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Article history: Background: Tranexamic acid (TXA) has long been used to reduce blood loss associated with total knee

Received 18 April 2019 arthroplasty (TKA). Debate remains over the best administration route with limited data comparing

Accepted 27 June 2019 regimes including, to date, no studies investigating the equivalence of oral TXA and a combined topi-
cal/intravenous (IV) regime. Therefore, the aim of this study was to compare the efficacy and safety of
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Tranexamic acid

Working hypothesis: We postulated that oral TXA would offer the same efficacy and safety as combined
Total knee arthroplasty

topical/IV/oral regime. We asked: (1) Would blood loss and haemoglobin change be affected? (2) Would
complication rates increase?
Patients and methods: Patients were randomised into either the study group (oral TXA regimen) or the
control group (combined topical/IV/oral TXA). Both groups were administered three doses of TXA and
received the same post-operative venous thromboembolism prophylaxis. Efficacy outcomes including
blood loss and haemoglobin (Hb) change were investigated, together with safety outcomes of incidence
of deep vein thrombosis and adverse events.
Results: The study (n=25) and control (n=28) group were comparable at baseline (eg pre-op
haemoglobin). No significant difference was found between the study and control group in terms of
Hb change (32.9+8.9 vs. 31.8 £ 10.4, p=0.687) or blood loss (measured 640.0 +291.1 vs. 538.3 +270.2,
p=0.173 and total 1211.54+336.0 vs. 1092.9 £+ 341.4, p=0.214). No cases of DVT were reported for either
group and no statistical differences were found in the incidence of adverse events (nausea, hypotension,
constipation) between groups.
Discussion: This study has shown for the first time that an oral TXA regimen is non-inferior to a topi-
cal/IV/oral regimen in TKA in efficacy and safety. Utilising oral TXA in place of a combined topical/IV/oral
regime can significantly reduce costs without compromising patient outcomes.
Level of evidence: I, Randomised controlled trial.

© 2019 Elsevier Masson SAS. All rights reserved.

1. Introduction

In Australia there were 47,087 total knee arthroplasties
(TKAs) conducted between 2014-15 for the primary diagnosis of
osteoarthritis [ 1]. TKAs result in blood loss with up to 46% of unilat-
eral procedures requiring blood transfusions [2]. Tranexamic acid
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(TXA), an antifibrinolytic agent that induces blood clot formation,
is commonly used to reduce blood loss and prevent the need for
blood transfusions [3].

TXA use during TKA results in significantly reduced blood loss
compared to placebo [4] with administration via the intravenous
(IV) [5], topical [6] and oral [7] route all effectively reducing blood
loss associated with TKA. The combination of topical and IV TXA
has been shown superior to IV only protocols in terms of reducing
blood loss [8-10] and a recent meta-analysis by Sridharan and
Sivaramakrishnan [11] concluded that the combined topical/IV
TXA may perform better than other regimes in reduction of blood
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transfusion rates. Comparative studies of oral to IV TXA have
shown non-inferiority [12,13] with a meta-analysis by Wang
et al. [14] demonstrating no significant difference between oral
and IV TXA in terms of blood loss, postoperative haemoglobin
(Hb) or transfusion rates. Similarly, a meta-analysis by Guo et al.
[15] suggested oral TXA provided reduced drain output and Hb
drop with no increased need for blood transfusions, but this was
when compared to placebo. Recently, a network meta-analysis by
Fillingham et al. [16] did not observe any treatment as superior to
oral TXA for TKA and found no clear difference between available
TXA administration regimes. Interestingly, these authors [16] esti-
mated no difference in blood loss between an IV/topical and oral
TXA regime but this was based on indirect measures due to a lack
of available literature on the direct comparison. To date, no reports
of a comparison of oral TXA versus a topical/IV/oral combination
of TXA have been found in the literature. Therefore, for the first
time, this study aimed to demonstrate the non-inferiority of oral
TXA versus a topical/IV/oral regimen of TXA in TKA. We asked if:

¢ blood losses and haemoglobin change would be consistent?
e complication rates would increase including deep vein thrombo-
sis and TXA adverse effects?

2. Patients and Method
2.1. Study population

Approval for this prospective, randomised trial was obtained
from two Research and Ethics Committee, namely Greenslopes
(17/25) and Griffith University (2017/541) and registered
with the Australia and New Zealand Clinical Trial Register
(ACTRN12617000617369P).

Patients scheduled for TKA by the collaborating orthopaedic sur-
geon during the trial period, August 2017 to September 2018, were
eligible to participate. Exclusion criteria included bilateral TKA,
allergy to TXA, history of bleeding disorders, use of anticoagulants
or antithrombotics within 7 days of surgery, inability to take apixa-
ban as post-surgical venous thromboembolism (VTE) prophylaxis,
and the presence of contraindications to the use of TXA. All partic-
ipants were required to be over the age of 18 and able to provide
informed consent prior to surgery.

Participants were assigned to one of two groups determined by
randomisation using a blocking method. The study group received
oral TXA and the control group a mixed topical/IV/oral regime
as this was the standard procedure used prior to the commence-
ment of the study at the participating institution. Both groups were
administered three doses of TXA (Cyklokapron®, Pfizer, Sydney,
Australia). The study group received an oral 1g dose two hours
prior to the commencement of surgery, a second 1 g oral dose two
hours post-surgery and a final 1 g oral dose six hours post-surgery.
The control group received a 3 g topical application of TXA periop-
eratively, a 1g IV dose TXA dose at two hours post-surgery and a
final 1 g oral dose six hours post-surgery.

During the study period 48 potential participants were excluded
for reasons outlined in Fig. 1. Of the 53 patients that were finally
enrolled, 25 (47.2%) were randomised to the study group and
28 (52.8%) to the control group (Table 1). One patient in the
study group did not have Hb after surgery recorded but remained
included in the study. The demographic characteristics were similar
across the two groups, although the study group had a higher num-
ber of patients (n =20, 80%) with right-sided surgery compared to
the control group (n =15, 53.6%) but there was no significant differ-
ence in the duration of surgery or length of stay in hospital between
groups (Table 1).

2.2. Surgical Protocol

All surgeries were conducted by the same orthopaedic sur-
geon. The Attune® Knee System (DePuy Synthes, Sydney, Australia)
implants were inserted then balanced, adjusted and cemented in
place. The knee was lavaged with aqueous betadine and the topi-
cal tranexamic acid applied for five minutes prior to closure of the
incision. No tourniquet was used. A suction drain was inserted and
removed the morning after surgery.

Pain management initially involved parenteral opioids dosed by
nursing staff or patient controlled analgesia depending on patient
preference. Pain was managed entirely orally by day two with an
anti-inflammatory and opioids (combination of slow release plus
immediate release for breakthrough pain). Post-operative proto-
col included mobilising the patient on the day of surgery and from
day two having the patient up and exercising at least twice daily
with discharged planned for day 3 or 4. Post-surgery all participants
received protocol VTE prophylaxis consisting of apixaban (Eliquis®,
Bristol Meyers Squibb, Melbourne, Australia) 2.5 mg twice daily
commenced 8 hours post-surgery and continued for 15 days. Dur-
ing the post-operative hospital stay participants were monitored
for signs of VTE and a Doppler ultrasound conducted if required. A
follow-up bilateral Doppler ultrasound of the legs was conducted
six weeks after surgery to exclude evidence of post-surgical deep
vein thrombosis (DVT).

2.3. Outcomes

Two primary efficacy outcomes were investigated, namely Hb
levels and blood loss. Pre-surgery Hb levels and Hb measured on
the day after surgery were used to calculate the Hb change due to
surgery. Hb change was used as a primary outcome as it accounts
for visible blood loss and also hidden blood loss [17] and guides the
need for blood transfusions. Secondly, blood loss volume due to
TKA was investigated by measurement of blood lost in the oper-
ating theatre by the anaesthetist. Post-operative blood loss was
measured by means of a Bellovac drain which remained in place
until the day after surgery, the volume of blood in the drain was
recorded upon removal. The volume of theatre and drain blood
loss was reported as measured blood loss. The Nadler formula [18]
was used to calculate blood volume and the Meunier’s formula
[19] used to calculate and report total blood loss. Blood trans-
fusions were also another efficacy outcome. Pre-operatively, any
patients with abnormal iron storage were seen by a haematologist
and this was corrected prior to surgery if needed. Intra- and post-
operatively, blood transfusion was performed on all patients with a
haemoglobin below 80 g/L or at higher haemoglobin levels depen-
dent on patient specific indications as outlined by the National
Blood Authority of Australia. Post-operatively patients with acute
myocardial or cerebrovascular ischemia and a haemoglobin level
inferior to 100 g/L were recommended for transfusion whereas in
the absence of these conditions post-operative transfusion was not
required with haemoglobin levels >80 g/L. The primary safety out-
come was the incidence of DVT during the post-operative period.
A secondary safety outcome was comparison of reported adverse
events.

2.4. Statistical analysis

All data was recorded in the IBM SPSS program Statistics 24.0
and this program was used for statistical analysis. A one-way
ANOVA was used to compare results between the groups for nor-
malised continuous data. For any continuous data that was not
normally distributed a Kruskal-Wallis analysis was used. For dis-
crete data a chi-square test was used to assess significance of
differences between groups. Pre-study power analysis determined
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Fig. 1. CONSORT patient screening process.

Table 1
Patient demographics of study and control group. Data shown is number and percentage for gender and surgery side, mean and standard deviation for other variables.
Variable Study (n=25) Control (n=28) p-value
Gender
Male 14 (56.0) 12 (42.9) 0.289
Female 11 (44.0) 16 (57.1) 0.289
Age (years) 65.4(8.8) 63.8 (9.7) 0.540
Weight (kilograms) 90.2 (16.72) 86.4(16.3) 0414
BMI (kilogram/metre?) 30.1 (4.8) 30.2 (4.6) 0.943
Hb level (pre-op) (g/L) 142.2 (11.7) 142.0(13.3) 0.937
Surgery Side
Left 5(20.0) 13 (46.4) 0.043
Right 20(80.0) 15 (53.6) 0.043
Surgery Duration (Minutes) 138.2(20.8) 140.5(21.4) 0.694
Intra-operative blood transfusion 0(0) 0(0)

a sample size of 25 patients per group was required to have an
80% chance of detecting a difference in blood loss of 260 mL at 95%
confidence interval limitations.

3. Results

No significant difference was found between study and control
group in mean Hb change, total blood loss or in measured blood
loss (Table 2). One blood transfusion was administered during the
study period, being to a patient in the control group.

No cases of DVT occurred during the study period for either
group (Table 2). Although not significant, there was a slightly higher
incidence of hypotension in the control group (39.3%) than the
study group (32.0%). The study group showed a higher incidence
of constipation (20.0%) compared to the control group (3.6%) but
this did not reach statistical significance.

4. Discussion

This study demonstrated that an oral TXA regimen was non-
inferior to a topical/IV/oral TXA regimen when comparing Hb
change and blood loss (both measured and total) and incidence of
DVT and adverse events. Previously, multiple studies have demon-
strated two regimes to be non-inferior including that topical TXA
is non-inferior or superior to IV TXA in reducing blood loss due to
TKA [20-22] and that the use of oral TXA is non-inferior to IV TXA
[12,13,23], but this study was the first to directly compared oral to
a combined topical/IV/oral regimen.

This study has several limitations. First, it is possible that we
were only able to demonstrate non-inferiority as our compari-
son was between two active treatments. In addition to this, the
active treatments included oral TXA in both groups as it was part of
the standard protocol at the hospital to utilise topical, IV and oral
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Table 2

Efficacy & Safety outcomes of the study and control groups. Data is shown as mean (standard deviation) for haemoglobin change, blood loss and length of stay and number

(percentage) for all other variables.

Variable Study (n=25) Control (n=28) p-value
Efficacy Outcome
Haemoglobin change (g/L) 32.9(8.9) 31.8(10.4) 0.687
Measured blood loss (mL) 640.0 (291.1) 538.3(270.2) 0.173
Total blood loss (mL) 1211.5(336.0) 1092.9 (341.4) 0.214
Total blood volume 5296.3 (985.8) 4956.8 (888.1) 0.197
Postoperative blood transfusion 0(0.0%) 1(3.6%)
Length of hospital stay (days) 4.0(1.1) 4.5(1.5) 0.169
Safety Outcome

DVT 0 0
Potential Adverse Effects

Seizures 0 0

Visual disturbances 0 0

Allergy 0 0

Acute nausea 9(36.0) 9(32.1) 0.7647

Delayed nausea 8(32.0) 9(32.1) 0.9938

Headache 1(4.0) 0

Diarrhoea 0 0

Hypotension 8(32.0) 11(39.3) 0.5801

Dizziness 0 2(7.1)

Constipation 5(20.0) 1(3.6) 0.056

administration. This may have biased results by not allowing eval-
uation between oral and other routes of administration, but this
study still demonstrated comparison between routinely used reg-
imens. Second, Hb levels at both 48- and 72-hours post-surgery
could have provided further comparison of outcomes between
groups and should be collected in future studies. Third, larger num-
bers of participants may be required to identify any significant
differences in blood transfusions. Four, both the study and control
groups had no patients showing sonographic evidence of DVT but
this may be attributed to the effective use of post-surgical VTE pro-
phylaxis. Therefore, a larger sample size may be required to identify
any significant differences between TXA regimes in terms of DVT.

The 1g oral TXA dose utilised in our study was the same as
other studies [12,24,25] although the regimes differed. Similar to
Lee et al. [24], our study found no significant difference in both
blood loss and Hb utilising a 1g dose of oral TXA at three time
points Previously, Sridharan and Sivaramakrishnan [11] discussed
the lack of consensus regarding appropriate dosing of TXA, whilst
Fillingham et al. [16] recommended using 2 g oral TXA two hours
pre-operatively. In our study a three dose 1 g TXA regime was used.
The difference in total blood loss for the study compared to control
group was around half the volume at which non-inferiority would
not have been demonstrated. This may indicate the oral TXA dose
regime may need to include a higher dose so further studies may be
required to determine the optimum dosage regime for use of oral
TXA in TKA.

Both the oral and the topical/IV/oral TXA regime were similar
for the majority of adverse events. Whilst not statistically signifi-
cant, the control group showed a higher incidence of hypotension
than the study group, which is consistent with the literature when
TXA is administered intravenously [26]. Conversely, the oral group
showed a higher incidence of constipation than the control group.
This difference was unexpected as constipation is not a listed
adverse effect of TXA [26], however constipation may be attributed
to post-operative pain management with opioids (both IV and oral)
so it cannot be determined if this side effects was solely due to
the administration route of TXA. Previously there have been case
reports of anaphylaxis with IVTXA [27,28] and theoretical concerns
with topical TXA aggravating staphylococcal infection [29] rais-
ing concerns for regimes utilising topical/IV TXA. The comparative
adverse effect profiles of the two groups in this study suggests that
the oral TXA regimen would be as safe as a topical/IV/oral regimen
and potentially minimise the risk of such complications.

One efficacy outcome utilised in this study was incidence of
blood transfusions which favoured the use of oral TXA. No patients
in the study group required a blood transfusion however one
patient in the control group did receive a transfusion during the
study period (three days post-op). However, a gastroenterology
review concluded that the Hb drop was due to bleeding caused
by gastritis and accelerated by apixaban, and therefore this event
cannot be reliably used to compare safety between the two regi-
mens.

Costs associated with oral TXA are lower than topical and IV
TXA [25]. The benefits of demonstrating non-inferiority of the oral
regime compared to the combined topical/IV/oral regime is two-
fold. Firstly, it results in significant cost savings to the healthcare
facilities and healthcare providers with the IV formulation almost
40-fold more expensive than the equivalent oral dose [30]. Sec-
ondly, replacing the combined TXA regime with an oral regime can
reduce the burden on nursing staff.

In conclusion, this study demonstrates for the first time in a
study population that an oral TXA regime consisting of three 1g
doses at two hours pre-surgery and both two and six hours post-
surgery is non-inferior to a topical/IV/oral regime of TXA in TKA
in terms of Hb change and blood loss for efficacy and incidence of
DVT and adverse events for safety. Replacing the combined top-
ical/IV/oral regime of TXA with an entirely oral TXA regime can
reduce cost to healthcare facilities and burden to nursing staff with-
out impacting patient outcomes.
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