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Editorial

Tranexamic acid and orthopedic surgery—the search for the holy 
grail of blood conservation
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Over the last decade an increasing amount of literature 
regarding the perioperative use of tranexamic acid (TXA) for 
bleeding control in orthopedic surgery has been published 
(1-6). While clinical trials found promising results regarding 
the reduction of blood loss and therefore a reduced rate 
of blood transfusions, concerns regarding prothrombotic 
adverse events including deep vein thrombosis, myocardial 
infarction, pulmonary embolism and cerebrovascular 
events have continued to dampen the enthusiasm and thus 
recommendations for wide spread use (7).

In clinical practice, this concern has thus lead to 
avoidance of the use of TXA in a large group of patients. 
Especially those with a history of coronary artery disease 
and stent-implantation or those having suffered a stroke 
are frequently considered to be potentially at increased risk 
for adverse events due the potential of TXA to promote 
clotting. These safety concerns are based on the inhibition 
of fibrinolysis and as a consequence the interference of 
TXA with the coagulation cascade. So far, there is a lack of 
clinical trials large enough to not only proof efficacy but also 
at the same time support the safety of TXA in this patient 
population. This dilemma is further complicated by the 
fact that the groups considered at risk for thromboembolic 
complications may be the same as those at increased risk 
for ischemic adversities in the setting of increased blood 
loss. Thus the question arises if in the setting of competing 
pathophysiologic mechanisms “at risk” patients could “in 
sum” benefit from the use of TXA, as anemia and higher 
blood transfusion rates are considered predictors for a worse 
cardiovascular outcome after surgery (8-10).

In this contentious environment, researchers have tried 
to address the question of safety in various ways. Given 
the problems faced with designing clinical trials with large 
enough sample sizes to identify differences in low incidence 
outcomes, investigators have turned to population-
based administrative datasets in recent years to answer 
important questions such as those concerning outcomes 
in various clinical settings. Despite limitations including 
their retrospective nature, the availability of limited clinical 
details and the risk of cofounding, considerable benefits 
include the very large sample sizes providing results from 
“real world” practice among patient populations from 
hundreds of hospitals that are not subject to strict and often 
artificial inclusion and exclusion criteria of perspective, 
randomized trials.

Poeran et al. recently explored these advantages in the 
context of TXA administration in major joint arthroplasty. 
The group showed that the use of TXA in patients 
undergoing total hip or knee arthroplasty was not only 
effective but also potentially safe. Among 872,416 patients 
from 510 hospitals in the United States the authors 
reported reduced odds for blood transfusion by more than 
60%. Patients who received TXA had lower rates of the 
following outcomes: allogeneic or autologous transfusion 
(7.7% vs. 20.1%, P<0.001), thromboembolic complications 
(0.6% vs. 0.8%, P=0.0057), overall complications (1.9% vs. 
2.6%, P<0.001), need for mechanical ventilation (0.1% vs. 
0.2%, P=0.0003), and admission to an intensive care unit 
(3.1% vs. 7.5%, P<0.001). Also, median cost of hospital 
stay was lower for TXA recipients, P<0.001 (3). Importantly, 
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while showing clear efficacy, no significantly increased 
risk for complications including for thromboembolic 
events (odds ratio 0.85 to 1.02), acute renal failure (0.70 to 
1.11)—an ongoing concern with the use of antifibrinolytics 
since the aprotinine was taken off the market—and 
overall complications (0.75 to 0.98) was found (3). 
Overall complications included among others the event 
of acute myocardial infarction. This is important as the 
pathogenesis of a perioperative myocardial infarction is 
driven by insufficient myocardial oxygen supply, rupture 
of coronary artery plaques as well as platelet activation. If 
surgical bleeding is reduced by the use of TXA, tachycardia 
and a decrease in hemoglobin responsible for insufficient 
myocardial oxygen supply might be prevented (11). In 
this context, preliminary data using the same dataset, may 
suggest that no increased risk was found among those with 
a history of coronary artery disease, but more research is 
clearly needed in this arena. While providing these data, the 
authors also pointed out that TXA, although increasing in 
popularity was used in only 11.2% of all patients studied in 
2012. Further, they noted, that while TXA seems to be safe 
on a population basis, more research into its effects among 
subpopulations is needed. 

An additional approach to address safety issues with TXA 
focuses on attempts to reduce systemic levels of the drug 
by topical application at the surgical site. In this context, 
Gomez-Barrena et al. recently published results of a clinical 
trial in The Journal of Bone and Joint Surgery regarding the 
use of topical TXA compared to an intravenous application 
in patients undergoing primary total knee arthroplasty (6). 
The authors performed a phase III, single center, double-
blind, randomized, controlled trial to proof the non-
inferiority of topical TXA (3 g of TXA in 100 mL saline 
solution) with two intravenous doses of TXA (15 mg/kg in 
100 mL saline solution), one dose before tourniquet release 
and another 3 hours after surgery. The primary outcome 
was defined as the need for postoperative blood transfusion. 
Secondary outcomes included blood loss through the 
drain at 3 and 24 hours, the postoperative hemoglobin 
level at 24 hours, 48 hours, and approximately 5 days after 
surgery, estimated blood loss (determined by the difference 
between the preoperative hemoglobin level and the lowest 
postoperative level). Moreover, complications and severe 
adverse events, the length of stay in the hospital, and 
postoperative changes in active range of motion of the 
knee were included in their evaluation. The sample size 
was calculated for a maximum expected transfusion rate 
of 5%, being aware of a zero transfusion rate from prior 

studies in total knee arthroplasty (12-14). For the primary 
end point, a total of 39 patients per arm provided 99% 
power to demonstrate non-inferiority at a one-sided level 
of significance of 0.025. No significant statistical difference 
was found for the primary end point (blood transfusion rate 
was 0 for both groups), neither for the secondary efficacy 
outcomes (drain blood loss at 3 and 24 hours, estimated 
blood loss 48 hours and 5 days after surgery). In addition, 
decreases in hemoglobin levels at 24 hours, 48 hours, and 
approximately 5 days were similar in both groups (−2.3, 
−3.1, and −2.0 g/dL in the topical intra-articular TXA 
group, and −2.5, −3.4, and −2.6 g/dL in the IV TXA group, 
respectively).

The approach using topical TXA may provide an 
elegant way to overcome the problem of potentially 
increased systemic clotting risk, especially in the patient 
population of concern discussed above. However, while 
the hypothesis that systemic TXA levels could be reduced 
compared to the scenario where TXA is administered 
intravenously, thus leading to a reduction in systemic 
clotting risk warrants further investigation, both because 
(I) it remains unknown which levels can be considered safe 
and (II) pharmacodynamic data derived from large patient 
samples are rare. Interestingly, some evidence suggests that 
topically administered TXA in doses of 1.5 and 3 g can 
reach mean plasma levels of 4.5 and 8.5 mg/L (12). Plasma 
concentrations one hour after intravenous administration 
of 10 mg/kg TXA have produced mean values of 18 mg/L (15). 
While topically administered TXA seems therefore to 
result in lower plasma concentrations, one must consider 
that levels between 5-10 mg/L are considered to be 
therapeutically active (16), thus making it at least in theory 
possible that even the topical approach has systemic effects 
and potentially side effects. In addition, the possibility that 
a higher local concentration of TXA when administered 
topically could lead to increased local complications at the 
operative site should also be considered and investigated. 
Several clinical trials and meta-analysis have shown the 
benefit of intravenous TXA compared with placebo in 
orthopedic surgery. More recently, a meta-analysis by 
Zhao-Yu et al. showed no significant differences for intra-
articular use of TXA in patients undergoing total knee 
arthroplasty compared to placebo in regard of deep vein 
thrombosis or pulmonary embolism (17). However, Gomez-
Barrena et al. could show the non-inferiority of topically 
administered TXA (3 g TXA in 100 mL saline) compared to 
a regime using two times 15 mg/kg of TXA intravenously in 
patients undergoing total knee arthroplasty. This leads the 
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latter author to state that continuing to use a placebo group 
is raising ethical questions with regards to the published 
literature.

One other important aspect seems to be the economical 
advantage of TXA in the orthopedic patient population. Its 
ability to reduce the overall hospital costs associated with 
total hip or knee arthroplasty seems promising. In addition 
to the drugs low cost (approximately $6 per vial), Poeran 
et al. could show a significant reduction in median hospital 
costs in patients receiving TXA (3). With regards to the 
increase in total joint arthroplasties in the United States 
and elsewhere over the next decades, an economically 
efficient approach to joint arthroplasty procedures is 
indispensible (18,19).

In conclusion, the overwhelming evidence to date 
suggests that TXA is effective in reducing blood loss 
and the need for blood transfusions in the setting of 
joint arthroplasty surgery. Data on perioperative safety 
are emerging and look promising, however questions 
remain regarding populations at risk for thromboembolic 
complications and thus more research is needed. In the 
meantime, approaches should be sought to identify the 
lowest possible dose and safest route of administration. 
Topical administration of TXA may offer benefits over 
the intravenous approach in terms of reducing systemic 
plasma levels while not affecting its effectiveness, but 
nevertheless adequately powered studies are needed to 
draw firm conclusions regarding safety. In the meantime, 
the use of TXA is likely to increase in popularity due to its 
clinical and cost benefits, however risks and benefits need 
to be assessed continuously as new information emerges, 
especially among those at risk for adverse events. A critical 
and frequent reassessment of available data is imperative 
in order to assure an evidence-based approach to the 
appropriate use of TXA.
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