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Abstract
Purpose Tranexamic acid (TXA) has been shown to be effective in reducing blood loss after total knee replacement. The 
purpose of this study was to prospectively assess the effectiveness of topical TXA use, to reduce blood loss after primary total 
knee replacement without tourniquet, and to compare these outcomes with a control group that did not receive tranexamic 
acid.
Methods This is a prospective, randomized study to assess the effect of a 2-g topical tranexamic acid in 50 mL physiological 
saline solution in total knee replacement without tourniquet and drain. Primary outcomes were total blood loss. Secondary 
outcomes were hemoglobin and hematocrit level, hemoglobin and hematocrit drop, transfusion rates, length of hospital stay, 
deep vein thrombosis, and pulmonary embolism events.
Results Preoperative and intraoperative data were similar between the two groups. The mean total blood loss was 620 mL 
in the topical tranexamic acid group and 1094 mL in the control group with significant differences (p = 0.001), which meant 
43% reduction in total blood loss. The hemoglobin and hematocrit postoperative value was significantly higher in the topical 
tranexamic acid group than in the control group (p = 0.002). Transfusion rates were 0% in the topical tranexamic group and 
4.3% in the control group. The length of stay was significantly lower in the topical tranexamic acid group (p = 0.01). There 
were no DVT or PE in any group.
Conclusion A single dose of 2-g TXA in 50 mL topical administration significantly reduces blood loss and improves postop-
erative blood chemistries in patients undergoing unilateral primary cemented TKA without tourniquet and drain compared 
to a control group, without increasing the risk of thromboembolic complications.
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Introduction

There are several risks inherent with total knee arthroplasty 
(TKA). One of them is blood loss, with amounts ranging 
from 800 to 1800 mL. Perioperative blood loss has a signifi-
cant impact on patients’ recovery after TKA. Blood-saving 
strategies have been suggested to reduce blood loss and 
minimize the use of allogenic transfusions [1, 2].

Tranexamic acid (TXA) has been one of these strategies. 
It is an inhibitor of fibrinolysis by binding to plasminogen 
at the fibrin binding site resulting in a theoretical reduction 

in blood loss [3]. TXA was first administrated intravenously, 
and level I evidence studies have been published [4]. Recent 
meta-analysis refers that total blood loss was less in patients 
with the number of intravenous TXA ≥ 2 doses of TXA. So, 
it needs to program during the surgery exactly the moment 
to administrate each dose. On the other hand, topical intra-
articular administration is easy and single dose, and TXA 
can reach a higher concentration at the site of bleeding with 
a minimal systemic distribution, which may reduce adverse 
effects [5]. Two meta-analyses have compared the efficacy 
of topical intra-articular administration versus intravenous 
TXA in TKA [1, 5]. And one meta-analysis has compared 
the efficacy of topical intra-articular administration TXA 
versus placebo in TKA [6]. They concluded that topical 
intra-articular TXA had similar efficacy to intravenous TXA 
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in reducing blood loss, postoperative hemoglobin drops, and 
blood transfusion, without increasing adverse effects.

Tourniquet and drain continue to be used in TKA. There 
is current evidence that tourniquet does not reduce total 
blood loss [7]. And hidden blood loss was lower in patients 
with tourniquet and TXA [8]. However, it seems that closed 
suction drainage does not affect total blood loss and blood 
transfusion requirement [9]. To our knowledge, there are 
only two studies that evaluate topical intra-articular TXA 
administration without the use of the tourniquet and drains 
in TKA [10, 11].

The purpose of this prospective, randomized study was to 
assess the efficacy and safety of topical intra-articular TXA 
in reducing blood loss after primary TKA without tourniquet 
and drain and to compare these outcomes with a control 
group that did not receive TXA. We hypothesized that there 
was no significant difference in postoperative blood loss 
between both groups.

Materials and methods

Study design

This prospective, randomized controlled study was per-
formed between June 2017 and June 2019. The study was 
approved by our institutional review board, and informed 
consent was obtained from all recruit patients. All patients 
undergoing primary TKA were eligible for inclusion. Exclu-
sion criteria were allergy to TXA, bilateral procedures, flex-
ion deformity ≥ 30°, varus/valgus deformity ≥ 30°, history 
of distal venous thrombosis (DVT) or pulmonary embolism 
(PE), previous embolic stroke, and cardiovascular disease. 
Acetylsalicylic acid, antiplatelet agents, anticoagulants, or 
nonsteroidal anti-inflammatory agents (including cycloox-
ygenase inhibitors) were discontinued 7 days prior to the 
scheduled surgery.

Randomization

Randomization to two study groups was implemented with 
the use of sealed envelopes in a 1:1 ratio opened in the oper-
ation room. The topical TXA group received 2-g dose of 
TXA (Amchafibrin, Rottapharm) in 50 mL of normal saline 
solution (0.9% sodium chloride solution; Grifols) injected 
into the knee right before skin closure. The control group 
received 50 mL of normal saline solution injected into the 
knee joint just before skin closure. Surgeons were blinded 
to the treatment assignment until the operation, and the 
patients, nurses, physical therapists, data collector, and data 
analyst were blinded during the entire study.

Surgical technique and postoperative care

All surgeries were performed by the same surgeon under 
spinal anesthesia, without tourniquet, and through a mid-
vastus approach. The same posterior cruciate retaining 
cemented TKA system was used in all patients (Triath-
lon, Stryker, Mahwah, New Jersey, USA). Extramedul-
lary alignment was used for tibia, and intramedullary 
alignment was used for femur. All patellae were routinely 
resurfaced. Periarticular infiltration was performed with a 
100-mL cocktail of ropivacaine (300 mg, 30 mL), adrena-
line (0.3 mg, 0.3 mL), ketorolac (60 mg, 2 mL), and nor-
mal saline. Twenty mL was injected into posterior capsule 
external side, 30 mL into posterior capsule medial side, 
30 mL into adductor canal, and 20 mL around collateral 
ligaments and superficial structures. No drains were used.

Antibiotic and thrombotic prophylaxis was admin-
istered according to the standard practice at our center. 
All patients received antibiotic prophylaxis with 2-g first-
generation cephalosporin or 1-g vancomycin starting 1 h 
before incision. Thromboembolic prophylaxis with low-
molecular-weight heparin was given from day 0 to day 30. 
The same multimodal postoperative analgesia was used in 
all patients.

Under the supervision of the physical therapist, continu-
ous passive motion started on the same day if the patient 
was operated in the morning, or the next day morning if 
the patient was operated in the afternoon. Full weight-
bearing was allowed form day 1.

Blood transfusion protocol

Blood transfusion protocol was performed when the hemo-
globin was less than 70 g/L, or when the hemoglobin of 
a patient was higher than 70 g/L but with a bad mental 
status, palpitation, or pallor.

Outcomes

The primary outcomes were the total amount of blood loss 
calculated according to the Good [12] and Nadler [13] for-
mula. The secondary outcomes were hemoglobin and hem-
atocrit value, hemoglobin and hematocrit drop, transfusion 
rates, length of hospital stay (LOS), deep vein thrombosis 
(DVT), and pulmonary embolism (PE) events. The post-
operative hemoglobin and hematocrit level was meas-
ured at 24 h. Patients were examined daily in the hospital 
for any clinical symptoms of venous thromboembolism. 
Any thromboembolic event or other adverse events were 
recorded at the time of the 6-week and 3-month follow-up 



1005European Journal of Orthopaedic Surgery & Traumatology (2020) 30:1003–1008 

1 3

visit. After discharge, patients were instructed to return to 
emergency if limb swelling or calf pain appeared.

Three months after surgery, clinical evaluation was per-
formed with Knee Society Scores (KSS) [14], Western 
Ontario and MacMasters Universities (WOMAC) [15], and 
Short-Form 12 (SF12) [16]. WOMAC score was transformed 
to a 0–100 scale (higher value implies better outcome). 
Range of knee motion was assessed with a goniometer.

Statistics

Statistical analyses were conducted with SPSS software v. 
20.0 (SPSS Inc., Chicago, USA). Statistical significance was 
considered for p values less than 0.05. Normal distribution 
was determined by the Kolmogorov–Smirnov test. For com-
parison of continuous variables, we used the Student t test or 

nonparametric Mann–Whitney U test for two variables and 
one-way analysis. For categorical variables, the Chi-square 
test, the Fisher exact test, or the Mantel–Haenszel was used.

A posteriori analysis of statistical power was performed 
with a non-inferiority test. Considering our sample size per 
group, a minimum difference of 120 mL in total blood loss, 
and alpha error (to-tailed) of 0.05, the statistical power of the 
study was 90%, which was considered appropriate.

Results

During the period of the study, 268 patients were screened. 
Among these, 38 patients were excluded: 18 were ineligible, 
and 20 declined to participate. The remaining 230 patients 

Fig. 1  CONSORT (Consolidated Standards of Reporting Trials) flow diagram for the study
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were included in the study. There were 115 patients in each 
group (Fig. 1).

Preoperative and intraoperative data of both groups are 
shown in Table 1. There were no statistically significant dif-
ferences between the two groups. All patients included in 
the study were followed for 3 months.

Table  2 shows intraoperative and postoperative out-
comes. There were significant differences between groups 
with respect to mean total blood loss, mean hemoglobin and 
hematocrit postoperative value, and mean hemoglobin and 
hematocrit drop. The topical TXA group had a reduction in 
total blood loss of 43%. Hemoglobin drop was 16.4% in the 
topical TXA group in front of a 20.6% in the control group 
(p = 0.001), and a 17.8% hematocrit drop in front of a 21.0% 
in the control group (p = 0.008). 

None of the patients in the topical TXA group required 
intraoperative or postoperative blood transfusions. Five 
patients (4.3%) in the control group required postoperative 

blood transfusions. There were no significant differences 
between groups (p = 0.07).

The mean LOS was 2.5 in the topical TXA group and 3.0 
in the control group, with significant differences (p = 0.01).

There was no DVT or PE in any group.
Six patients (2.6%) returned to emergency department 

within 30 days after discharge, 4 from the topical TXA 
group and 2 from the control group. There were no signifi-
cant differences between groups (p = 0.67). In the topical 
TXA group, 1 patient suffered delayed wound healing which 
was controlled with dressing changes, another postoperative 
hematoma requiring evacuation in emergency department, 
and 2 calf pain with normal Doppler ultrasound. In the con-
trol group, 1 patient developed delayed wound healing which 
was controlled with dressing changes, and another calf paint 
with normal Doppler ultrasound.

At 3 months after surgery, there were no significant differ-
ences in KSS, WOMAC, SF-12, or range of motion between 
groups.

Discussion

The present study showed that patients undergoing TKA 
without a tourniquet and drain, who received 2-g TXA in 
50 mL topical, had lower total blood loss after surgery.

Recently, some studies demonstrated the efficacy of topi-
cal application of 1-g up to 3-g TXA in patients undergo-
ing TKA to reduce blood loss [1, 3, 5, 6]. As a standard 
practice, tourniquet and postoperative drain were used in 
those studies. To our knowledge, there is only one study that 
evaluates topical TXA in patients undergoing TKA with-
out tourniquet and drain [11]. Wang compared three oral 
doses of TXA with 3-g in 100 mL (30 mg/mL) topical TXA 

Table 1  Preoperative data of both groups

*Data shown as mean ± DS

Variable Topical 
TXA group 
(N = 115)

Control 
group 
(N = 115)

p value

Age* 71.1 ± 7.9 70.0 ± 8.0 0.40
Sex (M/F) 80/35 74/41 0.48
Body mass index (kg/m2)* 29.4 ± 4.8 31.1 ± 5.0 0.23
Surgical site (right/left) 65/50 54/61 0.18
ASA (II/III) 106/9 104/11 0.81
Hemoglobin (g/dL)* 14.0 ± 1.6 13.9 ± 1.3 0.62
Hematocrit (l/l)* 42.4 ± 43.6 41.7 ± 3.3 0.25

Table 2  Intraoperative and 
postoperative outcomes

*Data shown as mean ± DS

Variable Topical TXA group 
(N = 115)

Control group (N = 115) p value

Operation time (min)* 55.4 ± 7.6 57.2 ± 5.1 0.34
Total blood loss (mL)* 620.3 ± 277.3 1094.8 ± 279.7 0.001
Hemoglobin (g/dL)* 11.7 ± 1.2 11.0 ± 1.4 0.002
Hematocrit (l/l)* 34.9 ± 3.9 32.7 ± 4.0 0.002
Hemoglobin drop (g/dL)* 2.3 ± 0.7 2.8 ± 0.9 0.001
Hematocrit drop (l/l)* 7.5 ± 2.6 8.8 ± 2.9 0.01
KSS knee at 3 mo* 80.9 ± 8.2 82.1 ± 3.4 0.38
KSS function at 3 mo* 83.5 ± 7.4 81.6 ± 6.9 0.82
WOMAC pain at 3 mo* 81.7 ± 6.8 79.2 ± 8.2 0.26
WOMAC function at 3 mo* 81.6 ± 8.7 80.5 ± 9.5 0.52
SF-12 physical at 3 mo* 72.6 ± 9.6 69.3 ± 8.1 0.22
SF-12 mental at 3 mo* 78.0 ± 6.9 79.5 ± 5.8 0.44
Range of motion* 104.3 ± 9.7 102.9 ± 10.3 0.17
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in a randomized study of 147 patients. Mean total blood 
loss was 788.8 mL in the oral group and 872.4 mL in the 
topical group, with no statistical differences [11]. The other 
two studies did not use tourniquet, but they used drain [8, 
17]. Huang designed a randomized study of 150 patients in 
three groups. The first group was treated with tourniquet and 
combined five IV doses of 20 mg/kg and 1-g topical TXA 
in 50 mL (20 mg/mL), the second group was treated with-
out tourniquet and the same TXA dose administration, and 
the third group was treated with tourniquet only. Mean total 
blood loss was 734.5 mL, 627.7 mL, and 1584.3, respec-
tively, with significant differences between the third group 
and the other two groups. They also tested inflammatory 
markers (C-reactive protein and interleukin-6), and they 
found their levels were lower in patients who received the 
same TXA dose administration and were operated without 
tourniquet, and these differences were significant. Maybe the 
avoidance of the tourniquet and the effect of TXA to block 
the fibrinolysis and reduce total blood loss are the reasons 
for this anti-inflammatory effect observed in those patients 
[8]. Tzatzairis compared three groups in a randomized study 
of 120 patients. The first group received no TXA, the second 
group received 1-g IV TXA, and the third group received 1-g 
topical TXA in 100 mL (10 mg/mL). Mean total blood loss 
was 1513.4, 1236.0, and 1205.63 mL, respectively. There 
were significant differences in blood loss between the three 
groups of patients, but no significant difference between the 
two routes of administration [17]. In the current study of 
patients undergoing TKA without tourniquet, mean total 
blood loss was 1094.8 mL in patients that received no TXA 
and 620.3 mL in patients that received 2-g (40 mg/mL) topi-
cal TXA, with significant differences. Maybe the higher con-
centration topical TXA was the reason for this lower value. 
Yue [18] proved that TXA topical concentration ≥ 20 mg/
mL might be better at reducing bleeding than < 20 mg/mL 
topical TXA in TKA.

Recent meta-analysis reported that intra-articular TXA 
improved blood chemistries [6]. Postoperative hemoglobin 
and hematocrit were significantly higher in the intra-artic-
ular TXA group than in the control group. And drop in 
hemoglobin and hematocrit was significantly smaller in the 
intra-articular TXA group. Our results were in agreement 
with those published in this meta-analysis.

Blood transfusion rates dropped with the use of topical 
TXA when compared with a control group. In our study, 
transfusion requirements were 0% in the topical TXA group 
and 4.3% in the control group. Wang [11] reported 5% trans-
fusion rate in the topical TXA group and 4% in the oral 
TXA group. Huang [8] reported 0% in patients that received 
combined IV and topical TXA and 8% in the control group. 
Tzatzairis [17] reported 12.5% in the IV TXA group, 17.5% 
in the topical TXA group, and 37.5% in the control group. 
Blood transfusion strategies are different between hospitals, 

and dissimilarity may be the reason for variance in transfu-
sion rates.

It was reported that TXA could maintain a half-life of 2 
to 3 h within joint fluid [19]. And when TXA is used intra-
articularly, TXA enters the tissue space and accumulates 
up to 17 h [20]. Some authors used drain and clamped it for 
1 h [17]. However, other authors suggest 2-h period with 
drain clamped [21]. Maybe the use of drains could reduce 
the effectiveness of topical TXA.

Topical TXA did not increase the risk of thromboembolic 
events in previous studies [5]. Systemic absorption is 70% 
lower with topical administration, and this should further 
reduce the risk [22]. There were no thromboembolic com-
plications in the topical TXA groups in the above-mentioned 
studies [8, 11, 17]. No cases of DVT or PE were detected in 
the current study.

The difference of LOS between topical TXA and a control 
group was not significant according to Tzatzairis [17] (mean 
6 days for the three groups). However, Huang [8] found that 
LOS was lower in patients that received TXA (mean 5.1) 
than patients who did not receive TXA (mean 5.6). In our 
study, LOS difference was significant between the topical 
TXA group and the control group. There are several factors 
affecting LOS. Maybe the effect of TXA in reducing total 
blood loss, and improving postoperative blood chemistries, 
plays a role to reduce hospital stay.

The strengths of this study include its prospective and 
randomized design with well-defined variables. The blood 
transfusion protocol was explicit. And outcomes were 
reported as a consecutive series of cases from a single sur-
geon, therefore eliminating inter-surgeon variability.

Nevertheless, our study has several limitations. Firstly, 
we recognize the lack of the control group with tourniquet 
use. But most of the studies about topical application of 
TXA were in TKA with tourniquet. Secondly, we did not use 
routine ultrasound examination to screen postoperative DVT. 
Thirdly, serum concentrations of TXA were not measured. 
Fourthly, our follow-up may be short. However, 3-month 
follow-up period was thought to be adequate for monitoring 
primary and secondary outcomes, side effects or important 
early adverse reactions.

In conclusion, a single dose of 2-g TXA in 50 mL topical 
administration significantly reduces blood loss and improves 
postoperative blood chemistries in patients undergoing uni-
lateral primary cemented TKA without tourniquet and drain 
compared to a control group, without increasing the risk of 
thromboembolic complications.
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