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Background: Blood loss associated with surgical interventions can lead to several
complications. Therefore, minimizing perioperative bleeding is critical to improve
overall survival. Several interventions have been found to successfully reduce surgi-
cal bleeding, including the antifibrinolytic agent. After aprotinin was withdrawn
from the market in 2008, TXA remained the most commonly used medication.
The safety and efficacy of TXA has been well studied in other specialties. TXA has
been rarely used in plastic surgery, except in craniofacial procedures. Since the
last review, the number of articles examining the use of TXA has doubled; so the
aim of this systematic review is to update the readers on the current knowledge
and clinical recommendations regarding the efficacy of TXA in plastic surgical
procedures.
Methods: A systematic literature search was conducted in Medline, SciELO,
Cochrane, and Google Scholar to evaluate all articles that discussed the use of
TXA in plastic surgery in the fields of aesthetic surgery, burn care, and reconstruc-
tive microsurgery.
Results: A total of 233 publications were identified using the search criteria defined
above. After examination of titles and abstracts, and exclusion of duplicates, a total
of 23 articles were selected for analysis.
Conclusions: The literature shows a clear benefit of using TXA to decrease blood
loss regardless of the administration route, with no risk of thrombosis events. Also,
TXA elicits a potent anti-inflammatory response with a decrease in postopera-
tive edema and ecchymosis, which improves recovery time. Further investigations
are needed to standardize the optimal administration route and dosage of TXA.
(Plast Reconstr Surg Glob Open 2021;9:¢3172; doi: 10.1097/GOX.0000000000003172;
Published online 23 March 2021.)

Several interventions have been found to success-

INTRODUCTION

Blood loss associated with surgical interventions can
lead to several complications such as hematoma, ane-
mia, and, ultimately, the need for allogeneic transfusion.
Although using blood products is an effective method to
restore patient hemodynamic parameters and can be a
life-saving measure, it is associated with several infective
and noninfective complications, increasing morbidity and
mortality.* Therefore, minimizing perioperative bleed-
ing is critical to reduce complications and improve overall
survival.
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fully reduce surgical bleeding.” Among these interven-
tions, a number of pharmacological agents have been
used, including the antifibrinolytic agent tranexamic acid
(TXA), E-aminocaproic acid, and aprotinin, which pre-
vents fibrinolysis and increases clot stability.*

After aprotinin was withdrawn from the marketin 2008
due to an increased risk in mortality and major cardiac
and renal complications, TXA remained the most com-
monly used medication.’

TXA is a synthetic derivative of lysine that reversibly
blocks the binding sites of plasminogen, thus preventing
activation of plasmin and the enzymatic degradation of
fibrin clot.® Furthermore, TXA may exert an anti-inflam-
matory effect by blocking plasmin activation of the com-
plement cascade and other mechanisms.””

The safety and efficacy of TXA has been well studied in
cardiac,” orthopedic,'” and other specialties.'" Multiple tri-
als in elective surgical patients showed that TXA reduces
the probability of receiving a blood transfusion by about
one third, and the volume of blood transfused by about
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1 unit, with no risk of thromboembolic or other major
events.'? Also, TXA can safely reduce the risk of death in
bleeding trauma patients and head-injury-related deaths
after a traumatic brain injury."”

TXA has been rarely used in plastic surgery, except
in craniofacial procedures.'*" Since the last review by
Rohrich et al,'® the number of articles examining the use
of TXA has doubled; so the aim of this systematic review
is to update the readers on the current knowledge and
clinical recommendations regarding the efficacy of TXA
in plastic surgical procedures.

METHOD

A systematic review was conducted to evaluate the cur-
rent evidence regarding the use of TXA in Plastic Surgery.
A literature search was conducted in online databases
Medline, SciELO, Cochrane, and Google Scholar, for all
articles on the topic published up to and including July
2020. The structured search strategy used the following
terms: “TXA,” “tranexamic acid,” “plastic surgery,” “aes-
thetic surgery,” “rhinoplasty,

” o«

nasal surgery,” “breast sur-
gery,” “blepharoplasty,” “body contouring,” “liposuction,”
“burn,” “microsurgery,” and “face lift.”

All randomized and nonrandomized controlled
trails, retrospective cohort studies, and case reports or
series involving human participants that discussed the
use of TXA in plastic surgery in the fields of aesthetic
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surgery, burn care, and reconstructive microsurgery were
included. Both English and Spanish language publica-
tions were included.

Studies not carried out in humans and studies centered
on the use of TXA in other specialties were excluded, as
were review articles, editorials, discussions, commentar-
ies, and letter or viewpoints. Pediatric surgery and cranio-
maxilo surgery articles were also excluded.

Studies that met inclusion and exclusion criteria were
separated for full reading, critical appraisal, and data
collection. The bibliographic references of the captured
articles were examined to search for additional relevant
citations.

Data collected for each study were as follows: author
and publication year, design of the study, procedure types,
dose regimen and mode of administration, main outcome
data collected, and principal results recorded.

RESULTS

A total of 233 publications were identified using the
search criteria defined above. After examination of titles
and abstracts and exclusion of duplicates, a total of 23
articles were selected for in-depth reading and analysis.
Figure 1 shows study selection through the processes of
identification, screening, and eligibility, according to the
Preferred Reporting Items for Systematic Reviews and
Meta-analysis flow diagram (Fig. 1) (Tables 1-7).
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Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-analysis flow diagram, literature

search, and selection process.
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Table 2. TXA in Blepharoplasty

PRS Global Open ¢ 2021

Study Complications
Journal Study Group Surgery Administration Main Clinical Related
Authors and Year Design (Total No.) Type Mode and Dosage Outcome Main Results to TXA
Sagiv  Canadian RCT 17 (34) Skin only LOCAL Intra- and No difference in None
etal  Journal of No significant ~ upper eyelid INJECTION: 2% postoperative intraoperative
()phthalmology difference blepharoplasty lidocaine with bleeding or postoperative
2018 between the 100mg/mL of ecchymoses bleeding, length
2 groups TXAina l:1 on POD 1 of surgery, or
mixture 15 and 7 use of electrical
minutes before cautery
incision Trend toward
smaller post-
operative
ecchymoses on
POD 7 in the
TXA group
(P=0.072)
POD postoperative day.
RHINOPLASTY mean surgery duration than the control group. Moreover,

TXA has been studied more in relation to rhinoplasty.
In total, 5 Randomized controlled trials (RCT)'"*! and 2
meta-analysis’*** were identified in the review, including
332 patients. The age of patients ranged from 16 to 42
years, with a mean age of 27 years and a mean sample size
of 66, with a range between 50 and 96. TXA dosing and
administration varied between studies. In 3 studies, TXA
was administered intravenously (IV), and in the other 2
studies, patients received oral administration. Regarding
dosage of the IV group, 2 studies administered a 10-mg/
kg single dose immediately before surgery, while 1 study
also injected 10mg/kg before surgery but added 1 dose
after surgery every 8 hours for 24 hours. In the oral group,
1 study administered a single 1-g dose 2 hours before sur-
gery, and 1 study injected 1-g dose 2 hours before surgery
and added 1g 3 times daily for 5 days after surgery.

Two studies compared the use of TXA with cortico-
steroids for the treatment of bleeding and ecchymosis.
Sakallioglu et al'” investigated the efficacy of TXA on
edema and ecchymosis and compared it with the that of
methylprednisolone. Seventy-five patients who underwent
open septorhinoplasty were included in the study and
were randomly assigned to 1 of the 3 groups: control, oral
TXA (1g 2 hours before surgery, and 3 g daily for 5 days),
or a single dose of 1 mg/kg intravenous methylpredniso-
lone. They showed that the administration of both oral
TXA and IV methylprednisolone were effective in decreas-
ing the score of both edema and ecchymosis with no sig-
nificant difference between these 2 groups. However,
TXA also reduced the amount of intraoperative bleeding.
Mehdizadeh' obtained similar results in a study compar-
ing the use of EV TXA (10mg/kg) alone, corticosteroids
(8-mg dexamethasone), or a combination of both to pre-
vent eyelid edema and ecchymosis.

Eftekharian et al' investigated the efficacy of preop-
erative oral TXA in postoperative bleeding. In this double-
blind, randomized, placebo-controlled clinical trial, 25
patients were assigned to received either 1g (2 x 500 mg)
TXA tablets or placebo 2 hours before surgery. The TXA
group presented significantly lower total blood loss and

4

the surgeon was more satisfied about the surgery site qual-
ity in the TXA group.

Beikaei et al* performed a randomized trail assessing
the role of intravenous TXA in reducing intraoperative
bleeding during rhinoplasty surgery. An estimated 98 sub-
jects were randomly allocated to receiving intravenous TA
at a dose of 10mg/kg immediately after anesthesia induc-
tion, or normal saline as the placebo in open Rhinoplasty.
Again, TXA was associated with a 15.6-mL decrease in
intraoperative bleeding, on average. Another study®' also
demonstrated that administration of 10mg/kg TXA sig-
nificantly reduced the intraoperative bleeding rate, eyelid
edema, and periorbital ecchymosis in closed rhinoplasty,
with no side effects.

Both meta analyses®** indicated that the 5 studies were
of high quality and showed consistently positive results
that TXA is safe and may reduce intraoperative bleed-
ing, and postoperative eyelid edema and ecchymosis in
patients undergoing rhinoplasty. Oral TXA was associated
with a greater reduction in intraoperative bleeding, com-
pared with intravenous TXA.

22,23

BLEPHAROPLASTY

For the blepharoplasty procedure, only 1 random-
ized clinical trial was identified.” The authors evaluated
whether preoperative subcutaneous injection of TXA
reduced intra-and postoperative bleeding and ecchy-
moses. In total, 34 consecutive patients who underwent
standard upper eyelid blepharoplasties were randomized
to a preoperative local injection of lidocaine mixed with
either TXA or normal saline (1:1 mixture of 2% lido-
caine with 100 mg/mL of TXA or 0.9% sodium chloride)
15 minutes before incision. Although there was a trend
toward smaller ecchymoses on the seventh day in the
TXA group, it was not statistically significant (P= 0.072).
Furthermore, there were no differences in total surgery
time, cumulative cautery time, net blood weight in sur-
gical pads, patient-reported pain level, surgeon’s assess-
ment of hemostasis, or periocular ecchymosis on the first
postoperative day.
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FACE LIFT

One case series,” 2 retrospective cohort studies,
1 prospective cohort,”” and 1 RCT29 were identified
regarding the use of TXA in facelift procedures involving
194 patients with an average age of 61.8 years. Of these
patients, 94 underwent an extended deep plane facelift,
61 had a face lift with SMAS plication. One study did not
specify the type of facelift. Three different administra-
tion methods were employed: 1 study administered TXA-
soaked pledgets under the skin flap, 1 study administered
1g IV TXA before and 4 hours after surgery, and 3 stud-
ies administered TXA subcutaneously mixed with local
anesthetic. The dilutions of dosages were different. Two
studies used 1mg of TXA/1mL of local anesthetic and
one study administered 9.1 mg of TXA per 1 mL of local
anesthetic. In total, 3 hematomas in the TXA groups and
1 case of thromboembolism were reported.

The first description was a retrospective study per-
formed by Butz et al,” who placed TXA-soaked pledgets
under the skin flap in 57 patients who underwent a full
face and neck lift with SMAS plication. They reported 1
hematoma that required evacuation. No systemic compli-
cations related to TXA were found. They did not include
the concentration of TXA used, and their results regard-
ing reduced edema, ecchymosis, and recovery time were
subjectively noted.

Schroeder et al* designed a retrospective cohort study
to determine whether local TXA reduced intraoperative
bleeding and postoperative drain output in rhytidectomy.
Using a 9.1 mg of TXA/1mL of local and tumescent solu-
tion, they found that TXA decreased the drain output by
70% during the first postoperative day and the intraopera-
tive blood loss. No differences were observed in hematoma
rate. Although they reported 1 case of thromboembolic
event, this was not statistically significant.

In 2019, Couto et al*’ conducted a study on 27 patients
who underwent a facelift and received a subcutaneous
injection of TXA-lidocaine 0.5% solution before skin
flap dissection. The time to gain hemostasis on each side
before closure was prospectively measured in 23 of the
27 patients. Although there was no control group, they
found a subjective dramatic reduction in bleeding and a
total surgical time saving between 25 and 60 minutes com-
pared with their prior experience without TXA. They also
reported a subjective reduction in bleeding when com-
pared with their previous experience with patients who
receive 0.5% lidocaine with 1:200,000 epinephrine with-
out TXA. There were no complications such as intraop-
erative or postoperative hematomas or seromas.

Recently, the same group® conducted a prospective
study to demonstrate that TXA with local anesthesia safely
reduced the effects of rebound bleeding and postopera-
tive drainage, and they reached similar conclusions.

The single RCT study we identified for review was
designed by Cohen et al* to determine whether intrave-
nous TXA has an effect on intraoperative bleeding and
postoperative ecchymosis and edema in patients undergo-
ing a deep-plane facelift. Patients in the treatment group
(n =27) received 1 g of IV TXA over 15 minutes just before
first skin incision. Although there was no difference in

26,27

Related to TXA
None
None
None

Complications

0.018)

PRCB required Reduction in the incidence of
0.034)

Main Results
None
and 24.2% in the postoperative need

for transfusion
Significant reduction in the number of

blood loss dependent on the calcula-

tion method employed
regrafting needed (P

ARR of 28.7% in the intraoperative
pRBC and volume (P

TXA group showed a reduction in

Main Clinical
Outcome
Intraoperative
and postopera-
tive bleeding
in 24 h
None
Incidence of
allogeneic
transfusion
and in the
number of

Time, and Dosage
saline applied to the
bleeding area for
continuous infusion
of 1mg/kg/h

5-10 min
EV at a loading dose

in 500 mg/mL of

TXA diluted in
of 10 mg/kg over

Administration Mode,
preoperative
Dressing gauze soaked
100mL of 0.9%
5min, followed by

Surgery Type
debridement
and grafting
wound excision
and grafting

excision

Burns

30 patients

Study Group
(Total No.)
14 patients (27) Tangential burn 20mg/kg EV

52 patients (107) Primary burn

Study
Design
Preliminary

RCT
Case report
RC

and Year

Journal
J Burn Care
Reconstructive &
Aesthetic Surgery
2012
Anestesiologica

Rehabil 2003
2017

Journal of Plastic,
Minerva

etal

ARR, absolute risk reduction; N/A, not available; pRBC, packed red blood cell transfusion, RC, retrospective cohort.

Table 6. TXA in Burn Surgery

Authors
Jennes et al
Tang et al
Dominguez
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Table 7. TXA in Microsurgery
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Study Administration Complications
Journal  Study Group Mode, Time, and Main Clinical Related
Authors and Year Design (Total No.) Surgery Type Dosage Outcome Main Results to TXA
Valerio  Mulitary RC 19 patients 100 pedicle, IV: Pre operatory  Flap success/ No difference in flap None
etal Medicine (173) 73 free flaps 1V, dose N/A failure rates successful rate and
2015 for extremity Complications complication
reconstruction Rate of VTE
Lardi Gland Surgery RC 50 patients 63 free tissue IV:Upto 3g Postoperative Intraoperative None
etal 2018 (83) transfer for IV according complications and blood loss
immediate to intra- and and blood loss during the first
breast postoperative during the 24h was reduced
reconstruction  blood loss first 24 h significantly

(P<0.001) with
the use of TXA
TXA did not increase
the risk of
thrombosis

N/A, not available; RC: Retrospective Cohort; VTF, venous thromboembolic events.

intraoperative bleeding, the TXA cohort showed a signifi-
cantly reduced rate of postoperative collections. Also, the
patients who received TXA were consistently rated as hav-
ing less postoperative edema and ecchymosis.

BREAST SURGERY

Four studies were identified regarding the use of TXA
in breast surgery: 3 involving oncoplastic breast sur-
gery, and 1 including aesthetic breast reduction. In total,
3 RCT and 1 retrospective cohort study were found. A
total of 352 patients were involved. An estimated 2 stud-
ies administered IV TXA and 2 used the same as a topical
solution. No thromboembolic complication was reported.

Among the oncoplastic breast articles, the first trial was
published by Oerli et al” in 1994 and was carried out in
160 women with breast cancer who underwent mastectomy
or lumpectomy, including axillary clearance. The results
showed that perioperative and postoperative administration
of TXA 1g 3 times daily resulted in a significant reduction
in the mean postoperative drainage volume compared with
patients given placebo (P < 0.001). Also, TXA statistically
reduced the mean hospital stay (P < 0.02). No difference
was reported in the number of postoperative hematomas
and in seroma formation. To note, TXA had various side-
effects when administered parenterally as a bolus injection,
which were then minimized by diluting the TXA in 100-mL
normal saline and infused over 20 min.

Knight et al, in 2019,”" conducted a retrospective
cohort study on 304 patients who underwent mastectomy
with and without implant-based reconstruction. They
demonstrated a significant reduction in hematoma rate in
those patients who received a single intraoperative intra-
venous dose of TXA (P=0.0295).

In 2015, Ausen et al*® designed a randomized clini-
cal trial using topical TXA in breast reduction surgery. In
this study, 28 women were treated by swabbing 20mL of
25mg/mL TXA on 1 breast, and 20mL of saline solution
on the other breast before closing. The primary outcome
was drain fluid production in the first 24 h after surgery,
which was 39% lower in breasts treated with TXA com-
pared with breasts treated with placebo (P = 0.038). Also,
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drain volume adjusted for resected weight was 42% lower.
No adverse effects were recorded after topical TXA.

The same author” published a similar 2-center, dou-
ble-blinded, randomized clinical trial to investigate the
effect of this moistening method but in 202 patients who
underwent either simple mastectomy or mastectomy with
sentinel node biopsy, or mastectomy with axillary lymph
node clearance. The method of administration and doses
was identical to those of the previous study. This time, the
primary outcome was postoperative bleeding as defined
by the volume of drain production in the first 24h after
surgery. Secondary outcomes were total drain production
and drain time, early hematoma, postoperative complica-
tions, and seroma formation. As in the previous study, TXA
significantly reduced 24-h drain production by 32.4% (P <
0.001). Moreover, they found that total drain volume was
reduced by 33% (P = 0.003). Patients in the TXA group
were significantly more likely to have drains removed on
the first day (OR 3.00; P = 0.003) and had a significantly
shorter duration of drain insertion (P = 0.017). There
were no differences between groups regarding other com-
plications. No thromboembolic events were registered.

BODY CONTOURING

Only 1 study involving body contouring procedures
was found. Cansancao et al” performed a prospective,
double-blind, nonrandomized study evaluating the effects
of TXA on blood loss of 20 patients who underwent lipo-
suction. The treated group (n = 10) received a standard
intravenous dose of 10mg/kg of TXA, 30 minutes pre-
operatively and postoperatively. The results showed that
the use of TXA decreased the total volume of blood in
the total lipoaspirate by 37%, the volume of blood loss for
every liter of supernatant by 56.2%, and the drop in the
hematocrit by 48%. Thus, the use of TXA could allow for
aspiration of 114% more fat despite comparable variations
in hematocrit levels.

BURN
In total, 1 randomized controlled trial,” 1 case report,™
and 1 retrospective cohort study” were identified in burn
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surgery, including a total of 96 patients. All studies involved
acute burn injuries. Two studies administered TXA EV, 1 in
bolus and 1 as bolus plus infusion regimen. The last study
applied topical dressing gauze soaked with TXA. No throm-
bosis complications were reported nor hematomas.

Jennes et al® performed a preliminary randomized
controlled trial to study the effect on blood loss in 27 tan-
gential burn excisions after a single dose of 20mg/kg EV
preoperatively. TXA group showed a reduction in blood
loss. However, the significance was dependent on the cal-
culation method used for blood loss estimation.

Tang et al” described the use of topical TXA for con-
trol bleeding in 30 cases after burns debridement in areas
where epinephrine tumescence was not appropriate or
unsuccessful. They used dressing gauze soaked in 500 mg/
mL of TXA diluted in 100 mL of 0.9% saline, and applied
to the bleeding area after debridement for 5—10min. No
complications were reported.

In 2017, Dominguez et al”’ conducted a retrospective
cohort study in 52 patients with 220% TBSA burn injury
who underwent primary wound excision and skin graft-
ing. EV TXA was given as a loading dose of 10 mg/kg over
5 minutes, followed by continuous infusion of 1 mg/kg/
hour until the end of the surgery. They found that TXA
significantly reduced the incidence of transfusion and the
amount of blood transfused. Also, intraoperative use of
TXA was identified as an independently variable associ-
ated with intraoperative and perioperative transfusion.
Interestingly, graft survival differed significantly between
groups, with a higher incidence of re-grafting found in
patients from the control group.

MICROSURGERY

Two retrospective cohort studies were identified for
the use of TXA in microsurgery.”®* Surgical procedures
included 136 free flaps for breast and extremity reconstruc-
tion, and both studies administered EV TXA, although
exact time and dose were not reported in 1 of them.

Valerio et al®™ assessed the use of TXA in military
trauma patients who underwent tissue transfer for extrem-
ity reconstruction. Although the number of treated
patients was small, they found no significant difference in
flap failure or overall flap complications in patients who
received TXA, and no venous thromboembolism events
were reported in patients in the study group.

In 2018, Lardi et al”” performed a retrospective single-
center cohort study to evaluate the safety and benefit of
using TXA in 63 free tissue transfers for immediate breast
reconstruction. According to the estimated blood loss
during intraoperative or postoperative period, up to 3g
of TXA was administered intravenously. There was no dif-
ference in flap failure and thrombosis rate among groups.
Moreover, administration of TXA significantly reduced
blood loss during the first 24 hours. Hematoma rate was
nosignificantly reduced in the TXA group.

DISCUSSION
Excessive blood loss during surgery may result in
hematoma, re-exploration, and postoperative anemia,

which can lead ultimately to blood transfusion. Studies
have shown that both anemia and blood transfusion are
associated with higher morbidity and mortality in cardiac
and non-cardiac procedures.”” To reduce perioperative
blood loss, a number of interventions have been used,
including the antifibrinolytic agents.

There are 3 main antifibrinolytic drugs: TXA, E- ami-
nocaproic acid, and aprotinin. The first 2 are synthetic
derivatives of the amino acid lysine, that inhibit fibrinoly-
sis by attaching to the lysine-binding site of the plasmino-
gen and by preventing the conversion to plasmin, thereby
avoiding degradation of blood clots.*! They also prevent
plasmin degradation of platelet receptors, thus preserv-
ing platelet function.” The latter is a nonspecific serine
protease that reversibly inhibits active serine residue in
various proteases in the plasma such as trypsin, kallikrein,
plasmin, elastase, and is the most potent antifibrinolytic
agent.”

The 3 agents were associated with reduced periop-
erative blood loss and transfusion requirements, with
aprotinin being slightly superior to the lysine analogs."
However, in 2008, aprotinin was withdrawn from the mar-
ket after the Blood Conservation Using Antifibrinolytic
Randomized Trial, and other large nonrandomized stud-
ies showed an increased risk associated with its use, in
cardio and cerebrovascular events, renal dysfunction, and
possibly, mortality in cardiac surgery.*>'°

TXA is about 10 times more potent than aminocaproic
acid and binds much more strongly to plasminogen mol-
ecule, but no significant differences were seen in efficacy
and side effects between the 2 other agents.”” Nevertheless,
TXA has been gaining wide popularity and remains as the
most commonly used drug.

TXA was first patented in 1957 for management of
post-partum hemorrhage. Since then, its use in other sur-
gical specialties has become commonplace particularly in
cardiac, orthopedic, and trauma surgery.*

The effect of TXA in reducing bleeding has been well
studied. The CRASH-2 trial was the largest study inves-
tigating the efficacy of TXA.” This multi-centric, ran-
domized controlled trial assessed the effects of TXA on
death, vascular occlusive events, and the receipt of blood
transfusion in 20211 trauma patients with, or at risk of,
significant bleeding. Within 8 hours of injury, they were
randomly assigned to either the TXA group or the pla-
cebo group. The results showed that early administration
of TXA reduced the risk of death from hemorrhage, with
no apparent increase in fatal or non-fatal vascular occlu-
sive events. Few years later, the CRASH-3 trial provided
evidence that the administration of TXA within 3 hours
of injury reduced head-injury-related deaths after trau-
matic brain injury with no evidence of adverse effects or
complications.”

A systematic review of 252 RCTs of antifibrinolytic drugs
in adults scheduled for non-urgent surgery conducted
by Henry et al in 2011 showed that the use of TXA was
effective in reducing intra- and postoperative blood loss
and significantly reduced the need for allogeneic blood
transfusion by about one-third, with no evidence of any
increased risk of vascular occlusive events or mortality.”!



Ker,”” in 2012, in another systematic review and meta-
analysis of 95 RCTs comparing TXA with no TXA or pla-
cebo in surgical patients, also found that administration
of TXA reduced the probability of receiving a blood trans-
fusion by about a third. However, there was uncertainty
about the effect of TXA on thromboembolic events and
mortality.

Since then, numerous studies had been investigating
the prothrombotic effect of TXA. Kagoma et al” reported
no increase in the risk for thromboembolic events in
their systemic review of 29 RCTs. Similarly, another sys-
tematic review showed no association between TXA and
thromboembolic episodes or mortality.”* The Aspirin and
Tranexamic Acid for Coronary Artery Surgery trial was
one of the biggest studies involving 4631 patients. This
multicenter, double-blind trial investigated patients who
were scheduled to undergo coronary-artery surgery and
were at an increased risk for complications. They were
randomly assigned to receive TXA or placebo, and aspirin
or placebo. They found that TXA was associated with a
lower risk of bleeding as well as need of blood transfu-
sion, and reoperation, without a higher risk of death or
thrombotic complications within 30 days after surgery.”
In a follow-up study, TXA did not affect death or severe
disability 1 year after surgery.”

However, the Aspirin and Tranexamic Acid for
Coronary Artery Surgery trial found that TXA was associ-
ated with a higher risk of postoperative seizures especially
among patients who underwent open-chamber surgery. At
first, they used TXA at a dose of 100mg/kg, which was
later reduced to 50 mg/kg due to an increased number of
studies reporting seizures associated with a high dose of
TXA.”® Nevertheless, this dose reduction did not reduce
the risk of seizure.

A retrospective analysis of 11,529 patients who under-
went cardiac surgery showed that TXA was an independent
predictor of postoperative convulsive seizures, particularly
in patients receiving TXA as an infusion, which resulted in
higher cumulative doses (>80 mg/kg) in the perioperative
period.”

The reason for seizures is that TXA can cross the blood-
brain barrier and reach approximately 10% of the plasma
concentration in the cerebrospinal fluid.”” Depending on
the concentration, TXA may cause hyperexcitability of
the central nervous system. The mechanism postulated
for this effect is the competitive inhibition of glycine and
GABAa receptors, which abolish GABA-mediated inhibi-
tion in the central nervous system and cause an increased
excitability.”” TXA-associated seizures are typically gener-
alized tonic—clonic events that occur within the first 5—8
hours after surgery and typically persist for a few minutes
with no progression into status epilepticus.”

There are several risk factors for TXA-associated sei-
zures. This includes higher doses of TXA, preoperative
cardiac arrest, high APACHE II score, preoperative neuro-
logical disease, open-chamber procedure, renal dysfunc-
tion, and previous cardiac surgery.”

As for the recommended treatment, based on pre-
clinical studies, general anesthetics such as propo-
fol and isofluorane may be useful to consider for the
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first-line treatment because they reverse the inhibitory
response in glycine receptors.” Also, the lowest effec-
tive TXA dose should be considered, and dosing should
be adjusted for clinical conditions such as renal dys-
function.® Although there are reports of seizures in
non-cardiac surgery,” % no such cases were reported in
plastic surgery.

As the method of administration, TXA can be given
orally, intravenously, or topically, with none of the routes
being superior to each other.”” However, the majority of
studies are based on an intravenous dose. Dose regimens
for TXA varied significantly between trials and thus, the
optimum dose has long been debated.

In 1968, Andersson and colleagues®™ reported that an
80% inhibition of tissue plasminogen activator activity
required a TXA concentration of 10 pg/mL, 90% inhibi-
tion required a concentration of 25 pg/mL, and a 98%—
100% inhibition required a TXA concentration of 100 pg/
mL. Being 80% clinically significant, they recommended
a dose of 10mg/kg IV or 20mg/kg oral 2—4 times a day
to maintain adequate antifibrinolytic activity in serum for
7-8 hours, and in tissues for up to 17 hours.”” However,
in 1995, Horrow and colleagues® conducted a prospec-
tive, randomized, double-blind study in patients undergo-
ing cardiac surgery to elucidate the optimum dose. They
reported that 10mg/kg followed by a maintenance dose
of 1 mg/kg/hour had significantly decreased bleeding in
cardiac surgery and that larger doses did not provide addi-
tional hemostatic benefits.

Although TXA was described to inhibit fibrinolysis and
platelet activation for concentrations below 20mg/mL,
others found that a potential mechanism of TXA was the
inhibition of thrombin formation, which required con-
centrations as high as 126-252mg/mL to be therapeutic.”
For that reason, Dowd, in 2002, proposed a higher dose
of 30mg/kg of TXA administered as a bolus followed by
16 mg/kg/h to maintain the plasma concentration above
126 pg/mL.™

In 2013, Sigaut et al”® reported the first double-blind,
randomized study comparing 2 regimens for TA with a
loading dose followed by continuous infusion (30mg/
kg bolus followed by 16 mg/kg/hour versus 10mg/kg
bolus followed by 1mg/kg/hour) during cardiac sur-
gery. They found no difference in the incidence of blood
products transfused during the first week between the 2
doses. Imtiaz et al” conducted an RCT in 137 patients to
compare bolus injections versus continuous infusion of
30mg/kg TXA. They found no difference in blood loss or
transfusion requirements.

In a recent meta-analysis conducted by Guo,™ 49 RCT
studies with 10,591 patients were analyzed to provide
information on the optimal dosage and effective delivery
method with the least adverse outcomes. They concluded
that high-dose TXA does not further decrease transfu-
sion rate and has a strong tendency to cause more seizure
attacks, compared with the low-dose TXA. They consid-
ered low-dose TXA (bolus injection < 50 mg/kg, or 10 mg/
kg + 1 mg/kg/hour) is preferable to high-dose TXA.

Due to risk of seizures and other side effects, some
authors are reluctant to use intravenous TXA routinely in
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all surgical procedures, and there has been a raise in the
use of topical administration of TXA. The main advantage
is that topical administration of TXA provides a high con-
centration dose at the application site with a low systemic
concentration, which may reduce the risk of systemic side-
effects. Regarding effectiveness in reducing blood loss
and safety, a meta-analysis was conducted by Ker in 2013,
including 29 trials involving 2612 participants to assess the
effects of the topical administration of tranexamic acid in
the control of bleeding. The authors found that topical
TXA reduced blood loss by 29% and the risk of receiving
a blood transfusion by a relative 45%, with no major side
effects.

In another meta-analysis, 67 RCT studies involving
6034 patients were analyzed.” Results showed that, com-
pared with placebo, the administration of topical TXA
significantly reduced the risk of receiving a blood trans-
fusion and the mean blood loss, with no difference in
the odds of developing venous thromboembolism. When
compared with the intravenous administration, there was
no difference between the 2 groups in terms of transfu-
sion requirements or blood loss, with no major differences
with respect to safety.

Regarding the dose, both meta-analysis showed a wide
range of TXA modes of topical administration, dose, and
concentrations. Modes of topical administration of TXA
include instilling a bolus into a closed wound cavity or irri-
gating the wound for a particular length of time and with
a particular dose of TXA.

Although no systemic effects were seen with topical
TXA, few studies have explored the potential local toxicity
of topical TXA in chondrocytes in orthopedic arthroplasty
surgery.””” Chondrocyte toxicity increases with both con-
centration and exposure time, and 20-25mg/mL was
signed as the threshold value.”™

Eikebrokk et al* conducted a study to investigate
whether topical TXA might be cytotoxic or might affect
wound re-epithelialization. For that, human keratino-
cytes and fibroblast cell cultures and an ex vivo human
skin wound model were subjected to both short (limited)
and long (chronic) exposure to various concentrations of
TXA to mimic different modalities of topical administra-
tion. They found that in chronic exposure, cell survival
decreased with increasing TXA concentration and length
of exposure, whereas limited exposure to TXA did not
cause significant cytotoxicity even at high concentrations.
Re-epithelialization was completely absent in wounds
chronically exposed to TXA concentrations of 25mg/
mL or above, and 50-100mg/mL induced epidermolysis
of normal epithelium, possibly by a nontoxic mechanism.
Wound re-epithelialization was slightly delayed, but not
impaired, by limited exposure to 100mg/mL or chronic
exposure to 6-25mg/mL. With this result, they recom-
mend that bolus administrations of topical TXA should
not exceed at a concentration of 5-10mg/mL, and pro-
pose a TXA concentration of 25-50 mg/mlL when moist-
ening a surgical wound.

In theory, topical application of TXA may be safer
than intravenous administration because topically applied
TXA results in a 90% reduction in plasma concentration

compared with intravenous administration. Ausen et al*'
published a prospective study to investigate the degree
of systemic absorption of TXA in patients undergoing
skin-reducing abdominoplasty after massive weight loss.
They compared 3 ways of administration: moistening the
wound surface before closure with 20mL of tranexamic
acid 25 mg/mlL, instilling a bolus of 200mL of 5mg/mL
TXA into the wound cavity retrogradely through drains
after closure, and the standard intravenous prophylactic
administration of 1g. They found that topical application
of tranexamic acid, either with moistening or by adminis-
tration of a bolus into the wound cavity, resulted in mean
maximum serum concentration values of 5 pg/mL, which
is below the 10-pg/ mL limit considered to cause any sys-
temic antifibrinolytic effect.

Although there are plenty of studies on TXA use
mainly in cardiac and orthopedic areas, there are a
few studies regarding the use of TXA in plastic surgery,
except in craniofacial surgery. Studies show that up to
70% of craniomaxillofacial procedures need at least 1
unit of red blood cells, especially in craniosynostosis.
A 2016 meta-analysis showed that tranexamic acid was
effective in reducing blood loss during craniofacial sur-
gery in both children and adults, and reduced transfu-
sion requirements in craniosynostosis surgery, without
any complications.”

The literature is scarce regarding the use of TXA in
other areas of plastic surgery. The main reason is the lim-
ited amount of blood loss in the aesthetic procedures and
the fear of potential thrombosis in reconstructive and
microsurgery operations. However, since the last review by
Rohrich et al, the number of articles involving the use of
TXA has risen, showing a better understanding of safety
and efficacy and other benefits of using TXA. Moreover,
although the amount of blood loss is limited, TXA can
help improve hemostasis and reduce bleeding due to the
rebound phenomenon of epinephrine, thus reducing the
amount of electrocautery required and minimizing hema-
toma-related complications.

Also, another benefit of TXA that is gaining more
attention is the anti-inflammatory effect, which may help
reduce swelling and bruising and, therefore, decrease
recovery time and patient discomfort.

TXA can reduce inflammation by at least 2 mecha-
nisms: preventing the plasminogen-fibrin interaction
(which has been shown to reduce fibrin-dependent com-
plement activation) and by reducing bleeding itself.**

Lastly, an off-label indication of TXA is in the treat-
ment melasma and other pigmented disorders.*” Although
the mechanism is still unclear, it has been postulated that
TA can inhibit melanin synthesis by blocking keratino-
cyte-melanocyte interaction mediated by plasmin and
by an anti-angiogenic effect that reduces erythema and
decreases the number of vessels.*

This anti-inflammatory response may be advantageous
for plastic surgeons. There are several studies in orthope-
dic and cardiac surgery that shows how TXA is efficient in
reducing inflammation response and ameliorating post-
operative pain, promoting early function recovery.*”** In
aesthetic surgery, TXA had a significant role in decreasing
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the intraoperative bleeding rate, eyelid edema, and perior-
bital ecchymosis with similar effects as those of corticoste-
roids. Unfortunately, edema and ecchymosis are difficult
to objectively measure; so most of the studies are based on
subjective reports.

This review presents some limitations. First, although
the number of publications is increasing, most of the stud-
ies are based on rhinoplasty or face lift surgeries; so no
generalizable conclusions can be made regarding other
aesthetic procedures. Second, although TXA is effec-
tive in decreasing blood loss, there is no standardization
regarding administration route or dosage with variable
protocols between articles. Third, a funnel plot analysis
or other methods were not performed, and the potential
for publication bias was not analyzed as well as other sta-
tistical analysis. Considering the limitations of the present
study, further meta-analyses are needed to reach better
conclusions.

CONCLUSIONS

The present review summarizes the current litera-
ture on tranexamic acid in plastic surgery. Although
there is still a paucity of information on TXA in the lit-
erature, there is a clear benefit in using TXA to decrease
intra-and postoperative blood loss. Although there are
no studies comparing the different routes of admin-
istration, TXA was effective when administered both
intravenously and topically, as well as orally and subcuta-
neously. Also, although difficult to objectively measure,
most of the studies noticed a decrease in edema and
ecchymosis in the postoperative period and the poten-
tial anti-inflammatory response, which improves patient
outcomes in aesthetic procedures. Moreover, TXA has
also emerged as a promising agent for microsurgical
procedures and burn care without the risk of thrombo-
sis and flap failure.

Although the role of TXA in plastic surgery is prom-
ising, further investigations are needed to standardize its
optimal administration route and dosage. Also, besides
facelift and rhinoplasty, studies addressing the use of TXA
in other aesthetic procedures are lacking. Breast augmen-
tation and abdominoplasty, for example, are 2 procedures
that could greatly benefit from the use of TXA, and RCTs
should be encouraged. Moreover, future research should
try to elucidate the anti-inflammatory response of TXA
with some validated scoring instrument to objectively eval-
uate edema and ecchymosis.
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Buenos Aires, Argentina
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