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Role of tranexamic acid to reduce blood loss
and transfusion of allogeneic blood in the field
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ABSTRACT

Tranexamic acid is widely used as an antifibrinolytic drug to reduce blood loss intraoperative
and postoperative time periods as well as to reduce transfusion of allogeneic blood. After
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releasing in the market, multidisciplinary surgeries have wide use of tranexamic acid due to

its antifibrinolytic effect to reduce bleeding and transfusion of blood. In literature, there were
mentioned a few adverse effects like thromboembolism, seizure, anaphylactic reaction, etc
which are still unsolved questions to date. The aim of this review to minimize the blood loss
from acute bleeding in different situations by updating the doses used in a different clinical
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scenario,since the release of tranexamic acid. It also gives an idea about appropriate doses
to reduce blood loss, need for blood transfusion, minimize adverse effects and to understand

the wide scope of application of TXA to date.
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INTRODUCTION

In present days clinical use of Tranexamic acid is
widespread as an antifibrinolytic agent. Tranexamic acid is a
synthetic antifibrinolytic amino acid derivative that inhibits
the lysine binding sites of plasminogen and plasmin, thus
result to reduce fibrinolysis. In major surgery, after an
injury to tissues, releases the inflammatory mediators,
tissue factor, and activates coagulation cascade which leads
to hyperfibrinolysis that results in an increase in bleeding.
Tranexamic acid is used in pediatric, adult and geriatric
patients in various disciplines of surgeries such as Cardiac
surgery, liver surgery, Gynecological & Obstetrics Surgery,
Spine Surgery, Orthopedic (Knee joint replacement and
Hip fracture) surgery, Urological surgeries, ENT. Blood loss
is a prominent problem,especially in major surgeries. Other
antifibrinolytics like non-specific serine protease inhibitor
aprotinin, the inhibitors of plasminogen activation epsilon-
amino-capronic acid (EACA) also used for treatment and
prophylaxis of bleeding, but since 2007 aprotinin has
withdrawn from the market due to massive side effects
in cardiovascular surgery especially in open-heart surgery.

Since 1960 tranexamic acid was released. According to
the literature, it was first prescribed to females with heavy
menstrual bleeding and to patients with hereditary bleeding
disorders." Since 2011, WHO- World Health Otganization
added TXA as an essential medicine list.”

Complications of transfusion
* Infections especially viral-like HIV, HBV, HCV
*  Alloimmunization:

i). Alloimmunization against RBCs: It occurs as an
acute intravascular hemolytic transfusion reaction.
Hemolysis can occurs due to RBC alloantibodies.

ii). Allloimuniztion against Platelets: It occurs as
refractoriness to platelet transfusion, where
an increase in the platelet count after platelet
transfusion that is significantly low value than
expected. Post transfusion purpura may occut,
which is associated with the presence of platelet
alloantibodies.

iif). Alloimmunization against Granulocytes: It results
in refractoriness to granulocyte transfusion, which
occurs febrile nonhemolytic transfusion reactions.
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* Transfusion-related acute lung injury
* Transfusion-associated circulatory overload.

Contraindications of TXA

*  Subarachnoid hemorrhage

*  Hypersensitivity to tranexamic acid

* History of convulsion

*  Upper renal tract bleeding- contraindicated due to the
possibility of clot retention may lead to obstructing
the urinary tract and colic.

e Acute venous and arterial thrombosis

*  Pregnancy especially in early stage.

Comparison

Aprotinin vs TXA

Aprotinin has been withdrawn from the market since 2007
due to the high risk of renal failure, myocardial infarction,
stroke, death in large observational studies.* Mangano et al.
reported that the use of aprotinin increased the risk of
postoperative complications after cardiac surgery and an
increased mortality rate.* According to BART trial which
was published in 2007, originally designed as a multicenter
trial comparing whether aprotinin was superior to TXA
and epsilon aminocaproic acid in decreasing the risk of
massive postoperative bleeding in patients undergoing
high-risk cardiac surgery and the trial was terminated early
due to higher rate of death in patients receiving aprotinin.*®
Thus, TXA became the choice of antifibrinolytic in cardiac
and non-cardiac surgery. Remarkable is an especially
neurologic complication in pediatric patients and in patients
undergoing open-heart surgery.®’

Epsilon-aminocaproic acid (EACA) vs Tranexamic
acid (TXA)

Bradley et al. demonstrated through a randomized control
trial for hip and knee arthroplasty procedures, EACA is
associated with increased perioperative blood loss compared
with TXA, however, there is no significant difference in the
transfusion rate.” Osman et al. reported through systematic
review and meta-analysis that there is no significant
difference in efficacy between TXA and EACA and their
studies show that estimated blood loss was similar between
the two groups [95% confidence interval (CI) —0.50, 0.04;
7= 1.69; P=0.09]. There were no differences between the
two groups regarding the percentage of patients requiring
transfusion (95% CI 0.14, 4.13; Z= 0.31; P=0.76). There
was no difference in the pre- and post-operative hemoglobin
differences between the two groups (95% CI —0.30, 0.24;
2= 10.38; P= 0.70). There was no difference in the average
number of transfused units (95% CI —0.53, 0.25; Z= 0.71,;
P=0.48."1n a prospective randomized trial, Kushagra et al.
mentioned that tranexamic acid is more effective at reducing
postoperative drainage and total blood losses compared with
epsilon-aminocaproic acid."’
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Efficacy of TXA in cardiac surgery

In major cardiac surgery tranexamic acid has been used in
a large numbers of controlled trials with various dosing
schemes in which the largest doses seem to be associated
with neurotoxicity; due to this reason ISMICS (International
Society for Minimally Invasive Cardiothoracic Surgery)
recommended total dose of 100mg/kg especially in
patients over 50 years of age.' Sigau et al. demonstrated
that high dose of TXA 30 mg/kg bolus with 16 mg/kg/hr
with 2mg/kg priming is more effective to reduce blood
loss and transfusion as compared to low dose of 10 mg/kg
bolus with 1mg/kg/hr with 1mg/kg priming.'' Koster
et al reported that in retrospective multivariate regression,
the TXA use is associated with increased risk of
postoperative seizure in patients having cardiac surgery
with cardiopulmonary bypass [OR=1.703, P= 0.045] and
increased in hospital mortality [OR=1.89, P=0.005]. In
open-heart surgery, the use of TXA has an increased risk
of seizure but no risk for coronary artery bypass graft."
Hodgson et al. mentioned that in cardiac surgery patients
having high risk of bleeding during surgery should get high
dose of TXA @30mg/kg bolus + 16 mg/kg/hr +2 mg/kg
priming while in patients with low risk of bleeding should
get low dose of TXA @10 mg/kg bolus + 1 mg/kg/ht +
1 mg/kg priming with the consideration towards potential
dose-related risk of seizure.”” Baric et al. administered a
tranexamic acid of 2.5 gm in the pericardial cavity in cardiac
surgery before sternum closure, which demonstrates a
significant reduction in postoperative bleedingcompared
with placebo."* In a prospective, randomized, double-
blind study, Reid et al. demonstrated that higher doses as
100 mg/kg bolus followed by 10 mg/kg/hr maintenance
showed a reduction in the total blood loss by 24% and total
blood transfusion volume by 38% in children undergoing
cardiac surgery."”

Efficacy of TXA in spinal surgery

On the basis of recently published literature, in spinal
surgery, TXA is effective to reduce intraoperative,
postoperative blood loss. Tranexamic acid also minimizes
the rate of transfusion of blood products intraoperatively
and postoperative time period. In systematic review and
meta-analysis, Shanyi et al. mentioned that dose-dependent
efficacy of TXA on allogeneic blood transfusion through
subgroup analysis in his meta-analysis.'"* He reported that
high dose of TXA (10-100 mg/kg bolus with maintenance
dose greater than 10mg/kg/hr) is more effective than low
dose (no more than 10 mg/kg bolus with maintenance
dose no more than 10 mg/kg/hr) to reduce blood loss and
minimize allogeneic transfusion.'® In literature, most of the
different spinal surgeries were used a various range of TXA
doses as abolus and maintenance, like 5 mg/kg, 10 mg/kg,
15 mg/kg and 20 mg/kg as alow bolus doses and 30 mg/kg,
50 mg/kg and 100 mg/kg as a high bolus doses to reduce

Asian Journal of Medical Sciences | Mar-Apr 2020 | Vol 11 | Issue 2



Shrestha, et al.: Role of tranexamic acid to reduce blood loss

the blood loss, cell salvage and requirements of blood
transfusion. The commonly used maintenance doses were
1 mg/kg/ht, 5 mg/kg/hr, 10 mg/kg/hr. In retrospective
study 2015, Vinicius et al. mentioned that tranexamic acid
is a low cost, effective and safe for reducing perioperative
bleeding during operations to treat scoliosis with posterior
instrumentation.!” In a randomized trial, David et al.
reported that in pediatric who underwent posterior spinal
fusion for scoliosis received 28% less blood when given
prophylactic TXA 10mg/kg bolus with 1 mg/kg/ht
maintenance as compared to the placebo group.” In a
retrospective study, Jingming et al. mentioned that in their
study they evaluated blood loss, RBL, and transfusion
requirements in the patient who underwent posterior
vertebral column resection (PVCR) found the blood loss
in the TXA group decreased by approximately 57.4%."
In a retrospective cohort study, Daniel | et al. compared
effectiveness of high dose (50 mg/kg bolus, 5 mg/kg/hr
maintenance) of TXA versus low dose of TXA (10 mg/kg
bolus, 1 mg/kg/hr maintenance), found the high dose
TXA group had significantly less intraoperative blood
loss approximately 30 % and a decreased RBC transfusion
requirements by approximately 60%, compared to low
dose TXA group.” In literature documented that TXA
has effective and safe to reduce blood loss in the multi
level thoracic spinal canal stenosis using trabeculectomy
with posterior laminectomy and posterolateral bone graft
fusion, where they reported reduction in need for blood
transfusion, shorten the extubation time and the length
of hospital stay with no risk of postoperative hemostatic
dysfunction ot postoperative DVT.*

Efficacy in knee and hip arthroplasty

In a prospective cohort study, Mannova et al. reported
that the administration of tranexamic acid in two IV
doses of 10-15 mg/kg to patients with total knee and hip
arthroplasty has proven to be efficient to reduce blood
loss.”** In retrospective study, Porter et al. demonstrated
that administration of tranexamic acid to high-risk patient
(risk factors such as DVT, PE, MI, CVA) of total knee
arthroplasty and total hip arthroplasty is not associated
with an increase in adverse outcomes where they studied
adverse outcomes between 20 high-risk patients who
received TXA and high-risk patients who did not receive
TXA (OR 1.00, 21 CI 0.85 -1.18). There wete also no
differences when evaluating odds of 90 days post-operative
DVT and PE (OR 0.84, 95% CI: 0.59, 1.19) nor MI and
CVA (OR:0.91,95% CI: 0.56, 1.49) for 23 high-risk patients
receiving TXA vs high-risk patients who did not receive
TXA*In retrospective study, Huang et al. showed that
the hemophiliacs treated with TXA had less perioperative
blood loss, hidden blood loss, transfusion rate, a lower
ratio of postoperative knee swelling, less postoperative
joint pain, lower levels of inflammatory biomarkers and
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better joint function where they found usage of TXA can
decrease not only the perioperative blood loss (p= 0.001),
transfusion rate (p= 0.017) and supplemental amount of
FVIII (p< 0.001) but also swelling ratio, sutgical joint pain.”

Therefore reducing cost as well as hospital stay.>** Despite
the higher risk of blood loss and need for transfusion
following revision total knee arthroplasty, lowest effective
dose and least costly regimen should be used due to similar
effect in the management of blood loss with all TXA
dosing regimens.”’

Efficacy of TXA in gynecology and obstetrics

). C-Section: Bouthors et al. reported that the tranexamic
acid reduces the intraoperative bleeding as well as
minimize postpartum volume, duration of surgery,
and transfusion need but not the hysterectomy rate.?®

). Myomectomy: First time in literature, in a prospective
randomized double-blind placebo control study, Caglar
et al. demonstrated that the use of tranexamic acid
shows the significant effect to reduce preoperative and
postoperative bleeding and blood transfusion, a patient
undergoing myomectomy and have no adverse effects
in a tranexamic group as well as in control group.” In
a randomized control trial, Shaaban et al. mentioned
that tranexamic acid reduces blood loss during and
after myomectomy for a patient with multiple uterine
fibroids.™

ii). Antepartum and Postpartum Hemorrhage: Early
detection and management of both antepartum and
postpartum hemorrhage decrease the rate of mortality.
In the management of placenta abruption, TXA plays a
vital role to reduce perinatal mortality if routinely use as
an immediate treatment.” Postpartum hemorrhage is the
most common cause of maternal mortality in developing
as well as a developed country. Shakur et al. reported
that the use of immediate tranexamic acid as soon as
bleeding starts reduces death due to bleeding in women
with post-partum hemorrhage with no adverse effect
and his study included thetranexamic acid (n=10051)
or placebo (n=10009), of whom 10036 and 9985,
respectively, were included in the analysis where death
due to bleeding was significantly reduced in women
given tranexamic acid (155 [15%] of 10036 patients
vs 191 [1 9%] of 9985 in the placebo group, risk ratio
[RR] 081, 95% CI 0 65-1 00; p=0 045), especially in
women given treatment within 3 hours of giving birth
(89 [1 2% in the tranexamic acid group vs 127 [1 7%
in the placebo group, RR 069, 95% CI 0-52-0 91;
p=0008).”**In a case report, Schroder et al. reported
that the isolated hyperfibrinolysis is a potential cause of
bleeding during conservative management of placenta
increta and percreta, where the use of tranexamic acid
is effective to treat bleeding,”
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Efficacy of TXA in urological surgery

In urological surgeries blood loss also a prominent
problem that may lead to increase risk of morbidity
and mortality of patients. Bansal et al. demonstrated
that the use of 0.1% tranexamic acid in irrigant fluid
was efficient which significantly reduces perioperative
blood loss and requirement of blood transfusion during
percutaneous nephrolithotomy (PCNL).* In systematic
review and meta-analysis, Sergio et al. showed that in
prostate surgery, tranexamic acid is effective to reduce
perioperative blood loss but has no significant effect
for neither need for transfusion of blood nor help to
increase Hb value at the end of the surgery.”” Prokopchuk
et al. reported a case 57 year old male patient of life-
threatening hemorrhage in prostate cancer associated
with disseminated intravascular coagulation (DIC) with
excessive fibrinolysis in which they treated with tranexamic
acid and suggested that use of an antifibrinolytic agent
be considered in the setting of transfusion-resistant
bleeding when clinical and laboratory evidence supports
the presence of excessive fibrinolysis.”® Zaid et al.
demonstrated that the tranexamic acid with 10 mg/kg
bolus and 2 mg/kg/ht of maintenance dose significantly
reduction in perioperative blood transfusion in patients
undergoing open radical cystectomy and has no increased
tisk of venous thromboembolism (VTE).”**The major
problem during radical prostatectomy and in TURP
leads to significant bleeding and increases morbidity
and mortality of patients. Longo et al. showed that in
radical prostatectomy and in TURP, TXA has been used
to reduce intraoperative blood loss and the need for
transfusion, without increasing the risk of DVT and PE
in prostate cancer and BPH."!

Efficacy of TXA in liver surgery

Liver resection is the common practice treatment for
patients with primaryor metastatic malignancies of liver,
benign liver tumors, and other biliary diseases bleeding is
the prominent problem. The mechanism of bleeding in liver
resection may differ from other surgeries. In liver resection
may alter the systematic hemostatic function, possibly by
activation of hyperfibrinolysis. In Literature as mentioned,
the two most commonly used doses of TXA are 1 g bolus
followed by 1 g over 8 h (from the CRASH-2 trial) and 1 g
bolus followed by 10 mg/kg/hr in liver transplantation.*?
In a randomized trial, Badenoch et al. demonstrated
that the efficacy of TXA in reducing blood loss and
transfusion requirements during liver transplantation
without increasing the risk of thromboembolic events.*
In literature, RCTs demonstrated approximately (30-40)%o
reduction in bleeding and need for transfusion requirements
during orthotopic liver transplantation as compared
to placebo group.* Karanicolas et al. demonstrated no
evidence of hyperfibrinolysis during liver resection by

92

thromboelastography (TEG), found no alteration in
hemostatic function by TXA.* In a randomized control
trial, Wu et al. demonstrated that perioperative parenteral
TXA in patient undergoing liver resection had no blood
transfusion needed as compared to no parenteral TXA
(16% blood transfusion) patient.”

Efficacy of TXA in ENT

Epistaxis

Epistaxis is a prominent bleeding condition, among the
total percentage of epistaxis, nearly about 60% of the
population may need medical intervention whereas many
cases were severely bleed, inevitable admission in hospital
for further clinical intervention or even death, if not early
management. Common clinical practices for management
of epistaxis are an application of topical vasoconstrictor,
chemical cautery with silver nitrate, if failed above methods
then anterior nasal packing is applied which has effective
but discomfort to the patient as well as patient experience
pain and sensation of nasal obstruction. Extensive
evidence supporting the use of both intravenous TXA
(CRASH 2) and topical TXA (Cochrane review) in over
30,000 patients supports an excellent safety profile, with
no reported complications in patients receiving topical
TXA.**In RCTs Reuben et al. reported that tranexamic
acid is effective to reduce nasal packing for the management
of epistaxis.”** Tranexamic acid is cheap and convenient
as compared to nasal packing and even easy to apply via
intravenous or topical forms as per need in emergency
situations.

An adverse effect of TXA

Most commonly seen adverse effects of tranexamic
acid in clinical practices is gastrointestinal disturbances
(nausea, vomiting, and diarrhea), drop of blood pressutre/
dizziness followed by rapid intravenous administration,
incidental allergic skin reactions, infrequent temporal
vision impairment, seizure, thromboembolism.  Jeniffer
et al. reported that with a dose of 5 mg/kg bolus with
an infusion of 5 mg/kg/hr which causes an anaphylactic
reaction in a 15 years adult patient with a weight of 50.8 kg
undergoing posterior spinal fusion in scoliosis surgery.
The first case of anaphylactic reaction to TXA reported
a 72-year-old man who underwent CABG surgery.”

In a retrospective study, Michael et al. reported that 7.9%
of patients have an incidence of convulsive seizures,
especially in open heart surgery.’ Murkin et al.mentioned
that the administration of high dose tranexamic acid 1.3%-
3.8% of patients has an incidence of clinical convulsive
seizure, especially in older patients in conjunction with
cardiopulmonary bypass and open-chamber cardiac
surgery.’
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DISCUSSION

In clinical practices, tranexamic acid used commonly in
management of postpartum hemorrhage, menorrhagia,
and metrorrhagia, gastrointestinal bleeding, bleeding
in urinary tract infections, postoperative bleeding
followed by prostate or urinary tract surgery, and also
as an antidote in bleeding which needs emergency
treatment who are in fibrinolytic treatment. The safety
measures were evaluated by investigating myocardial
biomarkers especially CK-MB, creatinine and diagnosis
of myocardial infarction, ischemic stroke, intracerebral
hemorrhage, convulsive seizures, acute renal failure. Xie
et al. declared that a loading dose of 100 mg/kg with a
maintenance dose of 10 mg/kg/hr showed no signs of
renal toxicity, seizures, DVT, or MI upon assessment."’
Efficacy can be measured by evaluating the parameters
like the need for transfusion of blood products and total
intraoperative and postoperative (first 6 hours, 24 hours
and 48 hours of surgery) blood loss. In a randomized
prospective, double-blind, multicenter study, Wong et al.
mentioned that the efficacy for reducing perioperative
blood loss and blood transfusions in adult patients with
selective thoracolumbar postetior fusion.”* In various
literature mentioned that 100mg/kg bolus intravenous
was a maximum safe dose of TXA infused over 15-
30 minutes followed by a maintenance dose of 10 mg/kg/
hr and literature has shown that early administration of
tranexamic acid in severe trauma can significantly decrease
the rate of mortality.

CONCLUSION

In this review concluded that tranexamic acid is an essential
drug of choice for multi-disciplinary surgeries and the
management of acute bleeding in trauma patients as eatly
as possible which minimizes the need for transfusion,
decreases the risk of mortality, decreases hospital stay
and minimizes cost burden. Common effective routes
are intravenous and topical for acute management of
bleeding with no adverse effect. In literature, there still
lacking optimal doses to be applied in respective surgeries
as mentioned in this review for generalization either in
pediatric or in adult patients.
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