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Background: The application of tranexamic acid (TXA) in total hip arthroplasty (THA) and total knee
arthroplasty (TKA) has brought momentous changes in blood management. However, the optimal regimen
of TXA has not yet been identified. This study aimed to compare the efficacy of a three-day prolonged-
course of multiple-dose of TXA with a single pre-operative dose of TXA in patients who undergo THA and
TKA.

Method: We retrospectively analyzed two groups of consecutive patients who received primary unilateral
THA and TKA from 2015 to 2017. One group received a three-day prolonged-course of multiple-dose of
TXA, while another group received a single-dose of TXA. The primary outcomes included the changes in
hemoglobin (Hb), estimated total blood loss (TBL), and transfusion rate; the secondary outcomes included
the platelet (PLT) counts, inflammatory markers, and fibrinolysis parameters.

Results: A total of 193 THA and 166 TKA procedures were included for comparison. Compared with
the patients who received a single-dose of TXA, the patients who received a three-day prolonged-course of
multiple-dose of TXA had smaller post-operative drops in Hb levels, which led to consistently significantly
higher Hb levels in both THA and TKA. Therefore, the use of multiple-dose of TXA was associated with
significantly lower maximum Hb drops and estimated TBL in both THA (24.58+11.43 vs. 30.38+11.33 g/L,
P=0.001; 685.88+412.02 vs. 968.94+479.9 mL, P<0.0001) and TKA (18.04+9.75 vs. 27.24+10.99 g/L,
P<0.0001; 497.35+291.03 vs. 816.51+354.38 mL, P<0.0001), and marginally reduced transfusion
requirements (THA: 1/65 vs. 10/128; TKA: 0/70 vs. 2/96). The multiple-dose group also showed higher PLT
counts, continuously reduced inflammatory responses, and significantly and durably attenuated fibrinolytic
responses.

Conclusions: A three-day prolonged-course of multiple-dose of TXA was consistently effective in
reducing post-operative Hb drops, estimated TBL, inflammatory responses, and fibrinolytic responses,
which could be recommended for clinical practice. However, these findings need to be confirmed by

prospective studies.
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Introduction

Peri-operative blood management practices for elective
total hip arthroplasty (THA) and total knee arthroplasty
(TKA) have been revolutionized by the application of
tranexamic acid (TXA) over the past decade (1,2). There
is a wealth of evidence in the literature demonstrating that
the routine use of TXA in total joint arthroplasty (TJA)
can significantly reduce peri-operative blood loss, the
transfusion rate, inflammatory responses, the post-operative
swelling ratio, and the need for routine post-operative
blood tests (3-11); and without an evident increase in the
risk of thromboembolic events (12,13).

However, although TXA has been widely used in
patients undergoing TJA, little or no consensus currently
exists on the optimal method of administering of TXA,
and whether TXA should be administered as a single-dose
or multiple-dose is still disputable. Recently published
clinical guidelines developed by the AAHKS, AAOS, Hip
Society, Knee Society, and ASRA strongly recommend a
single-dose rather than multiple-dose of TXA (2) because
researchers have found that multiple-dose of TXA is not
statistically superior to a single-dose in terms of blood
loss or the transfusion rate (8,9). Nevertheless, the clinical
significance of the additional benefits of multiple-dose
of TXA, including further reductions in blood loss and
maximum Hb drops, more controlled fibrinolysis reactions
and inflammatory responses, have been neglected (14,15), as
the effects may not be statistically significant (2,8,9).

Of note, according to previous studies, the lowest levels
of hemoglobin (Hb) in TJA patients are most often found
on post-operative day (POD) 3, which indicates that post-
operative hidden blood loss can last approximately three
days (16-18). Therefore, prolonging the application of
TXA until POD3 might offer additional benefits. Here, we
proposed an administration of a three-day prolonged-course
of multiple-dose of TXA, and the safety of this regimen
has been well established in our previous study (19). In this
study, we aimed to evaluate and validate the efficacy of this
novel regimen.
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Methods
Study design

We conducted a retrospective analysis of the prospectively
collected data of all THA and TKA patients who were
consecutively admitted to our department between 2014 and
2017. Ethical approval for this retrospective cohort study
was obtained from the ethics committee of our institution.
The protocol for this study was approved by our institutional
review board and was registered in the International Clinical
Trials Registry Platform—Chinese Clinical Trial Registry
(ChiCTR1800015422). The present work was reported
following the Strengthening the Reporting of Cohort
Studies in Surgery (STROCSS) criteria and guidelines (20).

Eligibility criteria

Adult individuals who underwent primary unilateral THA
or TKA were screened for eligibility. The specific inclusion
criteria were as follows: (I) patients who received a three-
day prolonged-course of multiple-dose of TXA or a pre-
operative single-dose of intravenous (IV) TXA as prescribed
below; (II) patients with normal Hb levels or mild anemia
(Hb >90 g/L); (III) patients with normal coagulation
tests and platelet (PLT) counts; (IV) patients without a
personal history of venous thromboembolism (VTE) (e.g.,
pulmonary embolism, deep vein thrombosis, superficial
vein or calf muscle vein thrombosis); and (V) patients with
negative pre-operative Doppler ultrasound examination
results for the lower extremities. The specific exclusion
criteria were as follows: (I) patients who underwent a
second primary TJA, or bilateral TJA; (II) patients with
joint deformities and underwent a complicated surgical
procedure or tumor-related arthroplasty; (III) patients who
underwent non-elective TJA; (IV) patients with an allergy
to TXA; and (V) with severe hepatic or renal dysfunction.

Clinical investigations

Patients in the single-dose group received a dose of 1.5 g IV
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Figure 1 The formulations of TXA in the single-dose group and three-day prolonged-course of multiple-dose group. ERAS, enhanced

recovery after surgery; IV intravenous; TJA, total joint arthroplasty; TXA, tranexamic acid.

TXA 30 minutes before the skin incision. For the patients
in the multiple-dose group, the three-day prolonged-course
of TXA was administered as follows: (I) pre-operatively,
a dose of 1.5 g IV TXA was given 30 minutes before the
skin incision; (II) intra-operatively, a dose of 1 g of TXA
was injected intra-articularly before wound closure; and
(III) post-operatively, a dose of 1 g IV TXA was given at
3, 12, 24, 48, 72 hours later (Figure I). In particular, the
additional post-operative multiple doses of TXA were
administered post-operatively at these specific time points
for the following purposes: post-operative TXA was given
at 3 and 12 hours to reduce the severe bleeding caused
by extensive dissections through bony and surrounding
soft tissues, as well as combat hyperfibrinolysis caused by
tourniquet application (21,22); TXA was administered in
the early post-operative rehabilitation period (at 24, 48, and
72 hours) to decrease potential wound errhysis or leakage,
reduce secretion and inflammatory responses, improve the
range of motion and promote early return to ambulation

(14,23,24).

Peri-operative management

All THA and TKA procedures were completed under
general anesthesia by the same surgical team, consisting of
two senior surgeons. All the THA procedures assessed in
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this study were performed via the posterolateral approach
with the patient lying in the lateral position, while all TKA
procedures were performed with the use of a tourniquet and
medial parapatellar approach.

All patients followed the same enhanced recovery after
surgery (ERAS) multi-modal peri-operative care pathways,
including standard post-operative care, pain management,
and anticoagulation therapy. The closed-suction drainage
systems were placed in all TKA patients, the drainage
tubes were clamped for 4 hours after TKA, and the
drains were typically removed 24 hours after surgery. The
indwelling urinary catheters were placed after the induction
of general anesthesia and removed after 24 hours. The
nerve block or patient-controlled analgesia was commonly
used for postoperative analgesia, and the analgesia pump
maintains analgesia for 2 to 3 days. A restrictive red blood
cell transfusion strategy (Hb <7.0 g/dL or presenting
symptomatic anemia with a Hb >7.0 g/dL) was adopted in
our institution (25). Routine laboratory tests were obtained

before surgery, and 1, 3, 5, 7 days after surgery.

Outcome measurements

The safety of the three-day prolonged-course of multiple-
dose of TXA was evaluated in a separate study (19), and
this study was designed to compare the efficacy of the
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Table 1 Baseline characteristics and peri-operative demographics of the included patients

THA TKA
Grouping Multiple-dose TXA  Single-dose TXA P value Multiple-dose TXA  Single-dose TXA P value
(N=65) (N=128) (N=70) (N=96)
Age (y) 65.52+14.30 64.84+14.16 0.754 68.33+ 7.40 67.28+8.534 0.411
Gender (male/female) 29/36 54/74 0.761 11/59 26/70 0.092
Height (m) 1.62+0.69 1.60+0.07 0.087 1.57+0.06 1.58+0.06 0.542
Weight (kg) 61.38+9.36 58.74+10.14 0.095 63.19+9.44 60.97+9.68 0.157
BMI (kg/mz) 23.49+3.26 22.94+3.62 0.327 25.66+3.34 24.48+3.92 0.057
ASA grade 2.50+0.72 2.38+0.65 0.215 2.27+0.48 2.17+0.52 0.176
Operated side (left/right) 29/36 74/54 0.094 36/34 36/60 0.083
Blood transfusion 1 10 0.148 0 2 0.509
Operation time (min) 84.00+29.32 80.34+30.71 0.428 94.61+28.07 95.54+28.63 0.836
Length of hospital stay 14.63+7.08 14.93+9.01 0.816 14.87+8.16 14.98+6.60 0.925
Postoperative hospital stay 8.65+6.49 9.27+8.15 0.595 8.49+7.403 8.94+5.513 0.653

THA, total hip arthroplasty; TKA, total knee arthroplasty; TXA, tranexamic acid; ASA, American Society of Anesthesiologists.

three-day prolonged-course of multiple-dose of TXA with
a single-dose of TXA. The primary outcomes included
the changes in Hb, estimated total blood loss (I'BL), and
transfusion rate; the secondary outcomes included the PLT
counts, inflammatory markers [C-reactive protein (CRP),
erythrocyte sedimentation rate (ESR)], and fibrinolysis
response parameters [D-dimer (D-D), fibrinogen/fibrin
degradation product (FDP)].

The TBL was calculated based on the changes in
hematocrit and the estimated blood volume by the Gross
and Nadel formula (26,27). Specifically, if a red blood
cell transfusion was performed, the estimated TBL was
considered equivalent to the volume transfused plus the
blood loss calculated, based on the assumption that all the
red blood cell transfusions contained the same number of
cells (22,28).

Demographic and clinical pre-operative characteristics
of the included patients were also collected, which mainly
included their age, gender, height, weight, body mass index,
American Society of Anesthesiologists (ASA) score, surgical
diagnosis, operation time, and length of post-operative
hospital stay.

© Annals of Translational Medicine. All rights reserved.

Statistical analysis

The quantitative parameters were described as the means
+ standard deviations (SDs), and the qualitative parameters
were expressed as frequencies or percentages. The Pearson
chi-square test or Fisher’s exact test was used to compare the
categorical variables, and the Student’s #-test or Wilcoxon
rank-sum test was used to compare the continuous variables.
All tests were two-sided, and P values less than 0.05 were
considered statistically significant. Analyses were performed
using SPSS statistical software version 21.0 software (SPSS
Inc., Chicago, IL, USA).

Results
Patient demographics

A total of 193 patients who underwent THA procedures
and 166 patients who underwent TKA procedures met the
eligibility requirements and were included in this study. In
the comparison of the baseline characteristics, we found
no significant difference between the groups (Zable I). The
average age was 65.07 years for the THA patients and
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Table 2 The peri-operative changes in Hb levels in primary total hip and knee arthroplasty
Hb levels (g/L) Pre POD1 POD3 POD5 POD7

THA
Multiple-dose TXA

123.40+14.79 107.35+15.44

Single-dose TXA 124.49+14.00 105.12+14.48
P value 0.611 0.323
TKA

Multiple-dose TXA
Single-dose TXA

P value

125.74+12.26 115.19+12.17

124.43+12.83 110.39+11.68

0.507 0.011

101.14+11.63 102.92+13.75 106.20+10.63

96.29+14.48 97.40+13.55 99.40+14.29

0.021 0.017 0.032

110.29+13.93 109.95+12.39 112.23+13.14

99.08+12.13 99.91+12.24 102.24+11.90

<0.0001 <0.0001 0.001

Pre, Pre-operation; POD, Post-operative day; THA, total hip arthroplasty; TKA, total knee arthroplasty; TXA, tranexamic acid; Hb,

hemoglobin.
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Figure 2 The peri-operative Hb levels in the THA (A) and TKA (B) patients. The asterisks (*) indicate values that were statistically

significantly different between the three-day prolonged-course of multiple-dose and single-dose groups. The horizontal green dotted lines

indicate the normal range (upper green line for the upper limit, lower green line for the lower limit). Hb, hemoglobin; THA, total hip

arthroplasty; TKA, total knee arthroplasty; Pre, pre-operation; POD, post-operative day.

67.72 years for the TKA patients; 56.99% of the THA
patients and 77.71% of the TKA patients were female;
the majority of the patients received direct oral factor Xa
inhibitor for VTE prophylaxis, and few patients received
low-molecular-weight heparin.

Primary efficacy outcomes

Compared with the patients receiving a single-dose of
TXA, the patients receiving the three-day prolonged-course
of multiple-dose of TXA showed consistently achieved
significantly higher Hb levels after THA (on POD3, PODS,
POD7) and TKA (on PODI1, POD3, PODS, POD7) and
consistently reduced post-operative drops in Hb levels
(Pre-POD1, POD1-POD?3) after both THA (16.05 wvs.

© Annals of Translational Medicine. All rights reserved.

19.37 g/L; 6.21 vs. 8.83 g/L) and TKA (10.55 vs. 14.04 g/L;
4.9 vs. 11.31 g/L) (Table 2). Consequently, the maximum
Hb drop and estimated TBL were also significantly lower
in the multiple-dose group than in the single-dose group
in both THA (24.58+11.43 vs. 30.38+11.33 g/L, P=0.001;
685.88+412.02 vs. 968.94+479.9 mL, P<0.0001;) and TKA
(18.04£9.75 wvs. 27.24£10.99 g/L, P<0.0001; 497.35+291.03
vs. 816.51+354.38 mL, P<0.0001) (Figure 2). The
proportion of patients who received a transfusion was also
marginally lower in the multiple-dose group than in the
single-dose group (THA: 1/65 vs. 10/128, P=0.148; TKA:
0/70 vs. 2/96, P=0.509). This substantial and clinically
significant difference should be highlighted, even though a
statistically significant difference was not observed due to
infrequency.
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Secondary efficacy outcomes

The PLT levels were simultaneously reserved with the Hb
levels, but only the TKA patients in the multiple-dose group
had significantly higher PL'T" counts on POD3, PODS, and
POD?7 (Figure 3). The acute phase reactants, CRP and ESR

revealed a remarkable increase in the inflammatory response

© Annals of Translational Medicine. All rights reserved.

in all patients after surgery. The levels of CRP and ESR in
the multiple-dose group were generally lower than those in
the single-dose group. Nevertheless, statistically significant
differences between the two groups were only detected in
THA patients (Figure 4). In addition, in comparison with
the single-dose of TXA, the prolonged-course of multiple-
dose of TXA was associated with significantly and durably
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reduced D-D and FDP levels (P<0.05) (Figure 5).

Discussion
Main findings

Our study found that: (I) compared with the patients who
received a single-dose of TXA, the patients who received
the three-day prolonged-course of multiple-dose of TXA
had significantly and durably reduced post-operative Hb
drops, further reduced maximum Hb drops and estimated
TBL, marginally decreased transfusion rate; (II) multiple-
dose of TXA was also associated with higher PLT counts,
continuously reduced inflammatory response, significantly
and durably attenuated fibrinolytic response.

Possible mechanisms

TXA inhibits fibrinolysis (bleeding) through the competitive
inhibition of plasminogen activation. TXA almost entirely
binds to plasminogen, and only 3% binds to plasma protein
at therapeutic plasma levels. Therefore, the biological half-
life of TXA is relatively short: the half-life is approximately
2 hours after a dose of 1 g IV TXA, while the biological

© Annals of Translational Medicine. All rights reserved.

half-life is a little longer in the joint fluid about 3 hours (29).

Previous studies have suggested that intra-operative
visible blood loss is an unreliable surrogate for TBL in
TJA patients, and hidden blood loss should be used to
gauge the success of blood conservation methods (30,31).
Approximately 90% of TBL occurs during the first post-
operative 24 hours (30,32), which is primarily due to
ongoing bleeding and hyperfibrinolysis, the latter can
further increase bleeding during and immediately after
surgery (30). Remarkably, the hyperfibrinolysis peaked at 6
hours after surgery and would maintain for approximately
18 hours (33). Accordingly, a single-dose of TXA is not
sufficient to durably suppress fibrinolysis, and additional
post-operative boluses of TXA are reasonable and
justifiable. Our study found that these additional boluses of
TXA (at 3, 12, 24 hours) effectively reduced the maximum
Hb drops and estimated TBL on POD1, which is consistent
with previous studies that adopted multiple-dose of TXA
(14,15).

Interestingly, Hb levels continued to decline until POD3
in TJA patients (16-18,30,32), which was often neglected in
previous studies since the blood loss on POD2 and POD3
was somewhat limited when compared with the blood loss
on PODI1 (32). However, additional blood conservation

Ann Transl Med 2020;8(6):307 | http://dx.doi.org/10.21037/atm.2020.02.99
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measures are still worthwhile, especially for patients who
experience symptoms of anemia or meeting the transfusion
criteria a few days after surgery (34). Indeed, the prolonged-
course of extra doses of TXA (at 24, 48, and 72 hours)
alleviated the decline in Hb levels. Potential explanations
and mechanisms of blood loss on POD2 and POD3 in TJA
patients are rarely mentioned, which might be attributed to
the fibrinolysis and early post-operative exercises following
surgery. Theoretically, patients who undergo TKA are
encouraged to perform exercises involving isometric
contractions of the quadriceps and active progressive
flexion-extension of the knee from PODI1, which can induce
more hidden blood loss than THA. Our study did find that
the Hb drop was more evident in TKA than in THA from
POD1 to POD3 in the single-dose group, and a prolonged-
course of multiple-dose of TXA substantially slowed the
decline in the Hb levels, especially in TKA.

Furthermore, fibrinolysis, coagulation, and inflammation
systems are strongly related (35-38). Plasmin exerts
proinflammatory effects by activating inflammatory
cells, stimulating the production of cytokines, and other
mediators (39,40). TXA has anti-inflammatory effects by
attenuating the formation of plasmin and regulating the
inflammatory response in various surgical settings, including
arthroplasty (14,35,41-43). Therefore, prolonged multiple-
dose of TXA can also alleviate the swelling and edema of
the lower extremities and promote ERAS (14).

Implications for clinical practice

The recently developed clinical practice guidelines strongly
recommended a single-dose rather than multiple-dose of
TXA in TJA patients (2), as previous findings showed that
multiple-dose of TXA failed to provide statistically superior
blood management when compared with a single-dose of
TXA. Thus, a single-dose of TXA is frequently sufficient,
and additional doses of TXA appear to be superfluous and
might result in higher drug exposures and healthcare waste
(8,9).

However, the clinical significance of the additional
reductions in TBL (THA 283.06 mL; TKA 319.16 mL)
and maximum Hb drops (THA 5.80 g/L; TKA 9.20 g/L),
marginally decreased transfusion rates, prolonged
fibrinolysis inhibition, and durably ameliorated
postoperative inflammatory responses following TJA are
noteworthy. More specifically, the ignored potential benefits
not only include a lower risk of transfusion in patients with
pre-operative anemia, alleviated the swelling of the lower

© Annals of Translational Medicine. All rights reserved.
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extremities, a shorter length of stay, and lower morbidity
in the short term, but also a lower readmission rate within
60 days of discharge and a lower risk of periprosthetic joint
infection in the long term (44-46). Besides, considering
that TXA has an excellent safety profile and the acquisition
cost of TXA is affordable ($2/g) (19), a prolonged-course of
multiple-dose of TXA could be recommended for clinical
practice for a variety of benefits.

Call for future studies

In recent years, a growing pile of studies has investigated
the application of TXA in TJA patients. However, there
remains no consensus regarding the optimal regimen of
TXA, including dosage and dosing frequency (multiple-
dose, single-dose, or continuous infusion), route of
administration (IV, topical/intra-articular, combined IV and
topical, or oral), and timing of administration (pre-operative,
intra-operative, or post-operative) (1,3-9,47-49). Although
the recent guidelines suggest a pre-operative single-dose
of TXA in any methods of administration can equivalently
reduce blood loss and the risk of transfusion in primary TJA
patients (2), our findings demonstrate that there remains
an opportunity to make meaningful contributions to the
clinical practice on TXA by investigating the optimal
formulations of TXA for achieving the maximum reduction
in blood loss in TJA patients.

Strengths and limitations

To the best of our knowledge, this is the first study that
prolonged the application of TXA from pre-operative
to POD3, and as many as seven doses of TXA were
administered (six-dose IV-TXA, one-dose topical-TXA)
for possible additional benefits; the results indicated that
additional doses of TXA through POD3 are beneficial and
should be recommended.

This study also had limitations. First, due to its
retrospective nature, this study has several weaknesses,
such as the non-randomized design, not allowing for
complete control of the peri-operative variables (including
demographics and co-morbidities). Therefore, these
findings should be interpreted with caution, and future
well-designed prospective studies are needed to confirm our
findings. Second, a flat-fixed dosing regimen rather than a
weight-adjusted dosing regimen of TXA was used in our
department because it is potentially more convenient for
both patients and clinicians. However, this dosing regimen
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might lead to a substantial difference in the concentration
of TXA in the blood, and subsequently induce confounding
bias to the results.

Conclusions

Our study suggests that a three-day prolonged-course of
multiple-dose of TXA consistently reduced post-operative
Hb drops and additionally reduced maximum Hb drops
and blood loss, which were also associated with continuous
benefits, including a marginally reduced transfusion
rate, continuously reduced inflammatory responses, and
significantly and durably attenuated fibrinolytic responses.
Thus, this regimen could be recommended for clinical
practice. However, these findings need further confirmation
in other prospective studies.
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