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Abstract
BACKGROUND
Total shoulder arthroplasty (TSA) results in a large amount of perioperative blood loss due to severe trauma.

AIM
To investigate the safety and efficacy of intravenous tranexamic acid (TXA) in TSA.

METHODS
We searched the PubMed, Cochrane Library, Embase and Web of Science databases for randomized controlled trials (RCTs) on the use of TXA in TSA. And all the results were checked and assessed by Reference Citation Analysis (https://www.referencecitationanalysis.com/). A meta-analysis was performed with Review Manager 5.3 to calculate the odds ratio (OR) or weighted mean difference (WMD) of related outcome indicators.

RESULTS
A total of 5 RCTs with level 1 evidence were included. There were 369 cases, with 186 in the TXA group and 183 in the placebo group. The meta-analysis showed that TXA can significantly reduce total blood loss during the perioperative period [WMD = -249.56, 95% confidence interval (CI): -347.6 to -151.52, P < 0.0001], and the incidence of adverse reactions was low (OR = 0.36, 95%CI: 0.16-0.83, P = 0.02). Compared with the placebo group, the TXA group had significantly less total haemoglobin loss (WMD = -34.39, 95%CI: -50.56 to -18.22), less haemoglobin fluctuation before and after the operation (WMD = -0.6, 95%CI: -0.93 to -0.27) and less 24-h drain output (WMD = -136.87, 95%CI: -165.87 to -106.49). There were no significant differences in the operation time (P = 0.11) or hospital length of stay (P = 0.30) between the two groups.

CONCLUSION
The application of intravenous TXA in the perioperative period of TSA can significantly reduce the total volume of perioperative blood loss and reduce the incidence of adverse reactions, so TXA is worthy of widespread clinical use.
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Core Tip: The development and application of total shoulder arthroplasty (TSA) have been slower than those of total knee and total hip arthroplasty, and there is still a lack of advanced evidence-based evidence about the application of tranexamic acid (TXA) in the perioperative period of TSA. Therefore, a meta-analysis was conducted to determine the efficacy and safety of intravenous TXA in the perioperative period of TSA.

INTRODUCTION
Total shoulder arthroplasty (TSA) is commonly used in the treatment of end-stage rotator cuff arthropathy, irreparable rotator cuff tears, primary glenohumeral arthritis and traumatic shoulder arthritis[1-4]. When conservative treatment methods, such as analgesic drugs, local hormone injections, and physical therapy, cannot relieve pain or improve shoulder joint range of motion, TSA often significantly relieves pain, improves the range of motion and improves the quality of life of patients[5-7]. Due to developments and improvements in shoulder replacement medical technology and replacement materials, the number of total shoulder replacements is increasing[8]. Studies have shown that the volume of intraoperative blood loss during total shoulder replacement can reach between 354 mL and 361 mL[9,10]. For patients undergoing primary TSA, the probability of blood transfusion is between 2.4% and 9.5%[11,12]. The presence of anaemia and the need for blood transfusion after surgery may increase the incidence of complications. Common complications include angina pectoris, myocardial infarction, thrombosis, and even death[13,14].
Tranexamic acid (TXA) is a fibrinolytic inhibitor that can reversibly block the binding site of lysine, which is compatible with fibrinogen; inhibit fibrinolytic reactions; prevent blood clots from being dissolved by fibrinolytic enzymes; and reduce the extent of perioperative bleeding[15,16]. TXA has been shown to significantly reduce the amount of blood loss in total knee and total hip arthroplasty[17-19]. Therefore, TXA has been widely used in total joint replacement for perioperative blood management. However, because the development and application of TSA have been slower than those of total knee and total hip arthroplasty, there is still a lack of advanced evidence-based evidence about the application of TXA in the perioperative period of TSA. Therefore, through the inclusion of high-quality randomized controlled trials (RCTs), a meta-analysis was conducted to determine the efficacy and safety of intravenous TXA in the perioperative period of TSA, thereby providing a high-quality evidence-based basis for clinical application.

MATERIALS AND METHODS
This meta-analysis was conducted in strict accordance with the preferred reporting items for systematic reviews and meta-analyses statement[20]. All the data used in this study are provided in the text and supplementary materials.

Data sources and search strategy
PubMed, Embase, Cochrane Library and Web of Science were searched. The retrieval time was from the establishment of each database to November 15, 2022. The combination of MeSH terms and entry words to search the above four databases was used. The key words included "tranexamic acid", "tranexamic acid", "antimicrobial agents", "cyklokapron", "transamin", "total shoulder arthroplasty", "total shoulder replacement" and "shoulder replacement arthroplasty". Additionally, Reference Citation Analysis (https://www.referencecitationanalysis.com/) was used to check and supplement the search results. Supplementary material includes the search strategy used for each database.

Study selection
The inclusion criteria were as follows: (1) all patients were treated with TSA or reverse TSA; (2) the experimental group was treated with intravenous TXA, and the control group was treated with a placebo; (3) the type of study was an RCT; and (4) one of the following outcome measures were reported: Total blood loss, adverse events, operative time, total haemoglobin loss, hospital length of stay, change in haemoglobin level and 24-h drain output. There were no language restrictions.
The exclusion criteria were as follows: (1) studies with incomplete original data; and (2) duplicate studies including the same population.

Data extraction and quality assessment
The extracted data included basic information (first author, year of publication, country, research type, sample size, age, etc.), the primary outcome indicators, the secondary outcome indicators, and information related to the quality of the study.
The primary outcomes were as follows: Total blood loss and adverse events. The secondary outcomes were as follows: Operative time, total haemoglobin loss, hospital length of stay, change in haemoglobin level, and 24-h drain output.
Version 2.0 (Rob 2.0) of the risk of bias assessment tool recommended by Cochrane was used to evaluate the quality of the studies[21]. The evaluation tool evaluates the risk of bias in five areas. If the evaluation results of all five areas are low risk, then the overall risk of bias is low. If the assessment result of any one of the areas is high risk or the assessment results of multiple areas are possible risk, then the overall risk level is high.

Statistical analysis
Review Manager 5.3 software (Cochrane Collaboration, United Kingdom) was used for data analysis. The continuous variables are represented by weighted mean differences (WMDs) and 95% confidence intervals (CIs), while the categorical variables are represented by odds ratios (ORs) and 95%CIs. P < 0.05 was considered statistically significant. I2 was used to evaluate the heterogeneity of the consolidated data. I2 < 50% indicated low heterogeneity, and a fixed-effects model was used for these data; I2 > 50% indicated high heterogeneity, and a random-effects model was used for these data. The latter group of results should be interpreted carefully. Stata 14.0 software was used to perform Egger’s and Begg’s tests to quantitatively evaluate publication bias for the outcome indicators with data retrieved from 3 or more articles.

RESULTS
Search results and study characteristics
A total of 158 articles were retrieved, including 41 from PubMed, 26 from Cochrane Library, 40 from Embase and 51 from Web of Science. After duplicate studies were excluded and the full texts were read, five articles were included. The process of literature retrieval and the reasons for exclusion are shown in Figure 1. This meta-analysis included five RCTs[22-26] from four countries, two[23,26] of which were from the United States. The clinical evidence level of 5 studies[22-26] was 1. A total of 369 cases were included, including 186 cases in the experimental group and 183 cases in the placebo group. Among the five RCTs, only two studies reported that in the trial group and the placebo group, blood transfusion was needed due to excessive blood loss[25,26]. The basic characteristics of the studies included in this study are shown in Table 1.

Study quality assessment
In this study, the Cochrane randomized controlled trial risk of bias assessment tool 2.0 was used to evaluate the quality of the 5 included articles. All five articles[22-26] were considered to have a low risk of bias. The above results of the literature quality evaluation showed that the methodological quality of the five studies[22-26] included in this study was very high. All the included studies used the double-blinding method for clinical research. The risk of bias results for each study are shown in Figure 2.

Primary outcomes
Total blood loss (mL): Four RCTs[22-24,26] reported total blood loss in TSA. There were 163 cases in the experimental group and 161 cases in the placebo group. The heterogeneity among the studies was large (P = 0.31, I2 = 16%), and a fixed-effects model was used for meta-analysis. The results showed that there was a significant difference in the total amount of bleeding between the two groups [weighted mean difference (WMD) = -249.56, 95%CI: -347.6 to -151.52, P < 0.0001], which indicated that TXA can significantly reduce bleeding in TSA (Figure 3A).

Adverse events: All the included studies[22-26] reported the occurrence of adverse reactions. There was no heterogeneity among the studies (P = 0.57, I2 = 0%), so a fixed-effects model was used. The meta-analysis showed that compared with the placebo group, the TXA group had significantly fewer adverse events and higher safety (OR = 0.36, 95%CI: 0.16-0.83, P = 0.02) (Figure 3B).

Secondary outcomes
Operative time (minutes): Three studies[22,23,26] compared operation time. There was no heterogeneity among the studies (P = 0.64, I2 = 0%), so a fixed-effects model was used for statistical analysis. The results showed that there was no significant difference in operation time between the experimental group and the placebo group (WMD = -4.01, 95%CI: -8.88 to 0.86, P = 0.11) (Figure 4A).

Total haemoglobin loss (g): Two studies[23,26] compared total haemoglobin loss between the experimental and placebo groups. The heterogeneity between the two studies was small (P = 0.24, I2 = 29%), so a fixed-effects model was used for analysis. The meta-analysis showed that the experimental group had less haemoglobin loss than did the placebo group (WMD = -34.39, 95%CI: -50.56 to -18.22, P < 0.0001) (Figure 4B).

Change in haemoglobin level (g/dL): Two studies[23,26] compared haemoglobin levels before and after TSA. There was no heterogeneity among the three studies (P = 1.00, I2 = 0%), so a fixed-effects model was used for analysis. The results of the meta-analysis showed that the haemoglobin level of the experimental group fluctuated less before and after the operation (WMD = -0.6, 95%CI: -0.93 to -0.27, P < 0.0001), which indicated that TXA could significantly reduce bleeding in shoulder replacement patients (Figure 4C).

Hospital length of stay (days): A fixed-effects model was used to analyse the length of stay data of three studies[22,23,26] (P = 0.70, I2 = 0%). The results showed that there was no statistically significant difference in the length of hospital stay between the experimental group and the placebo group (WMD = 0.14, 95%CI: -0.12 to 0.39, P = 0.30) (Figure 4D).

Twenty-four-hour drain output (mL): A total of two studies[22,26] compared the 24-h postoperative drainage volume between the experimental group and the placebo group. The homogeneity of the two studies was good (P = 0.77, I2 = 0%), so a fixed-effects model was used for analysis. The results showed that the 24-h drainage volume of the experimental group was significantly less than that of the placebo group, indicating that TXA can reduce the drainage volume after TSA (WMD = -136.87, 95%CI: -165.87 to -106.49, P < 0.0001) (Figure 4E).

Publication bias
Begg’s and Egger’s tests were performed to assess the publication bias of the studies. No evidence of publication bias was found for the WMD of total blood loss (Begg’s test, P = 0.734, Egger’s test, P = 0.634) or the OR of adverse events (Begg’s test, P = 0.734, Egger’s test, P = 0.379). There was no publication bias in the WMD of the hospital length of stay or operational time. The statistical results of publication bias of each index are shown in Supplementary Table 1.

DISCUSSION
Whether TXA, an antifibrinolytic agent, can effectively reduce perioperative blood loss without increasing the risk of adverse reactions in TSA still lacks high-level evidence-based support. The efficacy of TXA in various surgical procedures has been confirmed, and it has higher efficacy and leads to fewer drug-related complications than other antifibrinolytic drugs[27,28]. The purpose of this study was to investigate the efficacy of intravenous TXA in reducing bleeding and its safety in the perioperative period of TSA through a meta-analysis of high-quality RCTs with level 1 evidence. The results of this meta-analysis showed that the application of intravenous TXA in TSA can not only significantly reduce the total volume of perioperative blood loss but is also safe. The secondary outcome measures also showed that TXA can significantly reduce total haemoglobin loss, reduce fluctuations in haemoglobin levels before and after the operation, and reduce postoperative drainage. In addition, this study showed that compared with a placebo, intravenous TXA did not significantly differ in terms of operation time or length of hospital stay. This study showed that TXA can significantly reduce the total volume of perioperative blood loss in TSA. Studies[29,30] have shown that TXA is a lysine derivative that cannot convert fibrinolysin into activated fibrinolysin by occupying the action site of fibrinolysin and cannot dissolve blood clots to promote haemostasis. With the widespread application of TXA in joint surgery[31,32], especially in total knee and total hip arthroplasty, the good haemostatic effect and safety of TXA have been recognized by the majority of scholars. Abildgaard et al[33] reviewed 168 cases and found that TXA can significantly reduce perioperative blood loss, haemoglobin fluctuations and postoperative drainage volume. Clay et al[34] analysed the blood loss and haematocrit of 435 patients who underwent shoulder replacement, and the results confirmed the above conclusion.
In addition, based on the secondary outcome indicators that were compared between the intravenous TXA and placebo groups, the perioperative application of TXA can significantly reduce the total haemoglobin loss, reduce the absolute value of haemoglobin fluctuations before and after surgery, and reduce the amount of postoperative drainage. These findings also confirm that intravenous TXA can reduce perioperative bleeding in TSA, which is very important. Operation time and blood loss are two factors that affect each other. An increase in the operation time increases the wound exposure time and blood loss. An increase in blood loss increases the operation time. The meta-analysis showed that there was no significant difference in the operation time between the intravenous TXA group and the placebo group. When the influence of operation time is excluded, the haemostatic effect of TXA can be more accurately assessed. The results of this meta-analysis also suggest that intravenous TXA is not an influencing factor of the length of hospital stay.
In terms of safety, TXA led to fewer adverse reactions than placebo (OR = 0.36, 95%CI: 0.16-0.83). By reviewing the 5 included studies[22-26], this study found that the main adverse reaction of TXA was haematoma, and no severe adverse reactions were reported. In contrast, adverse reactions such as skin allergies, haematoma and deep vein thrombosis occurred in the placebo group. Carbon et al[35] retrospectively analysed the data of 71174 patients retrieved from a national claims database and found that the use of TXA was not associated with an increased incidence of complications in patients who underwent TSA. Our results are consistent with those of Carbon et al[35], which supports the widespread use of TXA in the perioperative period of TSA.

Strengths and limitations
The conclusions of this systematic review and meta-analysis come from only RCTs with level 1 evidence, and the heterogeneity was very low, which indicates that the above conclusions are supported by a very high level of evidence. This meta-analysis showed that TXA is efficacious and safe in TSA to a certain extent, but there are some limitations of the study. (1) Although the quality of the RCTs included in this meta-analysis was high, the total number of included studies and total sample size were relatively small; and (2) data on the total haemoglobin loss and 24-h drainage volume were retrieved from only two studies, which may have affected the reliability of the results. There is no doubt that multicentre, large-sample prospective RCTs are needed in the future to further verify the findings of this study. In TSA, the impact of intravenous TXA on medical costs and patient satisfaction in the postoperative period should also be evaluated, which will be conducive to comprehensive evaluation of the clinical value of intravenous TXA.

CONCLUSION
Our meta-analysis revealed that the application of intravenous TXA can significantly reduce total blood loss and is safe for application in TSA, so TXA is worthy of widespread clinical application. In addition, we also found that the application of TXA did not influence the operation time or length of hospital stay.

ARTICLE HIGHLIGHTS
Research background
Total shoulder arthroplasty (TSA) results in a large amount of perioperative blood loss due to severe trauma.

Research motivation
Therefore, through the inclusion of high-quality randomized controlled trials (RCTs), a meta-analysis was conducted to determine the efficacy and safety of intravenous tranexamic acid (TXA) in the perioperative period of TSA, thereby providing a high-quality evidence-based basis for clinical application.

Research objectives
The purpose of this meta-analysis was to investigate the safety and efficacy of intravenous TXA in TSA.

Research methods
Meta-analysis

Research results
A total of 5 RCTs with level 1 evidence were included. There were 369 cases, with 186 in the TXA group and 183 in the placebo group. The meta-analysis showed that TXA can significantly reduce total blood loss during the perioperative period [WMD = -249.56, 95% confidence interval (CI): -347.6 to -151.52, P < 0.0001], and the incidence of adverse reactions was low (OR = 0.36, 95%CI: 0.16-0.83, P = 0.02). Compared with the placebo group, the TXA group had significantly less total haemoglobin loss (WMD = -34.39, 95%CI: -50.56 to -18.22), less haemoglobin fluctuation before and after the operation (WMD = -0.6, 95%CI: -0.93 to -0.27) and less 24-h drain output (WMD = -136.87, 95%CI: -165.87 to -106.49). There were no significant differences in the operation time (P = 0.11) or hospital length of stay (P = 0.30) between the two groups.

Research conclusions
The application of intravenous TXA in the perioperative period of TSA can significantly reduce the total volume of perioperative blood loss and reduce the incidence of adverse reactions, so TXA is worthy of widespread clinical use.

Research perspectives
Multicentre, large-sample prospective RCTs are needed in the future to further verify the findings of this study. In TSA, the impact of intravenous TXA on medical costs and patient satisfaction in the postoperative period should also be evaluated, which will be conducive to comprehensive evaluation of the clinical value of intravenous TXA.
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Figure Legends
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Figure 1 Preferred reporting items for systematic reviews and meta-analyses statement flow diagram. TSA: Total shoulder arthroplasty; PRISMA: Preferred reporting items for systematic reviews and meta-analyses.
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Figure 2 Results of the risk-of-bias assessments for the included studies.

[image: ]
Figure 3 Forest plot. A: Total blood loss; B: Adverse events. TXA: tranexamic acid; IV: Intravenous.
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Figure 4 Forest plot. A: Operative time; B: Total haemoglobin loss; C: Change in haemoglobin Level; D: Hospital length of stay; E: 24-h drain output. TXA: Tranexamic acid; IV: Intravenous.


Table 1 Basic information of the studies included in the meta-analysis
	Ref.
	Country
	Study design (LOE)
	Sample
	Average age, yr
	Intervention
	Surgery
	Transfusion

	
	
	
	TXA
	Placebo
	TXA
	Placebo
	TXA
	Placebo
	
	TXA
	Placeo

	Cunningham et al[22], 2021
	Switzerland
	RCT (Level I)
	31
	29
	72 ± 8
	73 ± 9
	TXA, 2 g, IV
	An equivalent volume of NS, IV
	TSA or RTSA
	0
	0

	Cvetanovich et al[23], 2018
	United States
	RCT (Level I)
	52
	56
	67.7 ± 10.9
	65.2 ± 9.2
	TXA, 1 g, IV
	An equivalent volume of NS, IV
	TSA
	0
	0

	Pauzenberger et al[24], 2017
	Austria
	RCT (Level I)
	27
	27
	70.3 ± 9.3
	71.3 ± 7.9
	100 mL NS infused with 1 g of TXA, IV
	100 ml NS, IV
	TSA or RTSA
	0
	0

	Garcia et al[25], 2022
	Portugal
	RCT (Level I)
	23
	22
	76.7 ± 7.1
	75.7 ± 5.7
	TXA, 1 g, IV
	Without the TXA infusion
	TSA or RTSA
	3
	2

	Vara et al[26], 2017
	United States
	RCT (Level I)
	53
	49
	67 ± 9
	66 ± 9
	TXA, 10 mg/kg, IV
	[bookmark: RANGE!I7]An equivalent volume of NS, IV
	RTSA
	3
	7


[bookmark: _Hlk130372232]TXA: Tranexamic acid; NS: Normal saline; IV: Intravenous; LOE: Level of evidence; RCT: Randomized controlled trial; TSA: Total shoulder arthroplasty; RTSA: Reverse total shoulder arthroplasty.
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