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Abstract
Purpose: The present study was designed to evaluate the efficacy and safety of combined use of intravenous (IV)
TXA administration and topical intraarticular tranexamic acid (TXA) strategy in patients aged over 70 undergoing
total hip arthroplasty (THA).
Methods: One hundred eighty patients were randomized into three groups, including an IV group, a local group,
and a combined group. Patients were administrated with 15 mg/kg of IV-TXA in the IV group, 2 g TXA in the topical
group, or 15 mg/kg IV-TXA combined with 2 g TXA in the combined group. Total blood loss (TBL), maximum
hemoglobin drop, the transfusion rate and the number of allogeneic blood units, and the incidence of deep
venous thrombosis (DVT), and pulmonary embolism (PE) were recorded and analyzed.
Results: TBL was 757.75 ± 188.95 mL in the combined group, which was significantly lower than in the IV group
(892.75 ± 218.47) or the topical group (1015.75 ± 288.71) (p = 0.015, p = 0.001 respectively). The mean values of
maximum hemoglobin drop in the combined, IV, and topical groups were 2.67 ± 0.42, 3.28 ± 0.52, and 3.75 ± 0.62 g/
dL, respectively, with a significant intergroup difference (p < 0.001 for all). PE was not detected within 1 month after
the surgery. Asymptomatic DVT was reported in 1 patient of the IV group, and in 2 patients from the combined
group, while the difference was not statistically significant.
Conclusions: Compared to intravenous or topical use of TXA, the combined therapy effectively decreased total
blood loss and reduced the transfusion rate, simultaneously possessed the same degree of safety in primary THA
patients aged over 70.
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Introduction
Total hip arthroplasty (THA) has been one of the most
satisfying procedures in current orthopedic practice,
especially for patients suffering from various painful hip
disease, THA can relieve pain and restore the function
of the broken hip, and thus improve patients’ life quality
substantially [1].
However, THA is usually associated with substantial
blood loss, especially in the first week after surgery, which
often results in anemia [2], and the patients suffer a higher
risk of cardiopulmonary events and longer recovery
period, and higher health care costs [2–4]. Thus, blood
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transfusions are usually required, although blood transfusions are accompanied by an unwelcome immunologic reaction and infectious disease transmission [3, 5].
Various means like hypotensive anesthesia, preoperative autologous blood transfusion, and using antifibrinolytic agents had been used to reduce blood loss in THA
[6]. Especially, tranexamic acid (TXA) is widely used. By
blocking lysine-binding sites of plasminogen, TXA suppresses fibrinolysis, thus led to reduced proteolytic activity on the fibrin monomers and fibrinogen and reduced
blood loss [7–11].
The administration strategies of TXA are in constant
change and development. Traditionally, THA is administered intravenously, and the practice has been populated
over time [12–16]. The intravenous (IV) administration
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of TXA has reduced blood transfusion rate by 38% in
various orthopedic surgeries [17, 18]. THA could also
decrease blood loss and blood transfusion rate without
increasing the incidence of deep vein thrombosis (DVT)
and pulmonary embolism (PE) [19–21]. In addition, it
was suggested TXA concentrations up to 10 mg/mL of
in vivo do not influence the platelet count, the coagulation time, or other coagulation factors [3].
However, several studies reported concerns of the
symptomatic TE events remained unclear due to IV administration of TXA [22–26]. As aged people are more
prone to develop thrombus because of increased blood
viscosity, hypertension, and arteriosclerosis [27]. In this
regard, the theoretical risk of thromboembolic complications does exist because most THA operations were
processed on aged people [28].
Multiple studies argued that the topical use of TXA
could achieve similar or even better hemostatic efficacy
than intravenous use of TXA [29–33]. It is suggested
that topical use TXA could directly target the bleeding
sites and accumulate at the surgical area. Recently and
interestingly, studies had demonstrated the combined
therapy possesses the highest hemostatic efficacy [12, 34,
35]. However, we are still in short of solid scientific evidence related to the safety of the combined strategy, especially in patients over 70 years old.
All the above, we conducted the present study in patients undergoing total hip arthroplasty over 70 years
old, and all the patients were randomized into three
groups, including an IV group, a topical group, and a

Fig. 1 Flow of patients through the study
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combined group. The hemostatic efficacy of the above
three groups was compared and analyzed, based on total
blood loss and the transfusion rate. In addition, the incidence of DVT and PE were recorded and compared to
evaluate the safety of each regimen in patients over 70
years old. As the combined use of TXA-enhanced antifibrinolytic activity systematically and locally, we hypothesized that the combined regimen of intravenous and
topical TXA would achieve less total blood loss, reduced
blood transfusion rate, and lower hemoglobin (Hb) drop.

Materials and methods
Patients and grouping

A total of 201 consecutive patients aged over 70 scheduled for elective unilateral primary THA were assessed
for eligibility from September 2010 to December 2017
(Fig. 1). All the patients aged over 70 and diagnosed with
hip osteoarthritis or femoral head osteonecrosis were included in this study, and patients were further excluded if
they were diagnosed with coagulopathy; accepting ongoing
anticoagulation therapy; possessing thromboembolic disease history, and complaining hepatic or renal dysfunction
or ischemic heart disease history. After meeting the inclusion and exclusion criteria,180 patients were enrolled and
randomized into three groups, intravenous (IV) TXA
alone (group I), topical TXA (group II), and combined intravenous and intraarticular TXA (IV plus IA,
group III). Thus, 60 patients were assigned to the IV
group, 60 patients to the topical group, and 60 to the
combined IV and topical group. The demographic

Jia Journal of Orthopaedic Surgery and Research

(2019) 14:345

statistics, preoperative hematologic data, and time of
operation of the three groups were recorded and then
shown in Fig. 1.
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other adverse events (cardiac infarction, stroke, and acute
renal failure). Ultrasonographic examination was performed if patients complain about suspicious symptoms,
including pain, swelling, and tenderness in the lower limb.

Administration of TXA

Patients in the IV group were given a single intravenous
dose of TXA at 15 mg/kg of body weight 30 min prior to
skin incision. For patients assigned to the topical group,
2 g TXA dissolved in 30 mL of 0.9% sodium chloride saline was injected into the joint space 5 min after incision
closure. Patients in the combined group were given a
single intravenous dose of TXA and 2 g TXA in local.

Statistical analysis

The SPSS software (version 20.0; IBM, Chicago, IL) was
used to compare the statistical difference. The one-way
ANOVA and Tukey’s post hoc test was used to determine
the significances of group differences in continuous variables. The Pearson chi-squared test or Fisher exact test
was applied to analyses qualitative comparative parameters. A significant difference was defined as p < 0.05.

Surgical procedure and perioperative management

All surgical procedures were conducted by the same surgical team using the posterior approach. Cementless acetabular cups and femoral stems (Pinnacle cup, Corail
stem; Depuy Synthes, USA) were applied, and all procedures were performed under general anesthesia by the
same posterolateral approach.
The drainage of all groups remained clamped for 6 h
and was removed 24 h post-surgery. Two thousand international units of low molecular weight heparin was first
administrated 8 h post-surgery and repeated every 24 h
with 4000 IU until discharge. All the patients were helped
with an intermittent pneumatic compression pump from
day 1 post-surgery. Clinical symptoms related to DVT
were monitored before discharge. After discharge, the patients were prescribed with 10 mg Rivaroxaban daily for
30 days. Ultrasound was also used to detect DVT on the
day of discharge, 1-, and 3-month follow-up. In addition,
ultrasound was performed immediately for DVT, and
computed tomography was taken to examine PE if any
suspicious symptom were complained.
Blood transfusion guidelines

Blood transfusions were performed according to a protocol based on the management guidelines for perioperative transfusion published by the Chinese Ministry of
Health. Based on the guidelines, a blood transfusion was
required when the hemoglobin was lower than 70 g/L, or
when hemoglobin was lower than 80 g/L, but the patient
developed symptomatic anemia, such as lightheadedness,
presyncope, fatigue, palpitations, or shortness of breath.
Outcome assessment

The primary outcomes measures include total blood loss
(TBL), the allogeneic blood transfusion rate, maximum
hemoglobin drop, hematocrit change, and the incidence of
DVT and PE. Total blood loss was calculated based on patient blood volume, Hb loss, and a previously reported
equation [15, 36]. The secondary outcomes included the
length of hospital stay, complications (wound leakage,
hematoma, superficial infection, and deep infection), and

Results
In total, 201 patients aged over 70 years old primary were
performed with THA in our hospital from September
2010 to December 2017. Twenty-one patients were excluded according to the exclusion criteria. The remaining
180 patients were included and followed up, with 60 patients randomized to the IV group, 60 to the topical
group, and 60 to the combined group (Fig. 1).
Demographic characteristics regarding age, gender,
body mass index (BMI), ASA grade, and preoperative
laboratory parameters were compared between the three
groups (Table 1). Primary outcome data and complications of all the groups were presented in Tables 2 and 3.
As Table 2 showed, the combined group had a significantly
lower TBL and a smaller reduction in hemoglobin concentration and hematocrit compared to the other two groups.
TBL was 757.75 ± 188.95 mL in the combined group, which
was significantly lower than in the IV group 892.75 ±
218.47 mL or the topical group 1015.75 ± 288.71 mL
(p = 0.015, p = 0.001 respectively). In addition, the average
maximum hemoglobin drop was 2.67 ± 0.42, 3.28 ± 0.52,
and 3.75 ± 0.62 g/dL in the combined, IV, and topical
groups respectively, with a significant intergroup difference
(p < 0.01 for all). As for the blood transfusion rate, only one
patient in the combined group required a blood transfusion. In contrast, 6 patients in the IV group, and 7 patients
in the topical group required blood transfusions. No PE
was detected during the 2-month follow-up, and asymptomatic DVT was reported by 1 patient of the IV group,
and in 2 patients from the combined group. The intergroup
difference was not statistically significant (p = 0.774).
As for the secondary outcomes presented in Table 3,
diverse events like cardiac infarction, stroke, or acute
renal failure had not been observed during the twomonth follow-up. Mild wound leakage was observed
postoperatively in 13 patients in all the groups (4 patients in the combined group, 5 patients in the IV group,
and 4 patients in the topical group), and the analysis of
the results showed no statistical differences. All the
wound leakage were controlled with wound dress
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Table 1 Baseline characteristics of the study population
Demographic characteristics

Variable

Combined Group (N = 60)

Single IV Group (N = 60)

Topical Group (N = 60)

p

Age (years)

75.44 ± 4.75

76.34 ± 3.55

75.61 ± 5.27

0.46

Male sex (no. [%] of patients)

34(58%)

27 (45%)

33(55%)

0.51

Weight (kg)

62.68 ± 11.49

57.75 ± 11.32

60.38 ± 9.98

0.08

Height (cm)

162.20 ± 8.45

158.50 ± 9.12

160.74 ± 7.84

0.06

2

Preop. laboratory values

Body mass index (kg/m )

23.70 ± 3.04

22.95 ± 3.81

22.95 ± 2.21

0.42

Osteonecrosis of femoral head

31

35

33

–

Osteoarthritis

29

25

27

–

Hemoglobin (g/dL)

130.21 ± 14.91

132.57 ± 17.23

131.49 ± 15.68

0.28

Hematocrit (L/L)

0.45 ± 0.05

0.43 ± 0.06

0.44 ± 0.03

0.34

Platelet count (109/L)

178.68 ± 62.43

173.76 ± 51.17

167.12 ± 66.32

0.88

p values indicate that were significantly different between the groups

changing. Other complications were not reported. All
three groups presented similar results regarding hospital
stay and cost, with no statistically significant differences
after comparison.

Discussion
The use of IV TXA has been well widely applied in
total hip arthroplasty, and various studies have demonstrated its advantage in decreasing blood loss and reducing the transfusion rate [36]. Although THA is
administered intravenously widely, the concerns of
deep vein thrombosis or pulmonary embolism from
systemic administration of TXA still exist, topical TXA
administration has been proposed as an alternative
option. Recently, studies have reported that topical
application of TXA could reach the same hemostatic
efficiency as IV administration [12].
The advantages of topical use TXA are based on that
it could directly target the bleeding sites and accumulate
at the surgical area, to inhibit local fibrinolytic activity,
which helps stabilize fibrin clot and reduce blood loss
[7]. Compared to IV TXA, topical TXA administration
also possesses other advantages including easier delivery,
lower systematic absorption, reduced joint swelling, and
improved wound-healing [37, 38]. In addition, topical
THA administration will reduce much systemic absorption the patients would develop venous thromboembolism with a much lower possibility.

However, the comparison of efficiency and safety between IV and topical TXA administration remains controversial. Some authors suggested that the topical
administration of TXA could reduce blood loss and the
transfusion rate, but others assumed that IV administration was a more predictable route for maximum efficacy
[39]. On the other hand, other researchers found an increase in DVT, PE, and cerebrovascular strokes occur in
patients who received IV TXA for hemostasis after
hemiarthroplasty surgery [40]. In consideration of that
aged people usually are suffering increased blood viscosity, hypertension, and arteriosclerosis, which add the risk
of DVT and PE formation, these concerns need more
evidence to be cleared.
Recently, some researchers have combined IV and topical use of TXA to reduce TBL in patients undergoing
THA [12, 34]. Base on their results, the combined therapy
significantly reduced TBL, hemoglobin drop, and blood
transfusion rate [12, 34]. However, the underlying mechanism and compared safety of IV TXA, topical TXA, and
the combined regimen were rarely analyzed, especially in
aged patients undergoing THA with a higher risk of developing a thromboembolic complication.
We conducted a randomized controlled study in patients
aged over 70 undergoing THA. The study was conducted
to prove whether the combined IV TXA and topical TXA
therapy could reduce blood loss and the transfusion rate,
simultaneously maintain the safety regarding thrombosis in
the aged population. As Table 2 showed, our results proved

Table 2 Primary outcomes regarding blood loss
Variable

Combined group
(N = 60)

Single IV group
(N = 60)

Topical group
(N = 60)

p

hemoglobin drop

2.67 ± 0.42

3.28 ± 0.52

3.75 ± 0.62

< 0.05

Platelet count (109/L)

138.12 ± 55.78

134.24 ± 49.29

139.52 ± 50.90

0.30

Total blood loss (mL)

757.75 ± 188.95

892.75 ± 218.47

1015.75 ± 288.71

< 0.05

The values are given as the mean and standard deviation. p values indicate a significant difference among groups
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Table 3 Primary outcomes regarding transfusion
Variable

Combined group
(N = 60)

Single IV group
(N = 60)

Topical group
(N = 60)

p

No. (%) of patients given transfusion

1 (1.67%)

6 (10%)

8 (13.33%)

< 0.05

No. of units transfused

3

15.0

20

< 0.05

Amount of transfusion (mL)

600

3000

8000

< 0.05

The values are given as the mean and standard deviation. p values indicate a significant difference among groups

that 15 mg/kg of IV TXA combined with 2 g of topical
TXA reach a significantly higher efficacy in reducing TBL
and transfusion rates, than a single dose of IV TXA or topical TXA. Most of the blood loss from THA patients was
due to the acetabular preparation, reaming cavity of the
femoral canal, and incision hemorrhage, and the bloodlosing process could be generally divided into an acute
blood loss period (first 6 h post-surgery) and chronic blood
loss period (from 6 h to 24 h post-surgery) [41]. The above
study found that the peak fibrinolysis reaction level arrived
6 h after THA and then gradually decreased to the preoperative level 24 h after the operation. Thus, reducing
bleeding within 24 h after surgery is a critical period for
reducing TBL in THA patients. In this study, the serum
antifibrinolytic activity of IV tranexamic acid can be maintained for 7 to 8 h. Therefore, IV TXA and topical TXA administration would neutralize the peak fibrinolysis reaction.
As the antifibrinolytic activity of topical TXA is up to 17 h
in the joint capsule, an injection of TXA in the joint capsule
could continue to inhibit fibrinolysis after the peak fibrinolysis from 6 h to 24 h post-surgery. Altogether, the combined regimen worked in a coordinated way inhibited fibrin
degradation and reduced blood loss caused by activation of
the fibrinolysis system during the perioperative period.
The outcomes of maximum hemoglobin drop of the
three groups were consistent with the TBL results.
Specifically, the maximum hemoglobin drop in the combined, IV, and topical groups were 2.67 ± 0.42, 3.28 ±
0.52, and 3.75 ± 0.62 g/dL, respectively, with a significant
intergroup difference (p < 0.01 for all). As for blood
transfusion, no patient in the combined group, 6 patients
in the IV group, and 7 patients in the topical group required blood transfusions. No PE was detected during
the 2-month follow-up, and asymptomatic DVT was
reported by 1 patient of the IV group, and 2 patients
from the combined group, while the difference was not
statistically significant (p = 0.774).
Since the antifibrinolytic mechanism of tranexamic
acid is inhibition of fibrinogen activation into active
fibrinogen and stopping fibrin hydrolysis [42]. So, the
application of TXA does not increase fibrin formation,
and thus does not promote new thrombosis.
This study still has several limitations. First, the sample size was small, and the study was only conducted in
our center. A larger sample size might help find a significant difference in the prevalence of DVT or PE,

which was low and not statistically different among all
the groups in our study. Second, the surgical processes
were not the same among patients because different patients require a different level of osteotomy and soft tissue release, which might have a specific but undefined
influence on TBL and the drainage volume. Third, the
current study only gave a single dose of IV TXA, and
some researchers believed multiple doses of IV TXA
would benefit more in reducing TBL. Fourth, the international normalized ratio (INR) or prothrombin time
(PT) was not analyzed after the low molecular weight
heparin was used. Different INR or PT might possess
an influence on the total postoperative blood loss. Finally, in the present study, the initial conclusions in
terms of the comparative safety of the three regimens
need more solid evidence, due to the low incidence of
DVT and PE in a limited size sample. We will start a
long-term follow-up, and studies enrolled with more
patients would be conducted in the future to confirm
this efficient combined strategy’s safety regarding
thromboembolic complications.

Conclusion
In conclusion, the combined regimen (15 mg/kg of IV
TXA and 2 g of topical TXA) significantly reduced both
postoperative TBL and decreased the transfusion rate
compared to a single IV dose or topical use, in aged patients over 70 undergoing primary unilateral total hip
arthroplasty. This study allows us to reach initial conclusions regarding the comparative safety the combined
strategy is safe even in patients aged over 70 years old,
who are usually suffering a higher risk of developing
thrombus.
Abbreviations
BMI: Body mass index; DVT: Deep venous thrombosis; Hb: Hemoglobin;
IV: Intravenous; PE: Pulmonary embolism; TBL: Total blood loss; THA: Total hip
arthroplasty; TXA: Tranexamic acid
Acknowledgements
Dr. Jia contributed to this study alone.
Authors’ contributions
JJ contributed to this study alone. The author read and approved the final
manuscript.
Funding
This study was funded by Shanxi Great hospital (grant number no.
20100710), Key Research and Development (R&D) Projects of Shanxi Province
(201803D31137).

Jia Journal of Orthopaedic Surgery and Research

(2019) 14:345

Availability of data and materials
The datasets during and/or analyzed during the current study available from
the corresponding author on reasonable request.
All data generated or analyzed during this study are included in this
published article [and its supplementary information files].
Ethics approval and consent to participate
All procedures performed in this study were following the ethical standards
of the Shanxi Great hospital research committee and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical standards.
All patients enrolled in this study had signed a consent form to participate in
this trial.
Consent for publication
Not applicable.
Competing interests
The author declares that he has no conflict of interest.
Received: 24 January 2019 Accepted: 20 September 2019

References
1. Barry JL, Masonis JB. Mason, Recovery and outcomes of direct anterior
approach total hip arthroplasty, Annals of Joint. 2018;3(11):574–83.
2. Gustafsson U, Scott M, Hubner M, Nygren J, Demartines N, Francis N, Rockall
T, Young-Fadok T, Hill A, Soop M. Guidelines for perioperative care in
elective Colorectal Surgery: enhanced recovery after surgery (ERAS®) society
recommendations: 2018. World J Surg. 2019;43(3):659-95.
3. Jain NP, Nisthane PP, Shah NA. Combined administration of systemic and
topical tranexamic acid for total knee arthroplasty: can it be a better
regimen and yet safe? A randomized controlled trial. J Arthroplasty. 2016;
31(2):542–7.
4. Miao K, Ni S, Zhou X, Xu N, Sun R, Zhuang C, Wang Y. Hidden blood loss
and its influential factors after total hip arthroplasty. J Orthop Surg Res.
2015;10(1):36.
5. Das R, Hansda U. Transfusion transmitted diseases in perioperative and
intensive care settings. Indian J Anaesth. 2014;58(5):552.
6. Juelsgaard P, Larsen UT, Sørensen JV, Madsen F, Søballe K. Hypotensive
epidural anesthesia in total knee replacement without tourniquet: reduced
blood loss and transfusion. Reg Anesth Pain Med. 2001;26(2):105–10.
7. Draxler DF, Medcalf RL. The fibrinolytic system—more than fibrinolysis?
Transfus Med Rev. 2015;29(2):102–9.
8. Hunt B. The current place of tranexamic acid in the management of
bleeding. Anaesthesia. 2015;70:50–e18.
9. Walley H, Yacoub M, Saad H. Pharmacological management of perioperative
bleeding in cardiac surgery. Glob Cardiol Sci Pract. 2017;2017(2):12.
10. Wang Z, Zhang H-j. Comparative effectiveness and safety of tranexamic acid
plus diluted epinephrine to control blood loss during total hip arthroplasty:
a meta-analysis. J Orthop Surg Res. 2018;13(1):242.
11. Xu D, Zhuang Q, Li Z, Ren Z, Chen X, Li S. A randomized controlled trial on
the effects of collagen sponge and topical tranexamic acid in posterior
spinal fusion surgeries. J Orthop Surg Res. 2017;12(1):166.
12. Lin S-Y, Chen C-H, Fu Y-C, Huang P-J, Chang J-K, Huang H-T. The efficacy of
combined use of intraarticular and intravenous tranexamic acid on reducing
blood loss and transfusion rate in total knee arthroplasty. J Arthroplast.
2015;30(5):776–80.
13. Li C, Gong Y, Dong L, Xie B, Dai Z. Is prophylactic tranexamic acid
administration effective and safe for postpartum hemorrhage prevention?: a
systematic review and meta-analysis. Medicine. 2017;96(1):e5653.
14. Heller S, Secrist E, Shahi A, Chen AF, Parvizi J. Tranexamic acid can be
administered to arthroplasty patients who receive aspirin for venous
thromboembolic prophylaxis. J Arthroplast. 2016;31(7):1437–41.
15. Nettleton J, Adimonye A, Manley J, Jelski J, Doherty W, Rees M, Patel B. The
use of Peri-operative Tranexamic acid and its potential applications to
urological surgery. Open Urol Nephrol J. 2018;11(1):79-86.
16. Abdel MP, Chalmers BP, Taunton MJ, Pagnano MW, Trousdale RT, Sierra RJ,
Lee Y-y, Boettner F, Su EP, Haas SB. Intravenous versus topical tranexamic
acid in Total knee arthroplasty: both effective in a randomized clinical trial
of 640 patients. JBJS. 2018;100(12):1023–9.

Page 6 of 7

17. Sentilhes L, Lasocki S, Ducloy-Bouthors A, Deruelle P, Dreyfus M, Perrotin F,
Goffinet F, Deneux-Tharaux C. Tranexamic acid for the prevention and
treatment of postpartum haemorrhage. Br J Anaesth. 2015;114(4):576–87.
18. Ker K, Edwards P, Perel P, Shakur H, Roberts I. Effect of tranexamic acid on
surgical bleeding: systematic review and cumulative meta-analysis. BMJ.
2012;344:e3054.
19. Alshryda S, Sarda P, Sukeik M, Nargol A, Blenkinsopp J, Mason J. Tranexamic
acid in total knee replacement: a systematic review and meta-analysis. J
Bone Joint Surg British. 2011;93(12):1577–85.
20. Zhang H, Chen J, Chen F, Que W. 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(9):1742–52.
21. Yang Z-G, Chen W-P, Wu L-D. Effectiveness and safety of tranexamic acid in
reducing blood loss in total knee arthroplasty: a meta-analysis. JBJS. 2012;
94(13):1153–9.
22. Hiippala ST, Strid LJ, Wennerstrand MI, Arvela JVV, Niemela HM, Mantyla SK,
Kuisma RP, Ylinen JE. Tranexamic acid radically decreases blood loss and
transfusions associated with total knee arthroplasty. Anesth Analg. 1997;
84(4):839–44.
23. Benoni G, Carlsson A, Petersson C, Fredin H. Does tranexamic acid reduce
blood loss in knee arthroplasty? Am J Knee Surg. 1995;8(3):88–92.
24. Jansen A, Andreica S, Claeys M, D'haese J, Camu F, Jochmans K. Use of
tranexamic acid for an effective blood conservation strategy after total knee
arthroplasty. Br J Anaesth. 1999;83(4):596–601.
25. Eubanks JD. Antifibrinolytics in major orthopaedic surgery. J Am Acad
Orthop Surg. 2010;18(3):132–8.
26. Hynes M, Calder P, Scott G. The use of tranexamic acid to reduce blood loss
during total knee arthroplasty. Knee. 2003;10(4):375–7.
27. Sloop GD, Weidman JJ, Shecterle LM, Cyr JAS. The interplay of aging, aortic
stiffness and blood viscosity in atherogenesis. J Cardiol Ther. 2015;2(4):350–4.
28. Kremers HM, Larson DR, Crowson CS, Kremers WK, Washington RE, Steiner
CA, Jiranek WA, Berry DJ. Prevalence of total hip and knee replacement in
the United States. J Bone Joint Surg Am. 2015;97(17):1386.
29. Aguilera X, Martínez-Zapata MJ, Hinarejos P, Jordan M, Leal J, Gonzalez J,
Monllau J, Celaya F, Rodriguez-Arias A, Fernandez J. Topical and intravenous
tranexamic acid reduce blood loss compared to routine hemostasis in total
knee arthroplasty: a multicenter, randomized, controlled trial. Arch Orthop
Trauma Surg. 2015;135(7):1017–25.
30. Alshryda S, Sukeik M, Sarda P, Blenkinsopp J, Haddad F, Mason J. A
systematic review and meta-analysis of the topical administration of
tranexamic acid in total hip and knee replacement. Bone Joint J. 2014;96(8):
1005–15.
31. Morsi E, Gamal O, Drwish EA. Intra-Articular versus Intravenous
Tranexamic Acid in Controlling Blood Loss during Primary Total Knee
Replacement. J Orthop Clin Stu Adv Res. 2017;1(1). http://dx.doi.org/1
0.16966/2576-6449.102.
32. May JH, Rieser GR, Williams CG, Markert RJ, Bauman RD, Lawless MW. The
assessment of blood loss during total knee arthroplasty when comparing
intravenous vs intracapsular administration of tranexamic acid. J Arthroplast.
2016;31(11):2452–7.
33. Digas G, Koutsogiannis I, Meletiadis G, Antonopoulou E, Karamoulas V, Bikos
C. Intra-articular injection of tranexamic acid reduce blood loss in cemented
total knee arthroplasty. Euro J Ortho Surg Traumatol. 2015;25(7):1181–8.
34. Nielsen CS, Jans Ø, Ørsnes T, Foss NB, Troelsen A, Husted H. Combined
intra-articular and intravenous tranexamic acid reduces blood loss in total
knee arthroplasty: a randomized, double-blind, placebo-controlled trial. JBJS.
2016;98(10):835–41.
35. Li J-f, Li H, Zhao H, Wang J, Liu S, Song Y, Wu H-f. Combined use of
intravenous and topical versus intravenous tranexamic acid in primary total
knee and hip arthroplasty: a meta-analysis of randomised controlled trials. J
Orthop Surg Res. 2017;12(1):22.
36. Wind TC, Barfield WR, Moskal JT. The effect of tranexamic acid on blood loss
and transfusion rate in primary total knee arthroplasty. J Arthroplast. 2013;
28(7):1080–3.
37. Wong J, Abrishami A, El Beheiry H, Mahomed NN, Davey JR, Gandhi R, Syed
KA, Hasan SMO, De Silva Y, Chung F. Topical application of tranexamic acid
reduces postoperative blood loss in total knee arthroplasty: a randomized,
controlled trial. JBJS. 2010;92(15):2503–13.
38. Patel VP, Walsh M, Sehgal B, Preston C, DeWal H, Di Cesare PE. Factors
associated with prolonged wound drainage after primary total hip and
knee arthroplasty. J Bone Joint Surg Am. 2007;89(1):33–8.

Jia Journal of Orthopaedic Surgery and Research

(2019) 14:345

39. Wind TC, Barfield WR, Moskal JT. The effect of tranexamic acid on
transfusion rate in primary total hip arthroplasty. J Arthroplast. 2014;29(2):
387–9.
40. Emara WM, Moez KK, Elkhouly AH. Topical versus intravenous tranexamic
acid as a blood conservation intervention for reduction of post-operative
bleeding in hemiarthroplasty. Anesthesia. 2014;8(1):48.
41. Rajesparan K, Biant L, Ahmad M, Field R. The effect of an intravenous bolus
of tranexamic acid on blood loss in total hip replacement. J Bone Joint
Surgery Br. 2009;91(6):776–83.
42. Moore EE, Moore HB, Gonzalez E, Sauaia A, Banerjee A, Silliman CC.
Rationale for the selective administration of tranexamic acid to inhibit
fibrinolysis in the severely injured patient. Transfusion. 2016;56:S110–4.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 7 of 7

