comparative epidemiology of revision arthroplasty: failed THA poses greater clinical and
economic burdens than failed TKA. Clin Orthop Relat Res. 2015;473(6):2131-8.

30. Shander A, Fink A, Javidroozi M, Erhard J, Farmer SL, Corwin H, et al. Appropriateness of allogeneic red blood cell transfusion: the international consensus
conference on transfusion outcomes. Transfus Med Rev. 2011;25(3):232-46.

31. Vamvakas EC, Blajchman MA. Transfusion-related mortality: the ongoing risks of allogeneic blood transfusion and the available strategies for their
prevention. Blood. 2009;113(15):3406-17.

32. Zhu Y, Zhang F, Chen W, Liu S, Zhang Q, Zhang Y. Risk factors for periprosthetic joint infection after total joint arthroplasty: a systematic review and meta-
analysis. J Hosp Infect. 2015;89(2):82-9.

33. Moskal JT, Harris RN, Capps SG. Transfusion cost savings with tranexamic acid in primary total knee arthroplasty from 2009 to 2012. J Arthroplasty.
2015;30(3):365-8.

34. Li GL, Li YM. Oral tranexamic acid can reduce blood loss after total knee and hip arthroplasty: a meta-analysis. Int J Surg. 2017;46:27-36.

35. Gianakos AL, Hurley ET, Haring RS, Yoon RS, Liporace FA. Reduction of blood loss by tranexamic acid following total hip and knee arthroplasty: a meta-
analysis. JBJS Rev. 2018;6(5):e1.

3�. Fillingham YA, Ramkumar DB, Jevsevar DS, Yates AJ, Shores P, Mullen K, et al. The safety of tranexamic acid in total joint arthroplasty: a direct meta-
analysis. J Arthroplasty. 2018;33(10):3070-3082 e3071.

37. Melvin JS, Stryker LS, Sierra RJ. Tranexamic acid in hip and knee arthroplasty. J Am Acad Orthop Surg. 2015;23(12):732-40.

3�. Garvin KL, Feschuk CA, Sekundiak TA, Lyden ER. Blood salvage and allogenic transfusion needs in revision hip arthroplasty. Clin Orthop Relat Res.
2005;441:205-9.

39. Peck J, Kepecs DM, Mei B, Sa�r OA, Backstein D, Gross AE, et al. The effect of preoperative administration of intravenous tranexamic acid during revision
hip arthroplasty: a retrospective study. J Bone Joint Surg. 2018;100(17):1509-16.

40. Zarin J, Grosvenor D, Schurman D, Goodman S. E�cacy of intraoperative blood collection and reinfusion in revision total hip arthroplasty. J Bone Joint
Surg. 2003;85A(11):2147-51.

41. Lin ZX, Woolf SK. Safety, e�cacy, and cost-effectiveness of tranexamic acid in orthopedic surgery. Orthopedics. 2016;39(2):119-30.

42. Wu YG, Zeng Y, Yang TM, Si HB, Cao F, Shen B. The e�cacy and safety of combination of intravenous and topical tranexamic acid in revision hip
arthroplasty: a randomized, controlled trial. J Arthroplasty. 2016;31(11):2548-53.

43. Serrano Mateo L, Goudarz Mehdikhani K, Caceres L, Lee YY, Gonzalez Della Valle A. Topical tranexamic acid may improve early functional outcomes of
primary total knee arthroplasty. J Arthroplasty. 2016;31(7):1449-52.

Tables



Page 8/13

 Table1-characteristics of the included studies

Study/year Country Design Location Size

With/without

 

Age

 

Male BMI ASA

score

 

Pro-
HB

 

Intervention VTE prophylaxis Blood transfu
protocol

Gill2009 USA RCT Hip 5/5 66.6/61.4 1/2 NM NM 123/138 IV Warfarin HB<10+Hct<

Kazi2012 UK PC Hip 30/30 72/73 20/19? 28/27 2.8/2.6 122/117 IV LMWH HB<7/HB<8
Aguilera2012 Spain RC Knee 19/28 75/74 2/9 29/31 NM 132/134 IV LMWH HB<8/HB<8.5

Smit2013 Canada RC Knee 246/178 68.9/69.8 121/87 34.4/34.8 NM 132/130 IV LMWH HB<7/HB=8-9
Samujh2014 USA RC Knee 43/68 65.4/64.7 14/29 NM NM 132/135 IV Rivaroxaban HB<8+DS
Ortega2016 Spain RC Knee 44/43 68.8/74.2 12/11 31/30 2.3/2.5 141/138 IV NM HB<8/HB<10
Park2016 USA RC Hip 114/56 63/69 48/22 29/28 2.3/2.9 129/130 IV NM HB<7/HB<8

Waddell2016 USA RC Knee 20/29 67.8/61.6 6/13 34/33 NM NM Topical Warfarin HB<7/HB<8
Huerfano2018 USA RC Knee 76/205 62/66 39/93 30/31 2.2/2.4 127/127 Topical Aspirin/Rivaroxaban/

Apixaban/LMWH
NM

Mariani2018 Argentina RC Hip 61/64 67.5/69.7 34/23 28.2/29 NM 131/129 IV NM HB<7/HB<10
Peck2018

 

Canada

 

RC

 

Hip 109/91 68/67 31/38 28.2/27.3 2.7/2.7 NM IV

 

NM NM
Hip 60/28 70.5/74 32/17 30.4/26.9 2.6/2.5
Hip 148/78 65/70 44/22 28.3/27 2.5/2.6
Hip 85/35 64/66 26/16 28.2/29.7 2.6/2.4

Reichel2018 Germany

 

PC

 

Hip 96/103 66.1/68.6 39/47 NM 2.5/2.5 NM IV LMWH NM

 Knee 51/52 65.5/66.1 25/24 NM 2.5/2.4 IV LMWH

Abbreviations:

TXA,tranexamicacid;

RCT,randomized controlled trial;

PC, prospective cohort study;

RC,Retrospective cohort study;

BMI,body mass index ;

ASA,American Societyof Anesthesiologists ;

Hb, hemoglobin;

VTE,venous thromboembolism;

LMWH,low-molecular-weight heparin;

IV,intravenous;

NM,not mentioned.

 

Table2-The quality of the included studies was assessed using the New Castle-Ottawa Scale(NOS) or Jadad scale.

NOS Selection Comparability Exposure/Outcome Total score
1 2 3 4 5A 5B 6 7 8

Kazi2012       6
Aguilera2012       6
Smit2013   8
Samujh2014     7
Ortega2016       6
Park2016     7
waddell2016     7
Huerfano2018     7
Mariani2018     7
Peck2018   8
Reichel2018     7
Jadad scale Randomization Blinding Cohort Score
Gill2009 2 2 1 5
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Figure 1

PRISMA flow diagram describing the selection process for relevant clinical trials used in this meta-analysis.
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Figure 2

Figure2.1-Forest plot of allogenic blood transfusion rate

Figure 3

Figure2.2-Forest plot of hemoglobin reduction

Figure 4

Figure2.3-Forest plot of number of RBC units transfused
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Figure 5

Figure2.4-Forest plot of blood loss

Figure 6

Figure2.5-Forest plot of VETcomplications
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Figure 7

Figure2.6-Forest plot of nonthromboembolic complications

Figure 8

Figure2.7-Forest plot of length of hospital stay

Figure 9

Figure3-Sensitivity analysis



Page 13/13

Figure 10

Figure4-Publication bias


