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ORIGINAL STUDY

Comparison of Intra-operative Regimes of Tranexamic Acid Administration in
Primary Total Hip Replacement

John T. MAcHIN, Vineet BATTA, Juan A. SoLER, Kannan SivaGaGaNaM, Yegappan KALAIRAJAH

From Luton & Dunstable University Hospital, Luton, United Kingdom

The administration of tranexamic acid to decrease
blood loss in primary total hip replacement is estab-
lished. In this observational study three different
regimes of tranexamic acid were used to investigate
the effects of combined intravenous and topical
administration of tranexamic acid to a single
intravenous bolus given at induction or closure.
Group 1 (n =50) received 1 g tranexamic acid intra-
venously at induction and 500 mg tranexamic acid
topically during closure. Group 2 (n=50) received
1 g tranexamic acid intravenously at induction.
Group 3 (n=50) received 1g tranexamic acid at
closure.

The mean haemoglobin loss was 2.83 g/dL (95%
Confidence interval [CI] 2.51 to 3.15g/dL) in
Group 1, 2.92 g/dL. (95% CI 2.65 to 3.19 g/dL) in
Group 2 and 3.36 g/dL (95% CI 2.94 to 3.77 g/dL) in
Group 3. No significant difference in mean haemoglo-
bin loss was found (p = 0.123).

In this observational, non-randomised study we
found no additional advantage to giving topical
tranexamic acid at closure in addition to intravenous
tranexamic acid given at induction.

Keywords : total hip replacement ; tranexamic acid ;
blood loss ; transfusion.

INTRODUCTION

Primary total hip replacement (THR) is an estab-
lished procedure, which has been proven to signifi-
cantly improve a patient’s quality of life (8,77). One
of the common risks (2-5%) of THR is bleed-
ing (22). Blood loss can vary depending on tech-
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nique, surgeon and patient factors. Traditionally
allogeneic blood transfusion has been the salvage
treatment for patients with significant blood loss.
This exposes the patient to risks including immuno-
logical reactions, renal failure, coagulopathy and
can result in death (5,15,16).

Many different methods from regional anaesthe-
sia to intra-operative blood salvage and anti-fibri-
nolytic agents have been used to reduce blood loss
and decrease the not insignificant risks associated
with allogeneic blood transfusion (3). Tranexamic
acid (TXA) is a synthetic derivative of the amino
acid lysine and competitively inhibits the activation
of plasminogen to plasmin. Intra-operative admin-
istration of TXA has been shown by systematic
review and meta-analysis of randomised control tri-
als to significantly decrease intra-operative blood
loss in primary THR and reduce transfusion
rates (23). Currently there is no evidence that the use
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of TXA intra-operatively has significantly increas-
ed rates of venous thromboembolic events or any
other complications at the recommended dose
(under 30 mg/kg) in arthroplasty (14,23).

After excluding the additional nursing and other
staff expenses a unit of packed red blood cells costs
the NHS £125 while a 1g dose IV TXA (Cyklo-
kapron) costs £3.10 (4,20). Studies have shown that
the use of TXA would be cost effective, with sav-
ings of over £100,000 for some centres as a result
of reduced transfusion costs even when taking into
account the modest price of this agent (6,11,13,21).

In previous studies a number of regimes have
been used when administering intravenous TXA
including prolonged infusion, repeated boluses and
boluses at induction or closure. There has also been
a range of doses including 10-30 mg/kg or 1-2 g.
However total blood loss and transfusion rate have
not been shown to reduce with higher doses of
TXA (23). Randomised control trials by Benoni et
al suggested that the timing of the administration of
intravenous TXA is important. In the first trial
Benoni ef al gave TXA at end of the operation and
then three hours later and found this regime did not
reduce total blood loss compared to a saline place-
bo (2). In contrast, in the second trial a bolus of
TXA or placebo was given before the operation
resulting in both a significant lower total blood loss
and transfusion rate for those receiving TXA (/).
Following this and other trials there has been a con-
sensus that the administration of intravenous TXA
before the surgical incision is more beneficial than
at closure. TXA has a half life of 80 minutes in plas-
ma and this combined with the CRASH 2 study of
bleeding trauma patients has demonstrated that the
use of TXA is time critical (7,22).

TXA has been applied topically to the operative
field during closure. Wong et a/ randomised
124 patients receiving Total Knee Replacements
(TKR) to topical application of TXA or placebo
directly into the surgical wound. Topical TXA was
found to significantly reduce postoperative blood
loss (27). Gilbody et al found topical TXA reduced
length of stay, blood loss and transfusion rate in
both primary THR and TKR (9).

However there is no study in the literature com-
paring the combined intra-operative administration

of both intravenous and topical TXA administration
in THR. Our observational study is based on the
change of administration of TXA in the practice of
one surgeon in the context of an evolving evidence
base. The aim of this study was to compare the
effects of combined intravenous and topical admin-
istration of TXA to single intravenous bolus given
at induction or closure.

MATERIALS & METHODS

Selection criteria

This study retrospectively reviewed 153 primary THRs
performed by the same surgeon at one centre from
August 2008 until June 2012. Patients were excluded
who had a clotting disorder, a previous thromboembolic
event, bleeding diathesis, allergy to TXA, were taking
warfarin or had renal failure (CrCl <30 ml/min). The
above criteria resulted in 3 patients being excluded.
Patients receiving any form of revision or trauma surgery
were not considered.

Patients received either a fully uncemented hip
replacement (Trident acetabular PSL cup and Accolade
stem) or a hybrid hip replacement (Trident acetabular
PSL cup and Exeter stem — Stryker Orthopaedics,
Mahwah, New Jersey, U.S.A.) based on the judgement of
the senior author.

The procedures were performed through a modified
Hardinge approach. A combination of 0.25% buvipicaine
and 1:200,000 adrenaline was injected into the joint and
soft tissues. Standard transosseos closure was carried
out. No drains were used. Anaesthetic techniques used
included spinal anaesthesia, general anaesthesia and
regional blocks. These techniques were used individually
or in combination depending on the anaesthetic assess-
ment.

For venous thromboembolic event prophylaxis all
patients received dabigatran unless contraindicated or
declined by the patient. In place of dabigatran this small
minority of patients received 40 mg enoxaparin subcuta-
neously once daily. Dabigatran was given as a half dose
3-4 hours post surgery and a full dose of 220 mg once
daily from the first day post-operation onwards. Patients
over 75 years old, using amiodarone or verapamil
received a lower dose of 150 mg as recommended by the
manufacturer (Boehringer Ingelheim Limited, Berkshire,
United Kingdom.)

Three different regimes of TXA administration were
used. The first fifty cases with each of the three regimes
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were included in the study after exclusions. Group 3 con-
tained our first 50 patients who received 1 g TXA at clo-
sure, which had previously been our standard protocol.
Group 2 contained 50 patients who received 1 g TXA
intravenously at induction. This was an interim group of
patients who were treated chronologically after Group 3
but before group 1. Group 1 contained 50 patients who
received 1 g TXA intravenously at induction and 500 mg
TXA topically during closure, which is our current prac-
tice.

Outcome

Patients with haemoglobin (Hb) less than 8 g/dl or
those who were symptomatic with anaemia, had history
of ischeamic heart disease and Hb less than 10 g/dl were
transfused. Hb loss was calculated using a method devel-
oped at the Mayo Clinic (Rochester, Minnesota, USA).
This formula gives an indirect measure of blood loss
using pre-operative and first day post-operative blood
samples together with the units of Red Blood Cells trans-
fused between blood samples (18).

Hb loss = Pre-op Hb — Post-op Hb + Units of Red
Blood Cells Transfused

This formula assumes Pre-op Hb = preoperative Hb
(g/dL), Post-op Hb = Hb the next day after the surgical
procedure (g/dL). Units of Red blood Cells transfused
assuming 1 unit = 1 g/dL Hb and Hb loss is secondary to
the THR only.

The length of stay, transfusion rate and complications
including thromboembolic events were also reviewed
by interrogating our discharge letters and database of
investigations from an electronic reporting system.
Ultrasound Doppler examination of deep veins and CT
pulmonary angiograms were not carried out routinely but
only on clinical suspicion guided by the Wells’ score (26).

Statistical Analysis

Data analysis was carried out using SPSS version
7 (24). Normality of blood loss and hospital stay was
tested using Shapiro-Wilks test. Blood loss satisfies the
normality, while hospital stay rejects the normality
assumption. Welch test was applied to compare the mean
across the three groups for blood loss because variances
were not homogeneous across the three groups (tested by
Levene’s test, P =0.018). Kruskal Wallis test was used
for hospital stay. Multiple comparisons for blood loss
were done using Dunnett’s T3 and Mann-Whitney U test
with Bonferroni correction for hospital stay. In subgroup
analysis, blood loss was homogeneous across the three
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groups ; one-way analysis of variance followed by
Tukey’s test was applied to compare the mean across the
three groups. Fisher’s exact test was applied to compare
the proportion of low transfusion rate and thromboem-
bolic events among groups. P-value less than 0.05 were
considered as significant.

Sample Size Calculation

The sample-size calculation was based on the differ-
ences in the primary outcome (i.e. the post-operative
decrease in haemoglobin) among the three study groups.
Using the study done by Wong et al (20), total blood loss
of 1610 £ 325 ml and a reduction of 250 ml in total loss
were considered as clinical important, and therefore,
sample size of 22 was required in each group. The sam-
ple size was calculated using PASS software and for
fixed effect, one-way ANOVA variance design was used.
It was assumed that standard effect size d =0.39, the
level of alpha (two-tailed) = 0.05, and power = 80%. In
addition the standard deviation within each arm was
taken as 300. It was calculated that a minimum of
23 patients was required in each arm. Therefore with
50 patients in each group we are satisfied that our study
has sufficient power.

RESULTS

Table I summarises the distribution of 150 patients
between groups. Dabigatran was given to 141 pa-
tients (94%) with the remaining 9 patients (6%)
receiving enoxaparin. Spinal anaesthetic was given
to 83 patients (55%), general anaesthetic was given
to 31 patients (20%) and the remainder had a com-
bination of blocks, general anaesthetic, epidural,
and spinal anaestheticl.

The mean Hb loss was 2.83g/dL (Standard devi-
ation (SD) 1.12 g/dL) in Group 1, 2.92 g/dL (SD
0.95 g/dL) in Group 2 and 3.36 g/dL (SD 1.47 g/dL)
in Group 3 (Fig. 1). The Welch test showed no sig-
nificant difference in mean Hb loss across the
groups, P =0.123. Subgroup analysis by procedure
revealed that there was no significant difference in
Hb loss when considering patients receiving hybrid
THRs when comparing Groups 1-3. However
analysis of the uncemented subgroup using the post
hoc Tukey’s test showed there is significant differ-
ence in mean blood loss between the group 1 and
group 3 (p=0.037). There was no significant
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Table I. — Patient Distribution

Group 1 (n=50) Group 2 (n=50) | Group 3 (n=50)
Tranexamic acid Regime 1 g IV at induction + 1 g IV at induction | 1gIV at closure
500 mg Topical
Male 18 17 19
Female 32 33 31
Mean Age (years) 61 66 69
Number of patients receiving Hybrid THR 20 32 15
Number of patients receiving Uncemented THR 30 18 35
Anaesthetic — Spinal 33 29 21
- GA 7 7 17
— GA + Spinal 3 9 4
— GA + Regional Block 4 3 4
— Spinal + epidural 3 2 3
— Unknown 0 0 1
difference in mean blood loss between group 1 and =4
group2 (p=0.968) or group 2 and group 3 50
(p=0.1441).
Groups 1 and 2 who both received IV TXA at w 4.0
induction had lower transfusion rates of 6% (n = 3) -
compared to 10% (n=15) of group 3 that received E e
IV at closure but this was not statistically signifi- %20
cant (p =0.71). This was consistent with Groups 1
and 2 having a lower Hb loss. -
The mean length of stay was 4.3 days (range 2- -
13 days) for Group 1, 5.0 days (range 1-26 days) 1g IV pre + 500mg topical 1g 1V induction 1g IV closure
Group1 Group 2 Group 3

for Group 2 and 5.8 days (range 2-26 days) for
Group 3. Overall there was no significant differ-
ence in length of stay between the three groups
(p=0.214). There were a number of outliers who
had length of stays much greater than expected due
to a number of medical complications including uri-
nary tract infections, lower respiratory tract infec-
tion and renal failure, extending their recovery peri-
od.

There was no significant difference (p = 1.00) in
thromboembolic events between groups with no
patients being diagnosed with venous thromboem-
bolic events in groups 1 and 2. In group 3 only
1 patient was diagnosed with a deep vein throm-
bosis and there was no diagnosis of pulmonary
embolism. In addition, we did not find an increased
incidence of any other complications including
previously reported neurological sequelae in higher
doses of TXA (19).

Fig 1. — Calculated Mean Hb loss of Groupsl1-3 with error
bars indicating 1 standard deviation.

DISCUSSION

This observational study compares the use of
topical and intravenous regimes of TXA. Although
the mean Hb loss was lowest in group 1 and highest
in group 3, a significant reduction in blood loss, as
indicated by change in Hb, was only seen in the
subgroup analysis of uncemented THRs when com-
paring groups 1 and 3. Previous randomised con-
trolled trials have found a significant reduction in
total blood loss when intravenous TXA is given at
induction rather than closure when using cemented
THR (1,2).
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The uncemented group had a higher percentage
of males with 52% (n=43) compared to 16%
(n=11) in the hybrid population. There is evidence
men accumulate more blood loss in THR and there-
fore if this is the case may benefit from an addition-
al topical dose of TXA more than women (70). This
higher percentage of males could be a contributing
factor to the significant reduction of Hb loss found
when topical TXA was given in addition to intra-
venous TXA in the uncemented subgroup. Another
explanation could be the difference in anaesthetic
technique as Group 3 patients had a high proportion
of general anaesthetics compared to group 1 (34%
compared to 14% respectively). Due to the lack of
randomisation it is possible that this study was
unable to find a significant difference across other
groups due to other confounders.

The variation of uncemented and hybrid implants
could be a possible confounder as traditional teach-
ing has been that cemented or hybrid THRs have a
lesser total blood loss than uncemented THRs.
However this is not universally accepted. Inter-
estingly a retrospective study of THRs found that
when comparing hybrid, cemented and uncemented
THRs there was no evidence of differing blood re-
quirements between cemented and uncemented (25).

A trend of increasing length of stay from
Groups 1 to 3 could be expected due to the lower
transfusion rates in Groups 1 and 2. However there
was no significant difference between groups. This
could be due to a minority of outliers including
2 patients who unfortunately stayed 26 days as a
result of lower respiratory tract infections leading to
multi-organ failure and ITU admission.

In our study the addition of topical TXA for
Group 1 did not increase the frequency of throm-
boembolic events compared to intravenous TXA
given alone. It should be noted though that our
study was not of sufficient power to definitively
detect differences in complication rates.

In summary this study found no increased bene-
fit of giving a topical dose at closure in addition to
an intravenous dose at induction. The body of evi-
dence suggests that TXA given intravenously at
induction or topically can reduce blood loss without
increasing thromboembolic events. This study
offers a preliminary review of regimes for the use of
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TXA in THR. However further work comparing
intravenous, topical as well as oral regimes in a ran-
domised controlled trial would be welcomed by the
authors. Determining the most efficacious regime
will enable the already proven benefits of decreased
blood loss and financial savings to be maximised.
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