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Abstract
Background: Total knee arthroplasty (TKA) can cause excessive blood loss requiring allogenic transfusions.
Tranexamic acid (TXA) has been increasingly used for lowering blood loss. The present study aimed to compare
the efficacy of intravenous (IV) and intra-articular (IA) administrations of TXA in TKA patients who receive aspirin as
chemoprophylaxis and uses no drain post-operative.
Methods: In this prospective randomized clinical trial, 49 TKA patients were intravenously given 15 mg/kg dose of
TXA, and 49 patients intraarticularly received 15 mg/kg of TXA. Demographic information, pre-operative and postoperative hemoglobin values of the patients were used for assessing total perioperative blood loss by GOOD &
NADLER formulae.
Results: There was not any significant difference between the IV TXA and IA TXA groups concerning blood loss
(P=0.102). However, the decrease in hemoglobin level at 48 hours post-operation compared to the preoperative
level in the IV TXA group was significantly higher than that in the IA TXA group (-2.3 ±0.8 vs. -1.9 ±1.0 g/dL;
P=0.038). No blood transfusion was needed, and the deep venous thrombosis and pulmonary embolization were
not observed in either of the groups (P>0.05).
Conclusion: Our study showed that during TKA, the IA TXA is equally safe and effective as its IV infusion concerning
decreased blood loss and adverse effects. The use of TXA during TKA is safe for patients who receive less potent
chemoprophylaxis agents such as aspirin.
Level of evidence: I
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Introduction
otal knee arthroplasty (TKA) is an advanced
orthopedic surgery mostly performed in
osteoarthritis, rheumatoid arthritis, and
abnormalities caused by the destruction of the articular
surfaces (1). While the primary objective of a TKA is
relieving the disease-associated pain, it is also used
to correct deformations, restore the optimal motion
range of the joint, and ameliorate its function. However,
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TKA can be accompanished by a significant amount of
perioperative blood loss demanding allogenic blood
transfusion (2, 3). Blood transfusion, especially in
elderly people, is not without consequences including
the, the risk of blood-borne infections, cardiovascular
impairments, and immunological reactions (4-7).
There is a relationship between blood transfusion and
increased risk of periprosthetic joint infection (8). In
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addition to particular challenges in the management
of the patient, it would impose an additional cost on
the patient and healthcare system (9, 10).
There are several methods for preserving blood loss and
reducing the chance of blood transfusion in orthopedic
surgical procedures (11). One of these strategies is
the preoperative application of an antifibrinolytic
medication (12). Synthetic Tranexamic acid (TXA) has
increasingly drawn the attention of surgeons for blood
loss reducing in TKA patients (13-15). To date, different
studies among different populations have confirmed
high efficacy, safety, and cost-effectiveness of TXA in
diminishing blood loss and thereby with lessening
allogenic blood transfusion frequency and related risks
in TKA as well as in many other orthopedic surgeries
(15-17).
Numerous randomized controlled trials have
established the efficacy of intravenous (IV) infusion
of TXA in lowering blood loss without serious
complications during TKA (13-15, 18). Previously,
direct intra-articular (IA) injection of TXA has been
taken into consideration in several trials for effective
management of blood preservation in TKA patients
(19-22). Many studies supported that both IA and IV
TXA are effective in reducing total blood loss following
TKA (19, 22-24) without increasing the complications
such as DVT (24). On the other hand, the studies which
had compared the efficacy of IA and intravenous
TXA used low molecular weight heparin (LMWH) as
a venous thromboembolism (VTE) prophylaxis (19,
20, 25) and one study used either LMWH or Aspirin
for chemoprophylaxis (22). There is an attitude that
maybe using TXA can increase the risk of thrombosis
(26) and previous studies used LMWH anticoagulant
for VTE prophylaxis (19, 20, 25). However, few
studies have compared the effect of IV and IA TXA in
patients undergoing TKA and receiving aspirin for
chemoprophylaxis (22-25). Pharmacologically TXA
is not a procoagulant, and the administration of TXA
should not increase the risk of VTE (27). Heller et al.
revealed that TXA reduces bleeding without increasing
the risk of VTE in patients who receive Aspirin as a VTE
prophylaxis following total joint arthroplasty (TJA)
(28). Also, most studies which compare IA and IV TXA
following TKA, used closed suction drainage in the
postoperative period. This, in turn, causes variation in
IA TXA based on the rate of drainage. We have not used
drains in our patients, which may lead to more reliable
IA TXA dosage.
We conceive this study align with the previous
studies in comparing the efficacy of IA Versus IV TXA
on reducing postoperative total blood loss but, unlike
most of the previous studies, our patients received
aspirin for VTE chemoprophylaxis and did not receive
closed suction drainage in the postoperative period.
Materials and Methods
Experiment design
All patients with no history of bleeding disorders,
specific blood clotting problems, and allergy to TXA,
referring to our institution from September 2015 to
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June 2016 for unilateral TKA surgery by the same
prosthesis (Scorpio® NRG, Stryker) due to knee
DJD were eligible for inclusion in this prospective
Randomized clinical trial. Patients with no history
of allergy to TXA, deep venous thrombosis (DVT),
pulmonary thromboembolism, diabetes, clotting
or hematologic problems, stroke, heart failure,
cardiovascular disorders, peripheral vascular surgery,
and severe pulmonary or renal disorders were
excluded from the study. All participants signed an
informed written consent. The extra cost was imposed
on the patients due to the study. Also, the ethical
committee of our institution approved the trial design
and procedure.
The patients were randomly and consecutively
allocated to either the experiment group (n=49)
receiving IA TXA, or the control group (n=49) receiving
IV TXA. Patient’s demographic characteristics (age,
gender, and BMI) as well as preoperative hemoglobin
and hematocrit were recorded [Table 1]. All patients
were given aspirin 325 mg/BID as chemoprophylaxis
postoperatively. All operations were performed with
tourniquet control. In the experiment group, TXA was
administrated 15mg/kg IA at the end of the surgery
after watertight capsular closure, while the control
group was given 15 mg/kg TXA intravenously (Caspian
Tamin Co, Rasht, Iran), respectively, 10 minutes before
the surgical incision. All patients underwent TKA
surgery by a single surgeon. No postoperative drain
was used in these patients.
All patients were monitored for three consecutive days
after surgery. The post-operative concentrations of
hemoglobin and hematocrit were regularly assessed by
routine CBC test on days one, two, and three, following
the surgery. The indications for blood transfusions in
our institution are patients with symptoms related to
anemia or asymptomatic patients with hemoglobin
level<8 mg/dL. All the patients were followed
prospectively for at least two years. The number of
blood transfusions and any intra- or post-operative
complications associated with the surgery or the TXA
infusion were recorded as well. The total amount of
blood loss for each patient was estimated by GOOD &
NADLER formulae as follows (29, 30):
BV stands for the estimated total blood volume (L)
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Table 1. Patients’ demographic features and baseline laboratory values in the present study. Data are presented as mean ± standard
deviation (SD) for numerical variable or as frequency (with number and percentage) for categorical variables
Variable
Age (year)
Demographic features

Laboratory

Weight (kg)
Height (m)

Body Mass Index (kg/m2)
Sex, Female vs. Male
Side, Right vs. Left

Hemoglobin (g/dL)
Hematocrit (%)

test exact s‘Fisher § and ,test U Whitney-Mann  ץ,t test ┼

Intra-Venous TXA (N=49)

Intra-Articular TXA (N=49)

P value

69.6 ± 8.9

69.5 ± 6.5

0.965 ┼

157.7 ± 14.5

158.1 ± 9.6

40 (91%) vs. 4 (9%)

49 (92%) vs. 4 (8%)

81.7 ± 18.1
31.2 ± 4.4

77.4 ± 9.5
30.6 ± 3.9

23 (52%) vs. 21 (48%)

26 (49%) vs. 27 (51%)

40.3 ± 3.6

39.3 ± 4.0

13.3 ± 1.3

H for height (meter), W for body weight (Kg), Hgbi for
hemoglobin concentration prior to surgery in g/dL,
Hgbe for the lowest hemoglobin concentration during
hospitalization period in g/dL, and Hgbt for total amount
of allogeneic hemoglobin transfused in g.

Statistical Analysis
Data were analyzed by GraphPad Prism version 5
software for Windows (San Diego, CA, USA). The results
were showed as mean ±standard deviation (SD) for
binary variables or as frequency (with number and
percentage) for categorical ones. The independent
t-test or Mann-Whitney U test were used for comparing
the mean of numerical values between the groups. Also,
the mean laboratory values before and after the surgery
were compared by a paired t-test. Fisher’s exact test was
used to examine the differences between the frequency
of categorical variables. A P<0.05 was considered as
statistically significant within the interval confidence
of 95%.
Tehran University of Medical Science’s Institutional
Review Board (IRB) reviewed and approved method of the
study and declared that there were no ethical concern and
conflict of interest in the study (Approval code: IR.TUMS.
VCR.REC.1396.2879). The study was retrospectively
registered in Iranian Registry of Clinical Trials (IRCT)
(IRCT20160809029286N3).
Results
The mean follow-up duration was 30 months (24 to 36).
Demographic features and preoperative hemoglobin and
hematocrit values of the groups are given in Table 1. No
significant difference was seen in the mean age (P=0.965),
weight (P=0.434), height (P=0.835), BMI (P=0.485),
gender distribution (P=0.534), surgical side (P=0.456),
and also preoperative levels of hemoglobin (P=0.249)
and hematocrit (P=0.179) between two groups.
None of the patients in the IV TXA or IA TXA groups
did require blood transfusion. The DVT and pulmonary
embolism were not observed in any of the groups.
The amount of blood loss was calculated by GOOD

13.0 ± 1.3

0.434 ץ
0.835 ץ

0.485 ┼
0.534 §
0.456 §

0.249 ┼
0.179 ┼

& NADLER formulae as described above. There was
no significant difference between the IV TXA and IA
TXA groups concerning blood loss after the surgery
[P=0.102; Figure 1A]. Also, no significant difference was
determined in the mean blood loss between the two
groups by gender [Figure 1B]. However, the amount of
blood loss in men was significantly higher compared
with women in both groups (P=0.016 for the IV TXA
group and P=0.006 for the IA TXA group).
Furthermore, the hemoglobin levels in both IV TXA and
IA TXA patients were similarly decreased at 24, 48 and
72 hours post operation; no significant difference was
observed between the two groups [P>0.05; Figure 2A].
There was not any significant difference between groups
for hematocrit values of 24, 48 and 72 hours post operation
[P>0.05; Figure 2B; Table 2]
Discussion
Perioperative blood loss is a significant challenge in
TKA patients. It may result in numerous postoperative
complications and even in death (31). Among several
strategies to decrease blood loss and blood transfusion
following TKA TXA has shown the most promising
outcomes.
Similarly, Our results are in line with the previous studies
in comparing the efficacy of IA vs. IV TXA in controlling
the total blood loss following TKA. However, two studies
revealed that IV rout was superior to IA administration of
TXA (7, 32), while, one study showed vise versa findings
(21) and three studies concluded that IV and IA had the
same efficacy [Table 3] (19, 20, 25, 33).
The TXA has been shown to decrease perioperative
blood loss, hemoglobin drop, and the need for blood
transfusion in patients undergoing TKA (34). However,
the most effective and safe route of TXA administration
is still under debate. Pharmacologically, TXA is not a
procoagulant (27) and its TXA should not increase the risk
of VTE. Heller et al. revealed that TXA reduces bleeding
without increasing the risk of VTE in patients who receive
Aspirin as a VTE prophylaxis following TJA, (28).
In this study, we compared the effect of IV and IA
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Figure 1. Comparisons of the amount of blood loss; A) between the intra-articular (IA) TXA and intravenous (IV) TXA groups, and B) concerning gender. Data are presented as mean ± standard deviation (SD).
The signs * and ** represent the difference with P<.

Figure 2. Changes in concentrations of hemoglobin (A) and
hematocrit (B) according to the time. Data are presented as mean
± standard deviation (SD).

administration of TXA on the blood loss, hemoglobin
drop, and TXA adverse effects in patients who receive
aspirin as an anticoagulant for VTE prophylaxis and no
postoperative drain following TKA surgery. We observed
equal effect using either IV or IA TXA in decreasing
postoperative blood loss. We also found that the amount
of blood loss varied by gender so that men suffered
significantly more blood loss compared to the women,
regardless of the administration route. Also, none of the
groups needed a perioperative blood transfusion and
experienced serious complications such as systemic
DVT or pulmonary embolism.
These findings are consistent with many previous
studies in which no significant difference was
reported between the efficacy of IV infusion and IA
injection of TXA in TKA patients; the IA TXA has been
demonstrated to be same effective as IV regimen in
lowering blood loss and allogeneic blood transfusion
during TKA (5, 6, 33, 35-37). Ueno et al. reported no
significant difference in reducing postoperative blood
loss between IV and IA routes in unilateral TKA patients
(36). In a study by Gomez-Barrena et al., no significant
difference in the drain blood loss was reported at 24
and 48 hours post TKA operation between IV and IA
administration of TXA concerning (20). Patel et al.
also demonstrated no significant difference between
the efficacy of IV and IA approaches in terms of
perioperative blood loss and the lowest hemoglobin
level; however, blood transfusion was needed in one of
their patients receiving IA TXA (33).
There is some evidence that suggested using IA TXA
has potent effects than the IV route in TKA patients.
Aggarwal et al., showed that IA TXA was better than
IV TXA in terms of lowering blood loss, hemoglobin
drop, and allogeneic blood transfusion frequency in
patients who underwent bilateral TKA (38). Seo et al.
(21), Aguilera et al. (39), and Digas et al. (40) similarly
found that while both IV and IA administration of TXA
decreased drained blood loss compared to the control,
the blood loss, hemoglobin drop, and transfusion rate
were much lower in the IA group than in the IV group.
Also, the transfusion rate was significantly lower in
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Table 2. Patients’ demographic features and baseline laboratory values of the study groups. Data are presented as mean ± standard
deviation (SD) for numerical variable or as frequency (with number and percentage) for categorical variables.
Variable

Intra-Venous TXA (N=49)

Intra-Articular TXA (N=49)

P value

-1.6 ± 0.9

-1.7 ± 2.1

0.805 ┼

-2.5 ± 0.8

-2.3 ± 1.2

0.126 ץ

24hr

Post-operative hemoglobin change from 48hr
preoperative value (g/dL)
72hr

-2.2 ± 0.9

24hr
Post-operative hematocrit change from
48hr
preoperative value (%)

-5.0 ± 2.5
-6.9 ± 2.5

72hr

┼ t test, and  ץMann-Whitney U test.

-1.9 ± 0.9
-4.6 ± 3.1

0.476 ┼

-7.2 ± 3.4

0.516 ץ

-5.9 ± 3.1

-7.4 ± 2.5

0.105 ┼

0.090 ┼

Table 3. IV vs Topical TXA Studies
Study

No

IV

IA

Closed suction drain

VTE prophylaxis

Soni et al 2014

40

10mg/kg

3g

yes

LMWH

Gomez et al 2015

39

15mg/kg

3g

yes

LMWH

Patel et al 2014

Chen et al 2016

Goyal et al 2017
Current Study

47
50
85
49

10mg/kg

2g

1.5 g

1.5 g

15 mg/kg

15 mg/kg

1g

the IA TXA receiving patients compared to the IV
TXA patients in the study of Hamlin and colleagues
(41). These variations between the different studies
regarding the efficacy of IA and IV routes might
be due in part to the differences in the dose of the
administrated TXA.
There are some more advantages for IA TXA. It
was observed that IA TXA not only decreases the
perioperative blood loss and transfusion but also may
contribute to alleviating the knee joint swelling after
TKA (42). Also, IA TXA might be more cost-effective, as,
a direct IA injection of TXA with a lower dose might have
the same effect of a higher IV dose. Finally, IA injection
can theoretically result in minimal if any systemic
adverse effects such as thromboembolic events, and
finally reduces recovery and hospitalization period and
costs (43, 44).
One of the great features of the present study was that
it did not use drain during the TKA similar to the studies
of Yang et al. and Goyal et al. (22, 45). The use of drain
may increase the transfusion frequency and interfere
with the real estimation of hemoglobin drop at 48 hours
following the TKA (46). Also, unlike many previous
studies that have used total drain output values for
calculation of total blood loss, it allows the appropriate
IA injection of TXA (20, 21, 37, 40) (45). The present
study recruited GOOD & NADLER formulae, which deals
explicitly with BMI of each as well as pre- and postoperative and hemoglobin values, is not influenced by

3g

yes
yes
No
No

LMWH
LMWH

LMWH or ASA
ASA

the operation condition and thereby gives more reliable
results compared to the drain-based outputs regarding
the estimated volume of blood loss. In conclusion, no
use of drain in TKA patients can reduce postoperative
total blood loss.
Another feature of this study was that all patients
received aspirin 325 mg/bid as VTE chemoprophylaxis.
Many Previous studies have used LMWH anticoagulant
as a VTE prophylaxis following TKA (19, 20, 25) and
one study used either LMWH or aspirin(22). There is
an attitude that TXA maybe can increase the risk of
thrombosis after surgery (26). Heller et al. showed
that TXA reduces bleeding with no additional risk of
VTE in patients who receive aspirin as VTE prophylaxis
following TJA (28). Our study confirmed that both
IV and IA TXA routes could be safely administered
for patients undergoing TKA and receive ASA as
chemoprophylaxis.
The present study suffers some significant limitations.
First, it did not include any control given IV or IA
saline. Second, the sample size allocated to each group
was inevitably too small to reach a more citable and
extendable conclusion for larger populations. Third, we
only evaluated the DVT clinically, while, PE symptoms
did not survey for it using imaging. Fourth, there were
not any significant differences between groups in our
study. However, our study may suffer from type B error,
which may be due to an insufficient number of patients
in each group.
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Our study corroborated that safity and effects of the
IA TXA as same sa IV TXA in decreasing blood loss
and the systemic thromboembolic adverse effects TKA
in patients undergoing TKA and receiving aspirin as
thromboprophylaxis and no suction drain following
surgery. However, considering the topical injection of
TXA, which possibly avoids any unpredictable systemic
complications as well as the lower dosage of the drug
used for achieving a comparable outcome, the IA route
might be considered safer and more cost-effective than
the IV route in TKA patients who received aspirin as a
VTE prophylaxis and no drain postoperatively. More
studies are needed to confirm this conclusion.
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