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Combination of Intravenous and Intra-Articular
Application of Tranexamic Acid and

Epsilon-Aminocaproic Acid in Primary
Total Knee Arthroplasty: A Prospective

Randomized Controlled Trial
Che Zheng, MD, Jun Ma, MD, Jiawen Xu, MD, Haibo Si, MD, Yuan Liu, MD, Mingyang Li, MD, Bin Shen, MD

Department of Orthopaedics, West China Hospital, Sichuan University, Chengdu, China

Objective: There were limited randomized controlled trials (RCTs) of epsilon-aminocaproic acid (EACA) versus tran-
examic acid (TXA) in total knee arthroplasty (TKA). The aim of the study was to compare the efficacy and safety of TXA
and EACA in the combination of intravenous (IV) and intra-articular (IA) administration on reducing blood loss in
patients following primary TKA.

Methods: From January 2020 to January 2021, a total of 181 patients undergoing a primary unilateral TKA were
enrolled in this prospective randomized controlled trial. Patients in the TXA group (n = 90) received 20 mg/kg of intra-
venous TXA preoperatively, 1 g of intra-articular TXA intraoperatively, and three doses of 20 mg/kg intravenous TXA at
0, 3, 6 h postoperatively. Patients in the EACA group (n = 91) received 120 mg/kg of intravenous EACA preopera-
tively, 2 g of intra-articular EACA intraoperatively, and three doses of 40 mg/kg intravenous EACA at 0, 3, 6 h postop-
eratively. The primary outcomes were total blood loss (TBL), transfusion rates and drop of hemoglobin (HB) level. The
secondary outcomes included postoperative hospital stays and postoperative complications. The chi-square tests and
Fisher’s exact tests were utilized to compare categorical variables, while the independent-samples t-tests and Mann–
Whitney tests were used to compare continuous variables.

Results: The patients who received TXA averaged less TBL than the patients who received EACA (831.83 ml vs
1065.49 ml, P = 0.015), and HB drop in TXA group was generally less than that of EACA group on postoperative day
1 and 3 (20.84 � 9.48 g/L vs 24.99 � 9.40 g/L, P = 0.004; 31.28 � 11.19 vs 35.46 � 12.26 g/L, P = 0.047).
The length of postoperative stays in EACA group was 3.66 � 0.81 day, which is longer than 2.62 � 0.68 day in TXA
group (P < 0.001). No transfusions were required in either group. The risk of nausea and vomiting in TXA group was
significantly higher than that in EACA group (11/90 vs 0/91, P < 0.01).

Conclusion: Although the TBL and HB drop were slightly greater in EACA group, these results were not clinically impor-
tant, given that no transfusions were required. EACA could be an alternative to TXA, especially for patients with severe
nausea and vomiting after using TXA postoperatively. Further studies are needed to adjust dosage of EACA to make
better comparison of the two drugs.
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Introduction

Total knee arthroplasty (TKA), which was estimated to
grow by 85% to 1.26 million in 2030,1 is the major surgi-

cal procedure to alleviate pain and improve knee function for
patients suffering from end-stage arthrosis of the knee.2,3

However, patients who had TKA may lose a lot of blood after
the surgery, which may require a large amount of blood trans-
fusion.4 Blood transfusion not only costs a great deal of man-
power and material resources, but also had many adverse
clinical risks, including infection, intravascular hemolysis, kid-
ney damage, immune incompatibility, and even death.5,6

Meanwhile, massive bleeding in the knee cavity and soft tissue
space will aggravate the swelling and pain, adversely affecting
patients’ willingness for postoperative rehabilitation exercise
and the overall satisfaction of the operation.7

Hyperfibrinolysis following surgery was a major cause
for perioperative blood loss in TKA.8 As an antifibrinolytic
agent, tranexamic acid (TXA) has been widely used to con-
trol bleeding for patients undergoing a joint replacement.
The effect of TXA on reducing blood loss and transfusion
rates has been well-demonstrated in joint surgeries over the
past several decades.9,10 However, antifibrinolytic agents have
a potential effect on increasing risk for deep vein thrombosis
(DVT) and pulmonary embolism (PE). In addition, TXA
was commonly used as an emetic for animals.11,12 Severe
nausea and vomiting have been reported in patients after
intravenous administration of TXA in several studies,13,14

which can lead to a marked increase of morbidity and mor-
tality in critically ill patients due to major complications,
such as aspiration pneumonia, esophagitis, and esophageal
stricture. Epsilon-aminocaproic acid (EACA) shared similar
mechanism actions with TXA, both of them saturate the
lysine binding sites of plasminogen. However, their potencies
for saturating lysine binding sites are different.15,16 Unlike
TXA, the effect of EACA was mainly focused on cardiac
surgeries.17–19 The efficacy of EACA on blood loss reduction
in total joint surgery remains to be investigated in more
detail.

Antifibrinolytic agents could be administrated intrave-
nously, intra-articularly, orally or combined. Though several
studies have compared the efficacy of TXA and EACA in
total joint replacement surgery, none of them compared the
two drugs when the drugs were administered in an intrave-
nous and intra-articular (IV/IA) combined fashion.20–22

IV/IA combined administration has become more and more
common recently in TKA as it can reduce both apparent and
hidden blood loss.23,24 However, the optimal regimen of anti-
fibrinolytic agents, as well as efficacy of EACA and TXA, are
still controversial in TKA.

Based on this, we conducted a double-blinded prospec-
tive randomized controlled trial and aimed to investigate the
following: (i) could EACA be an alternative to TXA in reduc-
ing bleeding in the IV/IA combined application?; and
(ii) were there any significant differences in postoperative
complications such as severe nausea and vomiting between
EACA and TXA groups?

Materials and Methods

Study Design
This double-blinded prospective randomized controlled trial
was registered in the Chinese Clinical Trial Registry
(ChiCTR2000032271). Patients scheduled for primary unilat-
eral TKA from January 2020 to January 2021 were enrolled
in this study. All the participants signed the written consent
forms. This study was approved by the clinical trials and bio-
medical ethics committee, West China Hospital, Sichuan
University (No: 2012–268).

Enrollment and Screening
All patients who were 40 years older and scheduled for a pri-
mary unilateral TKA for end-stage osteoarthritis were eligible
for this study. Exclusion criteria included: (i) patients with
surgery other than primary unilateral total knee arthroplasty,
such as revision and bilateral total knee replacement; (ii) pre-
operative anemia (HB level < 110 g/L; history of erythropoie-
tin (EPO), iron supplements and folic acid administration);
and coagulation disorders (preoperative D-Dimer > 3 times
normal level; prolonged PT, APTT or INR; history or preop-
erative condition of deep vein thrombosis (DVT), pulmonary
embolism (PE) or intramuscular venous thrombosis);
(iii) history of anticoagulant medications, such as warfarin,
aspirin, rivaroxaban, and low molecular heparin; (iv) history
or preoperative condition of abnormal liver function, acute or
chronic renal failure, heart failure, NYHA > III, or ASA
(American Society of Anesthesiologists) score > III; and
(v) inflammatory arthritis such as rheumatoid arthritis or pre-
operative signs of infection (abnormal level of CRP, IL-6,
white blood cells and so on)

The patient screening and enrollment process is shown
in the diagram in Fig. 1.

Randomization and Treatment
Computerized block randomization was performed by an
independent research assistant who was not involved in the
study. Sealed envelopes were distributed to the participants
at a 1:1 ratio and were opened by the assistant just prior to
the start of surgery.

Patients in the EACA group received 120 mg/kg EACA
in 100 ml saline intravenously prior to the anesthesia. After
closing the joint capsule, 2 g topical EACA in 50 ml saline
was applied through the drain tube and the drainage was
kept clamped for 30 min until the end of surgery. Further,
three doses of 40 mg/kg IV EACA in 100 ml saline was uti-
lized at the 0, 3, 6 h after surgery.

Patients in the TXA group received 20 mg/kg TXA in
100 ml saline intravenously prior to the anesthesia. After
closing the joint capsule, 1 g topical TXA in 50 ml saline was
applied through the drain tube and the drainage was kept
clamped for 30 min until the end of surgery. Further, three
doses of 20 mg/kg IV TXA in 100 ml saline was utilized at
the 0, 3, 6 h after surgery.
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Tourniquet was not used on any patient in the groups.
A drainage tube was placed to the surgery site for each
patient, which was kept unclamped postoperatively and
removed 24 h after the surgery.

Surgical Procedures, Blood Management and
Anticoagulation Strategy
All patients underwent routine preoperative preparations. The
surgeries were performed by the same surgeon and the same
surgical technique was used throughout the study. A limited
median anterior knee incision was made and a para-medial
approach to the patella was used in all cases. Routine femoral
(intramedullary guide) and tibial (extramedullary guide) prep-
arations were carried out and the TKAs were performed using
the standard measured-resection technique. Electrocautery
was used to minimize intraoperative blood loss. A cemented,
posterior stabilized, fixed-bearing TKA prosthesis was used in
all cases (Depuy Synthes, Warsaw, IN, USA).

Patients were given transfusions when HB < 70 g/L or
had any signs of anemia. No patients received EPO, iron
supplements or folic acid perioperatively. Every patient
received postoperative low molecular-weight heparin (0.3 ml
QD, Clexane, Sanofi-Aventis, Lyon, France) until discharge
with the first half dose launched 6 h postoperatively. After
the discharge, oral Rivaroxaban (10 mg QD; Xarelto, Bayer,
Leverkusen, Germany) was given for 15 days. Doppler ultra-
sound examination was used to detect deep vein thrombosis
at 5 and 30 days after surgery. Pulmonary embolism
(PE) was diagnosed on the basis of chest CT scans.

Outcome Measurements and Data Collection
The primary outcomes were total blood loss (TBL), transfu-
sion rates and drop of hemoglobin level. The secondary out-
comes included postoperative hospital stays and postoperative

complications. TBL was calculated according to the formula of
Sehat:25 TBL = patient’s blood volume (PBV) � (Hctpre-
Hctpost)/ Hctave (Hctpre = preoperative Hct level; Hctpost =
postoperative Hct level; Hctave = the average of the Hctpre
and Hctpost). PBV was calculated according to the formula
used by Nadler:26 PBV = (k1 � height (m) + k2 � weight
(kg) + k3) � 1000, (k1 = 0.3669, k2 = 0.03219, and
k3 = 0.6041 for men; and k1 = 0.3561, k2 = 0.03308, and
k3= 0.1833 for women).

Baseline clinical characteristics of enrolled patients
were collected preoperatively. HB and HCT levels were
recorded at 1, 3 and 5 days after surgery. Length of postoper-
ative hospital stays and complications were recorded.

Statistical Analysis
Sample size calculations were performed using PASS 2011
software (NCSS, LLC, Kaysville, UT, USA). As a primitive
study described by Xie et al.,27 the total blood loss was
677.6 � 326 ml, with a dosage of 20 mg/kg TXA before skin
incision and 10 mg/kg IV TXA 3 and 6 h postoperatively. A
difference of 200 ml in TBL was installed as a benchmark to
justify the efficiency of EACA during primary TKA with a
power of 0.90 and a significance level of 0.05, hence
47 patients per group were required.

Statistical analysis was conducted with SPSS software
(Version 26.0; SPSS Inc., Chicago, IL, USA). Continuous vari-
ables were presented as the mean and standard deviation.
Followed by evaluation for normality using the Kolmogorov–
Smirnov test and normality plots, the baseline demographic
and clinical variables were compared using independent-
samples t-tests or Mann–Whitney tests. Categorical variables
were summarized as frequencies and percentages and were
measured using chi-square tests. Complication rates were
compared using Fisher exact tests.

Fig. 1 Flow diagram of patients’

selection and exclusion
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Results

A total of 181 patients were included for randomization
and analysis, with 91 in the EACA group and 90 in the TXA

group. There were no significant differences between the
two groups concerning the demographic characteristics (Table 1).
The mean age was 66.44 � 7.49 years in EACA group and
66.31 � 6.64 years in TXA group. The mean BMI was
25.07 � 3.20 kg/m2 in EACA group and 25.39 � 3.68 kg/m2 in
TXA group. EACA group consisted of 21 males and 69 females,
while TXA group consisted of 13 males and 78 females. The mean
preoperative HB and HCT levels were 133.02 � 14.95 g/L and
0.40 � 0.04 in TXA group and 131.06 � 13.02 g/L and
0.40 � 0.04 in EACA group. For preoperative coagulation func-
tion, the mean INR and APTT were 0.95 � 0.06 and
26.84 � 3.20 s in TXA group and 0.94 � 0.06 and 27.13 � 4.27 s
in EACA group.

Blood Conserving Effect
With respect to primary outcomes, the total blood loss in EACA
group was higher than that in TXA group with a significant

difference (1065.49 ml vs 831.83 ml, P = 0.015; Table 2). HB
level decreased postoperatively in both groups to a different
degree (Fig. 2). The HB level of patients in the EACA group was
generally lower than that of patients in the TXA group (HB1:
105.18 � 13.02 g/L vs 112.64 � 13.11 g/L, P = 0.002; HB3:
95.59 � 13.71 g/L vs 101.74 � 12.07 g/L, p = 0.009; Table 3).
Similarly, the HB drop of patients in EACA group was higher
than that of patients in the TXA group (ΔHB1:
24.99 � 9.40 g/L vs 20.84 � 9.48 g/L, P = 0.004; ΔHB3:
35.46 � 12.26 g/L vs 31.28 � 11.19 g/L, P = 0.047). No patient
met the criteria for transfusions. Thus, no one was given blood
transfusions in the EACA and TXA groups.

Complications
In terms of the postoperative complications, although three
patients suffered intramuscular venous thrombosis, superfi-
cial cellulitis and allergy in EACA group (Table 4), there was
no significant difference between the two groups. However,
the risk for nausea and vomiting was significantly higher in
the TXA group than the EACA group (11/90 vs 0/91,

TABLE 1 Demographic and clinical characteristics

Demographics TXA (n = 90) EACA (n = 91) P value

Age (years) 66.31 � 6.64 66.44 � 7.49 0.897
Gender 0.119
Female 78(85.71) 69(76.67)
Male 13(14.29) 21(23.33)

BMI (kg/m2) 25.39 � 3.68 25.07 � 3.20 0.530
ASA 1.000
1 0(0.00) 1(1.11)
2 70(76.92) 69(76.67)
3 21(23.08) 20(22.22)

HB0 (g/L) 133.02 � 14.95 131.06 � 13.02 0.538
HCT0 (L/L) 0.40 � 0.04 0.40 � 0.04 0.497
ALB0 (g/L) 44.79 � 3.28 46.55 � 14.08 0.246
CR0 (mg/dl) 67.14 � 16.64 66.95 � 14.65 0.935
INR0 0.95 � 0.06 0.94 � 0.06 0.739
APTT0 (S) 26.84 � 3.20 27.13 � 4.27 0.613
PLT0 (109/L) 180.00(142.00 - 225.50) 176.00(145.00 - 231.00) 0.895

Abbreviations: ALB0, preoperative albumin; APTT0, preoperative APTT; CR0, preoperative creatinine; INR0, preoperative INR; HB0, preoperative hemoglobin;
HCT0, preoperative hematocrit; PLT0, preoperative platelet.

TABLE 2 Blood conservation effect

TXA EACA P value

PBV0 (ml) 3826.78 � 702.67 3754.77 � 586.63 0.455
TBL (ml) 831.83 (661.73–1070.13) 1065.49 (704.04–1391.23) 0.015
Transfusion (%) 0 (0) 0 (0)
Postoperative hospital stays (days)
2 42 (46.15) 1 (1.11)
3 44 (48.35) 43 (47.78)
4 4 (4.40) 36 (40.00)
5 0 (0.00) 6 (6.67)
6 1 (1.10) 4 (4.44)
Mean (SD) 2.62 � 0.68 3.66 � 0.81 <0.001

Abbreviations: PBV0, preoperative patient’s blood volume; TBL, total blood loss
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P < 0.01). No other adverse events, such as DVT, PE, stroke,
acute renal failure or epilepsy occurred in this trial.

Postoperative Hospital Stays
The length of postoperative stays in EACA group was longer
than that in TXA group (3.66 � 0.81 days vs 2.62 � 0.68 days,

P < 0.001; Table 2). Most patients were discharged 3 days after
surgery, with 44 patients (48.53%) in the TXA group and
43 patients (47.78%) in the EACA group. 42 (46.15%) patients
in TXA group were discharged 2 days after surgery, while
36 (40.00%) patients in EACA group were discharged 4 days
after surgery.

Discussion

We performed a high-quality, randomized, controlled
trial to compare EACA with TXA in the multiple dose

IV/IA combinational administration, and found that EACA
can be an alternative to TXA in reducing blood loss in TKA,
especially for patients with severe nausea and vomiting. We
obtained the relative blood conserving effects of EACA ver-
sus TXA, and provided a new mode of EACA administration
and potential clinical value in controlling bleeding for
patients undergoing TKA.

Efficacy of EACA and TXA in the IV/IA Combined
Administration
The main controversy over TXA is about its optimal dosage
and administration. To achieve a better outcome in reducing
bleeding and transfusion rates, some studies on TXA simply
investigated the effect of dose increase and only focused on
the potential risk for thrombosis. The combinational use of a
higher dose of TXA and anticoagulant drugs was developed
to achieve a better outcome and keep the risk of thrombosis
low simultaneously. However, it is not definitive whether the
statistical difference found in the blood loss and HB drop
was clinically significant. In addition, the risks of complica-
tions for excessive TXA use remains unclear except for
thrombosis. It was hard to define the phrase “better enough”.
As for EACA, its dosage, administration and effectiveness
are less reported in total joint surgery. Although some stud-
ies have compared EACA with TXA in joint surgeries,20,28

its optimal usage and its efficacy compared to TXA are still
controversial.

In most circumstances, TXA is given intravenously,
topically or combined. Several studies have investigated the
safety and efficacy of TXA in reducing blood loss in TKA
through the three abovementioned administration routes. It
is concluded that both topical and intravenous TXA are
effective and equally safe in reducing blood loss and transfu-
sion rates.29–32 But there is controversy over whether the
combination of intravenous and topical application of TXA
has a better outcome in reducing blood loss than topical or
intravenous TXA alone. A systematic review and meta-
analysis conducted by Liu et al.33 including six studies
involving 682 patients compared the efficacy and safety of
the combined IV and topical use of TXA to the IV-TXA
alone for total hip arthroplasty. Another systematic review
and meta-analysis including seven RCTs with 972 patients
after TKA is conducted by Wang et al.34 Both of them con-
cluded that the combined application of TXA resulted in less
blood loss compared to the administration through a single
route without increasing risk of postoperative complications.

Fig. 2 Preoperative and postoperative HB levels; the error bars

represent 95% CIs

TABLE 3 Hemoglobin Level

TXA EACA P-value

HB0 133.02 � 14.95 131.06 � 13.02 0.428
HB1 112.64 � 13.11 105.18 � 13.02 0.002
HB3 101.74 � 12.07 95.59 � 13.71 0.009
ΔHB1 20.84 � 9.48 24.99 � 9.40 0.004
ΔHB3 31.28 � 11.19 35.46 � 12.26 0.047

Abbreviations: EACA, epsilon-aminocaproic acid; HB0, preoperative hemo-
globin; HB1, hemoglobin at day 1 after surgery; HB3, hemoglobin at day 3
after surgery; TXA, tranexamic acid; HBΔHB1 = HB0-HB1;
ΔHB3 = HB0-HB3

TABLE 4 Perioperative complications

TXA EACA P-value

DVT 0 (0.00) 0 (0.00) 1.000
IMVT 0 (0.00) 1 (1.11) 0.497
PE 0 (0.00) 0 (0.00) 1.000
Superficial cellulitis 0 (0.00) 1 (1.11) 0.497
Dislocation 0 (0.00) 0 (0.00) 1.000
Allergy 0 (0.00) 1 (1.11) 0.497
Severe nausea and vomiting 11 (12.22) 0 (0.00) <0.01
Acute renal failure 0 (0.00) 0 (0.00) 1.000
Epilepsy 0 (0.00) 0 (0.00) 1.000

Abbreviations: DVT, deep venous thrombosis; EACA, epsilon-aminocaproic
acid; IMVT, Intramuscular venous thrombosis; PE, pulmonary embolism;
TXA, tranexamic acid.
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Based on these findings, we chose the combined administra-
tion of TXA by adding 1 g topical TXA after the component
was implanted in TKA, as described in the method section.

In our study, the patients receiving EACA had a more
significant HB level decrease and a more significant total
blood loss than those receiving TXA. Although the difference
in blood loss (233.66 ml) and post-operative HB level was sta-
tistically significant, it was deemed clinically irrelevant given
that no patient required transfusion. In addition, the patients
in the EACA group may have been subjected to underdosing
compared with patients in the TXA group. TXA is 7–10 times
more potent than EACA,35,36 while the total dosage of EACA
in our study was <5 times that of TXA used in this study.
Thus, a larger dose of EACA might be more beneficial con-
cerning the postoperative blood loss reduction.

Safety of EACA and TXA in this Study
To avoid the risks associated with a single dosage of the high
amount of TXA, postoperative TXA was administered in
multi doses. At our center, multiple doses of intravenous
TXA significantly reduced blood loss compared with a single
dose of intravenous TXA.27 In contrast to other centers, we
have used a relatively small number of TXA postoperatively
considering that postoperative fibrinolysis lasts as long as
18–24 h.37,38 The administration of TXA in this study was
similar to previous trials. For EACA, considering the similar
half-life of the two drugs, the timing and number of dosing
of EACA were the same as TXA.

Given the short half-life of EACA (<2 h) and TXA
(1.9–2.7 h),35,36 1 month follow-up was sufficient for collect-
ing postoperative complications. In our study, we observed
no DVT or PE, and only one intramuscular venous throm-
bosis occurred in one patient in the EACA group. Moreover,
the low rates of superficial cellulitis and allergy showed no
significant difference between the two groups. However, the
risk of severe nausea and vomiting was significantly higher
in the TXA group (11/90 vs 0/91, P < 0.01), which was con-
sistent with results from other studies.13,14 The neurokinin
1 receptor–mediated pathway has been proposed as the
potential mechanism behind TXA-evoked emesis.39

A New Mode of EACA Application
Table 5 listed previously reported results of IV and topical
administration of EACA in total joint arthroplasty surgery.
Most researchers selected the IV administration of EACA,
by using 100–150 mg/kg or 5 g IV EACA before surgery and
3–5 g IV EACA for 3–5 h after the surgery. Two studies
chose the topical route of EACA to reduce blood loss by
adding 5 g EACA intraoperatively. The maximum dose of
EACA was 10–14 g in the previous studies.

Combination of intravenous and intra-articular appli-
cation of EACA with postoperative multi doses was hardly
reported in joint surgery. In our trial, 2 g of EACA was used
topically, 120 mg/kg EACA was used for IV administration

before the surgery, and 40 mg/kg IV EACA was used at the
timing of 0, 3, 6 h after surgery, a total dose of EACA
approximately was 14 g. Based on the results of our study,
the combinational application of EACA and multiple small
doses of intravenous EACA postoperatively may be a new
administration scheme for EACA to achieve better efficacy.

Strengths and Limitations
There are some strengths in the current study. To our
knowledge, this is the first study to make comparisons of
TXA and EACA in the combination of intravenous and
intra-articular application in TKA. Our work proposed a
new and effective mode of EACA application, and enriched
the blood conserving strategies for patients undergoing TKA,
especially for those with severe nausea and vomiting.

This study also has certain limitations. First, a placebo
or control group was not included in our study. However,
TXA has been proved effective in TKA and the aim of this
study was to compare EACA and TXA in IV/IA combina-
tional administration. Second, the efficacy of EACA in
reducing blood loss may be underestimated when compared
to TXA in this study. Since TXA is 7–10 times more potent
than EACA, further studies are needed to optimize the dos-
age of EACA.

Conclusion
Although the TBL and HB drop were slightly greater in
EACA group, these results were not clinically important,
given that no transfusions were required. EACA could be an
alternative to TXA, especially for patients with severe nausea
and vomiting after using TXA postoperatively. Further stud-
ies are needed to adjust dosage of EACA to make better
comparison of the two drugs.
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