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Abstract
BACKGROUND
Total shoulder arthroplasty (TSA) results in a large amount of perioperative blood loss

due to severe trauma.

AIM
The purpose of this meta-analysis was 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. 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 to 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-hour 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 applicgtion of TSA have been slower than those of total
knee and total hip arthroplasty, and there is still a lack of advanced evidence-base

evidence about the application of 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 [I-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 157l Due to
developments and improvements in shoulder replacement medical technology and
replacement materials, the number of total shoulder replacements is increasing/sl.
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 dissol 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 appligation 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. efore,
through the inclusion of high-quality randomized controlled trials (RCTs), a meta-
analysis was conducted to determine the efficacy and safety ofé'ltravenous TXA in the
perioperative period of TSA, thereby providing a high-quality evidence-based basis for

clinical application.

MATERIALS AND METHODS
METHODS

This meta-analysis was conducted in strict accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) statement (2], All the data
used in this study are provided in the text and supplementary materials.
ATA 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". Appendix 1 includes

the search strategy used for each database.




STUDY SELECTION
The inclEion 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, hosa'tal length of stay, change in haemoglobin level and
24-hour 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, efc. ), the primary outcome indicators, the secondary
a.ltcome 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
ngth of stay, change in haemoglobin level, and 24-hour 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 [2!l. 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
sessment results of multiple areas are possible risk, then the overall risk level is high.
STATISTICAL ANALYSIS
Review Manager 5.3 software (Cochrane Collaboration, UK) was used for data analysis.
The continuous variables are represented by weighted mean differences (WMDs) and
95% confidence intervals (Cls), while the categorical variables are represented by odds
ratios (ORs) and 95% ClIs. P < 0.05 was considered statistically significant. I2 was used to
evaluate the heterogeneity of the consolidated data. [2<50% indicated low
heterogeneity, and a fixed-effects model was used for these data; I’ >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.

ESULTS
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 duplicaﬁ 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 [2-26] from four countries, twol2. 26l of which were from the
United States. The clinical evidence level of 5 studies 222! 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 t(ﬁxcessive blood loss [2% 261,
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 artjcles. All five articles 12226 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 [22-2¢] 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 [224 2¢] 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= 031, 2=16%), and a ﬁ(ed-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 (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).

All the included studies > reported the occurrence of adverse reactions. There was

Adverse events

no heterogeneity among the studies (P = 0.57, ?=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 to 0.83, P
= 0.02) (Figure 3B).
SECONDARY OUTCOMES
Operative time (minutes)
Three studies 2223261 compared operation time. There was no heterogeneity among the
studies (P = 0.64, P = 0%), so a fixed-effects model was used for statistical analysis. The
ults 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 studiesi23 261 compared total haemoglobin loss between the experimental and
placebo groups. The heterogeneity between the two studies was small (P= 0.24, =
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 [2% 26 compared haemoglobin levels before and after TSA. There was no
heterogeneity among the three studies (P = 1.00, P = 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 222
%] (P= 0.70, 2= 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).
24-hour drain output (ml)
A total of two studies [ 2l compared the 24-hour postoperative drainage volume
between the exper'a'lental group and the placebo group. The homogeneity of the two
studies was good (P = 0.77, I2= 0%), so a fixed-effects odel was used for analysis. The
results showed that the 24-hour 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)
igure 4E).
PUBLICATION BIAS
Begg’'s and Egger’s tests were performed to assess the publication bias of 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 Appendix 2.

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
TSA through a meta-analysis of high-quality RCTs with level 1 evidence. The resultsé

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 JT et al [33]
reviewed 168 cases and found that TXA can significantly reduce perioperative blood
loss, haemoglobin fluctuations and postoperative drainage volume. Clay TB 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 eﬁsure 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 to 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 a et al [35] retrospectively analysed
the data of 71,174 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 a et al., 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; 2)
data on the total haemoglobin loss and 24-hour 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.

COIﬁLUSION

Our meta-analysis revealed that the application of intravenous TXA can significantly
reduce total blood loss and is safe for applicationin 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 .

3
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.

ﬁﬁearch objectives

The purpose of this meta-analysis was to investigate the safety and efficacy of

intravenous tranexamic acid (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 to 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-hour 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.




83153 _Auto Edited.docx

ORIGINALITY REPORT

20u%

SIMILARITY INDEX

PRIMARY SOURCES

Jlrllong Zhao, Nan.Jun Xl.J,JIahU.I Li, Guihong Ifla?ng, 286 words — 9%
Lingfeng Zeng, Minghui Luo, Jianke Pan, Weiyi Yang,

Jun Liu. "Efficacy and safety of suprascapular nerve block

combined with axillary nerve block for arthroscopic shoulder

surgery: A systematic review and meta-analysis of randomized
controlled trials", International Journal of Surgery, 2021

Crossref

. : 0
I\r/j\:l\a/vm\é\t/.ncbl.nIm.nlh.gov 147 words — 4 0
. : 0
I\I/W\:ec:nreltdwdes.uence.org 51 words — 2 /0
Chen Yue, Fuxing Pei, Peiging Yang, Jinwei Xie, 41 words — ’] /()

Pengde Kang. "Effect of Topical Tranexamic Acid in
Reducing Bleeding and Transfusions in TKA", Orthopedics, 2015

Crossref

. : 0
link.springer.com 40 words — 1 /0

Internet

Jlnlong Zhao, Weiyi ang, 'GU|hong Llang': Mlnghyl 39 words — 1 %
Luo, Jianke Pan, Jun Liu, Lingfeng Zeng. "The efficacy

and safety of Jinwu Gutong capsule in the treatment of knee
osteoarthritis: A meta-analysis of randomized controlled trials",

Journal of Ethnopharmacology, 2022

Crossref



B

. : 0
www.hindawi.com 39 words — 1 A)

Internet

. 0
WWw.science.gov 29 words — | Yo

Internet

Jinzhi You, Halll.ng Zhgrjg, Wei Li, Ninghuang Dai, Bo 27 words — 1 %
Lu, Zhonghua Ji, Huaigian Zhuang, Zhongfeng Zheng.

"Intrathoracic versus cervical anastomosis in esophagectomy

for esophageal cancer: A meta-analysis of randomized

controlled trials", European Journal of Surgical Oncology, 2022

Crossref

Ar.1d.rew G. Golz, Hea.ther K. Yee, BenJarInnJ. Davis, 26 words — 1 %
William H. Adams, Nicholas M. Brown. "One Dose

Versus Two Doses of Intravenous Tranexamic Acid in Total Joint
Arthroplasty", Journal of the American Academy of Orthopaedic
Surgeons, 2021

Crossref

Xinxin Mao,.Shuqlng. Shl,.Yajlao War?g, Xiya Gao, Lu 26 words — ’I %
Zhao, Huaqgin Wu, Qinggiao Song, Bingxuan Zhang.

"Chinese Abdominal tuina on metabolic sydrome patients with

heat stagnation of liver and stomach sydrome: study protocol

for a randomized parallel controlled trial", Research Square

Platform LLC, 2023

Crossref Posted Content

0
www.oncotarget.com 23 words — o

Internet

Yong Chen, Yong.Yon'g Wang, Lel'Dal, I\/Ilng Wu Chen.22 words — 'I %
"Long-Term Survival in Endoscopic Resection

Followed By Additional Chemoradiotherapy For Early-Stage

Esophageal Cancer Compared to Esophagectomy: A Systematic

Review and Meta-Analysis", Research Square Platform LLC,

2021



Crossref Posted Content

Wen-jiao Yang,. Yong-mel Bai, Lan.an,"Xln-Ian Xu, Kal-18 words — 1 %
fang Bao, Jun-ling Xiao, Guo-wu Ding. "The

effectiveness of music therapy for postpartum depression: A

systematic review and meta-analysis", Complementary

Therapies in Clinical Practice, 2019

Crossref

i 0
Etcjlrﬁjjournal.org 17 words — 1 /0

Jie Shang, Haibo Wang, Bai Zheng, Min Rui, Yehua 14 words — < ’] /0

Wang. "Combined intravenous and topical

tranexamic acid versus intravenous use alone in primary total
knee and hip arthroplasty: A meta-analysis of randomized
controlled trials", International Journal of Surgery, 2016

Crossref

Jeffrey T. Abildgaard, Ryan McLemore, Steven). o\« < 1 %

Hattrup. "Tranexamic acid decreases blood loss
in total shoulder arthroplasty and reverse total shoulder
arthroplasty", Journal of Shoulder and Elbow Surgery, 2016

Crossref

Mingtai CHEN, Mgngnan LIU, Xin GUO, Jie ZHOU 12 words — < 1 %
et al. "Effects of Xinkeshu tablets on coronary

heart disease patients combined with anxiety and depression
symptoms after percutaneous coronary intervention: A meta-

analysis", Phytomedicine, 2022

Crossref

ON <12 WORDS
ON <12 WORDS



