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Currently, many surgeons use tranexamic acid (TXA) to 
reduce peri-operative blood loss and the requirements 
for  transfusion without increasing the incidence 
of vascular thromboembolisms (VTEs) in patients 
undergoing total knee arthroplasty (TKA). TXA may 
be given by an intravenous (IV) or topical route (1). 
However, the optimal dosage, treatment duration, 
timing of administration, and best administration route 
all remain unclear. Both effectiveness and safety may be 
influenced by the dose, number of doses, timing, and 
route of administration (2); these factors vary greatly in 
the literature (3). In one meta-analysis of the use of TXA 
during various surgical procedures, the dose ranged from 
5.5–300 mg/kg (4). In previous studies on TKA patients, 
the dose of topical TXA given ranged from 0.5–3 g, 
and that of IV TXA from 10–30 mg/kg (2,5). Previous 
work suggests that IV-TXA at 10–20 mg/kg seems to 
be reasonable for most patients undergoing TKA (3). 
However, the timing of dose(s) remains unclear. 

Xie et al. performed a prospective, randomized clinical 
trial exploring TXA doses in patients who underwent TKA 
without a tourniquet. A total of 151 such patients were 
randomly divided into three groups: group A received a 
single bolus of 20 mg/kg IV-TXA before skin incision; 
group B both the initial and another bolus of 10 mg/kg IV-
TXA 3 h later; and group C all of the initial bolus and two 
more boluses of 10 mg/kg IV-TXA 3 and 6 h later. The 
mean values of total and hidden blood loss; the maximum 
falls in Hb, serum C-reactive protein, and interleukin 6 

levels; the visual analog pain score; and the swelling ratio 
were lower in group C than groups A and B. The Hospital 
for Special Surgery score, range of motion, and length of 
hospital stay were also better in group C; no episode of 
VTE was recorded. The authors concluded that multiple 
boluses of IV-TXA effectively reduced hidden blood loss 
during TKA without a tourniquet. The addition of another 
bolus of IV-TXA inhibited the Hb decline further; reduced 
postoperative inflammation, pain, and knee swelling; 
improved knee function, and shortened the length of 
hospital stay.

Pharmacokinetic studies have suggested that an 
additional bolus of IV-TXA is appropriate after TKA. IV-
TXA becomes widely distributed throughout the extra- and 
intra-cellular compartments (6). The drug diffuses rapidly 
into the synovial membrane and fluid to attain the same 
concentration in joint fluid as in serum. The drug half-life 
in joint fluid is 3 h, similar to that in serum (7). This may 
be attributable to the fact that a TXA solution has a pH 
similar to that of sodium chloride (0.9% w/v) and solutions 
of blood products (8). Therefore, the concentration of TXA 
in the joint (the site of desired action) is similar to that in 
the serum. The TXA serum concentration is an important 
indicator of the duration of action of joint TXA.

Fibrinolysis after TKA peaks 6 h postoperatively but 
is maintained for about 18–24 h (9). The therapeutic 
TXA l eve l  i s  abou t  10  µg /mL;  TXA shou ld  be 
maintained at this level to combat fibrinolysis associated 
with surgery (10). A single IV-TXA dose of 10 mg/kg 
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afforded a plasma drug concentration of 10–15 µg/mL for 
3–4 h (6), and a dose of 20 mg/kg maintained the drug 
at that level for approximately 8 h (11). Thus, a single-
dose-only protocol may yield an inadequate drug plasma 
concentration by 18–24 h. Repeat boluses are necessary to 
ensure that the plasma concentration does not fall below the 
therapeutic level.

The work of Xie et al. supports the need for repeat TXA 
injections. To the best of our knowledge, their study is the 
only work to compare the effects and safety of different 
IV-TXA doses in patients undergoing TKA without a 
tourniquet. Their findings provide important information 
for surgeons who do not use tourniquets. Additionally, the 
use of pneumatic tourniquets during TKA increases the 
activity of the fibrinolytic system (which regulates clot and 
thrombus formation) and may paradoxically accentuate peri-
operative blood loss despite a reduction in intra-operative 
bleeding (12-15). The hyperfibrinolysis caused by the use of 
a tourniquet can confound evaluation of the detailed effects 
of TXA. Therefore, the cited study has the advantage of 
accurately assessing TXA action and reliably identifying the 
need for additional doses. 

However, several methodological and evidential 
questions remain. Xie et al. had no control group that 
did not receive IV-TXA; the sample size was small; VTE 
follow-up was short; and the representativeness of the study 
subjects questionable. A previous meta-analysis reported 
that TXA reduced total blood loss by a mean of 591 mL 
(95% CI, 536–647 mL) (1). It is difficult to compare the 
new regimen with previous studies because, again, a control 
group that did not receive IV-TXA was not included.

Xie et al. calculated the study sample size by reference 
to the expected hidden blood loss; it was not sufficiently 
large to detect significant differences in other variables, 
including reductions in Hb and inflammatory marker 
levels, and clinical scores. Furthermore, their sample size 
was too small to detect meaningful differences between 
relatively uncommon, but serious, VTE events. Routine 
ultrasonography was performed before discharge and 
30 days later. We are not sure that ultrasonography alone 
is sufficiently accurate, or the chosen follow-up period 
adequately long, to detect uncommon VTE events in Asian 
patients. In other words, the findings are limited by the 
small study populations. The study may be statistically 
underpowered, thus associated with the chance of type II 
error (failure to reject a false-null hypothesis).

The limited representativeness of the study subjects 
is also of concern. Patients were excluded if they had 

anemia, clotting disorders, a known allergy to TXA, a 
flexion deformity >30°, a varus and/or valgus deformity 
of >30°, and/or were at high risk because of cardiovascular 
disease or a prior VTE. Additionally, a combination of 
physical prophylaxis and chemoprophylaxis (enoxaparin 
and rivaroxaban) was used to prevent VTE. Thus, the 
results should be interpreted with caution. The safety of 
the IV-TXA protocol remains unproven in patients with 
the exclusion criteria listed above and those not prescribed 
chemoprophylaxis. Furthermore, the study was limited to 
Asian patients. The prevalence of VTE, obesity, dietary 
patterns, and genetic factors affecting coagulation, differ 
by ethnic status. These factors should be considered when 
extrapolating the findings to other populations.

Even considering these limitations, surgeons performing 
TKA without a tourniquet may choose to adopt the doses, 
timing, and TXA administration route of the present study. 
The effect of IV-TXA on hidden blood loss is influenced 
by the TKA dose, and the timing thereof, in TKA patients 
treated without a tourniquet. Multiple-bolus IV-TXA 
seemed to not only reduce hidden blood loss, but also 
postoperative inflammation, swelling around the knee joint, 
and pain. However, in addition to the limitations mentioned 
above, many factors can affect the clinical outcomes of 
TKA. Therefore, the present findings should be carefully 
interpreted; further well-designed studies are needed to 
evaluate the effects and safety of different TXA doses and 
dosing methods.

Acknowledgments

Funding: None.

Footnote

Provenance and Peer Review: This article was commissioned 
and reviewed by the Executive Editor-in-Chief, Dongquan 
Shi, MD, PhD (Department of Sports Medicine and Adult 
Reconstruction, Drum Tower Hospital, Medical School, 
Nanjing University, Nanjing, China).

Conflicts of Interest: Both authors have completed the 
ICMJE uniform disclosure form (available at http://
dx.doi.org/10.21037/aoj.2017.03.02). The authors have no 
conflicts of interest to declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 

http://dx.doi.org/10.21037/aoj.2017.03.02
http://dx.doi.org/10.21037/aoj.2017.03.02


Page 3 of 3Annals of Joint, 2017

© Annals of Joint. All rights reserved. Ann Joint 2017;2:9aoj.amegroups.com

to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1.	 Alshryda S, Sarda P, Sukeik M, et al. Tranexamic acid in 
total knee replacement: a systematic review and meta-
analysis. J Bone Joint Surg Br 2011;93:1577-85.

2.	 Kim TK, Chang CB, Koh IJ. Practical issues for the 
use of tranexamic acid in total knee arthroplasty: a 
systematic review. Knee Surg Sports Traumatol Arthrosc 
2014;22:1849-58.

3.	 Melvin JS, Stryker LS, Sierra RJ. Tranexamic Acid in 
Hip and Knee Arthroplasty. J Am Acad Orthop Surg 
2015;23:732-40.

4.	 Ker K, Edwards P, Perel P, et al. Effect of tranexamic acid 
on surgical bleeding: systematic review and cumulative 
meta-analysis. BMJ 2012;344:e3054.

5.	 Zhang H, Chen J, Chen F, et al. The effect of tranexamic 
acid on blood loss and use of blood products in total knee 
arthroplasty: a meta-analysis. Knee Surg Sports Traumatol 
Arthrosc 2012;20:1742-52.

6.	 Nilsson IM. Clinical pharmacology of aminocaproic and 
tranexamic acids. J Clin Pathol Suppl (R Coll Pathol) 

1980;14:41-7.
7.	 Ahlberg A, Eriksson O, Kjellman H. Diffusion of 

tranexamic acid to the joint. Acta Orthop Scand 
1976;47:486-8.

8.	 Pusateri AE, Weiskopf RB, Bebarta V, et al. Tranexamic 
acid and trauma: current status and knowledge gaps with 
recommended research priorities. Shock 2013;39:121-6.

9.	 Blanié A, Bellamy L, Rhayem Y, et al. Duration 
of postoperative fibrinolysis after total hip or knee 
replacement: a laboratory follow-up study. Thromb Res 
2013;131:e6-e11.

10.	 Andersson L, Nilsoon IM, Colleen S, et al. Role of 
urokinase and tissue activator in sustaining bleeding and 
the management thereof with EACA and AMCA. Ann N 
Y Acad Sci 1968;146:642-58.

11.	 Tanaka N, Sakahashi H, Sato E, 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.

12.	 Fahmy NR, Patel DG. Hemostatic changes and 
postoperative deep-vein thrombosis associated with 
use of a pneumatic tourniquet. J Bone Joint Surg Am 
1981;63:461-5.

13.	 Klenerman L, Chakrabarti R, Mackie I, et al. Changes 
in haemostatic system after application of a tourniquet. 
Lancet 1977;1:970-2.

14.	 Risberg B. Current research review. Surgery and 
fibrinolysis. J Surg Res 1979;26:698-715.

15.	 Zhang W, Liu A, Hu D, et al. Effects of the timing 
of tourniquet release in cemented total knee 
arthroplasty: a systematic review and meta-analysis 
of randomized controlled trials. J Orthop Surg Res 
2014;9:125.

doi: 10.21037/aoj.2017.03.02
Cite this article as: Park CH, Song SJ. Editorial on “Multiple 
boluses of intravenous tranexamic acid to reduce hidden blood 
loss after primary total knee arthroplasty without tourniquet: a 
randomized clinical trial”. Ann Joint 2017;2:9.

https://creativecommons.org/licenses/by-nc-nd/4.0/

