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Abstract

Background: To assess the efficacy and safety of intravenous and subsequent long-term oral tranexamic acid (TXA)
following total knee arthroplasty (TKA) without a tourniquet.

Methods: In this double-blinded trial, 118 patients undergoing primary TKA were randomized into two groups: the
patients in group A received intravenous TXA at 20-mg/kg 10 min before the surgery and 3 h postoperatively, and
then oral 1 g TXA from postoperative day (POD) 1 to POD 14, and the patients in group B received intravenous TXA
at 20-mg/kg 10 min before surgery and 3 h postoperatively, and then oral 1 g placebo from postoperative day
(POD) 1 to POD 14. The primary outcome was total blood loss. Secondary outcomes included ecchymosis area and
morbidity, postoperative transfusion, postoperative laboratory values, postoperative knee function and length of
hospital stay. Complications, and patient satisfaction were also recorded.

Results: The mean total blood loss was lower in Group A than in Group B (671.7 ml vs 9158 ml, P=0.001). There
was no significant difference in the transfusion rate between the two groups. Group A had a higher hemoglobin
than Group B on POD 3 (106.0 g/L vs 99.7 g/L, P=0.001). However, no significant difference was found for Hb or
hematocrit on POD 1 or POD 14 between the two groups. Patients in Group A had less ecchymosis morbidity (7 vs
38, P=0.001), smaller ecchymosis area (1.6 vs 3.0, P=0.001) than Group B. The blood coagulation level as measured
by fibrinolysis (D-Dimer) was lower in Group A than in Group B on POD 1 and POD 3 (4.6 mg/L vs. 84 mg/L, respectively,
P=0001; 1.5 mg/L vs. 3.3 mg/L, respectively, P=0.001). However, there was no significant difference on POD 14, and the
fibrin degradation products showed the same trend. Patients in Group A had less swelling than those in Group B on POD
3 and POD 14. The circumference of the knee was 43.1 cm vs. 46.1 cm (POD 3, P=0.001) and 414 cm vs. 449 cm (POD 14,
P=0001) in Group A vs Group B, respectively. Nevertheless, the circumference of the knee in the two groups was similar
on POD 1 and POD 3 M. No significant differences were identified in knee function, pain score, or hospital
stay. No significant differences were identified in thromboembolic complications, infection, hematoma, wound
healing and patients satisfaction between the two groups.
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Conclusion: Intravenous and subsequent long-term oral TXA produced less blood loss and less swelling and
ecchymosis compared with short-term TXA without increasing the risk of complications.

Trial registration: The trial was registered in the Chinese Clinical Trial Registry (ChiCTR-IPR-17012264).

Keywords: Total knee arthroplasty, Tranexamic acid, Blood loss, Swelling,

Background

Total knee arthroplasty (TKA) is viewed as one of the
most successful orthopedic surgeries for most end-stage
knee diseases [1]. In recent years, the concept of en-
hanced recovery after surgery (ERAS) has greatly im-
proved the speed of rehabilitation after total joint
arthroplasty. Patients feel more comfortable during the
perioperative period and have shorter hospital stays and
lower cost [2, 3]. Tranexamic acid (TXA) plays an im-
portant role in ERAS due to its antifibrinolytic function
[4]. TXA can prevent the activation of plasminogen and
delay fibrinolysis and reduce blood loss and the rate of
blood transfusion perioperatively [5-7]. Recent studies
showed that TXA may be administered intravenously,
intra-articularly, or orally [8-11].

Tourniquets can reduce blood loss during operations
and provide a better view for surgeons, but the use of a
tourniquet may be related to muscle damage, paralysis, se-
vere thigh pain, delayed rehabilitation, and reduced pa-
tient satisfaction [12, 13]. Considering these concerns, not
using a tourniquet during TKA surgery can avoid those
side effects and promote recovery postoperatively. Simi-
larly, some studies of tourniquet use during TKA showed
that avoiding tourniquets can reduce pain and edema
from the operation side of the lower limb without increas-
ing blood loss with use of multiple doses of TXA [14, 15].

Many guidelines recommend that anticoagulants be
used during TKA to prevent venous thromboembolism
(VTE), including deep vein thrombosis (DVT) and pul-
monary embolism (PE) after TKA [16, 17]. New oral anti-
coagulants, such as Rivaroxaban and Apixaban, can
effectively reduce the occurrence of DVT and PE, but
there are still some side effects when patients take these
drugs, including swelling, ecchymosis, or wound compli-
cations. These side effects may make patients panic and
are disadvantageous to recovery after surgery [18—22].

A large number of studies confirmed that intravenous,
intra-articular, or oral use of tranexamic acid can reduce
blood loss and be helpful for reducing inflammation and
swelling from limb surgery, reducing the occurrence of
subcutaneous ecchymosis, but does not increase the inci-
dence of thrombosis [6, 9, 14, 23—-26]. In our clinical work,
we found that during the anticoagulation process (from
the day of surgery to POD 14) after joint replacement,
most patients may have various degrees of subcutaneous
ecchymosis. We considered that subcutaneous ecchymosis

may be caused by anticoagulant drugs that can induce
hidden blood loss or subcutaneous capillary bleeding. Sub-
cutaneous ecchymosis was one of the main problems indi-
cated by patients during the follow-up visit and was not
conducive to early postoperative rehabilitation. Studies
have supported that the use of tranexamic acid during
hospitalization could reduce the incidence of subcutane-
ous ecchymosis in patients undergoing arthroplasty, and
we wondered whether prolonged use of tranexamic acid
postoperatively could enhance patient recovery and re-
duce the incidence of subcutaneous ecchymosis after dis-
charge. However, in almost all of these previous studies,
the use of TXA occurred in the hospital, and there has
been no related research about the efficacy and safety of
long-term use of oral TXA after TKA. Therefore, we de-
signed a prospective, randomized, double-blind placebo
trial conducted in an enhanced recovery setup at our insti-
tution to assess the efficacy and safety of extended oral
tranexamic acid after primary unilateral total knee arthro-
plasty with no tourniquet or drain. We hypothesized that,
compared with placebo, after total knee arthroplasty, ex-
tended oral TXA would reduce blood loss, incidence of
subcutaneous ecchymosis and limb swelling with Rivarox-
aban to prevent thrombosis post-discharge without in-
creased thromboembolic complications.

Methods

Patients

This study was conducted at the Department of Joint
Surgery in West China Hospital, Sichuan University, and
registered in the Chinese Clinical Trial Registry (ChiCTR-
IPR-17012264). The Institutional Review Board (Medical
Ethics Committee of West China Hospital, Sichuan
University) give permission for our study.

From September 2017 and April 2018, patients with
primary osteoarthritis undergoing primary unilateral
TKA were screened for enrollment. Perioperative man-
agement of surgery was based on a widely recognized
multimodal enhanced recovery strategy, including VTE
prevention, pain control [27-29], blood loss manage-
ment [30], and rehabilitation training [31, 32]. The ex-
clusion criteria were secondary osteoarthritis, allergy to
this medicine, a history of coexisting diseases that can-
not tolerate surgery or general anesthesia, and active
cancer.
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Drug delivery and randomization

All patients were randomized into two groups (Group A: IV
and subsequent oral TXA; Group B: IV TXA only) based on
a computer-generated randomization list generated using
Randomization.com. The randomization was prepared by a
statistician who was not involved in this clinical trial. The
randomization assignments were placed into sequentially
numbered opaque sealed envelopes, which were kept by a
certificated research pharmacist. The envelope was opened
on the day of operation, and the corresponding drug and
placebo were handled by a researcher who was not involved
in patient care. The patients, trial participants, anesthesiolo-
gists, outcome assessors, and data collectors were blinded to
allocation. The placebo (starch tablet) that had the same ap-
pearance as oral TXA was provided from a specific depart-
ment in our hospital. The patients in Group A were given
TXA (20 mg/kg) intravenously 10 min before the surgery
and 3 h after the operation, and then the patients received 1
g TXA orally from postoperative day (POD) 1 to POD 14.
Patients in the Group B received IV TXA (20 mg/kg) intra-
venously 10 min before the surgery and 3 h after the oper-
ation, and then the patients received placebo pills identical
in quantity to oral TXA from POD 1 to POD 14. All the
operations were performed by a senior doctor.

Surgical procedure and postoperative management

All patients were under general anesthesia and used a
medial para-patellar approach. All patients also received
standard analgesia perioperatively [27, 28], including ad-
ductor canal block (30 ml 0.33% ropivacaine) before the
operation and periarticular multisite infiltration (40 ml
0.25% ropivacaine) before fixing the prosthesis. A tourni-
quet, intraarticular drainage tube, and pressure dressing
were not used in any patients in this study [22, 33]. All
of the patients had a doppler ultrasound conducted by
experienced ultrasound doctor to diagnose DVT before
the operation, at POD 14 and 3 months postoperatively.
PEs were detected by clinical symptoms and contrast-
enhanced chest CT scans if it’s necessary.

During hospitalization, all patients received low mo-
lecular weight heparin (Clexane, Sanofi-Aventis, France)
and a venous pump (the first night after the operation)
to prevent VTE. Patients were asked to perform equal
length contractions of the femoral quadriceps and ankle
pump movements 20 times per minute as soon as they
recovered from anesthesia. Rivaroxaban (10 mg, Xarelto,
Bayer, Germany) was administered orally once a day for
another 10days after determining no bleeding events
occurred.

Based on the guidelines of the Chinese Ministry of
Health, an allogeneic transfusion was given if Hb was <
70 g/L in asymptomatic patients or between 70 g/L and
100 g/L in symptomatic patients (i.e. fatigue, poor appe-
tite, anemia, or myocardial ischemia) in hospital. An
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attending physician who did not participate in the study
made the transfusion decision [34].

Outcome measurements

Patient’s age, sex, American Society of Anesthesiologists
(ASA) classification, Caprini score, weight, height, body
mass index (BMI) and predicted blood volume (PBV)
were collected for comparison. The primary outcomes
was total blood loss (TBL), and estimated blood loss was
calculated applying the Gross formula [35]:

Total blood loss = PBV x (Hct pre-Hct post)/Hct ave

PBV = patient’s blood volume

Hct pre = the initial preoperative hematocrit level
Hct post = the lowest postoperative hematocrit level
during hospitalization or the lowest postoperative
hematocrit prior to blood transfusion

Hct ave = the average of Hct pre and Hct post

The PBV was assessed according to the formula from
Nadler et al [36]:

PBV (mL) =kl x height (m)+ k2 x weight (kg) +k3;
k1 =0:3669, k2 = 0:03219, and k3 = 0:6041 for men; k1 =
0:3561, k2 =0:03308, and k3 =0:1833 for women. If a
reinfusion or an allogenic transfusion was conducted,
the volume transfused was added when calculating TBL.

The secondary outcomes included the subcutaneous
ecchymosis morbidity, area of ecchymosis, patients re-
quiring transfusion, units transfused, and postoperative
laboratory values (i.e. hemoglobin, hematocrit, FDP, and
D-Dimer). Postoperative knee function, knee circumfer-
ence, VAS pain score, and length of hospital stay were
also assessed as the secondary outcomes. Hemoglobin
was measured before the operation and at POD 1, 3, and
14. Based on previous literature and our own experience,
the patient’s hemoglobin level was minimized on the
third day after TKA. We chose POD 3 to measure total
blood loss. Two experienced clinicians who did not par-
ticipate in the study judged the degrees of ecchymosis
and swelling, which were consistent with our previous
studies [33]. If subcutaneous ecchymosis was found at
any part of the surgical limb, the range of ecchymosis
was measured as the percentage of body surface area
(area of the patient’s own palm defined as approximately
1% of body surface area, referenced in the estimation of
burn area by Lund-Browder [37]. Knee circumference
was measured as thigh circumference 10-cm proximal to
the patellar. If the surgical side was over than the
contralateral limb was defined as positive. Limb swelling
was measured before operation and on POD 1, 3, and 14
and after 3 months. As for complications, we recorded
complications (DVT, infection, and wound secretion),
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30-day mortality, and 90-day readmission. Marsh’s Satis-
faction Questionnaire was used to investigate patient
satisfaction.

Sample-size calculations

The sample size was calculated on the basis of the differ-
ence in the primary outcome, namely, total blood loss.
Based on pilot data from 66 patients who received unilat-
eral primary TKA with use of the same fast-track program
between March 2016 and November 2016, the mean total
blood loss was 978 ml (SD 229). The relevant additional
clinical effect of reduced total blood loss based on the
added use of oral TXA following its use preoperatively
was found to be 164 ml in the historical cohort [38] .
Based on these parameters, it was determined that 48 pa-
tients were required per group, with an assumed alpha of
5% and a power of 95%. To allow for loss to follow-up of
20%, 60 patients were needed for each group. Calculations
were performed with G*Power 3.1.

Statistical analysis

The mean and standard deviation (SD) were calculated
for the quantitative data, and frequencies and percent-
ages were calculated for qualitative data. Before any ana-
lyses were performed, the distributions of all variables
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were tested by the Kolmogorov—Smirnov test. An un-
paired Student’s t-test was used when the data appear to
be normally distributed. Otherwise, the Mann—Whitney
U test was used. The chi-squared or Fisher’s exact tests
was performed to analyze categorical variables. Signifi-
cance was set at p < 0.05. Analyses were performed using
SPSS Version 22.0 (IBM Corp., Armonk, New York).

Results

Patients

From September 2017 to April 2018, 210 patients sched-
uled for primary unilateral TKA were screened for partici-
pation in our trial. Ninety patients were excluded, and the
remaining 120 patients underwent randomization into
two groups: Group A (IV and subsequent oral TXA group,
n=60) and Group B (IV TXA group, n=60). Two pa-
tients in Group B were excluded because of tourniquet ap-
plication (1 patient) and medication not being prepared in
time (1 patient) (Fig. 1). No patient was lost or excluded
during follow-up. No significant differences between the
two groups were identified with respect to demographic
data, operative time, Caprini score, knee function, or pre-
operative laboratory values (Table 1). The follow-up dur-
ation was 3 months after surgery.

-

[ Enrollment ]

Assessed for eligibility (n=210)

Excluded (n=90)

+ Not meeting inclusion criteria (n= 68)
+ Declined to participate (n=17)

+ Other reasons (n= 5)

A4

| Randomized (n= 120) |

|

A4 H v
{ Allocation |

Allocated to experimental group (n= 60)
+ Received allocated intervention (n= 60)

8

v Follow-Up v

Allocated to control group (n= 60)
+ Received allocated intervention (n= 58)
+ Withdrew from study (n= 2)

» Tourniquet application (n= 1)

» Medication preparation (n=1)

J

Lost to follow-up (n=0)

Discontinued intervention (n= 0)

¥ Analysis Y

Lost to follow-up (n=0)

Discontinued intervention (n= 0)

J

Analysed (n=60)
+ Excluded from analysis (n= 0)

Fig. 1 CONSORT (Consolidated Standards of Reporting Trials) flow diagram

Analysed (n= 58)
+ Excluded from analysis (n= 0)
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Table 1 Baseline characteristics and perioperative demographics
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Variable Group A (N=60) Group B (N=58) P value
Patient characteristics
Age (year)b 63.0+139 64.1+93 0.62
Gender (male/female) ° 15/45 11/47 043
Height (m)®° 1.5+0.06 1.6 £0.07 0.07
Weight (kg)° 609+ 10.7 623+ 104 046
BMI (kg/m?)P° 257450 255439 0.79
ASA classification® 21+£03 2104 053
Operated side (L/R) ° 26/34 31/27 027
PBV (L)° 35+04 36+05 019
Caprini scores® 51+£25 56+£26 0.46
Preoperative laboratory values
Hermnoglobin (g/L)° 1305+137 1283+132 036
Hematocrit (%)° 39.1+37 387+37 0.55
Platelet count (x 10%/L)P 1827 +552 179.1 £455 0.73
Albumin (g/L)° 420+6.1 430+32 0.28
FDP (mg/L)° 31+25 29424 0.70
D-Dimer (mg/L)b 10£14 12+£14 0.46
PT (9)b 114+07 11.3+1.0 0.62
Surgical data
Operative time (min)° 629+ 13.1 636+ 124 0.56
Preoperative knee function
ROM (9° 980+224 9.6+ 174 071
KSS clinical score® 358+ 144 362+ 158 0.89
KSS function score” 4244116 412+10.] 057
Knee circumference (cm)b 41.1+40 414+35 0.58
VAS pain score® 54+14 58+15 0.10

*The values are given as the number of patients
PThe values are presented as the mean and the standard deviation

Primary outcome

The total blood loss (primary outcome) was 671.7 +
352.7 mL in Group A and 915.8 + 243.4 mL in Group B,
(p=0.001), and there was a significant difference be-
tween the groups (Table 2).

Secondary outcomes

Subcutaneous ecchymosis

During the period of follow-up, the morbidity of ec-
chymosis was higher in Group B (38 patients) than in
Group A (7 patients), P =0.001. The area of ecchymosis
of the operative side limb in Group A was smaller than
Group B (1.6% of the body surface area in group A vs
3.0% in group B, P =0.001) (Table 2).

Postoperative laboratory values

No difference between the two groups was identified in
Hb level or hematocrit on POD 1 or POD 14, but on
POD 3, Hb and hematocrit in Group A were higher than

in Group B (P=0.001 and P =0.001, respectively). The
levels of FDP and D-Dimer were lower in Group A, and
at the POD 1 (FDP: 13.7 vs 24.9, D-Dimmer:4.6 vs 8.4)
and POD 3 (FDP: 6.9 vs 12.0, D-Dimmer:1.5 vs 3.3),
there were significant differences (P < 0.05), but on POD
14, FDP and D-Dimmer were similar between the
groups (Table 2).

Postoperative knee function and knee circumference
Knee ROM and KSS score were similar among the two
groups during the 3-month follow-up. Similarly, the
postoperative VAS was not significantly different be-
tween the groups at any follow-up point (Table 2).

The swelling of the lower limb in Group A was more
mild than in Group B on POD 3 and POD 14. The cir-
cumference of the knee was 43.1 cm vs 46.1 cm (POD 3,
P=0.001) and 41.4cm vs 44.9 cm (POD 14, P=0.001)
for Group A vs Group B, respectively but there was no
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Table 2 Primary and secondary outcomes regarding laboratory
values and clinical outcomes after surgery
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Table 2 Primary and secondary outcomes regarding laboratory
values and clinical outcomes after surgery (Continued)

Variable Group A Group B Pvalue  Variable Group A Group B P value
Primary outcomes POD 1 38+£15 42+20 0.26
Total blood loss (mL)b 67173527 9158+2434 0.001 POD 3 27+08 29+0.7 0.11
Secondary outcomes POD 14 22+10 20+08 0.32
Postoperative transfusion PO 3M 0.7+09 06+08 0.35
Patients requiring transfusion 2 (3.33%) 2 (3.45%) 0.44 Hospital stay (day)b 37+12 40+09 015
Units transfused (V) 35 4 NA
Postop. laboratory values difference between the two groups on POD 1 or the 3-
Hemoglobin (g/L)° month follow-up (Table 2).
POD 1 1153+139 171+£116 055
POD 3 1060+109 997 +84 0001 Length of hospital stay and patient satisfaction
POD 14 12384103 1213481 013 The length of hospital stay was 3.7 days in Group A VS
Hematocrit (% 4.0 days in Group l?w, P = 0.15(Table 2). Patients in G‘roup
h0D | o1 ean N 043 A had better satisfaction as there were 52 patients
+ + . e .
>l 273, 4 (86.7%) who were satisfied with the surgery, but only 46
POD 3 32329 30025 0001 patients (70.3%) in Group B were satisfied, but here was
POD 14 370445 364+46 045 no difference between the two groups. The main reason
FDP (mg/L)P that made patients feel uncomfortable were pain, swell-
POD 1 137478 2494113 0001 ing of the limb and ecchymosis (Table 3).
POD 3 69+34 120£10.0 0.001
POD 14 44+25 52+24 0083 Transfusion rate
D-Dimer (mg/L)° Four patients received allogeneic blood transfusion due
POD 1 46492 84480 0001 tg a Postoperatwg Hb of <70 g/L a.nd had symptoms in-
dicative of anemia. Two were patients (3.3%, 3.5U) in
POD 3 15+11 33+21 0.001 o .
Group A and 2 (3.5%, 4.0 U) were in Group B, and there
POD 14 12+09 13£05 022 was no significant difference between the two groups
Postop. knee function (Table 2).
ROM (°)° . ‘
Table 3 Other outcomes including adverse events
POD 1 99.7+118 100.1£11.7 0.58
Variable Group A Group B P value
POD 3 108.1+49 1074+52 044 —
Ecchymoses morbidity 7 38 0.001
POD 14 1109+89 1082+94 011 b
Area of ecchymoses(%) 16+0.7 30+13 0.001
PO 3M 1140+70 113.7+£95 0.82 .
Symptomatic DVT 0 0 NA
KSS clinical score® )
Asymptomatic DVT 5 3 0.50
POD 3 482489 456+85 032 . )
Superficial infection 0 0 1.00
POD 14 773164 752+9.1 0.15 . .
Deep infection 0 0 NA
PO3M 828+55 825+43 0.73
Hematoma 0 0 NA
KSS function score® )
Wound secretion 2 1 0.58
POD 3 445+106 43.1+10.2 0.27 .
30-day mortality 0 0 NA
POD 14 68.6+8.1 69.5+84 0.53 o
90-day readmission 0 0 NA
PO 3M 755+56 76.7+£53 0.25 . .
Satisfaction level
Knee circumference (cm}b o
Extremely satisfied 21 18 0.88
POD 1 420+3.7 438+33 0.06 L
Very satisfied 19 17
POD 3 431+£19 46.1£3.7 0.001 s
Somewhat satisfied 12 11
POD 14 414+29 449+22 0.001 . s L
Neither satisfied nor dissatisfied 7 10
PO3M 4114+32 416430 028 L
Somewhat dissatisfied 1 2

VAS pain score®

Very dissatisfied 0 0
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Complications

DVT morbidity, wound secretion and infection did not
differ significantly between the two groups, and there
were no mortality or readmission events during the
follow-up period (Table 3).

Discussion

Good blood conservation during the perioperative
period can reduce blood loss and transfusion and de-
crease anemia, and patients who have higher levels of
hemoglobin display better physical abilities and execu-
tive abilities during rehabilitation training [8, 30, 39-41].
Many studies including meta-analyses have proven that
corrected anemia can reduce mortality after surgery
[42—-44]. Blood conservation strategies are one of the
core components of the ERAS strategy for TKA, and
TXA makes this strategy a reality.

TXA has been widely used to reduce blood loss and
transfusion following TKA, especially in ERAS. Increas-
ing numbers of studies have supported this fact [2, 15,
40, 43, 45-48]. In China, more than two hundred thou-
sand primary TKAs are conducted each year. Consider-
ing the aging population and longer life expectancy, this
number of TKAs will increase dramatically over time.
TXA is useful for reducing swelling and inflammatory
reactions after total joint arthroplasty [49, 50]. Although
previous studies showed that hyperfibrinolysis continued
for approximately 6—18 h after the operation, anticoagu-
lants, such as low molecular heparin or rivaroxaban,
might cause new bleeding. Fibrinolysis could persist at a
low level, which is why some studies showed that pro-
longed use of TXA or multiple-dose drugs can further
reduce blood loss and restrain postoperative fibrinolysis
better than a single dose [23, 51-53]. We believe that
prolonged use of TXA has more benefits for patients
with total joint arthroplasty.

This study is the first study of long-term use of TXA
after TKA. The results of our study show that, in the
group with long-term use of TXA after the surgery
(Group A), patients had lower total blood loss than
Group B and patients in Group A had a higher
hemoglobin than Group B on POD 3, that means when
we prolonged the uses of TXA, it could reduce the blood
lose from POD 1 to POD 3. The blood coagulation level
as measured by fibrinolysis (D-Dimer) was lower in
Group A than in Group B on POD 1 and POD 3. Pa-
tients in Group A had less ecchymosis morbidity,
smaller ecchymosis area, and less swelling than Group B.
Those results confirmed from another aspect that pro-
longed the use of tranexamic acid was helpful in inhibit-
ing fibrinolysis and reducing the morbidity of swelling
and subcutaneous ecchymosis of the lower limb after
TKA. When we prolonged the use TXA after surgery,
the total blood loss was comparable at two or three
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times the short-term use on the operation day and after
the surgery [34, 54]. However, our scheme is more ac-
ceptable to patients because they did not need to take
oral or intravenous TXA frequently on the operation
day after general anesthesia.

The guidelines for the prevention of venous thrombo-
embolism after orthopedic surgery in China suggest that,
after total knee arthroplasty, we should use anticoagu-
lants for at least 10 to 14 days [55, 56]. In the ERAS
strategy, surgeons tried to find a balance of bleeding,
hemostasis, anticoagulation and antiplasmin. In our in-
stitution, we attempt use TXA to achieve this balance.
To date, our department has published dozens of papers
and proved this conclusion [9, 14, 15, 26, 28, 30, 46, 54,
57]. Patients are discharged fewer than 3 days after total
knee arthroplasty, but they should take oral anticoagu-
lants, such as rivaroxaban, for more than 10days at
home to prevent VTE. There are few community health
service institutions in China, and doctors there cannot
supervise patient follow-up. When patients feel uncom-
fortable or anxious about the side effects of drugs, such
as subcutaneous ecchymosis or swelling, they might
travel hundreds of miles to meet with their surgeons.
The results of our study proved that long-term, oral
TXA after discharge from the hospital decreases ec-
chymosis and swelling caused by anticoagulants and
made patients feel more comfortable and less anxious.

Although this study was carefully designed, there were
still several limitations. First, the study population was
small. For the incidence of ecchymosis and swelling, we
believe that a larger sample size would be better pow-
ered to detect differences between the two groups, but
the sample size calculations showed that our small sam-
ple was sufficient. Second, peak blood concentration oc-
curs at approximately 3 h, and the half-life of oral TXA
is approximately 2 h, but rivaroxaban reaches a peak 2 h
after oral administration with a half-life of 4—6h. Oral
TXA might be not match the effect of rivaroxaban, and
we plan to design another study and increase the fre-
quency of oral TXA to obtain better results. Third, the
3-month follow-up might have concealed a different
long-term safety profile for oral TXA. Forth, there were
multiple secondary outcomes without correction that
will be considered in future research. However, the half-
life of TXA is short, and a 3-month follow-up period
should have been adequate for observing attributable
side effects or important early adverse reactions.

Conclusion

This prospective, randomized, controlled trial of total
knee arthroplasty using a fast-track protocol with no
tourniquet and postoperative drain demonstrated that
intravenous and subsequent long-term oral tranexamic
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acid provided less blood loss, less swelling, and less ec-
chymosis compared with short term TXA use without
increasing the risk of complications.
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