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Abstract
Purpose This is a randomised controlled trial to examine
whether intra-articular injection of tranexamic acid (TXA)
decreases blood loss, as well as reducing leg swelling after
total knee arthroplasty (TKA).
Methods We performed 100 TKA in osteoarthritis patients.
At closure, a total of 2,000 mg/20 ml TXAwas injected into
the knee joint through a closed suction drain (TXA group).
For the control group, the same volume of physiological
saline was injected. The pre-operative condition of the
patients, post-operative haemoglobin (Hb) levels, discharge
volumes from drain, D-dimer and needs for transfusion
were compared between these two groups. Furthermore, leg
diameters (thigh, suprapatellar portion and calf girth) were
measured pre- and post-operatively to investigate whether
TXA has an influence on leg swelling after surgery.
Results The results revealed that post-operative decrease in
Hb level was significantly reduced in the TXA group.
Furthermore, knee joint swelling after operation was

significantly suppressed in the TXA group compared to
the control group.
Conclusions The results revealed intra-articular administra-
tion of TXA decreased not only blood loss, but also knee
joint swelling after TKA.

Introduction

Total knee arthroplasty (TKA) is an excellent surgical
procedure for patients with painful arthritic knees. However,
TKA has some potential unresolved problems, including
blood loss, pain after operation and leg swelling. Resolution
of these problems would increase patient satisfaction [1] and
serve to raise the overall quality of TKA.

One of the main problems is the need for blood
transfusion in some TKA patients. Although the incidence
is low, serious complications involving allogeneic blood
transfusions, such as viral infections and graft-versus-host
disease, have been reported [2]. There are two current
methods for avoiding allogeneic blood transfusions. One is
by autologous blood transfusion, including pre-operative
autologous donation, intra-operative or post-operative
blood salvage [3–7]. The other is by reducing blood loss
using techniques such as hypotensive anaesthesia [8], drain
clamping [9–13], application of fibrin tissue adhesive [14,
15], compression bandage and cryotherapy [16]. When
TKA is performed using a tourniquet, most blood loss
occurs after surgery [17]. Recently, drain clamping has
received increasing attention [9–13].

Tranexamic acid (TXA) is both an inhibitor of fibrino-
lysis and an activator of plasminogen [18] and is known to
inhibit blood loss after TKA [19–21]. While there have
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been many reports outlining single or repeated intravenous
administration of TXA in TKA patients [19, 20, 22], the
ideal method of providing TXA is still controversial [22]. It
is generally accepted that only a small percentage of the
intravenously injected drug reaches the target location, and
it is thought that the mechanism of TXA action is inhibition
of tissue fibrinolysis and consequent stabilisation of clots
by TXA entering the extravascular space and accumulating
in tissues for up to 17 hours [23]. Thus a more efficient
method of advanced application is desirable. As an alterna-
tive, a prospective randomised trial to test the hypothesis that
intra-articular isolated injection of TXA combined with drain
clamping was performed in this study. This is a method that
has not been reported in the English literature, as far as we
know. In addition, it is generally accepted that the control of
swelling can improve wound healing, reduce pain and permit
rapid rehabilitation of the knee after trauma or surgery [24].
Noble et al. have suggested that real improvements in the
outcome of TKA must address the prevention of residual
pain, stiffness and swelling [1]. We also consider that the
reduction of post-operative leg swelling is desirable and has
no disadvantages; however, until now there have been few
studies investigating how to reduce leg swelling after TKA
[25, 26]. Techniques such as thermal therapy and cryother-
apy have been reported [25, 26]. In this study, we
postulated that the reduction in blood loss achieved with
TXA would also enable reduction of leg swelling after
TKA. The other purpose of this study was to investigate the
hypothesis that isolated intra-articular injection of TXA
could reduce leg swelling after TKA.

Materials and methods

This was a prospective, randomised study. A total of 100
consecutive primary TKAs were performed in osteoarthritis
(OA) patients (12 men and 88 women) between January
2008 and May 2009. Those with rheumatoid arthritis,
revision TKA and simultaneous bilateral TKA were
excluded. Patients were alternately assigned to one of two
groups. In the first, drain clamping was performed after

injection of TXA (2,000 mg/20 ml) into the knee joint (TXA
group). In the second, drain clamping was performed after
injection of saline (20 ml) (control group). The character-
istics of the patients are shown in Table 1. The patients
were comparable between the two groups. Surgical meth-
ods were consistent as described below: all knees were
operated upon under spinal anaesthesia. All TKAs were
unilateral using a medial parapatellar approach and a
tourniquet. The tourniquet was not released before skin
closure. For bony resection, an intramedullary alignment jig
was used for the femur and an extramedullary device was
used for the tibia. No patella was resurfaced. The posterior
cruciate ligament (PCL) was resected in 86 TKAs and
retained in 14. The types of implant used were: Advance
(Wright Medical Technology Inc., Arlington, TN, USA) in
81 [posterior substituting (PS), 75; cruciate retaining (CR),
six], LPS-Flex (Zimmer, Warsaw, IN, USA) in two, Scorpio
NRG CR (Stryker Orthopedics, Mahwah, NJ, USA) in
eight, Vanguard PS (Biomet, Warsaw, IN, USA) in eight
and PFC Σ PS (DePuy, Warsaw, IN, USA) in one. Lateral
retinacular releases were performed for seven TKAs in the
control group and ten in the TXA group. Full cementation
was performed in all TKAs. Immediately after wound
closure, 20 ml TXA or saline was injected through a Port-
VAC (Howmedica International S. de R.L., Limerick,
Ireland) drain. Drain clamping methods were performed
according to previously reported methods [12] as follows.
Briefly, the tube was clamped and closed completely for
30 minutes; then the clamp was partially released until
blood started to flow out. If the flow of blood ceased, the
clamp was further opened until the blood flowed once
again. Finally the clamp was fully opened. Pre-donation of
autologous blood was not carried out for any patient and
shed blood was not re-infused. In both groups, only one
drain was placed deep to the fascia in the knee joint. In both
groups, the drains were removed at 48 hours and the
volume of fluid at one, three, six, 12, 24 and 48 hours was
measured. Continuous passive motion began after removal
of the drains. For the prevention of deep vein thrombosis,
an arteriovenous impulse system (Novamedix, Andover,
Hampshire, UK) was used in all patients for 24 hours after

Table 1 Demographic data of the patients

Groups Age (years) Gender Height (cm) Weight (kg) BMI Operated side Operation
time (min)

TXA group (n=50) 73.3 (5.0) Male: 6; female: 44 148.3 (4.8) 59.7 (9.0) 26.7 (3.1) R: 23; L: 27 106.5 (15.6)

Control group
(n=50)

73.5 (6.1) Male: 6; female: 44 150.6 (7.8) 59.7 (10.1) 27.4 (3.9) R: 24; L: 26 105.0 (10.9)

p value n.s. n.s. n.s. n.s. n.s.

All data expressed as mean (SD) except for gender

TXA tranexamic acid, BMI body mass index
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surgery. Furthermore, 10,000 IU heparin sodium (Ajino-
moto, Tokyo, Japan) was administered intravenously for
24 hours, which was started soon after the operation. The
pre-operative conditions, post-operative haemoglobin (Hb)
levels, D-dimer, as an assessment for thromboembolic
conditions, the rate of allogeneic blood transfusion and
complications were recorded. The Hb levels were examined
at day zero (three hours), one, seven (one week) and 14
(two weeks) after the operation. Furthermore, circumferen-
tial measurements of the leg at the superior patellar border
(suprapatellar girth), ten cm above the border (thigh girth),
and the maximum circumference of the calf (calf girth)
were examined to investigate whether TXA influences leg
swelling after surgery. The suprapatellar girth was recog-
nised as the index of the intra-articular swelling. Measure-
ments were performed pre-operation and one, two and
four weeks after the operation. Measurements were per-
formed twice each day in each patient by two authors
blinded to clinical information.

Data analysis

One-way analysis of variance (ANOVA) was used to
analyse the difference in post-operative blood loss, and

the changes in Hb levels and the circumferential measure-
ments over time. All differences were considered to be
significant when the p value was<0.05. Results were
analysed statistically using a statistical software package
(Stat Mate III, ATMS Co., Ltd., Tokyo, Japan).

Results

The pre-operative condition of the patients was comparable
between the two groups (Table 2). In both groups, the Hb
level decreased and had its minimum peak at one week
post-operation and recovered gradually. The reductions in
Hb levels in the TXA group were significantly smaller than
the control group at both one day and one week post-
operation (Fig. 1). The mean post-operative reduction in the
Hb level for the two groups revealed that the significant
suppression in Hb level reduction occurred in the TXA
group by one day post-operation (p<0.01) (Fig. 2). These
results revealed that TXA could significantly reduce blood
loss by one week post-operation, and the effect of TXA
occurred soon after the operation. The results of the mean
discharge volumes from the drain revealed that the volumes
in the TXA group had significantly diminished compared to
those in the control group by 24 hours post-operation. The

Table 2 Pre-operative assessment of the patients

Groups Hb (g/dl) Ht (%) Platelets (×101 μl) Bleeding time (s) APTT (s) Prothrombin time (%)

TXA group 12.5 (1.0) 37.6 (2.6) 21.1 (4.4) 132.1 (56.9) 28.6 (3.5) 97.6 (16.3)

Control group 12.6 (1.0) 37.6 (2.9) 21.5 (4.0) 126.4 (52.3) 28.2 (2.8) 99.8 (13.3)

p value n.s. n.s. n.s. n.s. n.s. n.s.

All data expressed as mean (SD)

Hb haemoglobin, Ht haematocrit, APTT activated partial thromboplastin time

Fig. 1 The mean post-operative
reduction in the Hb level for the
two groups. In both groups, the
Hb level had its minimum peak
at 1 week post-operation and
recovered gradually. The reduc-
tion in Hb levels was signifi-
cantly decreased in the TXA
group compared to the control
group by 2 weeks post-operation
(*p<0.01; +p<0.05) (solid line
control group, broken line
TXA group)
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volume in the TXA group increased thereafter, and finally,
the total volumes were approximately the same among
these two groups (Fig. 3). Furthermore, the results revealing
the mean discharge volume increment from the drain
showed that the drain volumes in the TXA group were
remarkably diminished at between zero to one, one to three
and three to six hours post-operation; however, the volume
increment in the TXA group had significantly increased at
between 12 and 24 hours, and thereafter in contrast (Fig. 4).
These results revealed that TXA did not interfere with the
effect of the drain.

The results of thigh girth measurements showed that the
post-operative increments were also the same between the two
groups after the operation (Table 3). The results of the
suprapatellar girth measurements representing the circumfer-
ence at the superior patellar border revealed that the

increments were significantly reduced in the TXA group
compared to the control group at one week post-operation (p
<0.01, Table 3). The results of calf girth measurements
showing the widest part of the calf revealed that the
increments were significantly reduced in the TXA group
compared to the control group at two weeks post-operation
(p<0.05, Table 3); however, the increments were almost the
same between the two groups at one week post-operation.

Allogeneic blood transfusion was required for one
patient (2%) in the control group. The mean D-dimer levels
one week post-operation were 10.6 (4.7–19.7) in the TXA
group and 11.2 (5.1–23.5) in the control group, respectively.
The levels were similar in these two groups. There were no
specific complications and no revision arthroplasty in either
group at an average of 21.5 (12–27) months after the
operations.

Fig. 2 The mean post-operative
reduction in the Hb level at the
different time points. A signifi-
cantly decreased reduction in
Hb level was seen from pre-
operation to 1 day post-
operation (*p<0.01)
(solid line control group,
broken line TXA group)

Fig. 3 The mean discharge
volumes from the drain. The
discharge volumes from the
drain in the TXA group had
significantly diminished com-
pared to the control group by
24 h post-operation. The volume
in the TXA group increased
thereafter, and finally, the total
volumes of the drain fluid were
approximately the same among
these two groups (*p<0.001;
+p<0.01) (solid line control
group, broken line TXA group)
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Discussion

One of the important findings in this study is that the intra-
articular administration of TXA can effectively diminish the
reduction of Hb levels by one week post-operation, and these
results were consistent with other studies investigating the
effect of intravenous administration of TXA in TKA patients
[19, 20, 22]. As Ralley et al. recently proposed that many of
the dosing schedules reported were not ideally suited for
routine application [22], this intra-articular administration of
TXA, which was applied through the drain at the end of the
operation, is simple, easy and suitable for clinical application.

In a meta-analysis, Cid et al. reported that the reduction
in the risk of receiving a blood transfusion was independent
of the total dose of TXA given [27]. They mentioned that
both a low-dose (15–35 mg/kg) and a high-dose (135–
150 mg/kg) protocol resulted in similar transfusion rates
[27]. The total amount of 2,000 mg TXA used in this study
was not a high-dose protocol, but not such a low dose
compared with other reports. Therefore, we might be able
to reduce the total amount of TXA applied into the joint
and this needs further investigation.

Good et al. reported that the administration of TXA
intravenously decreased external blood loss but not hidden

Table 3 Mean (SD) increments in circumferences of the leg over time for the two groups (cm)

Groups Pre-operation (cm) Pre-operative increment

1 week 2 weeks 4 weeks

Thigh girtha

TXA group 41.4 (5.4) 1.1 (2.0) −0.7 (2.1) −1.8 (2.1)

Control group 40.8 (3.8) 1.4 (1.7) −0.6 (1.9) −1.6 (2.2)

p value n.s. n.s. n.s. n.s.

Suprapatellar girthb

TXA group 38.3 (3.6) 1.6 (1.2) 0.7 (1.0) 0.1 (1.1)

Control group 37.5 (3.0) 2.5 (1.2) 1.1 (1.1) −0.1 (1.3)

p value n.s. <0.01* n.s. n.s.

Calf girthc

TXA group 32.8 (3.1) 0.5 (1.6) −1.1 (1.4) −1.2 (1.3)

Control group 32.9 (3.2) 0.9 (2.0) −0.3 (1.6) −1.0 (1.1)

p value n.s. n.s. <0.05* n.s.

a Thigh girth: circumference at the thigh, 10 cm proximal portion from the top of the patella. Post-operative increment (cm): increment of the
circumference compared with that of the pre-operation. A statistically significant difference was recognised when the p value was under 0.05
b Suprapatellar girth: circumference at the superior patellar border. Post-operative increment (cm): increment of the circumference compared with
that of the pre-operation. *Statistically significant difference between the two groups: p<0.05
c Calf girth: the maximum circumference of the calf. Post-operative increment (cm): increment of the circumference compared with that of the pre-
operation. *Statistically significant difference between the two groups: p<0.05

Fig. 4 The mean discharge
volume increment from the
drain. The drain volumes in the
TXA group were remarkably
diminished at between 0–1, 1–3
and 3–6 h post-operation; how-
ever, the volume increment in
the TXA group had significantly
increased at between 12 and
24 h, and thereafter in contrast
(*p<0.01; +p<0.05)
(solid line control group,
broken line TXA group)
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blood loss after TKA [20]. Their report also revealed that
TXA reduces drainage volumes by about 50% [20]. In
contrast to their report, the results in this study revealed that
the discharge volume from the drain between the two groups
was also the same. Furthermore, the results also revealed that
TXA could reduce the suprapatellar swelling at one week
post-operation. These results indicated that the method in
this study had the benefit of reducing the joint swelling by
diminishing the hidden blood loss in the joint, since the same
drainage effect by drain was obtained in both groups.

Regarding the results of calf girth measurements, calf
swelling was reduced only at two weeks, not at one week
post-operation. Additionally, the results of the thigh girth
measurements showed that the circumference was equally
decreased, at least by four weeks post-operation in both
groups. In general, post-operative leg swelling is influenced
by multiple factors, such as venous thromboembolic events
(VTE), soft tissue inflammation and renal dysfunction. As a
result, whether this method could reduce the leg swelling
was not confirmed in this study.

There have been many reports investigating whether
intravenously administered TXA increases VTE [19, 20,
22]. Kagoma et al. reviewed the previously published
randomised trials and reported that TXA did not increase
the risk of VTE [28]. In this study, there were no
symptomatic VTE in either group and the results of D-
dimer measurements revealed no significant difference
between the two groups. However, the methods of detecting
clinically asymptomatic VTE, such as ultrasound and
venography, were not performed and the true ratio of this
incidence is unknown in this study. Further studies are
needed to investigate whether the intra-articular adminis-
tration of TXA elevated the risk of VTE.

There were some limitations in this study. Firstly, the
correlation between the leg swelling and the patients’ pain
and discomfort was not examined and this is essential in
further investigations. As the subjective assessment of pain
is difficult, a self-assessment questionnaire or a visual
analogue scale would be useful. In addition, the correlation
to clinical results remained unknown. Furthermore, inves-
tigations comparing the different methods, such as intrave-
nous injection of TXA, would reveal a more detailed
effectiveness of TXA.

In summary, this study showed that the intra-articular
administration of TXA reduced knee joint swelling as well
as blood loss after TKA. We consider the methods
employed in this study to be effective, efficient and
reproducible for the reduction of blood loss and knee joint
swelling, which has the potential to reduce patient
discomfort after TKA.
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