Efficacy of topical and intravenous tranexamic acid
(txa) in reducing blood loss in primary total knee
arthroplasty, a prospective randomized trial
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Introduction: Total Knee Arthroplasty (TKA) is a major Orthopaedic operation that involves significant blood
loss due to extensive soft tissue release and bone cuts. Fibrinolysis is considered the major cause of postoperative
bleeding after TKA surgery, pharmacologic agents such as (Tranexamic Acid) TXA, a plasminogen-activator
inhibitor, have been employed to reduce perioperative blood loss and prevent the need for post-operative
transfusion.
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Patients and methods: A prospective randomized study involving 75 patients over a period of 6 month in our
arthroplasty unit at a tertiary referral orthopedic hospital. The patients were divided into three groups, 25 patients
in each one. GI received 2 gms of intravenous TXA before tourniquet inflation, GII received 3 gms TXA in 100
ml saline intraarticular (topical) after capsular closure, GIII was a control group. The primary outcome measure
was perioperative blood loss. Hemoglobin levels at day two postoperative and thromboembolic complications as
the secondary outcomes.
Results: The mean blood loss was 970.48 ml in the control group, while it was 618.84 ml and 683.84 ml in GI
and GII TXA groups respectively, there was significant statistical difference (P<0.05) between GI and GIII; and
between GII and GIII. There was no significance difference in blood loss in topical versus intravenous TXA
groups.
Conclusion: TXA both local and intravenous are effective in reducing blood loss in TKA compared to no TXA
usage.
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INTRODUCTION
Total Knee Arthroplasty (TKA) usually done with the use of
tourniquet resulting in unapparent intraoperative bleeding with
the possibility of subsequent postoperative blood loss which may
ranges between 500 to 1000 cc [1].
Blood loss requiring transfusion to increase hemoglobin (Hb) level
has been reported after unilateral TKA, with incidence ranging from
11% to 67% [2,3]. Although it may be mandatory, it is not risk free,
in addition to well-known risks, such as volume overload, misstransfusion, the transmission of infections, transfusion related acute
lung injury, allergic transfusion reactions, or alloimmunization [4],
there is also increased morbidity and mortality, and longer hospital
stay [5].
As hyper-fibrinolysis is considered the major cause of postoperative
bleeding after TKA surgery [6], pharmacologic agents such as
Tranexamic Acid (TXA), a plasminogen-activator inhibitor, have
been employed to reduce perioperative blood loss and prevent the
need for post-operative transfusion. Reports on IV TXA show both
clinical efficacy and an acceptable safety profile, with no increased
rate of infections or thromboembolic events [7-11].
This study was designed to assess the efficacy of topical and
intravenous (IV) use of TXA compared to a control group in
primary TKA. Our hypothesis is that its use is effective in reducing
perioperative blood loss with minor change in postoperative
hemoglobin level and without increase risk of Venous
Thromboembolism (VTE).

METHODS
This study was exempt according to the institutional review board
(ethical committee) of our institution. Informed consent was
obtained from the patients following the guidelines set forth by our
institution and by the Declaration of Helsinki and Good Clinical
Practice.
A prospective randomized study comprising 75 patients undergoing
primary unilateral total knee arthroplasty were recruited over a
period of 6 months in our arthroplasty unit starting from January
2018.
Patients data were collected including: Demographics (sex, age,
BMI), preoperative and day 2 postoperative hemoglobin level and
during hospital stay venous thromboembolic events.
Patients diagnosed as primary OA of the knee with physical status
of I-III according to the American Society of Anesthesiologists
(ASA) were included in this study, patients with inflammatory
arthritis, post-traumatic arthritis, previous history of knee surgery,
history of thromboembolic disease, chronic renal failure, and
anemia preoperatively (HB<10 gm/L) were excluded.
The surgical technique was standardized and all procedures were
done by the 2 senior surgeons.
Under full monitoring, all patients received Spinal anesthesia. With
the use of laryngeal mask airway when necessary, and a tourniquet
was inflated 150 mmHg above the systolic blood pressure in all the
patients.
1 generation cephalosporin was given for all cases 30 min
before tourniquet inflation. An anterior midline skin incision and
a standard medial parapatellar approach was utilized in all cases.
Intra-medullary guides were used for distal femoral and proximal
tibial cuts. To reduce the intra-operative blood loss from the femoral
hole, an intra-medullary plug with bone graft was used. Cemented
st

posterior cruciate substitution prothesis was used in all cases. The
patella was not resurfaced in all cases. After cementation of all
components and placement of final polyethylene, the placement of
a deep drain and closure of the arthrotomy, the drain was clamped
for 1 hour postoperatively, after which it was released and kept
open for 24 hours then removed. Patients were randomly allocated
into 3 groups:
Group I: Received IV TXA in a dose of 2 gms at anesthesia
induction before tourniquet inflation
Group II: Received intraarticular injection (topical) of TXA in a
dose of 3 gms in 100 ml normal saline after capsular closure
Group III: Didn’t receive TXA (control group)
Blood loss was estimated by Weighing Method (weighing of dry
surgical swaps before and at the end of surgery and the difference
would be the blood absorbed by the swaps) added to the amount of
the blood in the suction tubing (after subtracting amount of saline
used for wash) added to the volume of blood in the drain by the end
of 24 hrs.
All patients received low molecular weight heparin prophylaxis
post-operatively during hospital stay, all patients were mobilized at
the same day of surgery as tolerated.

STATISTICAL ANALYSIS
Data were collected and analyzed by computer program SPSS
“ver. 21” Chicago. USA. Data were expressed as mean, Standard
Deviation, and number and percentage. Mann-Whitney was used to
determine significance for numeric variable. Chi. Square was used
to determine significance for categorical variable. ANOVA test was
used to compare significance between the three groups. *P value of
<0.05 is significant.

RESULTS
There was no difference in age, BMI, ASA status and pre-operative
hemoglobin levels in the 3 studied groups (Table 1).
The mean blood loss was significantly more in the control group
than in those who received TXA (P<0.05). The mean blood loss
was 970.48 ml in the control group versus 618.84 ml, 683.84 ml
in GI and GII TXA groups respectively. There was no significant
difference in blood loss between systemic (GI) and topical (GII)
TXA groups (Table 2 and Fig. 1).
The drop-in hemoglobin level was significantly lower in patients
receiving TXA (GI and GII) than in the control (GIII) group
(P<0.001), with no significant difference between topical and
intravenous TXA (Table 3), in (GIII) there was significant difference
in Hb level before and after surgery (P<0.05). No blood transfusion
needed for any patient in the three groups. There were no venous
Table 1. Demographic data in study groups

56.96 ± 11.42

TXA topical
(GⅡ =25)
54.14 ± 8.92

Control
(GIII=25)
50.60 ± 9.40

9 (36.0%)
16 (64.0%)

11 (44.0%)
14 (56.0%)

16 (64.0%)
9 (36.0%)

0.842

31.34 ± 2.45

30.22 ± 3.22

32.35 ± 2.33

0.517

TXA IV (GⅠ=25)
1-Age (years)
2- Sex:
• Male
• Female
3- BMI (Kg/m2)

P value
0.737

Table 2. Blood loss in study groups
Total
TXA IV (GⅠ) TXA topical (GⅡ) Control (GIII) P value
Blood loss (ml) 618.84 ± 126.90 683.84 ± 111.65 970.48 ± 142.60 <0.05
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intra-articular TXA, and placebo (50 patients each group) found
superior results with intraarticular TXA than IV TXA [14].
Akizuki et al., first reported topical use of TXA in orthopedic
surgery in 1997, reporting no postoperative blood transfusions
in 42 simultaneous bilateral cementless TKA patients and 64
unilateral cementless TKA patients, this report did not appeal to
many surgeons, or they were not aware of it, because it was not
until 2010 when another group reported on the use of topical TXA
in TKA [12-18].

Fig. 1. Total blood loss in study groups
Table 3. Hemoglobin (Hb) changes in study groups
TXA IV (GⅠ)
1- Hb before op.
2- Hb. day 2 post op.

TXA topical
(GⅡ)

Control
(GIII)

12.96 ± 1.46 12.83 ± 1.36 12.56 ± 1.56
11.19 ± 0.96 11.92 ± 0.94 9.22 ± 0.75

P value
0.539
<0.001

Blood loss prevention has a major influence on cost of total
knee replacement through decrease in morbidity, mortality,
complications, and length of hospital stay [15]. Blood transfusion
is the most important predictor of increased length of stay after total
knee replacement; in a previous study in which the mean length of
stay following “fast-track” knee replacement was only 3.8 days,
while the length of stay for the 12% of patients who required a
transfusion was threefold greater than that mean [16,17]. Several
reviews and meta-analyses of published randomized controlled
trials have provided level I evidence that intravenous TXA reduces
blood loss and the need for transfusion without increasing the rate
of adverse events [19-21].
Despite the significant literature support for the use of TXA in TKA,
many common medical conditions, including renal insufficiency,
history of previous DVT, cardiac and cerebrovascular disease may
preclude the use of IV TXA at the time of surgery, these same
contraindications may not apply to the topical use of TXA, perhaps
due to the presumed delay in systemic absorption after application
into the knee joint [9].

Fig. 2. Hemoglobin change in study groups, (Hb: Hemoglobin, Post op:
postoperative)

thromboembolic complications reported in any patient in this study
during hospital stay (Fig. 2).

DISCUSSION
TXA is an analog of the amino acid lysine. It competitively inhibits
plasminogen activation and plasmin binding to fibrin, thus inhibiting
fibrin degradation. Since it works by reducing breakdown of fibrin
once formed, it is not procoagulant per se but rather supportive
of coagulation already in progress. This makes it potentially well
suited for use in reducing postoperative bleeding, where surgical
hemostasis has been achieved and fibrinolytic activity needs to be
suppressed to help maintain hemostasis without promoting venous
thrombus formation.
Results of our study are comparable to those reported in the literature
for both intravenous and topical use of TXA as an efficient way to
reduce blood loss perioperatively in comparison to no TXA usage.
Wong et al., reported a reduction of blood loss by 20 to 25% in
comparison to placebo with a topical technique [12].
Fu et al. performed a meta-analysis of 22 randomized controlled
studies on IV use of TXA and found that its use resulted in a
significant reduction in blood loss, transfusion rates, and volume of
blood transfused [13].
Seo et al., in a prospective study comparing intravenous TXA,
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It is hypothesized that intravenous TXA is distributed throughout
the whole circulating volume there by reducing its therapeutic
concentration at the site of bleeding (the joint cavities of hip or
knee), while topically applied TXA is predominantly distributed in
the joint cavity and thus reaches a higher therapeutic concentration
at the site of bleeding. Topical application leads to 70% lower
systemic absorption and plasma concentration than an equivalent
dose of intravenous injections, and may therefore be a safer
alternative to giving it systemically [12,22].
Topical intra-articular TXA could be helpful to patients with
contraindications to systemic TXA, as absorption from the joint is
clinically negligible [12].
Our study had some limitations, the small number of patients
included in each group, we also didn’t report about complications
which may occur at the early period after patient discharge from
the hospital like wound healing problems or any incidence of
thromboembolic events after patient discharge.

CONCLUSION
TXA succeeded in reducing blood loss in TKA. There was no
significance difference in blood loss in topical and intravenous
TXA groups with no significant drop in hemoglobin level as well
as no venous thromboembolic events.
Further study is needed to compare the safety profiles of topical
versus intravenous TXA in high risk groups.
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