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A B S T R A C T

Total hip and knee arthroplasties may be associated with a significant amount of perioperative blood loss. The
severity of blood loss may be great enough to require the use of blood transfusions to treat perioperative anemia.
Various methods of blood preservation have been studied. The use of antifibrinolytics and antifibrinolytic-like
agents to reduce perioperative bleeding has been researched in orthopaedics and other surgical subspecialties.
This review aims to evaluate the current evidence supporting the use of tranexamic acid, aminocaproic acid,
fibrin tissue adhesive, and aprotinin in the reduction of perioperative blood loss in total hip and knee ar-
throplasties.

1. Introduction

Total hip (THA) and total knee (TKA) arthroplasties are common
surgeries that provide a well-documented improvement in functionality
and quality of life. However, they are also associated with significant
perioperative blood loss, often resulting in the need for blood transfu-
sions. Estimated total blood loss during THA, which is more indicative
of actual blood loss compared to measured blood loss, has been shown
to range from 630 to 2292mL.1 It has been shown that both TKA and
THA can result in a 4 g/dL drop in hemoglobin.2 Moreover, it has been
demonstrated that up to 74% of patients may meet the criteria to re-
ceive blood transfusions,3 which could potentially increase the risk of
immunological and non-immunological adverse effects, such as a
higher rate of postoperative infection, intravascular hemolysis, trans-
fusion-induced coagulopathy, acute kidney injury, and even increased
mortality.4 As a result of the potential severity of THA and TKA peri-
operative blood loss and its consequences, researchers have pursued
more effective means for minimizing these losses, such as the use of
preoperative erythropoietin, intraoperative blood salvage, regional
anesthesia, and antifibrinolytic agents.5–9 Therefore, the purpose of this
review was to evaluate the recent evidence on various antifibrinolytics
and antifibrinolytic-like agents for patients undergoing lower extremity
total joint arthroplasty in an effort to minimize the perioperative blood
losses. Specifically, we reported on the effects of: (1) tranexamic acid;

(2) aminocaproic acid; (3) fibrin gel; and (4) aprotinin.

2. Tranexamic acid

Tranexamic acid (TXA) is a synthetic lysine analog antifibrinolytic
agent that is approximately 7–10 times more potent than aminocaproic
acid. It competitively blocks the lysine-binding site of plasminogen,
plasmin, and tissue plasminogen activator, preventing their association
with fibrin.10 As a result of its affinity to plasmin and plasminogen, TXA
decreases the proteolytic action of these entities, thus increasing the
temporal and functional effectiveness of hemostasis. Adverse effects of
TXA are rare and mainly limited to nausea, which is usually elicited by
rapid intravenous infusion of the agent.11

The use of TXA injection in TKA can be considered an effective
method to control and minimize perioperative blood loss.12 Kundu
et al.13 demonstrated that patients who received TXA had a total
measured blood loss of 146mL compared to the 578mL in the placebo
group (p < 0.0001). The same study showed that the placebo group
was transfused 32 units of blood compared to the TXA group that re-
ceived 3 units, and the hemoglobin after 6 and 24 h postoperatively was
considerably lower in the placebo group compared to the TXA group.13

Similarly, a meta-analysis that included 46 randomized controlled trials
consisting of 2925 patients found that the use of TXA reduced total
blood loss by a mean of 408.33mL (95% confidence interval [CI],
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−505.69 to −310.77), intraoperative blood loss by a mean of
125.65mL (95% CI, −182.58 to −68.72), and postoperative blood loss
by a mean of 214.58mL (95% CI, −274.63 to −154.52).14 Ad-
ditionally, TXA was found to decrease the number of blood transfusions
per patient by 0.78 units (95% CI, −0.19 to −0.37) as well as the
volumes of blood transfusions per patient by 205.33mL (95% CI,
−301.37 to −109.28).14

There is a concern that antifibrinolytics place patients in a state of
hypercoagulability and increase the risk of developing a deep vein
thrombosis (DVT). Studies have also been performed to analyze the
safety of TXA with respect to DVT occurrence. It has been shown in a
number of studies that patients being treated with TXA and concurrent
chemical thromboprophylaxis do not have an increased risk of DVT.14 A
study published by Shen et al.15 used Doppler ultrasonography ex-
amination to demonstrate that 4 cases of DVT were detected in the TXA
group compared to 4 cases in the placebo group at postoperative day 7
(p > 0.05). Similarly, a meta-analysis performed by Tan et al.16

showed that the incidence of venous thromboembolism (VTE) was 2.2%
in the TXA group and 2.3% in the placebo group, and the rate of VTE
was not affected by the use of TXA when the TXA group was compared
with the placebo group (RR, 0.89 [95% CI, 0.43–1.85]; p= 0.76). In
addition to having no demonstrated association with increased DVTs,
TXA has not been shown to increase the risk of acute renal injury, as
previously suggested.17

Researchers have also investigated the most effective means of ad-
ministering TXA. In a meta-analysis that included 20 randomized
clinical trials with 1800 patients, Chen et al.18 compared topical versus
IV TXA use in patients who underwent THA and TKA. The analysis
found that there were no significant differences in terms of blood loss,
drain output, or transfusion rates. Similarly, Li an Li19 performed a
meta-analysis that included 5 randomized controlled trials with 333
patients and compared oral versus IV TXA administration during THA
and TKA. The analysis found that there were no significant differences
between the two routes of administration in terms of blood transfusion
rate, drain output volume, or length of hospital stay.

The timing of TXA administration has also been evaluated. Tanaka
et al.20 evaluated 99 patients who underwent TKA and received TXA
preoperatively, intraoperatively, preoperatively and intraoperatively,
or saline (control group). They found that the preoperatively dosed TXA
cohort had less blood loss than the intraoperatively dosed TXA cohort
(776mL vs. 896mL), and the group that received both preoperative and
intraoperative TXA had the lowest total blood loss (528mL). In a si-
milar study, Imai et al.6 reported on 107 patients who underwent THA
and received different dosing regimens of TXA. The study found that
the cohort that received TXA preoperatively had a significantly lower
intraoperative blood loss compared to the cohort that received TXA at
the end of surgery (280 vs. 377mL, p < 0.01). The cohort that re-
ceived TXA doses both preoperatively and 6 h after the first dose had
the least amount of postoperative blood loss when compared to the
cohort that received TXA at the end of surgery (579 vs. 781mL,
p < 0.01). Therefore, postoperative blood loss may be most effectively
mitigated by administering TXA twice, i.e. one preoperative dose as
well as another dose either intraoperatively or approximately 6 h after
the first dose.

In addition to mitigating the amount of perioperative blood loss,
TXA has been shown to reduce the costs of care by decreasing the
number of blood transfusions. A case-control study performed by Harris
et al.21 investigated the cost associated with blood transfusions in pa-
tients who underwent THA. Prior to the use of TXA, there were 1047
THAs that had 208 blood transfusions, which cost the hospital $287 per
THA. However, with the use of intravenous TXA, there were 478 THAs
that had 21 blood transfusions and cost the hospital $123 per THA.
When topical TXA was used, there were 70 THAs that had 9 blood
transfusions, which cost the hospital $132 per THA. This demonstrated
that intravenous TXA decreased the costs associated with blood trans-
fusions by 57%, and topical TXA decreased the costs associated with

blood transfusions by 54%. Furthermore, compared to controls, the
personnel time associated with blood transfusions was decreased by
84% when IV TXA was used and by 69% when topical TXA was used.21

Therefore, the use of TXA in orthopaedic procedures has been
shown to be effective in decreasing perioperative blood loss, decreasing
the frequency and need for blood transfusions, and has not been de-
monstrated to be associated with increased rates of DVT or renal im-
pairment. In addition, the use of TXA has been shown to be cost ef-
fective when compared to the cost associated with blood transfusions.
Nevertheless, more studies are needed in order to evaluate potential
complications as well as the most effective dosage, timing, route of
administration, and infusion rate.

3. Aminocaproic acid

Aminocaproic acid, also known as epsilon-aminocaproic acid
(EACA), is an antifibrinolytic that has been explored as a method to
minimize perioperative blood loss in lower extremity total joint ar-
throplasty. It has been shown to have a mechanism of action that is
similar to TXA. EACA is a lysine analog that competitively binds to the
activating site of plasminogen and plasmin, thereby inhibiting their
fibrinolytic properties.22

In a Cochrane review of antifibrinolytics used perioperatively,
Henry et al.23 reported that EACA reduced perioperative blood loss by
approximately 300mL (mean difference [MD]=−299.69mL; 95% CI,
−522.54 to −76.84mL) compared to controls in two orthopaedic
trials. Additionally, Ray et al.24 reported the interim results of a ran-
domized clinical trial that included 45 patients who underwent THA
and were randomized to receive EACA, aprotinin, or placebo. They
found the EACA group had a 53% decrease in blood loss (p < 0.01)
compared to the placebo group at 24 h postoperatively. Additionally,
they reported that no DVTs occurred in the treatment group.24 While
EACA was effective in reducing perioperative blood loss, the Cochrane
review by Henry et al.23 found no significant benefit of EACA in terms
of intraoperative blood loss when compared to controls
(MD=−40.66mL; 95% CI, −236.71–155.38mL).

When compared directly to TXA, EACA showed no significant dif-
ferences in terms of total blood loss or number of allogeneic blood
transfusions 24 25. Camarasa et al.26 performed a randomized study on
67 patients who had a mean age of 72 years and received anti-
fibrinolytics (EACA [n=32], TXA [n= 35]). The treatment group was
compared to 60 patients who did not receive antifibrinolytics (controls)
after undergoing TKA. The antifibrinolytic groups had significantly less
blood loss and transfusions compared to the controls (p < 0.001).
However, there were no significant differences between the EACA and
TXA sub-groups in terms of mean total blood loss (1104 vs. 1095mL,
p=0.998) or transfusion units per patient (p=0.248). Although there
are concerns regarding hypercoagulability and other adverse effects
with the use of EACA, Henry et al. observed no significant increase in
the risk of mortality, myocardial infarction (MI), stroke, DVT, pul-
monary embolism (PE), or decline in renal function with the use of
EACA compared to controls.23

EACA was successful in decreasing perioperative blood loss and the
number of blood transfusions in patients who underwent lower ex-
tremity total joint arthroplasty. In addition, EACA has been shown to be
relatively cost effective as the mean medication acquisition costs after
arthroplasty are reported to be $2.23 for EACA per surgery compared to
$39.58 for TXA per surgery.25 However, EACA was not shown to de-
crease the length of hospital stay when compared to controls.23

Therefore, EACA may be an efficacious and safe method to reduce
perioperative blood loss in lower extremity joint arthroplasty.26

4. Fibrin tissue adhesive

Fibrin tissue adhesive, also known as fibrin glue, fibrin sealant, or
fibrin gel, achieves its local hemostatic effects by facilitating the last
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step of the coagulation cascade and allowing for the formation of a
stable fibrin clot and subsequent hemostasis.27,28 The main components
of fibrin tissue adhesive are fibrinogen, factor XIII, and thrombin. In
addition, some formulations contain an antifibrinolytic agent, such as
aprotinin or TXA.29 Since 1972, fibrin tissue adhesives have been in-
creasingly used as hemostatic agents in a variety of surgical specialties,
including, recently, in orthopaedic surgery TKA.29 There have been
several commercial products available in Europe, but none in the
United States due to the current regulatory stance against pooled
plasma blood products.30 In orthopaedic surgery, the literature has
been limited, and there are only a few reports on TKA due to the fact
that fibrin tissue adhesive has not yet been used routinely.29

A meta-analysis performed by Wang et al.27 demonstrated that the
use of fibrin sealant significantly reduced postoperative drainage
(weighted mean difference (WMD)= 346; 95% CI, −496.29 to
−197.54; p < 0.00001) and blood transfusions (risk ratio (RR) 0.47;
95% CI, 0.35 to 0.63; p < 0.00001). However, using fibrin sealant did
not significantly reduce total blood loss (WMD=305.25; 95% CI,
−679.44 to 68.95, p=0.11).27 In a similar study, Sabatini et al.29

compared patients who underwent TKA and received treatment with
fibrin tissue adhesive (treatment group) with patients who were man-
aged postoperatively with blood recovery and reinfusion (control
group). Sabatini et al. found that the median apparent postoperative
blood loss at drain removal (third postoperative day) was significantly
less in the fibrin tissue adhesive group compared to controls (910 vs.
1250ml, p < 0.0001). Also, compared to controls, the fibrin tissue
adhesive group had a lower rate of blood transfusions (p=0.03).29

A systematic review and meta-analysis by Liu et al.31 included 8
studies that reported on 558 patients who underwent TKA. The meta-
analysis compared fibrin sealants to controls and found statistically
significant differences in many hematological measurements. The au-
thors found that the fibrin sealant group had decreased intraoperative
drainage blood loss (MD=−354.02mL; 95% CI, −500.87 to
−207.18; p < 0.05) as well as a reduction in calculated total blood
loss (MD=−402.12; 95% CI, −599.16 to −205.08); p < 0.05), he-
moglobin loss (MD=−0.86 g/dL; 95% CI, −1.10 g/dL to −0.61 g/dL;
p < 0.05), and transfusion rate (RR=0.62; 95% CI, 0.45 to 0.86;
p < 0.05) compared to the control group.

When complications were evaluated, Wang et al. found that fibrin
sealant did not significantly increase the risk of adverse events, such as
infection, fever, hematoma, or DVT when compared to no fibrin sealant
or placebo.27 However, the Italian Agency of Drugs had reported that
the use of a spray device to apply fibrin tissue adhesive can produce
massive pulmonary emboli (two cases, one fatal reported), and re-
commended using a spray device with a pressure less than 2.0 to 2.5
barometers, applying sealant from a minimum distance of 10–15 cm,
and monitoring patients during spray application.29

When assessing the cost-effectiveness of fibrin sealants, it was found
to be comparable in terms of cost to the use of a device used to salvage
and reinfuse blood intraoperatively. Nevertheless, the costs are not
insignificant as 1mL, which can be used for a wound surface area of
10 cm2, costs approximately $175 32. However, at least one operator is
needed to prepare and reinfuse the blood using the blood salvage de-
vice, which could contribute to an increased cost and widen the gap in
cost between the device and fibrin sealants.32

5. Aprotinin

Aprotinin differs from the lysine analog antifibrinolytics (e.g. TXA,
EACA) in its mechanism of action and efficacy profile.33 Aprotinin is a
polypeptide with serine protease inhibitory activity of key enzymes
associated with inflammatory, fibrinolytic, and hemostatic pathways.34

The exact mechanism of aprotinin is still unknown, but one theory
suggests that it interacts with platelet glycoprotein Ib receptors and
improves their function. Aprotinin may also have an anti-kallikrein
effect, which prevents activation of plasminogen to plasmin.35 Current

literature suggests that the direct anti-inflammatory effects of aprotinin
are due to modulation of neutrophil activation, attachment, and
transmigration, with resultant reduction in the rise of proinflammatory
cytokine levels.34

Huang et al.36 reviewed 18 randomized controlled trials that in-
cluded 1276 patients who underwent orthopaedic procedures including
TKA (n= 21), THA (n=14), hip fracture surgery (n=2), and spine
surgery (n=8) and reported on the efficacy of aprotinin. The authors
found that the use of aprotinin reduced the mean total blood loss by
498.88mL (95% CI, −735.03 to −262.72), intraoperative blood loss
by 246.11mL (95% CI, −352.11 to −140.11), postoperative blood loss
by 169.11mL (95% CI -234.06 to −105.55), and number of blood
transfusions per patient by 0.93 units (95% CI, −1.36 to −0.51). In
addition, the use of aprotinin led to a reduction in the transfusion re-
quirements (RR=0.59; 95% CI, 0.51 to 0.69).36

In a Cochrane Review that included over 252 studies, Henry et al.23

reviewed ten studies involving orthopaedic surgery cases that included
a total of 430 patients who were randomized to receive aprotinin or
were controls. They found that aprotinin reduced the mean total blood
loss by 399mL per patient (MD=−399.09mL; 95% CI, −562.81 to
−235.37mL). Similarly, a study by Petsatodis et al. examined the ef-
fects of aprotinin in 50 patients who underwent THA. Compared to
controls, the aprotinin group had a significantly reduced mean in-
traoperative blood loss (1073 vs. 1496mL, p=0.0001).37 In their
Cochrane Review, Henry et al.23 also investigated the use of aprotinin
with respect to the rate of postoperative blood transfusions. They re-
ported on 15 studies that included 1146 patients who had orthopaedic
procedures. When compared to controls, Henry et al. found that the use
of aprotinin significantly reduced the rate of blood transfusions by 32%
(RR=0.68; 95% CI, 0.52 to 0.89).23

There have been studies that have shown that aprotinin may be
slightly more efficacious than other antifibrinolytics, but aprotinin was
not as cost-effective and carried an increased risk for the development
of anaphylaxis.26 However, the risk of hypersensitivity reactions is low
after primary exposure to aprotinin. The risk associated with anaphy-
laxis is highest between the 4th and 30th days after initial exposure, and
the use of aprotinin is not recommended for the first 6 months after
primary exposure.38 Moreover, in 2006, the use and safety of aprotinin
were questioned due to its potential association with postoperative
renal failure, myocardial infarction, cerebral vascular accident, and
death in patients who underwent cardiac surgery.23 In 2007, the dis-
tribution of aprotinin was temporarily suspended in the United States
by the Food and Drug Administration based on preliminary safety re-
sults from a Canadian heart study.36

Lastly, it should be noted that aprotinin treatment did not reduce
the lengths of hospital stay (MD=−0.25 days; 95% CI, −0.71 to 0.20
days).23

6. Conclusion

Strategies to reduce blood loss and the need for transfusions in
surgery include enhancement of coagulation and inhibition of fi-
brinolysis. The effectiveness of antifibrinolytic and antifibrinolytic-like
agents to reduce perioperative blood loss in lower extremity total joint
arthroplasty has been investigated. Each of the 4 agents reviewed (TXA,
EACA, fibrin tissue adhesive, and aprotinin) was associated with sig-
nificantly reduced blood loss. The lysine analog antifibrinolytic agents,
TXA and EACA, were similar in terms of efficacy to aprotinin, less ex-
pensive, and have not been associated with increased incidence of
complications or death.39 Fibrin tissue adhesive was also found to be an
effective means to decrease the amount of perioperative blood loss that
occurs with lower extremity total joint arthroplasty. However, this
agent is comparatively expensive, and cost related concerns may lead to
the more routine use of alternative products. Future studies are needed
to further evaluate the possible combination of these therapies, the
most efficacious means of administration, and potential adverse effects.

B.H. Kapadia, et al. Journal of Orthopaedics 16 (2019) 513–516

515



Funding

No sources of funding were solicited or utilized in the completion of
any aspect of this study.

Author contributions

Bhaveen H: Kapadia: study conception and design, data analysis,
manuscript writing, manuscript editing; Barrett Torre: data analysis,
manuscript writing, manuscript editing; Nicholas Ullman: data ana-
lysis, manuscript writing, manuscript editing; Andrew Yang: study
conception, data analysis, manuscript writing;Matthew A. Harb: study
conception, manuscript writing, manuscript editing; Preston W.
Grieco: study conception, manuscript writing, manuscript editing;
Jared M. Newman: study conception, manuscript writing, manuscript
editing; Steven F. Harwin: study conception, data validation from
orthopaedic surgery standpoint, manuscript editing; Aditya V.
Maheshwari: study conception, data validation from orthopaedic sur-
gery standpoint, manuscript editing.

Conflicts of interest

There are no relationships or conflicts of interest directly related to
this paper or that could influence or bias this work. The following au-
thors have no disclosures to report: Kapadia, Torre, Ullman, Yang,
Harb, Grieco, Newman, Maheshwari. The author Harwin reports per-
sonal fees and other from Stryker and Thieme, Inc., Journal of Knee
Surgery and Journal of Hip Surgery, and editorial or governing board
for Orthopaedics journal, SLACK Incorporated, and Thieme, Inc.,
Journal of Knee Surgery and Journal of Hip Surgery.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.jor.2019.06.025.

References

1. Walker RW, Rosson JR, Bland JM. Blood loss during primary total hip arthroplasty:
use of preoperative measurements to predict the need for transfusion. Ann R Coll Surg
Engl. 1997;79(6):438–440.

2. Sehat KR, Evans RL, Newman JH. Hidden blood loss following hip and knee ar-
throplasty. Correct management of blood loss should take hidden loss into account. J
Bone Joint Surg Br. 2004;86(4):561–565.

3. Flordal PA, Neander G. Blood loss in total hip replacement. A retrospective study.
Arch Orthop Trauma Surg. 1991;111(1):34–38.

4. Cardone D, Klein AA. Perioperative blood conservation. Eur J Anaesthesiol.
2009;26(9):722–729. https://doi.org/10.1097/EJA.0b013e32832c5280.

5. Greenky M, Shaner J, Rasouli MR, Han S-B, Parvizi J, Hozack WJ. Intraoperative
blood salvage in revision total hip arthroplasty: who benefits most? J Arthroplast.
2014;29(6):1298–1300. https://doi.org/10.1016/j.arth.2013.12.009.

6. Imai N, Dohmae Y, Suda K, Miyasaka D, Ito T, Endo N. Tranexamic acid for reduction
of blood loss during total hip arthroplasty. J Arthroplast. 2012;27(10):1838–1843.
https://doi.org/10.1016/j.arth.2012.04.024.

7. Sculco TP, Ranawat C. The use of spinal anesthesia for total hip-replacement ar-
throplasty. J Bone Joint Surg Am. 1975;57(2):173–177.

8. Sharrock NE, Salvati EA. Hypotensive epidural anesthesia for total hip arthroplasty: a
review. Acta Orthop Scand. 1996;67(1):91–107.

9. Nuttall GA, Santrach PJ, Oliver WC, et al. The predictors of red cell transfusions in
total hip arthroplasties. Transfusion. 1996;36(2):144–149.

10. Hoylaerts M, Lijnen HR, Collen D. Studies on the mechanism of the antifibrinolytic
action of tranexamic acid. Biochim Biophys Acta. 1981;673(1):75–85.

11. Horrow JC, Van Riper DF, Strong MD, Grunewald KE, Parmet JL. The dose-response
relationship of tranexamic acid. Anesthesiology. 1995;82(2):383–392.

12. Pachauri A, Acharya KK, Tiwari AK. The effect of tranexamic acid on hemoglobin
levels during total knee arthroplasty. Am J Therapeut. 21(5):366-370. doi:10.1097/
MJT.0b013e318250f85a.

13. Kundu R, Das A, Basunia SR, Bhattacharyya T, Chattopadhyay S, Mukherjee A. Does
a single loading dose of tranexamic acid reduce perioperative blood loss and

transfusion requirements after total knee replacement surgery? A randomized, con-
trolled trial. J Nat Sci Biol Med. 6(1):94-99. doi:10.4103/0976-9668.149099.

14. Huang F, Wu D, Ma G, Yin Z, Wang Q. The use of tranexamic acid to reduce blood
loss and transfusion in major orthopedic surgery: a meta-analysis. J Surg Res.
2014;186(1):318–327. https://doi.org/10.1016/j.jss.2013.08.020.

15. Shen P-F, Hou W-L, Chen J-B, Wang B, Qu Y-X. Effectiveness and safety of tranexamic
acid for total knee arthroplasty: a prospective randomized controlled trial. Med Sci
Monit. 2015;21:576–581. https://doi.org/10.12659/MSM.892768.

16. Tan J, Chen H, Liu Q, Chen C, Huang W. A meta-analysis of the effectiveness and
safety of using tranexamic acid in primary unilateral total knee arthroplasty. J Surg
Res. 2013;184(2):880–887. https://doi.org/10.1016/j.jss.2013.03.099.

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

18. Chen Y, Chen Z, Cui S, Li Z, Yuan Z. Topical versus systemic tranexamic acid after
total knee and hip arthroplasty: a meta-analysis of randomized controlled trials.
Medicine (Baltim). 2016;95(41):e4656https://doi.org/10.1097/MD.
0000000000004656.

19. Li G-L, Li Y-M. Oral tranexamic acid can reduce blood loss after total knee and hip
arthroplasty: a meta-analysis. Int J Surg. 2017;46:27–36. https://doi.org/10.1016/j.
ijsu.2017.08.009.

20. Tanaka N, Sakahashi H, Sato E, Hirose K, Ishima T, Ishii S. Timing of the adminis-
tration of tranexamic acid for maximum reduction in blood loss in arthroplasty of the
knee. J Bone Joint Surg Br. 2001;83(5):702–705.

21. Harris RN, Moskal JT, Capps SG. Does tranexamic acid reduce blood transfusion cost
for primary total hip arthroplasty? A case-control study. J Arthroplast.
2015;30(2):192–195. https://doi.org/10.1016/j.arth.2014.08.020.

22. Faught C, Wells P, Fergusson D, Laupacis A. Adverse effects of methods for mini-
mizing perioperative allogeneic transfusion: a critical review of the literature.
Transfus Med Rev. 1998;12(3):206–225.

23. Henry DA, Carless PA, Moxey AJ, et al. Anti-fibrinolytic use for minimising perio-
perative allogeneic blood transfusion. Cochrane Database Syst Rev. 2011;3:CD001886.
https://doi.org/10.1002/14651858.CD001886.pub4.

24. Ray M, Hatcher S, Whitehouse SL, Crawford S, Crawford R. Aprotinin and epsilon
aminocaproic acid are effective in reducing blood loss after primary total hip ar-
throplasty–a prospective randomized double-blind placebo-controlled study. J
Thromb Haemost. 2005;3(7):1421–1427. https://doi.org/10.1111/j.1538-7836.2005.
01457.x.

25. Churchill JL, Puca KE, Meyer E, Carleton M, Anderson MJ. Comparing ε-aminoca-
proic acid and tranexamic acid in reducing postoperative transfusions in total knee
arthroplasty. J Knee Surg. 2017;30(5):460–466. https://doi.org/10.1055/s-0036-
1593362.

26. Camarasa MA, Ollé G, Serra-Prat M, et al. Efficacy of aminocaproic, tranexamic acids
in the control of bleeding during total knee replacement: a randomized clinical trial.
Br J Anaesth. 2006;96(5):576–582. https://doi.org/10.1093/bja/ael057.

27. Wang H, Shan L, Zeng H, Sun M, Hua Y, Cai Z. Is fibrin sealant effective and safe in
total knee arthroplasty? A meta-analysis of randomized trials. J Orthop Surg Res.
2014;9:36. https://doi.org/10.1186/1749-799X-9-36.

28. Shah NV, Meislin R. Current state and use of biological adhesives in orthopedic
surgery. Orthopedics. 2013;36(12):945–956http://www.ncbi.nlm.nih.gov/pubmed/
24579215.

29. Sabatini L, Trecci A, Imarisio D, Uslenghi MD, Bianco G, Scagnelli R. Fibrin tissue
adhesive reduces postoperative blood loss in total knee arthroplasty. J Orthop
Traumatol. 2012;13(3):145–151. https://doi.org/10.1007/s10195-012-0198-7.

30. Sierra DH. Fibrin sealant adhesive systems: a review of their chemistry, material
properties and clinical applications. J Biomater Appl. 1993;7(4):309–352. https://doi.
org/10.1177/088532829300700402.

31. Liu J, Cao J, Wang L, Ma X. Effect of fibrin sealant on blood loss following total knee
arthroplasty: a systematic review and meta-analysis. Int J Surg. 2014;12(2):95–102.
https://doi.org/10.1016/j.ijsu.2013.11.011.

32. Kleinert K, Theusinger OM, Nuernberg J, Werner CML. Alternative procedures for
reducing allogeneic blood transfusion in elective orthopedic surgery. HSS J.
2010;6(2):190–198. https://doi.org/10.1007/s11420-009-9151-6.

33. Royston D. The current place of aprotinin in the management of bleeding.
Anaesthesia. 2015;70(Suppl 1):46–49. https://doi.org/10.1111/anae.12907 e17.

34. Levy JH, Sypniewski E. Aprotinin: a pharmacologic overview. Orthopedics. 2004;27(6
Suppl):s653–s658.

35. Wera G, Garcia R, Goldberg V. Reducing Perioperative Bleeding with Antifibrinolytics. An
Update on Agents Used in Orthopaedic Surgery. February: AAOS Now; 2013.

36. Huang F, Zhao Q, Guo C, et al. Use of aprotinin to reduce blood loss and transfusion
in major orthopedic surgery: a meta-analysis. Transfus Apher Sci.
2014;51(2):152–161. https://doi.org/10.1016/j.transci.2014.07.009.

37. Petsatodis G, Samoladas E, Christodoulou A, Hatzokos I, Pournaras I. Does aprotinin
reduce blood loss in total hip arthroplasty? Orthopedics. 2006;29(1):75–77.

38. Dietrich W, Ebell A, Busley R, Boulesteix A-L. Aprotinin and anaphylaxis: analysis of
12,403 exposures to aprotinin in cardiac surgery. Ann Thorac Surg.
2007;84(4):1144–1150. https://doi.org/10.1016/j.athoracsur.2007.05.015.

39. Schulman S. Pharmacologic tools to reduce bleeding in surgery. Hematol Am Soc
Hematol Educ Progr. 2012;2012:517–521. https://doi.org/10.1182/asheducation-
2012.1.517.

B.H. Kapadia, et al. Journal of Orthopaedics 16 (2019) 513–516

516

https://doi.org/10.1016/j.jor.2019.06.025
https://doi.org/10.1016/j.jor.2019.06.025
http://refhub.elsevier.com/S0972-978X(19)30255-7/sref1
http://refhub.elsevier.com/S0972-978X(19)30255-7/sref1
http://refhub.elsevier.com/S0972-978X(19)30255-7/sref1
http://refhub.elsevier.com/S0972-978X(19)30255-7/sref2
http://refhub.elsevier.com/S0972-978X(19)30255-7/sref2
http://refhub.elsevier.com/S0972-978X(19)30255-7/sref2
http://refhub.elsevier.com/S0972-978X(19)30255-7/sref3
http://refhub.elsevier.com/S0972-978X(19)30255-7/sref3
https://doi.org/10.1097/EJA.0b013e32832c5280
https://doi.org/10.1016/j.arth.2013.12.009
https://doi.org/10.1016/j.arth.2012.04.024
http://refhub.elsevier.com/S0972-978X(19)30255-7/sref7
http://refhub.elsevier.com/S0972-978X(19)30255-7/sref7
http://refhub.elsevier.com/S0972-978X(19)30255-7/sref8
http://refhub.elsevier.com/S0972-978X(19)30255-7/sref8
http://refhub.elsevier.com/S0972-978X(19)30255-7/sref9
http://refhub.elsevier.com/S0972-978X(19)30255-7/sref9
http://refhub.elsevier.com/S0972-978X(19)30255-7/sref10
http://refhub.elsevier.com/S0972-978X(19)30255-7/sref10
http://refhub.elsevier.com/S0972-978X(19)30255-7/sref11
http://refhub.elsevier.com/S0972-978X(19)30255-7/sref11
https://doi.org/10.1016/j.jss.2013.08.020
https://doi.org/10.12659/MSM.892768
https://doi.org/10.1016/j.jss.2013.03.099
http://refhub.elsevier.com/S0972-978X(19)30255-7/sref17
http://refhub.elsevier.com/S0972-978X(19)30255-7/sref17
http://refhub.elsevier.com/S0972-978X(19)30255-7/sref17
https://doi.org/10.1097/MD.0000000000004656
https://doi.org/10.1097/MD.0000000000004656
https://doi.org/10.1016/j.ijsu.2017.08.009
https://doi.org/10.1016/j.ijsu.2017.08.009
http://refhub.elsevier.com/S0972-978X(19)30255-7/sref20
http://refhub.elsevier.com/S0972-978X(19)30255-7/sref20
http://refhub.elsevier.com/S0972-978X(19)30255-7/sref20
https://doi.org/10.1016/j.arth.2014.08.020
http://refhub.elsevier.com/S0972-978X(19)30255-7/sref22
http://refhub.elsevier.com/S0972-978X(19)30255-7/sref22
http://refhub.elsevier.com/S0972-978X(19)30255-7/sref22
https://doi.org/10.1002/14651858.CD001886.pub4
https://doi.org/10.1111/j.1538-7836.2005.01457.x
https://doi.org/10.1111/j.1538-7836.2005.01457.x
https://doi.org/10.1055/s-0036-1593362
https://doi.org/10.1055/s-0036-1593362
https://doi.org/10.1093/bja/ael057
https://doi.org/10.1186/1749-799X-9-36
http://www.ncbi.nlm.nih.gov/pubmed/24579215
http://www.ncbi.nlm.nih.gov/pubmed/24579215
https://doi.org/10.1007/s10195-012-0198-7
https://doi.org/10.1177/088532829300700402
https://doi.org/10.1177/088532829300700402
https://doi.org/10.1016/j.ijsu.2013.11.011
https://doi.org/10.1007/s11420-009-9151-6
https://doi.org/10.1111/anae.12907
http://refhub.elsevier.com/S0972-978X(19)30255-7/sref34
http://refhub.elsevier.com/S0972-978X(19)30255-7/sref34
http://refhub.elsevier.com/S0972-978X(19)30255-7/sref35
http://refhub.elsevier.com/S0972-978X(19)30255-7/sref35
https://doi.org/10.1016/j.transci.2014.07.009
http://refhub.elsevier.com/S0972-978X(19)30255-7/sref37
http://refhub.elsevier.com/S0972-978X(19)30255-7/sref37
https://doi.org/10.1016/j.athoracsur.2007.05.015
https://doi.org/10.1182/asheducation-2012.1.517
https://doi.org/10.1182/asheducation-2012.1.517

	Reducing perioperative blood loss with antifibrinolytics and antifibrinolytic-like agents for patients undergoing total hip and total knee arthroplasty
	Introduction
	Tranexamic acid
	Aminocaproic acid
	Fibrin tissue adhesive
	Aprotinin
	Conclusion
	Funding
	Author contributions
	Conflicts of interest
	Supplementary data
	References




