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Abstract: Tranexamic acid is a synthetic lysine derivative that inhibits the lysine binding sites on plasminogen molecules in order
to have an antifibrinolytic action. In patients with upper gastrointestinal bleeding, tranexamic acid was related to mortality
decreases of 5 to 54% when compared to placebo. A 40% reduction was found by meta-analysis. Tranexamic acid therapy
reduced mean menstrual blood loss in menstruating women with menorrhagia by 34 to 57.9% in comparison to placebo or
control; the medication has also been successfully used to treat placental bleeding, postpartum hemorrhage, and cervix
conization. In hemophiliac patients undergoing oral surgery, tranexamic acid considerably decreased mean blood losses, and it
worked well as a mouthwash for dental patients taking oral anticoagulants. With the administration of the medication, blood loss
was also decreased in patients having orthotopic liver transplantation or transurethral prostate surgery, and rebleeding rates
were decreased in patients with traumatic hyphaema. Patients with hereditary angioneurotic edema have also claimed clinical
improvement from tranexamic acid. The most frequent adverse reactions to tranexamic acid are nausea and diarrhea. Clinical
trials have not shown that the medication increases the risk of thrombosis.

Keywords: Tranexamic acid, Reduce menstrual bleeding, Mouthwash, Nausea, Diarrhea.

L. INTRODUCTION

The blood coagulation cascade, triggered when a blood artery is damaged, produces thrombin, which degrades soluble fibrinogen
into minute peptides to produce fibrin monomers. Following the polymerization of these monomers, fibrin is created, which is
joined by noncovalent bonds. The activation of transamidase factor Xllla by thrombin results in the formation of covalent bonds
between fibrin molecules and the formation of a clot that is resistant to dissolution. Together with aggregated platelets, insoluble
fibrin aggregates block the damaged blood artery and stop further bleeding. Yet, a balance between the production and lysis of fibrin
must exist to maintain and reshape the hemostatic barrier throughout the few days it takes to mend the injured vessel wall.!

Major morbidity and mortality are linked to blood loss and subsequent transfusions. By using antifibrinolytics, blood loss during
cardiac surgery, trauma, orthopedic surgery, liver surgery, solid organ transplantation, obstetrics and gynecology, neurosurgery, and
non-surgical disorders can be reduced. >* In order to reduce bleeding in various circumstances, the fibrinolytic inhibitor tranexamic
acid (TA) was created in the 1960s and quickly used in therapeutic settings. The overwhelming data demonstrates that this
medication is helpful in reducing blood loss, reducing the need for transfusions, and not increasing the likelihood of vascular
occlusive events. The best dosage, the danger of thrombosis and other adverse effects, as well as potential new indications for use,
are still up for debate. The TA is the same old substance that is currently the focus of continuing international randomized trials in
patients with various conditions, such as severe head injuries and severe postpartum bleeding. In patients being treated with
inhibitors of platelet function and the new oral anticoagulant medications, which are now being administered to patients in a
growing number of cases, TA may also play a significant role in limiting bleeding.
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Fig.1-Structure of Tranexamic Acid "
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A monocarboxylic acid is a tranexamic acid. It functions as a hematologic agent and an antifibrinolytic medication. It is similar to
cyclo-hexane carboxylic acid in terms of function.® (Fig.1)

A. Pharmacodynamic

Tranexamic acid forms a reversible compound with plasminogen that has an antifibrinolytic action. Lysine binding sites on human
plasminogen are crucial for interactions with fibrin, 2-antiplasmin, and fibrinogen in addition to synthetic antifibrinolytic amino acid
derivatives.* Merely one of these binding sites has a high affinity for tranexamic acid (Kd = 1.1 mol/L), whereas the rest only have a
low affinity (Kd = 750 mol/L). Tranexamic acid, principally by binding to the high-affinity lysine binding site of plasminogen,
virtually totally prevents the interaction of plasminogen and the heavy chain of plasmin with the lysine residues of fibrin monomer.®
Plasminogen cannot bind to the surface of fibrin when this location is saturated with tranexamic acid. (Fig.2)
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Fig. 2. Antifibrinolytic action of tranexamic acid. Normally, plasminogen binds to fibrin at a lysine binding site and is converted in
the presence of tissue plasminogen activator (t-PA) to plasmin. Tranexamic acid blocks the lysine binding site and prevents access
of plasminogen to the fibrin molecule 73

Tranexamic acid inhibits trypsinogen activation by enterokinase in a competitive manner, and at doses four times higher, it inhibits
trypsin's proteolytic activity in a non-competitive manner. The medication also hardly suppresses thrombin.” The medication also
hardly suppresses thrombin.? The lysine derivative TA, which has a molecular weight of 157, blocks the lysine-binding sites on the
plasminogen molecules in order to indirectly exert its antifibrinolytic activity.

B. Pharmacokinetic

The peak plasma concentration after 1V administration of TA 10 mg/kg was attained after an hour of injection, according to
pharmacokinetic investigations in healthy adults. About 80 minutes was believed to be the biological half-life. 90% of the
prescribed dose was eliminated in the urine after 24 hours, compared to 30% after the first hour. The highest plasma concentration
was attained in 3 hours following oral dosages of 10 to 15 mg/kg.? Gastrointestinal adsorption was unaffected by food.'® TA builds
up in the tissues™ and quickly permeates joint fluids and synovial membranes.? Even though the quantities in breast milk are 100
times lower than those in plasma, it crosses the placenta to reach the developing fetus.**** In toxicological investigations, no
teratogenic effects were identified.’* Healthy participants who had taken a single dose of 1g of tranexamic acid orally had no
tranexamic acid found in their saliva.> However, after mouth washing for 2 minutes with a 5% aqueous solution of tranexamic acid,
very high drug concentrations (mean 200 mg/L) were reached in saliva 30 minutes later, whereas plasma concentrations stayed
below 2 mg/L.
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C. Tolerability

Adverse reactions to tranexamic acid medication are rare; nausea, diarrhea, and rarely orthostatic reactions are the most frequently
reported side effects.’® A rare case report of cerebral thrombosis, *"* arterial thrombosis,™ severe renal failure,2>** and coronary
graft occlusion® in patients taking tranexamic acid highlights the theoretical danger of increased thrombotic tendency during
therapy with inhibitors of fibrinolysis. A retrospective review of the case files of 256 pregnant women with bleeding issues, 168 of
whom underwent cesarean sections, revealed no evidence of tranexamic acid's thrombogenic effects.?® These findings are especially
important because pregnant women have a reduced ability to break down fibrin and an increased risk of thrombosis (especially
following a cesarean section). Furthermore, no retinal alterations were observed in patients who took the medication at therapeutic
dosages for intervals ranging from 15 months to 8 years.?* However, it is advised that any patients who experience this symptom
stop taking tranexamic acid as soon as possible. This is because cases of color vision disturbance have been documented.”®

1. DOSAGE AND ADMINISTRATION

For intravenous usage, tranexamic acid is offered in 500 mg/5 ml ampoules, 500 mg tablets, and syrup in a 5 ml size. It is advised to

take 500 mg to 1 g by slow intravenous injection three times per day for local fibrinolysis, or 1 to 1.5 g orally two to three times per

day. An intravenous injection given slowly at a dose of 1g or 10 mg/kg is advised for general fibrinolysis. For youngsters, dosages
should be based on body weight at a rate of 25 mg/kg/dose.®® Other dosages for specific indications are as follows:

1) Tranexamic acid has typically been administered intravenously to patients having cardiac surgery as a 10 mg/kg dose prior to
CPB and a 1 mg/kg/hour infusion afterward.®® The most often utilized dosage in patients with upper Gl bleeding has been 4.5 to
69 daily (split into 3 to 6 doses) for 5 to 7 days (intravenous followed by oral therapy).

2) A 4.8 to 5% mouthwash, administered for two minutes four times per day for seven days, has shown good efficacy in dental
patients undergoing anticoagulant medication. Patients with hemophilia who are scheduled to have oral surgery need 1 to 1.5g
orally every eight hours.

3) Patients having knee arthroplasty may get an intravenous infusion of 10 mg/kg before the relaxation of the tourniquet, while
patients having transurethral prostate surgery may receive oral tranexamic acid therapy for 4 days at a dose of 6 to 12 g per day.
Patients receiving an orthotopic liver transplant have had success using an intravenous infusion of 40 mg/kg/hour.

4) For 3 to 4 days, tranexamic acid 1 to 1.5g should be given orally to menstruating women. For conization of the cervix or
traumatic hyphaema, dosages of 1.5g or 1 to 1.5g orally three times daily are indicated, respectively. For the management of
hereditary angioneurotic edema, oral treatment with 1.5g three times daily is advised.

5) Those with a history of the thromboembolic disease should not use tranexamic acid, and individuals with renal impairment
should take it at lower doses.®

1. ADVERSE EFFECTS

1) Generalized Fixed Drug Eruption: A particular kind of cutaneous drug reaction known as a fixed drug eruption (FDE) occurs in
the same areas after repeated exposure to the offending medication. It manifests as a single or few red or violaceous plaques
that disappear and are followed by post-inflammatory hyperpigmentation. Women between the ages of 27 and 39 have
presented all three cases of fixed eruption after taking TXA. In one instance, after taking TXA-containing medications, a
Japanese woman had previously gone through repeated episodes of erythema and postinflammatory pigmentation on the back.®

2) Epidermal Necrolysis: Pretel et al. documented a case of a 67-year-old man who received TXA 1000 mg every 8 hours for
acute rectal bleeding. Ten days into TXA therapy, the patient’s trunk developed a reddish macular rash. The lesions grew larger
during the course of the following days and confluence with blisters and epidermal necrosis spread to several mucosal surfaces.
Following the healing of the skin lesions, TXA was stopped and prednisone therapy was initiated. Skin biopsy results supported
the toxic epidermal necrolysis diagnosis. Nevertheless, the patient died within two weeks due to acute renal failure, a
respiratory infection, and multiorgan failure despite the benign remission of TEN.*

3) Ligneous Conjunctivitis: Recently, Song et al. reported a case of ligneous conjunctivitis caused by TXA with reversible
hypoplasminogenaemia. Oral TXA (750 mg/day) was used to treat a stomach ulcer in a 70-year-old female patient. She had a
bilateral pale yellow pseudomembrane on the palpebral conjunctivae after receiving therapy for 5 weeks.
Hypoplasminogenaemia was detected by a hematological analysis. A diagnosis of ligneous conjunctivitis was made, and daily
topical cyclosporine treatment was started without much success. The pseudomembranes retreated and the serum plasminogen
level restored to the normal range when TXA was stopped. Since the past has convincingly established the link between
hypoplasminogenaemia and ligneous conjunctivitis. 1 and in the second report, TXA was stopped, and the
hypoplasminogenaemia improved.™
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4) Ventricular Dysfunction: Samanta et al. found that a polytrauma patient who received TXA injections experienced wide left
and right ventricular dysfunction. A 45-year-old polytrauma patient who had been bleeding profusely from external wounds
developed an adverse reaction characterized by dyspnea, chest tightness, palpitations, tachycardia, itching in the left hand, and
developed rashes (urticaria) over his upper limb and chest within 20 minutes of receiving a TXA 1g injection. A little
bronchospasm was observed on auscultation. A substantial ST depression was evident on a second ECG. Serial cardiac
enzymes were within normal limits at 2, 6, and 12 hours. At the second and twelve hours, transthoracic echocardiography
examination indicated worldwide left and right ventricular hypokinesia. The next day's coronary angiography revealed no
obvious coronary artery disease.”

V. CONTRAINDICATIONS
A history of venous or arterial thromboembolism, cerebral bleeding, known color vision defects, a known allergy to TXA, or
thromboembolic illness that is currently active. More than three hours following a serious injury.®’

A. Caution

TXA is not well studied in the renally impaired. It is 95% excreted in the urine, so renal dosing is recommended, and judicious
administration in patients with severe renal impairment.

No adjustments are required in the hepatic impaired patient. ¢

B. Pregnancy Category
Pregnancy category B applies to TXA. Animal studies show no harm or very low risk, while human studies show no risk.®’

C. Breastfeeding

Infants who were breastfed while being exposed to tranexamic acid did not experience any worsening of their long-term results. Our
findings in conjunction with earlier predictions of extremely minimal medication exposure encourage women who need tranexamic
acid treatment to continue nursing.®’

D. Total Knee Replacement

In knee replacement surgery, sometimes referred to as arthroplasty, diseased knee components are removed and replaced with

prosthetic devices, or prostheses.

Your orthopedic joint replacement surgeon will remove the diseased and damaged ends of the femur (thigh bone) and the top of the

tibia (shin bone) and replace them with artificial implants made of metal or plastic. Each bone has a perfect fit for the prosthetic.

After that, parts are frequently attached to the thigh, shin, and kneecap using surgical cement. An operation to resurface the patella,

the back of the kneecap, may be necessary.*

The three components of the artificial prosthesis are as follows:

1) Femoral Component: A metal cap that fits over the femur's end and features a groove that lets the kneecap move up and down
as the knee bends and straightens

2) Tibial Component: A flat piece of metal with a plastic plate covering the top of the tibia.

3) Patellar Component: A dome-shaped piece of plastic that permits it to glide.*

Although arthritic pain might start suddenly, it often develops over time and gradually. You can experience pain when getting up the

first time in the morning or after sitting for a while. Several people assert that variations in weather might make arthritis discomfort

worse. At some point, you could realize that the discomfort is making it difficult for you to perform your everyday tasks. Even

sitting down could hurt. So could walking and climbing stairs. It's possible that you can't bend or straighten your knee as well as you

used to. Moreover, you can feel your knee grind and hear popping and crackling noises while walking. Even in your sleep, arthritis

may cause you to awaken. Your knee's degeneration from the joint disintegration could alter and deform its appearance.

After exhausting all available conservative remedies with no success, knee replacement surgery is recommended. Consider making

a decision that will enable you to reclaim your life if you have tried every prescription your doctor has prescribed but are still

struggling with pain, stiffness, or loss of stability. Knee replacement surgery may be the only available option in the future.**

Whole knee arthroplasty is one of the most common surgical procedures in the United States (TKA).?® The reconstruction of the

knee joint is known as knee arthroplasty. It is more frequently referred to as a total knee replacement and is a procedure with

generally reliable results.
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Total knee arthroplasty (TKA) is a fantastic choice for persons with symptomatic osteoarthritis in at least two of the three
compartments of the knee and who have not responded to conservative treatment.?’?® The only therapy that effectively lessens
chronic knee pain (TKR) is total knee replacement.” TKR is frequently regarded as an effective and successful end-stage surgical
surgery for addressing persistent knee pain and functional disability based on results from surgeon-based outcome tools and
survivorship analyses. 33" TKR is frequently regarded as an effective and successful end-stage surgical surgery for addressing
persistent knee pain and functional disability, based on results from surgeon-based outcome tools and survivorship analyses. 33
The most common cause of a primary knee replacement, or TKA, is osteoarthritis. **® Osteoarthritis wears down the joint cartilage,
rendering it unable to absorb shock. Risk factors for osteoarthritis of the knee include gender, a higher BMI, a history of knee
traumas, and comorbidities. 3*** A total knee replacement is more common in women and those over the age of 50.%*"In the US and
the UK, women were the majority of patients for TKA treatments.***® There will be a significant rise in TKA procedures due to the
anticipated trend of younger TKA recipients, or those under the age of 60.**“° Younger patients receiving TKA for knee
osteoarthritis are more likely to be morbidly obese, smoke, and hope to resume physically demanding activities like sports,
according to Hawker et al.*

V. ROLE OF TRANEXAMIC ACID IN TOTAL KNEE REPLACEMENT
With blood loss ranging from 800 ml to 1800 ml after elective total knee arthroplasty (TKA), postoperative bleeding is still one of
the key concerns. A tourniquet may increase the fibrinolysis brought on by surgical trauma, which lowers the risk of venous
thromboembolism but favors postoperative blood loss. Many strategies have been investigated to lower postoperative blood loss,
including recombinant human erythropoietin usage, purposeful hypotension, perioperative blood donation, and perioperative red cell
salvage.**** Perioperative transfusions also raise the cost of care and increase the patient's risks (such as those of infection, allergy,
and disease transfer, for example).***® Recently, pharmacological techniques have become more prominent. Since hyperfibrinolysis
is regarded to be the main cause of postoperative bleeding after TKA surgery, antifibrinolytic drugs such as aprotin, aminocaproic
acid, and tranexamic acid have been recommended (tXA). By blocking the proteolytic activity of the plasminogen activator, the
fibrinolysis inhibitor tXA prevents clot lysis.*’ The intravenous (IV) administration of tXA is thought to enhance the risk of
thrombotic events. Moreover, there have been some instances of allergic responses to tXA. Because of these concerns, some experts
have come to the conclusion that tXA should not be administered to patients who have a history of allergies, arterial or venous
thrombosis, an intrinsic risk of thrombosis or thromboembolism, acute renal failure, subarachnoid hemorrhage, or epilepsy.*®
Further research has shown that the common postoperative prophylactic regimens against deep vein thrombosis (DVT), including
aspirin, warfarin, low-molecular-weight heparin (LMWH), and even factor Xa inhibitor, can prevent the alleged increased risk of
thrombotic events.***? Several publications have recommended topical IA injection of tXA prior to wound closure to reduce the risk
of problems brought on by thrombotic events.***35*
Although the reported doses of IV TXA ranged from 10 to 20 mg/kg, a 1 g dose (between 500 mg and 3 g) was frequently used in
studies. From 2 mg/kg/h for 20 hours to 10 mg/kg/h for three hours, the dosages for continuous infusions range. IV TXA has also
been given as a single dose bolus and as a continuous infusion for two to three hours.”*” TXA doses range from 250 mg to 3 g
when administered topically, and they are dissolved in saline solutions ranging in volume from 75 to 250 ml. The effectiveness of
tXA when combined with other topical treatments, such as povidone-iodine solution (3 g of topical tXA in povidone-iodine
solution), has also been demonstrated.*®
According to earlier studies, which established the therapeutic plasma concentrations of tranexamic acid at 10 ng ml-1 16, an 80%
decrease in the activity of plasminogen activator is necessary for the inhibition of fibrinolysis in tissues.**®* An intravenous dose of
10 mg kg-1 tranexamic acid only maintains such plasma levels for three hours.®> Since it might not be enough to control
postoperative bleeding in prosthetic knee surgery, there is a case for using higher doses.*®

VI. DISCUSSION

Surgery for a total knee replacement must take blood loss into consideration because it is a severe problem. The usage of tranexamic
acid appears to be simpler, more affordable, and problem-free compared to other techniques of reducing blood loss. Surgery-related
trauma activates both the intrinsic and extrinsic coagulation pathways. The body has a typical fibrinolytic pathway that is
simultaneously triggered in order to manage uncontrolled coagulation. By breaking down the fibrin in the clot, the pathway's final
product, plasmin, tips the scales in favor of clot disintegration.®®

As an antifibrinolytic, tranexamic acid prevents the production of active plasmin, hence preventing the breakdown of clots.®® So,
using this medication lessens bleeding while hypothetically causing deep vein thrombosis.®*
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VIL. CONCLUSION

Numerous hemorrhagic diseases benefit from tranexamic acid treatment. In addition to potentially being more affordable and
tolerable than aprotinin, the medication appears to lower mortality rates and the need for urgent surgery in patients with upper
gastrointestinal hemorrhage. It also reduces postoperative blood losses and the need for transfusions in a variety of surgical
procedures. In addition to successfully controlling bleeding during pregnancy, tranexamic acid also lessens menstrual blood loss and
may be used instead of surgery to treat menorrhagia. TXA administration should be based on clinical judgment, informed by patient
history, thromboelastometry, laboratory, and radiologic investigation, and adapted to the treatment location and capability for
intervention and transfusion.
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