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Abstract 

 
Background: Tranexamic acid (TXA) is a well-known antifibrinolytic drug that can be taken 

by mouth, injected into the muscle, or given through a vein. But there isn't much evidence 

that IV TXA helps reduce the need for blood transfusions during spinal surgery. 

Method: We used electronic PubMed, Cochrane Central Register of Controlled Trials, and 

Embase databases to do a meta-analysis of randomized controlled trials (RCTs) and quasi-

randomized trials (qi-RCTs) that included patients who had different spinal surgeries, such as 

adolescent scoliosis surgery given with perioperative IV TXA. Two independent researchers 

looked for more journal articles and conference proceedings by hand. 

Results: There were a total of 9 studies, and 581 patients were used as samples. Mean blood 

loss was cut by 128.28 ml during surgery (range: 33.84-222.73 ml), 98.49 ml after surgery 

(range: 83.22–113.77 ml), and 389.21 ml all together in patients who were given 

perioperative IV TXA (ranging from 177.83 to 600.60 ml). The average amount of packed 

cells that were given as a transfusion was cut by 134.55 ml (range: 51.64-217.46 ml; 95% CI; 

P = 0.0001). Overall, 35% fewer patients treated with TXA needed blood transfusions than 

patients treated with the comparator (RR = 0.65; 95% CI = 0.53 to 0.85; P = 0.0001; I2 = 

0%). It was seen that TXA had a positive effect and subgroup and sensitivity analyses 

confirmed this. Seven studies gave information about DVT. The study with only one DVT 

case was not added to the other ones. 

Conclusions: With IV TXA treatment before and after spinal surgery, patients lost less 

blood. Also, there was a big drop in the number of spinal surgery patients who needed blood 

transfusions. Before TXA can be used safely on people having spine surgery, our findings 

need to be confirmed by more research. 

 

Keywords: Tranexamic acid (TXA), spine surgery, anticoagulation, blood loss, transfusion 
 

Introduction 

 

Spine surgery usually causes a lot of blood loss during and after the surgery. This may be 

due, at least in part, to the large wound surfaces, long operating times and involvement of  
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cancellous bone, which has a lot of blood vessels. Even though the amount of blood loss 

during surgery can vary a lot from one procedure to the next, depending on both surgical and 

non-surgical factors, blood loss is still a big problem in spine surgery [1, 2]. When a lot of 

blood is lost, it can cause problems like low blood pressure, organ damage, or coagulopathy. 

Allogeneic blood transfusions come with extra risks, such as hemolytic transfusion reactions, 

acute lung injuries caused by the transfusion, infection transmission, and effects on the 

immune system. Because blood loss and allogenic transfusions come with a lot of risks and 

problems, it is very important to find safe and effective ways to reduce blood loss during 

spine surgery [3, 4]. Strategies for saving blood have been used successfully to cut down on 

surgical bleeding and the need for allogeneic transfusions during different types of surgery. 

Regional anaesthesia, hypotensive anaesthesia, intraoperative blood salvage, acute 

normovolemic hemodilution and giving medications intravenously, intramuscularly or orally 

are all examples of these techniques [5, 6]. Also, antifibrinolytics like tranexamic acid (TXA) 

and epsilon-aminocaproic acid (EACA) have been shown to reduce bleeding in many 

surgeries, including cardiac, trauma, hip, and knee arthroplasty, gynecological, and urologic 

procedures [7, 8]. Tranexamic acid works by competitively blocking the lysine-binding sites of 

plasminogen. This stops fibrinolysis and the breaking down of blood clots [9]. 

Recent research in spine surgery has shown that TXA works to reduce blood loss during 

surgery and the need for allogeneic blood transfusions in patients. However, it is still not 

clear what the best dose and length of treatment should be [10]. Antifibrinolytics are not 

usually used in spine surgery. Concerns have been raised about the safety of these drugs, 

including an increase in thromboembolic events like deep vein thromboses (DVTs), 

pulmonary embolisms (PEs), and myocardial infarctions (MIs), as well as an increase in 

seizures with moderate to high doses of TXA [11]. This meta-analysis looked at how well 

TXA works to prevent blood loss during spine surgery [12]. 

 

Methods and Materials 

 

We found and read articles in the scientific literature that talked about the use of TXA in 

spine surgery. PubMed, Ovid MEDLINE, and CENTRAL were used to look for case series 

studies, retrospective cohort studies, prospective studies, randomized controlled trials 

(RCTs), systematic reviews, and meta-analyses (Cochrane Library). The results of the 

literature search that were relevant to this topic were sorted by title, keywords, abstract, and 

then the whole publication. Articles were not limited by when they were published or where 

they came from [13, 14]. 

 

History and Background 

 

TXA was first used in clinical settings in the 1960s. Since then, it has been shown to be 

effective in reducing perioperative and trauma-related bleeding and the need for blood 

transfusions in obstetric, urologic, and cardiac surgery [15]. In the field of orthopedic surgery, 

total knee and hip arthroplasty procedures have shown that TXA works [16]. TXA is also 

being used more and more in spine surgery. Most of the early studies that looked at its 

usefulness were retrospective cohort and case series studies with different types of patients [17, 

18]. In more recent research, prospective clinical trials have been done to see how well it 

works in adolescent and adult patients going through different spinal procedures with 

different levels of difficulty [19, 20]. One of the first meta-analyses, done in 2008, on the use of 

TXA in spine surgery did not show a clear benefit, in part because the way the studies were 

done was not perfect [21]. Because there were no approved uses for TXA in spinal surgery, it 

was being used for those procedures anyway. More systematic reviews and meta-analyses of 

the available research have shown that more powerful studies that are more consistent in how  
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they are done, how much they use and how often [22, 23]. 

 

Clinical pharmacology of TXA 

 

TXA is a synthetic lysine analogue that was shown to be more effective and better than 

epsilon-aminocaproic acid (EACA), which was used before [24]. The World Health 

Organization's (WHO) List of Essential Medicines includes TXA as a hemostatic agent that is 

widely used in clinical settings [25]. TXA works by stopping fibrinolysis from happening. It 

does this by binding to the lysine moiety on the structural proteins plasminogen, plasmin and 

tissue plasminogen activator (tPA) and stopping them from competing with each other [26]. It 

makes it harder for plasminogen and tPA to stick to fibrin, which stops the zymogen 

plasminogen from activating the serine protease plasmin, which would otherwise break up 

fibrin clots [27]. TXA can be taken by mouth, put on the skin, or put into a vein. It is 100% 

bioavailable no matter how it is given. When TXA is given by IV at a dose of 10 mg/kg, it 

has a half-life of about 80 minutes and reaches its highest level in the body within an hour [28]. 

Since TXA is removed from the body through the kidneys, its dosage needs to be changed for 

people with chronic kidney disease [29]. 

 

Dosing regimen of TXA: It's not clear what the best way to give TXA through an IV is. 

Previous research has shown that the clinically effective dose is 10–15 mg/kg of body weight, 

and that higher doses have less of an effect [30]. It has been shown that TXA is absorbed and 

absorbed systemically when it is given by IV. Doses of 10 mg/kg can stop the fibrinolytic 

process in tissues by up to 80% [31]. In spine surgery, TXA is usually given through an IV as a 

bolus dose of 10 to 20 mg/kg before the surgery, followed by a maintenance infusion of 1 to 

10 mg/kg per hour of surgery [32]. The best way to use TXA in spinal surgery is still being 

researched, and the protocols used in different institutions and practise settings are very 

different. Low doses of TXA have been shown to be effective, but the relationship between 

dose and effectiveness is still not well understood [33]. Also, some spinal procedures, like the 

correction of adult spinal deformity, have been linked to major blood loss, which is defined as 

60 mL/kg in 24 hours or more than 40% of the patient's total blood volume [34]. In fact, close 

to 10% of bad things that happen during surgery are said to be caused by blood loss of more 

than 5 liters [35]. So, it's even more important in cases of complex surgery to find a dosage 

schedule that stays effective throughout the whole perioperative period [36]. Since the body 

can get rid of TXA over the course of 2 to 3 hours after a single IV dose, complicated spine 

procedures may need a second bolus dose after the first infusion. Raksakietisak et al. looked 

at 39 patients who were given a bolus dose of 15 mg/kg at the beginning of the procedure and 

another bolus dose 3 hours later to study how well this regimen worked. When compared to 

the placebo group, the experimental group lost less blood during surgery and needed less 

blood transfusions [37]. Moving forward, more research should be done to find out more about 

giving TXA in multiple doses. There needs to be a study comparing the regimen to other 

approaches, such as the initial loading dose plus a maintenance infusion given throughout the 

operation [38]. 

 

TXA in spine surgery: In recent years, more and more meta-analyses of RCTs are adding to 

what we know about how TXA can help stop bleeding during spinal surgery. Wong et al. 

gave TXA intravenously to 147 patients who had an elective posterior instrumented spinal 

fusion [39]. The first dose was 10 mg/kg, and the maintenance dose was 1 mg/kg per hour until 

the skin was closed. Estimated blood loss from the procedure was cut by up to 30% in 

patients who got TXA through an IV. This was shown by higher hemoglobin levels after 

surgery and less need for red blood cell savers. Yang et al. did a meta-analysis of 9 studies 

with 581 patients and found that patients who got TXA before surgery lost less blood and  
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needed less blood transfusions [40]. 

Raksakietisak et al. found that patients who got TXA after a complicated laminectomy 

procedure lost less blood than those who didn't. Patients who got two doses of TXA at 15 

mg/kg lost less blood and used less IV crystalloid fluids, including packed red blood cells, 

than those who got a placebo [41]. TXA can also be used for spinal procedures on children and 

teens. Verma et al. did a prospective, randomized study on the use of TXA in 125 teenagers 

who were getting surgery for idiopathic scoliosis. The number of blood transfusions did not 

go down because of TXA [42]. Schouten et al. showed that TXA is better for scoliosis surgery 

patients than placebo by showing that TXA cuts blood loss by almost twice as much as 

placebo (29). Yagi et al. came to the conclusion that patients with scoliosis who got a 1 g 

loading dose of TXA followed by a maintenance dose of 100 mg per hour during surgery lost 

less blood and had the same risk of complications as the control group [43]. Lastly, a single 

surgeon study by Lykissas et al. [44] confirmed these results with a 100 mg loading dose and 

10 mg/hour infusion rate of TXA in adolescent patients getting surgery for scoliosis. TXA 

has been used to stop more bleeding in the cervical spine and in spinal oncology cases [45]. 

Elwatidy et al. did a randomised controlled trial (RCT) with 64 patients who were getting 

high doses of IV TXA (2 grammes of loading dose followed by a maintenance dose of 100 

mg per hour for up to 5 hours after surgery) [46]. The authors said that the drain output 

showed a 48% decrease in blood loss during surgery and a 55% decrease in blood loss after 

surgery. These clinical trials show the important role that TXA can play in helping to stop 

bleeding during spinal surgery. They also show that TXA is safe and effective at reducing 

blood loss during surgery and the need for blood transfusions as a result. Even though most of 

the articles we found in the published literature supported the use and effectiveness of TXA, 

there were a few that showed the opposite. Peters et al. did a prospective, randomized trial in 

which 10 mg/kg of TXA was used to start the anaesthesia and 1 mg/kg per hour was given as 

an infusion. There was no statistical difference between the experimental group and the 

control group in how much bleeding stopped [47]. Farrokhi et al. showed that patients who had 

posterior instrumentation and fusion of the thoracic or lumbar spine did not lose more blood 

or need blood products during surgery [48]. Still, it is clear that more and more clinical trials 

and studies are showing that TXA is a good way for spine surgeons to control blood loss 

during surgery. It is also important to think about any bad effects that could come from the 

way TXA is absorbed and spread through the body. After crossing the blood-brain barrier and 

moving through the central nervous system (CNS), concentrations in the cerebrospinal fluid 

(CSF) can reach up to 10% by volume [49]. In the past, it has been written about how often 

epileptic seizures happen after surgery in people who were already likely to have them. Other 

studies have found that the inhibitory GABAA and glycine receptors could be blocked by 

TXA, which could cause damage to the CNS. Rare but serious side effects that affect other 

organ systems have also been reported, such as changes in how colors look or necrosis of the 

renal cortex [50]. The risk of increased thrombogenesis and the bad things that can happen as a 

result, such as venous thromboembolism, is probably the biggest worry about using TXA 

(VTE). Reviewing the meta-analyses that have been done so far shows that there is still no 

clear evidence that TXA increases the risk of thromboembolic complications. Previous RCTs 

were limited by their small sample sizes and methodological flaws, such as not being able to 

control for reporting bias [51]. 

 

Results 

 

Inclusion of studies: During the first search, 990 articles were found in both electronic 

databases (PubMed: 276; Cochrane: 443; Em base: 269 and Orthopedics China Bio Med: 2). 

585 studies were taken out because their data overlapped or they were in more than one 

database. This left 445 studies. After looking at the titles and abstracts, 397 studies that didn't  
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meet the criteria for inclusion were thrown out, and 31 more studies that didn't have 

information about spinal surgery were also thrown out. Based on the criteria for excluding 

studies, 8 of the remaining 17 studies were ruled out. In the end, our study included 9 studies 

(5 RCTs and 2 qi-RCTs) that met all of the criteria for inclusion. Seven of the studies were 

written in English, one was written in Chinese, and one was written in Korean. There were a 

total of 581 patients in these 9 studies. Figure 1 shows a detailed flow chart for making a 

choice. 

 

 
 

Fig 1: Method for study search and selection for inclusion 
 

Quality assessment for included studies: For all of the studies that were included, the 

methodological quality meant that there was a small chance of error or uncertainty due to 

bias. All the studies gave detailed information about how the randomization was done, such 

as whether it was done by computer programs or by picking random numbers by hand [52]. All 

of the other 7 studies were fully random, except for the two studies by Elwatidy et al. and 

Tsutsumimoto et al. that used an odd and even numbering system. In one study [53], it wasn't 

clear how allocation concealment worked. Six studies used double-blind methods, and three 

studies used a single-blind study design, which suggests that there might be a selection bias 
[54]. 
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Study characteristics: All studies focused on the back, except for one that looked at both the 

front and back [55, 56]. The experimental and placebo groups had the same hemoglobin, age, 

gender, height, weight, and American Society of Anesthesiologists (ASA) grading before 

surgery. When it came to scoliosis surgeries, there wasn't a big difference between the 

experimental and placebo groups in terms of fusion ranges. In all studies, general anaesthesia 

was used during surgery and a placebo (normal saline) was always given. For each study, 

TXA was given through an IV, but different doses (10-100 mg/kg) and times of delivery were 

used. A single IV bolus was given before surgery in 2 studies [57]. In 2 studies, the drug was 

given through a slow infusion of 1 g every two hours. In the other five studies, boluses were 

given more than once. Either a clinical evaluation or a routine ultrasound was used to check 

for DVT. In five studies, a transfusion trigger was set off, which led to lower levels of 

hemoglobin or hematocrit [58]. 

 

Discussion 

 

Blood loss during and after spinal surgery is a major concern. Because of this, patients often 

need transfusions, which may pose more risks. So, we need to learn more about how 

hemostatic techniques work in the real world. TXA, a synthetic antifibrinolytic agent, has 

been shown to reduce the need for blood transfusions, preventing problems like transfusion 

reactions and the formation of spinal epidural hematomas. Evaluation of the dose- and time-

related effectiveness of current hemostatic techniques, as well as their wider use, could 

reduce the need for blood transfusions in clinical spinal surgery patients and improve patient 

outcomes overall.  

When someone has surgery on their spine, they often need a blood transfusion. A lot of 

evidence shows that patients who have this kind of surgery and get a blood transfusion are at 

risk for a number of moderate and serious problems. So, there needs to be a safe and effective 

way to reduce the number of blood units these patients need during and right after surgery. 

TXA has been used to treat major bleeding after spinal surgery on adults [59]. Zufferey et al. 

did a meta-analysis of 23 trials with 1,268 participants to look at the safety and effectiveness 

of intravenous TXA and epsilon-aminocaproic acid. The results showed that these agents 

could reduce the risk of allogeneic erythrocyte transfusion during orthopedic surgeries by a 

large amount. 

A lot of research has been done to show that these agents work, but some studies have 

questioned whether or not TXA is effective at stopping intraoperative blood loss [60]. Even 

though both TXA and aprotinin work, TXA has been thought to be a better choice because it 

can be used in clinical settings. So, there is still debate about whether or not TXA is the best 

way to reduce the need for blood transfusions in spinal surgery. TXA has been shown to work 

in many spinal surgeries on adults, teens and children.  

This suggests that it could be used as a treatment for a variety of surgical procedures. When 

used with other ways to save blood during surgery to fix scoliosis, TXA was shown to be 

effective [61]. Both in adults and teenagers, surgeries for adolescent idiopathic scoliosis had 

the same effects [62]. 

Also, when TXA was given, the amount of hemoglobin in the blood after surgery was higher, 

and the amount of blood lost was less. This was seen in posterior lumbar surgery and 

pediatric vertebral column resection. Even though TXA has been used in a lot of surgeries, 

the methods for measuring the amount of TXA in plasma and blood were only made recently. 

More research on the effects of different types of spinal surgery is needed to come up with a 

better treatment plan with the best dose and time to give it.  

A systematic review and meta-analysis showed that antifibrinolytic agents helped reduce 

blood loss and the number of blood transfusions in different spinal surgery patients. This 

suggests that surgeons and anesthesiologists should think about using these agents during  
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surgery. But there are some problems with that study, such as the use of old studies and a mix 

of different types of studies, which could make the results of a rigorous statistical review 

unclear. Only RCTs and qi-RCTs were used in our meta-analysis review. 

This was done to improve the quality of the methods and reduce bias-based errors. Notably, 

our finding shows that patients who were treated with TXA before surgery lost less blood. 

Also, the number of patients who needed blood transfusions from a different person was 35% 

lower [63]. This positive effect of IV TXA was the same no matter how much or when it was 

given. So that the clinical effects of TXA could be fully studied, the included studies were 

chosen regardless of whether or not they supported its use. For example, two of the studies 

did not support the routine use of TXA in spinal surgery.  

In a double-blind RCT of 76 patients having spinal fixation surgery, TXA was given for 10 

minutes after the anaesthesia was started. This was followed by an IV infusion of TXA at a 

rate of 1 mg/kg/h in 38 patients, while normal saline was used as a control in the same 

number of patients [64]. There was no significant difference between the TXA-treated group 

(12,696,690 ml) and the control group in how much blood was lost during surgery (13366550 

ml). In a single-blind RCT with 40 patients getting cervical laminoplasty, TXA was given 

based on body weight (15 mg/kg body weight) and given 15 minutes before the first surgical 

incision [65]. The results were the same. The TXA-treated group lost 49.1630.6 ml of blood 

during surgery, which was not much different from the control group (63.4653.0 ml; P = 

0.30). The difference could be because TXA was only given once in these two studies, while 

it was given in multiple doses in other studies with positive results. To look at the effects of 

dosage in larger studies, more research will need to be done. A recent meta-analysis looked at 

the effects of TAX on blood transfusion, thromboembolic events, and death in surgical 

patients. It found strong evidence that TAX reduces bleeding and the need for blood 

transfusions in people who have thromboembolic events like myocardial infarction, stroke, 

DVT and pulmonary embolism. But it is still not clear what effect TAX has on 

thromboembolic events and death. 

Ross et al. did a systematic review on the relationship between the number of thrombotic 

events and TAX after spontaneous bleeding. They found that the number of some events, like 

DVT, went down with TXA treatment. When TXA was used to save blood during primary 

total hip and knee arthroplasty, the number of DVT, PE and arterio occlusive events also 

went down [66]. Even though TXA has been shown to help prevent DVT in many types of 

surgery, the safety and effectiveness of TXA in spinal surgery is still up for debate. In some 

studies, it was suggested that TXA may raise the risk of DVT and other blood clots. Gulba et 

al. showed that TXA can actually stop heparin from working, which causes patients to 

constantly bleed seriously [67]. We didn't find any statistically significant increases in the risk 

of thromboembolic events when IV TXA was given before spinal surgery. But because the 

study only looked at a small number of patients and recorded a small number of events, 

bigger studies are needed to confirm the finding [68]. 

 

Conclusions 

 

Meta-analyses and clinical trials are showing more and more that using TXA in spine surgery 

can significantly reduce the amount of blood lost during surgery and the need for blood 

transfusions. It has been proven that TXA lowers the costs of health care that come with 

using blood products and lowers the risk of bad things happening after a transfusion. Even 

though the increased chance of thrombogenesis is still being studied, most people agree that 

TXA is linked to few bad outcomes and complications when given during and after spinal 

procedures. With more and more evidence that it is safe and effective, TXA is becoming an 

important tool for spine surgeons. 

In conclusion, perioperative IV TXA reduces blood loss and the need for blood transfusions  
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during spinal surgery by a large amount. Also, giving TXA was not linked to a significant rise 

in the number of complications, such as DVT. TXA reduces the total amount of blood lost 

during surgery, which leads to better outcomes after the surgery. Because the studies were 

very different and there weren't that many of them, more large studies are needed to confirm 

the findings and figure out the best TXA doses and times to give them to spinal surgery 

patients. 

 

References 

 

1. Yang B, Li H, Wang D, He X, Zhang C, Yang P. Systematic review and meta-analysis of 

perioperative intravenous tranexamic acid use in spinal surgery. PloS one. 2013;8(2):e55-

436. 

2. Li ZJ, Fu X, Xing D, Zhang HF, Zang JC, Ma XL. Is tranexamic acid effective and safe in 

spinal surgery? A meta-analysis of randomized controlled trials. European spine journal. 

2013;22(9):1950-1957. 

3. Ker K, Edwards P, Perel P, Shakur H, Roberts I. Effect of tranexamic acid on surgical 

bleeding: systematic review and cumulative meta-analysis. BMJ, 2012, 344. 

4. Cheriyan T, Maier II SP, Bianco K, Slobodyanyuk K, Rattenni RN, Lafage V, et al. 

Efficacy of tranexamic acid on surgical bleeding in spine surgery: a meta-analysis. The 

Spine Journal. 2015;15(4):752-761. 

5. Zhang F, Wang K, Li FN, Huang X, Li Q, Chen Z, et al. Effectiveness of tranexamic acid 

in reducing blood loss in spinal surgery: a meta-analysis. BMC Musculoskeletal 

Disorders. 2014;15(1):1-9. 

6. Luo W, Sun RX, Jiang H, Ma XL. The efficacy and safety of topical administration of 

tranexamic acid in spine surgery: A meta-analysis. Journal of Orthopaedic Surgery and 

Research. 2018;13(1):1-6. 

7. Yerneni K, Burke JF, Tuchman A, Li XJ, Metz LN, Lehman Jr RA, et al. Topical 

tranexamic acid in spinal surgery: a systematic review and meta-analysis. Journal of 

Clinical Neuroscience. 2019;61:114-119. 

8. Sukeik M, Alshryda S, Haddad FS, Mason JM. Systematic review and meta-analysis of 

the use of tranexamic acid in total hip replacement. The Journal of bone and joint surgery. 

British volume. 2011;93(1):39-46. 

9. Li G, Sun TW, Luo G, Zhang C. Efficacy of antifibrinolytic agents on surgical bleeding 

and transfusion requirements in spine surgery: a meta-analysis. European spine journal. 

2017;26(1):140-154. 

10. Alshryda S, Sarda P, Sukeik M, Nargol A, Blenkinsopp J, Mason JM. Tranexamic acid in 

total knee replacement: a systematic review and meta-analysis. The Journal of bone and 

joint surgery. British volume. 2011;93(12):1577-1585. 

11. Huang F, Wu D, Ma G, Yin Z, Wang Q. The use of tranexamic acid to reduce blood loss 

and transfusion in major orthopedic surgery: a meta-analysis. Journal of Surgical 

Research. 2014;186(1):318-327. 

12. Shrestha IK, Ruan TY, Lin L, Tan M, Na XQ, Qu QC, et al. The efficacy and safety of 

high-dose tranexamic acid in adolescent idiopathic scoliosis: a meta-analysis. Journal of 

Orthopaedic Surgery and Research. 2021;16(1):1-9. 

13. Yuan QM, Zhao ZH, Xu BS. Efficacy and safety of tranexamic acid in reducing blood 

loss in scoliosis surgery: a systematic review and meta-analysis. European spine journal. 

2017;26(1):131-139. 

14. Hui S, Xu D, Ren Z, Chen X, Sheng L, Zhuang Q, et al. Can tranexamic acid conserve 

blood and save operative time in spinal surgeries? A meta-analysis. The Spine Journal. 

2018;18(8):1325-1337. 

15. Xiong Z, Liu J, Yi P, Wang H, Tan M. Comparison of intravenous versus topical  



1309 

European Journal of Molecular & Clinical Medicine 

Volume 09, Issue 06, 2022 ISSN 2515-8260 

 
 
 
 
 

 

 

 
 

tranexamic acid in non-deformity spine surgery: a meta-analysis. BioMed Research 

International, 2020. 

16. Hariharan D, Mammi M, Daniels K, Lamba N, Petrucci K, Cerecedo-Lopez CD, et al. 

The safety and efficacy of tranexamic acid in adult spinal deformity surgery: a systematic 

review and meta-analysis. Drugs. 2019;79(15):1679-1688. 

17. Gong M, Liu G, Chen L, Chen R, Xiang Z. The efficacy and safety of intravenous 

tranexamic acid in reducing surgical blood loss in posterior lumbar interbody fusion for 

the adult: a systematic review and a meta-analysis. World neurosurgery. 2019;122:559-

568. 

18. Panteli M, Papakostidis C, Dahabreh Z, Giannoudis PV. Topical tranexamic acid in total 

knee replacement: a systematic review and meta-analysis. The Knee. 2013;20(5):300-309. 

19. Houston BL, Uminski K, Mutter T, Rimmer E, Houston DS, Menard CE, et al. Efficacy 

and safety of tranexamic acid in major non-cardiac surgeries at high risk for transfusion: a 

systematic review and meta-analysis. Transfusion Medicine Reviews. 2020;34(1):51-62. 

20. Zhang Y, Liu H, He F, Chen A, Yang H, Pi B. Does tranexamic acid improve bleeding, 

transfusion and hemoglobin level in patients undergoing multilevel spine surgery? A 

systematic review and meta-analysis. World Neurosurgery. 2019;127:289-301. 

21. Song G, Yang P, Hu J, Zhu S, Li Y, Wang Q. The effect of tranexamic acid on blood loss 

in orthognathic surgery: a meta-analysis of randomized controlled trials. Oral surgery, 

oral medicine, oral pathology and oral radiology. 2013;115(5):595-600. 

22. Zhao-Yu C, Yan G, Wei C, Yuejv L, Ying-Ze Z. Reduced blood loss after intra-articular 

tranexamic acid injection during total knee arthroplasty: a meta-analysis of the literature. 

Knee Surgery, Sports Traumatology, Arthroscopy. 2014;22(12):3181-3190. 

23. Hartland AW, Teoh KH, Rashid MS. Clinical effectiveness of intraoperative tranexamic 

acid use in shoulder surgery: a systematic review and meta-analysis. The American 

journal of sports medicine. 2021;49(11):3145-3154. 

24. Alajmi T, Saeed H, Alfaryan K, Alakeel A, Alfaryan T. Efficacy of tranexamic acid in 

reducing blood loss and blood transfusion in idiopathic scoliosis: a systematic review and 

meta-analysis. Journal of Spine Surgery. 2017;3(4):531. 

25. Amer KM, Rehman S, Amer K, Haydel C. Efficacy and safety of tranexamic acid in 

orthopaedic fracture surgery: a meta-analysis and systematic literature review. Journal of 

orthopaedic trauma. 2017;31(10):520-525. 

26. Bai J, Zhang P, Liang Y, Wang J, Wang Y. Efficacy and safety of tranexamic acid usage 

in patients undergoing posterior lumbar fusion: a meta-analysis. BMC Musculoskeletal 

Disorders. 2019;20(1):1-11. 

27. Badeaux J, Hawley D. A systematic review of the effectiveness of intravenous tranexamic 

acid administration in managing perioperative blood loss in patients undergoing spine 

surgery. Journal of Peri Anesthesia Nursing. 2014;29(6):459-465. 

28. Gill JB, Chin Y, Levin A, Feng D. The use of antifibrinolytic agents in spine surgery: a 

meta-analysis. JBJS. 2008;90(11):2399-2407. 

29. Hui S, Peng Y, Tao L, Wang S, Yang Y, Du Y, et al. Tranexamic acid given into wound 

reduces postoperative drainage, blood loss and hospital stay in spinal surgeries: a meta-

analysis. Journal of Orthopaedic Surgery and Research. 2021;16(1):1-12. 

30. Montroy J, Hutton B, Moodley P, Fergusson NA, Cheng W, Tinmouth A, et al. The 

efficacy and safety of topical tranexamic acid: a systematic review and meta-analysis. 

Transfusion Medicine Reviews. 2018;32(3):165-178. 

31. Wang M, Zheng XF, Jiang LS. Efficacy and safety of antifibrinolytic agents in reducing 

perioperative blood loss and transfusion requirements in scoliosis surgery: a systematic 

review and meta-analysis. PloS one. 2015;10(9):e013-7886. 

32. Brown NJ, Choi EH, Gendreau JL, Ong V, Himstead A, Lien BV, et al. Association of 

tranexamic acid with decreased blood loss in patients undergoing laminectomy and fusion  



1310 

European Journal of Molecular & Clinical Medicine 

Volume 09, Issue 06, 2022 ISSN 2515-8260 

 
 
 
 
 

 

 

 
 

with posterior instrumentation: a systematic review and meta-analysis. Journal of 

Neurosurgery: Spine. 2021;1:1-8. 

33. Fatima N, Barra ME, Roberts RJ, Massaad E, Hadzipasic M, Shankar GM, et al. 

Advances in surgical hemostasis: a comprehensive review and meta-analysis on topical 

tranexamic acid in spinal deformity surgery. Neurosurgical Review. 2021;44(1):163-175. 

34. Yates J, Perelman I, Khair S, Taylor J, Lampron J, Tinmouth A, et al. Exclusion criteria 

and adverse events in perioperative trials of tranexamic acid: a systematic review and 

meta‐analysis. Transfusion. 2019;59(2):806-824. 

35. Schouten ES, Van de Pol AC, Schouten AN, Turner NM, Jansen NJ, Bollen CW. The 

effect of aprotinin, tranexamic acid, and aminocaproic acid on blood loss and use of blood 

products in major pediatric surgery: a meta-analysis. Pediatric critical care medicine. 

2009;10(2):182-190. 

36. Ker K, Prieto-Merino D, Roberts I. Systematic review, meta-analysis and meta-regression 

of the effect of tranexamic acid on surgical blood loss. Journal of British Surgery. 

2013;100(10):1271-1279. 

37. Alshryda S, Sukeik M, Sarda P, Blenkinsopp J, Haddad FS, Mason JM. A systematic 

review and meta-analysis of the topical administration of tranexamic acid in total hip and 

knee replacement. The bone & joint journal. 2014;96(8):1005-1015. 

38. Qin C, Du KL, Guo PY, Gong HD, Zhang CQ. Tranexamic acid dosage for spinal 

surgery: a meta-analysis. European Spine Journal, 2022, 1-9. 

39. Kirsch JM, Bedi A, Horner N, Wiater JM, Pauzenberger L, Koueiter DM, et al. 

Tranexamic acid in shoulder arthroplasty: a systematic review and meta-analysis. JBJS 

reviews. 2017;5(9):e3. 

40. Zhou XD, Tao LJ, Li J, Wu LD. Do we really need tranexamic acid in total hip 

arthroplasty? A meta-analysis of nineteen randomized controlled trials. Archives of 

orthopaedic and trauma surgery. 2013;133(7):1017-1027. 

41. Yao RZ, Gao WQ, Wang BW, Wang GL, Wu CX, A‐mu YD. Efficacy and Safety of 

Tranexamic Acid in Reducing Blood Loss of Lower Extremity Osteotomy in Peri‐

acetabulum and High Tibia: A Systematic Review and Meta‐analysis. Orthopaedic 

Surgery. 2019;11(4):545-551. 

42. Heyns M, Knight P, Steve AK, Yeung JK. A single preoperative dose of tranexamic acid 

reduces perioperative blood loss: a meta-analysis. Annals of surgery. 2021;273(1):75-81. 

43. Xiong Z, Wu K, Zhang J, Leng D, Yu Z, Zhang C, Yi P. Different dose regimens of 

intravenous tranexamic acid in adolescent spinal deformity surgery: a systematic review 

and meta-analysis. BioMed Research International, 2020. 

44. Ng BK, Chau WW, Hung AL, Hui AC, Lam TP, Cheng JC. Use of Tranexamic Acid 

(TXA) on reducing blood loss during scoliosis surgery in Chinese adolescents. Scoliosis. 

2015;10(1):1-6. 

45. Gausden EB, Qudsi R, Boone MD, O’Gara B, Ruzbarsky J, Lorich DG. Tranexamic acid 

in orthopaedic trauma surgery: a meta-analysis. Journal of orthopaedic trauma. 

2017;31(10):513. 

46. Taeuber I, Weibel S, Herrmann E, Neef V, Schlesinger T, Kranke P, et al. Association of 

intravenous tranexamic acid with thromboembolic events and mortality: a systematic 

review, meta-analysis and meta-regression. Jama Surgery. 2021;156(6):e210884-

e210884. 

47. Song G, Yang P, Zhu S, Luo E, Feng G, Hu J, et al. Tranexamic acid reducing blood 

transfusion in children undergoing craniosynostosis surgery. Journal of Craniofacial 

Surgery. 2013;24(1):299-303. 

48. Yuan C, Zhang H, He S. Efficacy and safety of using antifibrinolytic agents in spine 

surgery: a meta-analysis. PLoS One. 2013;8(11):e82-063. 

49. Lu VM, Ho YT, Nambiar M, Mobbs RJ, Phan K. The perioperative efficacy and safety of  



1311 

European Journal of Molecular & Clinical Medicine 

Volume 09, Issue 06, 2022 ISSN 2515-8260 

 
 
 
 
 

 

 

 
 

antifibrinolytics in adult spinal fusion surgery: a systematic review and meta-

analysis. Spine. 2018;43(16):E949-E958. 

50. Yoo JS, Ahn J, Karmarkar SS, Lamoutte EH, Singh K. The use of tranexamic acid in 

spine surgery. Annals of translational medicine, 2019, 7(5). 

51. Cao Z, Li Q, Guo J, Li Y, Wu J. Optimal administration strategies of tranexamic acid to 

minimize blood loss during spinal surgery: results of a Bayesian network meta-

analysis. Annals of medicine. 2022;54(1):2053-2063. 

52. Slattery C, Kark J, Wagner T, Verma K. The use of tranexamic acid to reduce surgical 

blood loss. Clinical Spine Surgery. 2019;32(2):46-50. 

53. Shakeri M, Salehpour F, Shokouhi G, Aeinfar K, Aghazadeh J, Mirzaei F, et al. Minimal 

dose of tranexamic acid is effective in reducing blood loss in complex spine surgeries: a 

randomized double-blind placebo-controlled study. Asian Spine Journal. 2018;12(3):484. 

54. Simonazzi G, Bisulli M, Saccone G, Moro E, Marshall A, Berghella V. Tranexamic acid 

for preventing postpartum blood loss after cesarean delivery: a systematic review and 

meta‐analysis of randomized controlled trials. Acta obstetricia et gynecologica 

Scandinavica. 2016;95(1):28-37. 

55. Zhao Y, Xi C, Xu W, Yan J. Role of tranexamic acid in blood loss control and blood 

transfusion management of patients undergoing multilevel spine surgery: a meta-

analysis. Medicine, 2021, 100(7). 

56. Zhu Q, Yu C, Chen X, Xu X, Chen Y, Liu C, Lin P. Efficacy and safety of tranexamic 

acid for blood salvage in intertrochanteric fracture surgery: a meta-analysis. Clinical and 

Applied Thrombosis/Hemostasis. 2018;24(8):1189-1198. 

57. Bao X, Lu H, Gao Z, Wu Z, Chen Y, Chen Y, et al. Meta-Analysis of the Efficacy and 

Safety of Tranexamic Acid in Spinal Surgery. Computational and Mathematical Methods 

in Medicine, 2022. 

58. He P, Zhang Z, Li Y, Wang H, Xu D. Efficacy and safety of tranexamic acid in bilateral 

total knee replacement: a meta-analysis and systematic review. Medical science monitor: 

international medical journal of experimental and clinical research. 2015;21:36-34. 

59. Wei Y, Zhang Y, Jin T, Wang H, Li J, Zhang D. Effects of Tranexamic Acid on Bleeding 

in Pediatric Surgeries: A Systematic Review and Meta-Analysis. Frontiers in Surgery. 

2021;8:759-937. 

60. Prastikarunia R, Wahyuhadi J, Susilo RI, Haq IBI. Tranexamic acid to reduce operative 

blood loss in brain tumor surgery: A meta-analysis. Surgical Neurology International, 

2021, 12. 

61. Yuan L, Zeng Y, Chen ZQ, Zhang XL, Mai S, Song P, et al. Efficacy and safety of 

antifibrinolytic agents in spinal surgery: a network meta-analysis. Chinese Medical 

Journal. 2019;132(05):577-588. 

62. Liu JM, Peng HM, Shen JX, Qiu GX. A meta-analysis of the effectiveness and safety of 

using tranexamic acid in spine surgery. Zhonghua wai ke za zhi [Chinese Journal of 

Surgery]. 2010;48(12):937-942. 

63. MacDonald M, Ilie G, Power L, Whalen S, Parker R, Skinner TA, et al. Effect of 

Tranexamic Acid on Bleeding Outcomes After Percutaneous Nephrolithotomy: A 

Systematic Review and Meta-analysis of Randomized Controlled Trials. Journal of 

Endourology. 2022;36(5):589-597. 

64. Li C, Gong Y, Dong L, Xie B, Dai Z. Is prophylactic tranexamic acid administration 

effective and safe for postpartum hemorrhage prevention? A systematic review and meta-

analysis. Medicine, 2017, 96(1). 

65. Koh A, Adiamah A, Gomez D, Sanyal S. Safety and efficacy of tranexamic acid to 

minimise perioperative bleeding in hepatic surgery: a systematic review and meta-

analysis. World Journal of Surgery, 2021, 1-9. 

66. Wang H, Shen B, Zeng Y. Comparison of topical versus intravenous tranexamic acid in  



1312 

European Journal of Molecular & Clinical Medicine 

Volume 09, Issue 06, 2022 ISSN 2515-8260 

 
 
 
 
 

 

 

 
 

primary total knee arthroplasty: a meta-analysis of randomized controlled and prospective 

cohort trials. The Knee. 2014;21(6):987-993. 

67. Elgafy H, Bransford RJ, McGuire RA, Dettori JR, Fischer D. Blood loss in major spine 

surgery: are there effective measures to decrease massive hemorrhage in major spine 

fusion surgery? Spine. 2010;35(9S):S47-S56. 

68. Gandhi R, Evans HM, Mahomed SR, Mahomed NN. Tranexamic acid and the reduction 

of blood loss in total knee and hip arthroplasty: a meta-analysis. BMC research notes. 

2013;6(1):1-14. 


