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ABSTRACT

Objective: The objective of this study was to compare the efficacy of tranexamic acid 10 mg/kg and 15 mg/kg in reducing bleeding and transfusions 
in total knee arthroplasty.

Methods: After approval from the Institutional Ethics Committee, KMC, Mangaluru, 88 patients fulfilling the inclusion criteria of this study undergoing 
total knee replacements were informed of the study details and consent was obtained for the same. They were randomized into two groups using 
computer-generated block randomization, i.e., Group A and Group B, and were administered tranexamic acid 10 mg/kg and 15 mg/kg intravenously, 
respectively. Intraoperatively, hemodynamic parameters were noted. Postoperatively, hemoglobin levels were assessed on days 1 and 3. Transfusions, 
thromboembolic complications, and duration of hospital stay were noted.

Results: Of the 88 participants of the trial, 44 in Groups  A and B each, there were no significant differences in the parameters observed in this 
study such as intraoperative hemodynamic changes, post-operative fall in hemoglobin on day 3, number of patients requiring transfusions, number 
of thromboembolic events, and duration of hospital stay. A significant p-value was observed in the fall in hemoglobin in the post-operative day 3 
(p=0.043).

Conclusion: About 15 mg/kg tranexamic acid proved to have a lesser fall in hemoglobin on day 3 postoperatively when compared to the 10 mg/kg 
group. However, the fall of hemoglobin on day 3 was statistically significant and warranted a blood transfusion in two patients in the 10 mg/kg group 
but did not prolong their hospital stay.
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INTRODUCTION

During the past five decades, total knee arthroplasty (TKA) has been 
one among the most clinically successful surgeries to be developed. 
Hence, it has become the most common orthopedic procedure to be 
performed. Further, considerable growth in numbers of the TKA has 
been projected in the future [1].

TKA is usually performed on arthritic knees not responding to 
conservative therapies that include medical, orthotic, and/or 
rehabilitative methods [2,3]. The aim of conservative therapies is 
to achieve symptom relief and alteration of disease progression. 
Unfortunately, they do not offer long-lasting relief [2]. Patient age, 
severity of osteoarthritis and response to other treatment modalities 
are considered as the key factors in selecting the patients for total knee 
arthroplasty [4-6]. The goals of TKA include reducing pain, returning to 
regular activities of daily living, and achieving a mechanical alignment 
close to normal [7].

The anesthesia and post-operative care for these patients, often 
belonging in the geriatric age group, have evolved over time along with 
the population and techniques of surgery. In the early days, general 
anesthesia was preferred for these procedures. However, five decades 
have passed since then, and due to the wider safety margins and better 
patient outcomes, regional techniques are preferred now [8].

The adverse events and complications include bleeding [9,10], 
thromboembolic disease, wound complication, vascular injury, 
readmission, revision, reoperation, and death [1]. Post-operative bleeding 
and the need for blood transfusions, as a result, have always been a cause 

of concern among many clinicians. The use of tranexamic acid to counter 
this has received special attention among patients requiring orthopedic 
surgery, with numerous studies showing clinical efficacy and cost-
effectiveness [11]. Fibrinolysis occurs by surgical trauma, and it is further 
worsened by the use of a tourniquet which is one of the commonly 
applied non-pharmacological methods to control bleeding [12-14].

Tranexamic acid is a synthetic analog of lysine, an amino acid, and 
acts competitively by blocking the lysine binding site of plasminogen. 
This leads to the inhibition of fibrinolysis [15,16]. There are four 
methods of administering tranexamic acid to reduce blood loss: Oral, 
intramuscular, intravenous, and intra-articular. The time taken for 
maximum plasma levels of tranexamic acid to be reached has been 
reported to be 30 min for intramuscular, 2 h for oral, and 5–15 min for 
intravenous administration [17]. The use of tranexamic acid has shown 
to reduce perioperative blood loss, blood transfusions, and associated 
costs in major orthopedic surgery [18,19]. Tranexamic acid is usually 
well-tolerated, gastrointestinal side effects like nausea and diarrhea 
are the most common adverse events [20], the risk of thromboembolic 
complications related to tranexamic acid use has been controversial but 
is present significantly in those with alternative risk factors that include 
previous thrombotic events and oral hormonal contraceptive use. Seizure 
activity following  tranexamic acid use is very  rare [21,22].

However, as many centers seemed to rely on empirical doses such as 
1 g or 2 g of tranexamic acid instead of more tailored ones, we tried to 
compare two regimens of tranexamic acid, i.e. 10 mg/kg and 15 mg/kg 
in ASA 1 and ASA 2 patients undergoing total knee replacements while 
we checked for post-operative indicators of bleeding and transfusions 
in TKA surgeries.
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METHODS

This was a prospective, randomized controlled trial done after approval 
from the Institutional Ethics Committee, in hospitals associated with 
Kasturba Medical College, Mangalore, from September 2016 to June 
2018. 88 ASA Class  1 and 2  patients aged 40–70  years, fulfilling the 
aforementioned inclusion criteria, posted for elective TKA were chosen 
using computer-generated block randomization and were divided into two 
groups: Group A and Group B, i.e., 10 mg/kg and 15 mg/kg, respectively. 
They also had no known hypersensitivity to tranexamic acid and no 
history of coagulation disorders. Patients who refused had preoperative 
hemoglobin <10 mg/dL, and a previous TKA was excluded from the study.

All patients underwent detailed pre-anesthetic evaluation. The study 
protocol was explained to the patients and written informed consent 
was obtained. A fasting period of 6 h before the surgery was advised. 
After shifting the patients to the operating room, monitors such as 
electrocardiography, non-invasive blood pressure, and SPO2 were 
connected and the baseline hemodynamics were charted. A peripheral 
intravenous line was secured and preloaded with 500 ml crystalloids. 
All the patients were subjected to combined spinal-epidural anesthesia 
using combined spinal-epidural needle where 2 ml of 0.5% bupivacaine 
in dextrose solution was given for subarachnoid block and an epidural 
catheter is guided in and fixed at the point where 5-cm length of the 
catheter is inside the space. The epidural infusion was activated after 1 h 
with 0.5% bupivacaine at 5 ml/h until the end of surgery. Tranexamic 
acid was given in two doses based on their randomly allocated 
group  20  min before the skin incision and just before tourniquet 
release. After the completion of the surgery, the patients were shifted 
to the post-operative room and vitals were monitored. Hemoglobin 
levels on post-operative day 1 and day 3, perioperative hemodynamic 
variation, and duration of hospital stay were measured and charted.

Data measurements were done using the formula:
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Where,
n is the sample size
Zα =1.96 at 95% confidence interval
Zβ = 0.84 at 80% power
σ = standard deviation
d =mean

With 95% Confidence Interval, 80% power to ther study.

The data were analyzed using Student’s unpaired t-test and Chi-square 
test. A statistical package SPSS version 17.0 was used to do this analysis 
and *p<0.05 was considered to be statistically significant.

RESULTS

As shown in Table 1, The study population comprised 88 patients with 
a mean age of 64.44 years (standard deviation [SD] - 4.966) in Group A 
and 62.73 in Group B (SD - 4.505) with majority of patients in Group A 
who were in the age group of 61–65  years (43.18%) and those of 
Group B who were in the age group of 61–65 (45.45%). These data are 
statistically not significant with p=0.090

As shown in Table 2, in Group A, 72.73% of patients were female and 
27.27% of patients were male. In Group  B, 50.09% of patients were 
female and 40.91% were male. The gender distribution between the 
two groups was statistically not significant, with p=0.090

As shown in Table 3, all patients belonged to the ASA 2 group.

As exhibited in Table 4, there were no significant differences in the duration 
of hospital stay in Groups A and B. The difference between the duration of 
stay between two groups was statistically not significant, p=0.552.

Table 5 shows that 4.54% of patients in Group A required transfusion 
of blood as their hemoglobin was <7 g/dL as compared to 0 in Group B. 
This value was statistically insignificant with p=0.238.

In Group A, mean hemoglobin level preoperatively was 11.58 with a SD 
of ±1.359, mean hemoglobin on postoperatively day 1 was 10.829 with 
SD of ±1.7739, mean hemoglobin on post-operative day 3 was 10.86 
with SD of±1.218, while Group  B showed mean hemoglobin levels 
of 12.2 with SD±1.187 pre-operatively, mean hemoglobin on post-
operative day 1 was 11.427 with SD±0.8167, and mean hemoglobin on 
post-operative day 3 was 10.89 with SD±1.153.

As shown in Table  6, the fall in hemoglobin on post-operative day 3 
was more in Group A when compared to Group B. This was statistically 
significant p=0.043.

Table 1: Age‑wise division of patients

Group Group A Group B Total
Age (years)

40–55 1 (2.27) 0 (0.00) 18 (1.13)
56–60 7 (15.90) 5 (11.36) 14 (13.63)
61–65 19 (43.18) 20 (45.45) 32 (44.31)
65–70 17 (38.63) 19 (43.18) 36 (40.90)

Total 44 (100.0) 44 (100.0) 88 (100.0)

Table 2: Gender‑wise distribution of patients

Group Group A Group B Total
Sex

Female 32 (72.73) 26 (50.09) 58 (65.90)
Male 12 (27.27) 18 (40.91) 30 (34.09)

Total 44 (100.0) 44 (100.0) 88 (100.0)

Table 3: The ASA status‑wise distribution of patients

Group Group A Group B Total
ASA 2 44 (100.0) 44 (100.0) 88 (100.0)

Table 4: Duration of hospital stay

Groups Group A Group B
Duration of hospital stay in days

5 1 (2.27) 2 (4.54)
6 14 (31.81) 22 (50)
7 19 (43.18) 10 (22.72) 
8 and above 10 (22.72) 10 (22.72)

Table 5: Transfusion rates of both groups

Groups Group A Group B
Transfusion

No 42 (95.46) 44 (100)
Yes 2 (4.54) 0 (0)

Table 6: Mean hemoglobin on pre‑operative day 1 and 3 of the 
study groups

Groups Group A Group B p
Hemoglobin levels

Pre‑operative 11.88 12.2 0.419
Day 1 10.83 11.43 0.319
Day 3 10.86 10.89 0.043
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Hemodynamic parameters
There were no significant changes in both groups observed.

Thromboembolic phenomenon
There were no reported cases of thromboembolism in either group.

DISCUSSION

The main indication for TKA is to relieve pain caused by arthritis that is 
significant and disabling. Bleeding intraoperatively and postoperatively 
is one of the main concerns in TKA. The loss of blood could range 
between 800 ml and 1800 ml. Perioperative transfusions increase the 
cost of the treatment and the risks of infection and allergic reactions. 
Since the report by Benoni et al. [23], different studies have been 
published on the efficacy of tranexamic acid in reducing perioperative 
blood loss in total joint arthroplasty.

Our study compared the efficacy of two doses of tranexamic acid, 
i.e., 10 mg/kg versus 15 mg/kg in reducing bleeding and transfusions in 
total knee replacement surgeries.

There were no significant differences in the intraoperative 
hemodynamic changes in the parameters observed such as heart rate, 
blood pressure, SpO2, and respiratory rate in the participants of both 
10 mg/kg and 15 mg/kg group. There were no thromboembolic events 
in any participant of this study. There were no statistically significant 
differences in the duration of hospital stay between both groups.

Two patients in the 10  mg/kg group required blood transfusions, as 
their post-operative day 3 hemoglobin was <7  mg/dL. However, this 
was deemed statistically significant. Another study by Good et al. [24] 
who conducted a trial with placebo and tranexamic acid 10 mg/kg iv 
showed that three patients in their study required blood transfusions 
even though they received tranexamic acid. This is consistent with the 
10  mg/kg group in our study. Another study by Cid and Lozano [25] 
reaffirms with this as two patients in their 10 mg/kg tranexamic acid 
group received blood transfusions as compared to the placebo group 
where 7 patients were transfused with blood products.

Our study observed a significant post-operative fall in hemoglobin 
on day 3 in the 10  mg/kg group when compared to the 15  mg/kg 
group. A study by Benoni et al. [23] showed that a dose of 10 mg/kg 
of tranexamic acid reduced the number of patients receiving a blood 
transfusion and the fall in post-operative hemoglobin. Marra et al. [26] 
reported that no significant differences in maximum loss of hemoglobin 
were observed between the different treatment groups they studied 
where the intravenous group received 10  mg/kg tranexamic acid. 
However, their study suggests that a combination of intra-articular and 
intravenous tranexamic acid had the least fall in hemoglobin. A study 
by Tanaka et al. [27] where tranexamic acid was given once before 
surgery and once on deflation of the tourniquet reduced bleeding and 
transfusions. A similar study by Orpen et al. [28] where 15 mg/kg of 
tranexamic acid given at the time of cementing the prosthesis, before 
deflation of the tourniquet in TKA, showed that a dose of 15  mg/kg 
given in such a manner effectively reduced bleeding and transfusions. 
This is concurrent with our findings where 15  mg/kg group showed 
a reduced fall in hemoglobin on post-operative day 3 and had nil 
transfusions compared to the 10 mg/kg group.

Ralley et al. [29] studied the effect of one 20 mg/kg dose of tranexamic 
acid given intraoperatively which was effective in reducing the 
perioperative decrease in hemoglobin and red blood cell transfusion 
rates in patients undergoing TKA. However, our study showed that 
15 mg/kg was an effective dose as we had nil transfusions and reduced 
post-operative hemoglobin fall in our study group.

Two studies by Lin et al. [30] and Maniar et al. [31] showed that two 
doses of 10  mg/kg in TKA were more effective than single doses of 
the same drug. As our study compared two doses of tranexamic acid 
administered twice during the surgery, we found that two intravenous 
doses of 15 mg/kg are better than the 10 mg/kg.

Poeran et al. [7] compared four study groups with none, ≤o g, 2 g, and ≥ g 
of tranexamic acid, and Castro-Menéndeza et al. [32] conducted a study 
with empirical doses of tranexamic acid as high as 2 g and found that 
2 g of tranexamic acid iv had the best effectiveness and safety profile. 
Morrison et al. [33] compared 15 mg/kg versus 30 mg/kg intravenous 
tranexamic acid. While our study did not go higher than 15 mg/kg in 
terms of dosing, we have found comparable results with the same in 
terms of rates of transfusion and fall in hemoglobin.

CONCLUSION

There were no significant differences in the intraoperative 
hemodynamic changes in the parameters observed such as heart 
rate, blood pressure, SpO2, and respiratory rate in the participants of 
both 10 mg/kg and 15 mg/kg group. A statistically significant p-value 
(p=0.043) was observed in the fall in hemoglobin on post-operative day 
3 in the 10 mg/kg group as compared to the 15 mg/kg group. Hence, we 
conclude that 15 mg/kg was more effective than 10 mg/kg in reducing 
bleeding and transfusions in TKA.

ACKNOWLEDGMENTS

We would like to thank Kasturba Medical College, Mangalore, and 
Manipal Academy of Higher Education, Manipal, Karnataka, India, for 
their support in doing this study.

AUTHORS’ CONTRIBUTION

All works pertaining to data collection and analysis were done by the 
primary author under the guidance of the corresponding author.

CONFLICTS OF INTEREST

The authors have none to declare.

REFERENCES

1.	 Healy WL, Valle CJ, Iorio R, Berend KR, Cushner FD, Dalury DF, 
et al. Complications of total knee arthroplasty: Standardized list and 
definitions of the knee society. Clin Orthop Relat Res 2013;471:215-20.

2.	 Crawford DC, Miller LE, Block JE. Conservative management of 
symptomatic knee osteoarthritis: A  flawed strategy? Orthop Rev 
(Pavia) 2013;5:e2.

3.	 Van Manen MD, Nace J, Mont MA. Management of primary knee 
osteoarthritis and indications for total knee arthroplasty for general 
practitioners. J Am Osteopath Assoc 2012;112:709-15.

4.	 Weng HH, Fitzgerald J. Current issues in joint replacement surgery. 
Curr Opin Rheumatol 2006;18:163-9.

5.	 Elson DW, Brenkel IJ. Predicting pain after total knee arthroplasty. 
J Arthroplasty 2006;21:1047-53.

6.	 Al-Kubaisy W, Ali SH, Al-Thamiri D. Risk factors for asthma among 
primary school children in Baghdad, Iraq. Saudi Med J 2005;26:460-6.

7.	 Poeran J, Rasul R, Suzuki S, Danninger T, Mazumdar M, 
Opperer  M, et al. Tranexamic acid use and postoperative outcomes 
in patients undergoing total hip or knee arthroplasty in the United 
States: A  retrospective analysis of effectiveness and safety. BMJ 
2014;349:g4829.

8.	 Turnbull ZA, Sastow D, Giambrone GP, Tedore T. Anesthesia for the 
patient undergoing total knee replacement: Current status and future 
prospects. Local Reg Anesth 2017;10:1-7.

9.	 Cushner FD, Nett MP. Unanswered questions, unmet needs in venous 
thromboprophylaxis. Orthopedics 2009;32:62-6.

10.	 Sehat KR, Evans R, Newman JH. How much blood is really lost in total 
knee arthroplasty? Correct blood loss management should take hidden 
loss into account. Knee 2000;7:151-5.

11.	 Risberg B. The response of the fibrinolytic system in trauma. Acta Chir 
Scand Suppl 1985;522:245-71.

12.	 Janssens M, Joris J, David JL, Lemaire R, Lamy M. High-dose aprotinin 
reduces blood loss in patients undergoing total hip replacement surgery. 
Anesthesiology 1994;80:23-9.

13.	 Kruithof EK, Nicolosa G, Bachmann F. Plasminogen activator inhibitor 
1: Development of a radioimmunoassay and observations on its plasma 
concentration during venous occlusion and after platelet aggregation. 
Blood 1987;70:1645-53.

14.	 Kambayashi J, Sakon M, Yokota M, Shiba E, Kawasaki T, Mori T, et al. 
Activation of coagulation and fibrinolysis during surgery, analyzed by 



538

Asian J Pharm Clin Res, Vol 12, Issue 3, 2019, 535-538
	 Nambiar and Kamath	

molecular markers. Thromb Res 1990;60:157-67.
15.	 Petäjä J, Myllynen P, Myllylä G, Vahtera E. Fibrinolysis after application 

of a pneumatic tourniquet. Acta Chir Scand 1987;153:647-51.
16.	 Abhijit SN, Verma S. Use of tranexamic acid in megaliposuction. Int J 

Pharm Pharm Sci 2014;7:8.
17.	 Astedt B. Clinical pharmacology of tranexamic acid. Scand J 

Gastroenterol Suppl 1987;137:22-5.
18.	 Eubanks JD. Antifibrinolytics in major orthopaedic surgery. J Am Acad 

Orthop Surg 2010;18:132-8.
19.	 Tengborn L, Blombäck M, Berntorp E. Tranexamic acid-an old drug 

still going strong and making a revival. Thromb Res 2015;135:231-42.
20.	 Dunn CJ, Goa KL. Fibrin sealant: A review of its use in surgery and 

endoscopy. Drugs 1999;58:863-86.
21.	 Reed MR, Woolley LT. Uses of tranexamic acid. Contin Educ Anaesth 

Crit Care Pain 2014;15:32-7.
22.	 Gillette BP, DeSimone LJ, Trousdale RT, Pagnano MW, Sierra RJ. 

Low risk of thromboembolic complications with tranexamic acid 
after primary total hip and knee arthroplasty. Clin Orthop Relat Res 
2013;471:150-4.

23.	 Benoni G, Fredin H. Fibrinolytic inhibition with tranexamic acid 
reduces blood loss and blood transfusion after knee arthroplasty: 
A prospective, randomised, double-blind study of 86 patients. J Bone 
Joint Surg Br 1996;78:434-40.

24.	 Good L, Peterson E, Lisander B. Tranexamic acid decreases external 
blood loss but not hidden blood loss in total knee replacement. Br J 
Anaesth 2003;90:596-9.

25.	 Cid J, Lozano M. Tranexamic acid reduces allogeneic red cell 
transfusions in patients undergoing total knee arthroplasty: Results 
of a meta-analysis of randomized controlled trials. Transfusion 
2005;45:1302-7.

26.	 Marra F, Rosso F, Bruzzone M, Bonasia DE, Dettoni F, Rossi R, et al. 
Use of tranexamic acid in total knee arthroplasty. Joints 2016;4:202-13.

27.	 Tanaka N, Sakahashi H, Sato E, Hirose K, Ishima T, Ishii S, et  al. 
Timing of the administration of tranexamic acid for maximum 
reduction in blood loss in arthroplasty of the knee. J Bone Joint Surg Br 
2001;83:702-5.

28.	 Orpen NM, Little C, Walker G, Crawfurd EJ. Tranexamic acid 
reduces early post-operative blood loss after total knee arthroplasty: 
A  prospective randomised controlled trial of 29  patients. Knee 
2006;13:106-10.

29.	 Ralley FE, Berta D, Binns V, Howard J, Naudie DD. One intraoperative 
dose of tranexamic acid for patients having primary hip or knee 
arthroplasty. Clin Orthop Relat Res 2010;468:1905-11.

30.	 Lin PC, Hsu CH, Huang CC, Chen WS, Wang JW. The blood-saving 
effect of tranexamic acid in minimally invasive total knee replacement: 
Is an additional pre-operative injection effective? J Bone Joint Surg Br 
2012;94:932-6.

31.	 Maniar RN, Kumar G, Singhi T, Nayak RM, Maniar PR. Most effective 
regimen of tranexamic acid in knee arthroplasty: A  prospective 
randomized controlled study in 240  patients. Clin Orthop Relat Res 
2012;470:2605-12.

32.	 Castro-Menéndez M, Pena-Paz S, Rocha-García F, Rodríguez-Casas N, 
Huici-Izco R, Montero-Viéites A, et al. Efficacy of 2 grammes of 
intravenous transexamic acid in the reduction of post-surgical bleeding 
after total hip and knee replacement. Rev Esp Cir Ortop Traumatol 
2016;60:315-24.

33.	 Morrison RJ, Tsang B, Fishley W, Harper I, Joseph JC, Reed MR, et al. 
Dose optimisation of intravenous tranexamic acid for elective hip and 
knee arthroplasty: The effectiveness of a single pre-operative dose. 
Bone Joint Res 2017;6:499-505.


