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Background: The antifibrinolytic drug tranexamic acid is currently being rediscovered for both trauma
and major surgery. Intravenous administration reduces the need for blood transfusion and blood loss by
about one-third, but routine administration in surgery is not yet advocated owing to concerns regarding
thromboembolic events. The aim of this study was to investigate whether topical application of tranexamic
acid to a wound surface reduces postoperative bleeding.

Methods: This was a randomized double-blind placebo-controlled trial on 30 consecutive women
undergoing bilateral reduction mammoplasty. On one side the wound surfaces were moistened with
25 mg/ml tranexamic acid before closure, and placebo (saline) was used on the other side. Drain fluid
production was measured for 24 h after surgery, and pain was measured after 3 and 24 h. Postoperative
complications including infection, seroma, rebleeding and suture reactions were recorded.

Results: Topical application of tranexamic acid to the wound surface after reduction mammoplasty
reduced drain fluid production by 39 per cent (median 12-5 (range 0-44) versus 20-5 (0-100) ml;
P =0-038). Adverse effects were not observed. There were no significant differences in postoperative
pain scores or complications.

Conclusion: Topical application of dilute tranexamic acid reduced bleeding in this model. The study
adds to the evidence that this simple procedure may reduce wound bleeding after surgery. Registration
number: NCT01964781 (http://www.clinicaltrials.gov).

PODCAST Paper accepted 18 May 2015

AVAILABLE
ONLINE

Introduction

When fibrinolysis exceeds coagulation, unwanted surgical
bleeding may occur despite adequate haemostasis. Tranex-
amic acid is the most commonly used medication to pre-
vent fibrinolysis. It acts by blocking the lysine-binding sites
on plasminogen, thereby preventing the activation of plas-
minogen to plasmin!. Tranexamic acid can be administered
orally or intravenously, but topical use is being reported
increasingly.

Intravenous administration of tranexamic acid during
major surgery has been shown to reduce the need for blood
transfusion by 32—37 per cent, as well as measurable post-
operative bleeding by 34 per cent®3. The dose has varied
considerably*, from 1 to 20 g administered intravenously
over 20 min to 12 h. Suggested single intravenous doses are
1-2 g?%6. The minimal effective plasma concentration is
unknown’”’~%. Safety concerns have included thrombosis,
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renal impairment, and increased risk of seizures associ-
ated with high doses (above 2 g)*!°. Definitive causal rela-
tionships have not been established*!1> but, as adverse
effects may be dose-related, and doses above 1-2 g seem
to provide no added benefit, high-dose intravenous admin-
istration is discouraged. Because of uncertainty about the
effect of tranexamic acid, particularly on vascular occlusive
events, it is still not recommended for routine use during
most surgical procedures!’’.

Topical application of tranexamic acid provides a high
drug concentration at the site of the wound and a low
systemic concentration'*!. Studies from cardiac and
orthopaedic surgery have shown an equal or superior
effect of topical compared with intravenous tranexamic
acid on both bleeding and transfusion requirement!¢~20.
Topical treatment is cost-effective’!, and adverse effects or
drug interactions have not been reported.
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Topical tranexamic acid after reduction mammoplasty

In previous studies, topical tranexamic acid was instilled
mainly as a bolus into confined spaces such as a joint, the
mediastinum or the pericardium?®??, or applied to acces-
sible wounds using soaked gauze?>~%’. A few studies?®~28
have described simple moistening of a wound surface.
Whereas most topical haemostatic agents can cover only
a small surface area?’, tranexamic acid diluted in saline
can moisten large areas, such as after massive weight loss
surgery, or in patients with burns*%L.

The aim of this study was to investigate whether moisten-
ing a wound surface with tranexamic acid reduces bleeding.
This hypothesis was tested in a randomized double-blind
placebo-controlled study of women undergoing bilateral
reduction mammoplasty, where effects of intervention on
one breast can be evaluated by comparison with the other.

Methods

Consecutive women above 18years of age undergoing
bilateral reduction mammoplasty at the Department of
Plastic Surgery, St Olav’s University Hospital, Trondheim,
Norway, were eligible for inclusion in the study. Exclu-
sion criteria were: a history of any thromboembolic dis-
ease, pregnancy or severe co-morbidity (American Society
of Anesthesiologists (ASA) fitness grade III or IV). Women
using platelet-inhibiting drugs or anticoagulants were not
excluded automatically. Written informed consent was
obtained from all participants before inclusion.

Randomization and masking

The women were randomized to receive topical tranex-
amic acid to one breast and placebo to the other after
reduction mammoplasty. Randomization was performed
electronically by the Unit of Applied Clinical Research
at the Norwegian University of Science and Technol-
ogy (NTNU-Trondheim) (http://www.ntnu.edu/dmf/ak{/
randomisering). Sealed envelopes were prepared stating
whether the right or left side was to receive tranexamic acid
according to the randomization. All personnel involved in
surgery and postoperative follow-up were blinded to the
randomization. The randomization code was kept at the
Unit of Applied Clinical Research and was not broken until
4 weeks after the last patient had been enrolled.

Intervention

As the specific mode of topical application of tranexamic
acid has not been published previously, the concentration
of tranexamic acid needed to achieve an antifibrinolytic
effect was unknown. To ensure a sufficiently high concen-
tration, the tranexamic acid was diluted only to a volume
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sufficient to moisten a fairly large wound surface’?: 20 ml
moistens at least 1500 cm?. On the morning of surgery, a
nurse not involved in the procedure prepared two iden-
tical plastic bottles of 20ml saline (0-9 per cent sodium
chloride), marking them right and left. She then opened
the sealed envelope with the patient’s project identification
number. On the side stated in the envelope, 5ml saline
was extracted from the bottle and replaced with 5 ml of
100 mg/ml tranexamic acid. The prepared solution thus
contained 20 ml of 25 mg/ml tranexamic acid. The other
bottle (placebo) received only an identical needle puncture.
The solutions were colourless, so the two bottles looked
identical apart from their right and left markings. The
bottles were then brought to the operating theatre.

Two surgeons performed the operation, operating on
one breast each. Equal amounts of local anaesthetic
were injected into the breasts at the end of surgery in
accordance with the hospital’s prevailing routine for
reduction mammoplasty (20 ml of 1 mg/ml lidocaine with
5 pg/ml adrenaline and 20ml of 2-5mg/ml bupivacaine
(AstraZeneca, London, UK) diluted in 120 ml saline for
each breast). After resecting the breast tissue, the surgeons
switched sides to evaluate/improve haemostasis, thus
securing homogeneous wounds and equivalent operating
times. The weight of resected tissue was recorded. The
contents of the appropriate bottles containing tranexamic
acid or placebo were smeared on to the wound surfaces
before closure, taking care not to use moist swabs or gloves
on the opposite side. Vacuum drains (Exudrain™ FG 14
AstraZeneca) were placed symmetrically, the wounds were
closed with standard subcutaneous and intracutaneous
suturing, and standard compression garments were fitted.
The patients received oral analgesics after surgery, but no
routine thromboprophylaxis; this is standard practice after
reduction mammoplasty at this hospital.

Follow-up

All women were interviewed by a nurse 3 and 24 h after
surgery. Drain fluid volume was recorded 24 h after surgery,
and drains were removed when production was below 40 ml
per 24 h, according to hospital routine. Haematoma need-
ing reoperation within 24 h was registered. All women also
had an outpatient appointment with one of the surgeons
3 months later. The women were encouraged to contact the
hospital if any complications occurred.

Outcomes

The primary outcome was drain fluid production in the
first 24 h after surgery. The drain fluid was not analysed
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Assessed for eligibility n = 36 women

Excludedn =8
Did not meet inclusion criteria n =2

Declined to participate n =6

Randomized n = 28 women (56 breasts)

Allocated to tranexamic acid n = 28 breasts
Received allocated intervention n = 28

Lost to follow-up n =0
Discontinued intervention n = 0

Analysed n = 28 breasts
Excluded from analysis n = 0

Fig. 1 CONSORT diagram for the study

further. A secondary outcome was postoperative pain,
which was registered for each breast both 3 and 24 h after
surgery, using a visual analogue scale from 0 (no pain) to 10
(unbearable). Medical and surgical serious adverse events
were recorded at the scheduled follow-ups.

Statistical analysis

A 25 per cent difference in drain volume between
treated and untreated wounds was considered clini-
cally important. As each woman was her own control,
using a paired-samples 7 test to detect a difference of
0-25, and a standard deviation of 0-4, a of 0-05 and
power 0-80, a sample size of 23 was needed®*. To ensure
additional power when using non-parametric statistical
tests’ and to counter unforeseen events, 30 women were
included.

Descriptive data are presented as mean(s.d.) or median
(range), as appropriate. Differences in drain fluid volume
and pain between breasts were analysed using a paired
Wilcoxon signed-rank test. Differences in categorical vari-
ables between groups were evaluated with Fisher’s exact
test. P <0-050 was considered significant. All analyses were
done using SPSS® version 22.0 (IBM, Armonk, New
York, USA).
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Allocated to placebo n = 28 breasts
Received allocated intervention n = 28

Lost to follow-up n =0
Discontinued intervention n = 0

Analysed n = 28 breasts
Excluded from analysis n = 0

Results

Of 36 women eligible for inclusion, six declined participa-
tion and 30 women were therefore enrolled. No patient
withdrew after enrolment. Two were, however, excluded
just before surgery (1 had a complete mastectomy instead
of reduction mammoplasty; the other was recognized to
have had a previous myocardial infarction and was con-
sidered ASA grade III). Tranexamic acid and placebo were
not administered to these patients. Twenty-eight women
remained eligible for final analyses (Fig. I); their median
age was 45 (18-67) years. None of the women used platelet
inhibitors or anticoagulants. Mean resected tissue weight
per breast was 415(162) g.

Drain production was 39 per cent lower in breasts
treated with tranexamic acid compared with breasts treated
with placebo: median 12-5 (0-44) versus 20-5 (0-100) ml
respectively (P=0-038) (1able S1 and Fig. S1a, supporting
information). To adjust for possible differences in wound
surface areas owing to unequal size of the two breasts, a
separate analysis was done with drain volume adjusted for
resected weight. This analysis showed 42 per cent lower
drain fluid production in breasts treated with tranexamic
acid: median 12-9 (0-47) versus 22-0 (0—100) ml respec-
tively (P=0-017) (Table SI and Fig. S1b, supporting infor-
mation). Only one of 28 breasts treated with tranexamic
acid produced 40 ml or more of fluid (44 ml), compared
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with nine of 28 placebo-treated breasts (P=0-016). Two of
these in the placebo group required reoperation and evac-
uation of haematoma.

Pain scores were similar in breasts treated with tranex-
amic acid or placebo on the day of surgery (median 2-5
(0-6) versus 2-0 (0-6); P=0-179) and after 24 h (2-0 (0-6)
versus 2-0 (0-5-5) respectively; P=0-428).

No adverse effects were recorded after topical tranexamic
acid. Five patients had a wound infection treated with
antibiotics or outpatient wound drainage within 6 weeks of
surgery. Another six women had a superficial inflammatory
reaction related to the sutures. These had no relation to
treatment with tranexamic acid or placebo. One woman
had bilateral wound seromas which were evacuated.

Discussion

The present study showed that topical application of
tranexamic acid significantly reduced wound drainage after
reduction mammoplasty.

The main strength of the study is the model. Surface
wounds can be diverse (burns, massive weight loss surgery),
and it is challenging to design a study with equivalent
wounds. Women undergoing bilateral reduction mammo-
plasty provide two almost identical wounds in an ordinary
clinical setting. A small study can thus provide adequate
statistical power.

The study, however, has several weaknesses. It was con-
ducted using a surgical procedure that is not usually asso-
ciated with major bleeding. Drain volumes, not blood loss,
were measured; drain fluids consist of both blood and tran-
sudates, with a transition over time to more serous drain
fluid. The breasts had also been injected with local anaes-
thetic containing adrenaline (epinephrine), but with equal
volumes in each breast. The constituents of the drain fluids
were not analysed, but registration took place during the
first 24 h when the drainage is mostly blood. Whether top-
ical tranexamic acid can influence transudate production or
even seroma formation through its inhibition of fibrinolysis
remains unknown.

The wounds after reduction mammoplasty are not com-
pletely identical, particularly when two surgeons operate,
one side each. To correct for this, the surgeons undertook
haemostasis on the contralateral side, and a separate analy-
sis of drain volumes was done with adjustment for resected
tissue weight.

Serum concentrations of tranexamic acid were not mea-
sured. Systemic absorption of topical tranexamic acid could
in theory affect bleeding from the contralateral placebo
wound. I vitro, a minimum concentration of 5-10 pg/ml
is needed to inhibit fibrinolysis'’. Studies in orthopaedic
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and cardiac surgery have found a negligible systemic con-
centration from application of boluses of tranexamic acid
in confined spaces'*!>. The tranexamic acid dose in the
present study was 20 ml of 25 mg/ml, a total of 500 mg; this
method should give a very low systemic concentration!*13.

The overall reduction in drain fluid production of about
40 per cent after topical administration of tranexamic
acid here accords with previously published studies®!6~20,
which consistently reported a reduction in transfusion
need and measurable bleeding of between 30 and 40 per
cent after both intravenous and topical tranexamic acid
administration. There is little information on the concen-
tration of tranexamic acid needed for topical effect. Instil-
lation of a bolus of 1-3 g tranexamic acid diluted in 100 ml
saline (concentration 10-30mg/ml) has been studied in
1516 and orthopaedic!’ surgery,
whereas epistaxis has been treated with sponges moist-
ened with undiluted tranexamic acid for intravenous use
(100 mg/ml)*}. This present study opted for a high con-
centration of 25 mg/ml, but still dilute enough to provide a
volume sufficient to moisten large surface areas. There are
few published studies where the mode of application was
comparable to the moistening used in this study. A mouth-
wash containing 4-8 mg/ml tranexamic acid was effective
after dental extraction’®, whereas Hinder and Tschopp?®
found no significant effect of gargling 1.7 mg/ml tranex-
amic acid solution after tonsillectomy. Athanasiadis and
colleagues’’ reported a significant effect after spraying the
wound surfaces with tranexamic acid in endoscopic sinus
surgery. The optimal concentration remains unknown.

The use of drains after reduction mammoplasty has little
scientific evidence® but is nevertheless common. At the
time of study, the departmental routine was to use drains
until fluid production was below 40ml per 24h. The
present study suggests that topical tranexamic acid reduces
drain fluid production after reduction mammoplasty to
below this cut-off value in almost all patients, and may obvi-
ate the need for a drain.

There were two postoperative bleeds in the study, both
in untreated breasts. The study was not powered to eval-
uate whether topical tranexamic acid could prevent post-
operative haematoma. Ngaage and Bland* reported that
intravenous tranexamic acid reduced the risk of reopera-
tion by 48 per cent after coronary surgery, and a significant
reduction in rebleeding after tonsillectomy was described

patients undergoing cardiac

for the lysine analogue aminocaproic acid*®. Few studies
on tranexamic acid have reported rebleeding as an outcome
measure’?.

Tranexamic acid is inexpensive. Its cost-effectiveness has
been thoroughly documented in orthopaedic surgery®!.

Even after operations where bleeding is less common,
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topical application of tranexamic acid may reduce the need
for drains and outpatient visits. This simple method has
potential for widespread application after surgery.
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Supporting information

Additional supporting information may be found in the online version of this article:

Table S1 Drain fluid production measured 24 h after surgery in patients undergoing bilateral reduction
mammoplasty (Word document)

Fig. S1 a Drain fluid production measured 24 h after surgery and b drain fluid volume adjusted for resected tissue
weight (Word document)

Editor’'s comments

This paper, and the FIBER Study preceding it (Br 7 Surg 2015; 102: 1338-1347), both explore pharmacological means
to reduce perioperative bleeding. B7S does not normally publish cardiac papers, but makes an exception because of the
high quality of the study. Although essentially a negative trial, the FIBER Study has valuable clinical implications, and
is a reminder of the importance of publishing such trials. This study by Ausen ez 4. also has a favoured within-patient
randomization design using an established agent (tranexamic acid) topically. This study has a positive result (median
reduction of 8 ml in drain fluid) but the clinical relevance remains unclear, as does whether it would stand up to a
formal cost-benefit analysis. Minimizing perioperative bleeding is fundamental, and the methods used in both these
RCTs have relevance in other specialties and procedures. Only by conducting high-quality research can the role of
pharmacological agents be clarified.

J.J. Earnshaw
Joint Chief Editor; BFS
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