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Tranexamic Acid in Foot and

Ankle Surgery

A Topical Review and Value

Analysis

Abstract: Tranexamic acid (TXA)

has become a commonly used
Derioperative intervention in lotal

Joint arthroplasty, shoulder and knee
arthroscopy, and spinal procedures

in order to minimize blood loss,
hematoma_formation, hemarthrosis,
and wound bealing complications.
There is a potential role for TXA use in
Joot and ankle procedures, with limited
studies suggesting a polential benefit

in minimizing postoperative wound
complications and blood loss without an
increased risk of thromboembolic events.
In light of the profound clinical and
Jinancial impact of TXA use in other
orthopaedic subspecialties and the early
successes in foot and ankle surgery,

we aim lo provide more information
about TXA and. its use in foot and ankle
surgery. Therefore, the purpose of this
review is to perform a comprebensive
literature review on the topic of TXA use
in_foot and ankle procedures in order to
describe the pertinent available literature
on the use of TXA in orthopaedic
surgery and its implications specifically
in_foot and ankle surgery. It is our

aim to identify potential benefits and
shortcomings in the available evidence
on TXA use for foot and ankle surgery in

hopes to (1) best inform foot and ankle

surgeons where beneficial and safe and
(2) inspire further research on this topic
as it relates to clinical management for
foot and ankle patients.

Levels of Evidence: Level IV

Keywords: tranexamic acid; foot
and ankle surgery; value analysis;
antifibrinolytic agent

ranexamic acid

(TXA) is an

antifibrinolytic
agent that has gained
popularity for various
interventional
applications spanning
from management of
upper gastrointestinal
bleeds, postpartum
hemorrhage, to
perioperative use during
cardiopulmonary bypass
procedures.’ TXA has recently become
especially useful in orthopaedic surgery,
most notably in routine perioperative
management in adult reconstruction, but
also in spine surgery and sports
arthroscopy.”*
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The safety and effectiveness of TXA in
other fields of orthopaedic surgery
prompts discussion of the potential utility
in foot and ankle surgery. The purpose
of this review is to describe the pertinent
available literature on the use of TXA in
orthopaedic surgery and its implications
for surgery of the foot and ankle.
Specifically, we aim to review and
identify the mechanism and

TXA has recently become especially
useful in orthopaedic surgery, most
notably in routine perioperative
management in adult reconstruction, but
also in spine surgery and sports
arthroscopy.

pharmacokinetics of TXA, TXA safety
profile, the role of TXA across all
orthopaedic subspecialties, and the
potential role of TXA in foot and ankle
surgery. It is our goal that this review
serves to (1) best inform foot and ankle
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Table 1.

Contraindications to Tranexamic Acid (TXA) Use.

August 2022

coagulopathy

accident/stroke

e Medical contraindications: seizure history, severe renal disease (creatinine clearance <<30 mL/min), bleeding disorders/

e Early pregnancy, in late pregnancy only when critically indicated
e Massive bleeding in the upper urinary tract (risk of ureter obstruction due to thrombosis)
e Acute thromboembolic disease: deep venous thrombosis, pulmonary embolism, myocardial infarction, cardiovascular

surgeons where beneficial and safe and
(2) inspire further research on this topic
as it relates to clinical management for
foot and ankle patients.

Methods
Search Strategy

MEDLINE, EMBASE, CINAHL, and the
Cochrane Library were searched from
their inception to June 1, 2020. The
search strategy was developed with the
assistance of a medical librarian and
included the following key terms:
“Tranexamic acid,” “Anti-fibrinolytic,”
“TXA,” “Foot and ankle,” “Total ankle
replacement,” “Total ankle arthroplasty,”
and “Foot and ankle surgery” combined
using Boolean operators “AND” or “OR.”
The bibliographies of all relevant
publications identified through this
search strategy were searched for
additional studies pertaining to TXA use
in foot and ankle surgeries.

Inclusion and/or Exclusion Criteria

The inclusion criteria were studies of
any type, published at any time, which
report clinical outcomes following use of
TXA in any foot and ankle surgeries. The
exclusion criteria were those studies that
were not written in the English language
and did not assess outcomes following a
foot and ankle procedure.

Tranexamic Acid Mechanism of
Action and Pharmacokinetics

Tranexamic acid inhibits fibrinolysis,
specifically by inhibiting a lysine-binding
site of plasminogen and therefore
prohibiting its conversion to the active

fibrinolytic form, plasmin. As plasmin is
the agent responsible for dissolution of
previously formed clots, inhibition of
plasmin thus serves to stabilize the
hemostatic clot and minimizes bleeding.’
In all formulations in which it has been
administered in total joint arthroplasty
literature (intravenous [IV], oral, and
topically), TXA is effective at minimizing
blood loss and transfusion rate.*’
Andersson et al demonstrated that TXA
reaches peak plasma concentration at 1
hour after IV injection and is renally
excreted with a half-life between 80 and
120 minutes.*’

Tranexamic Acid Safety
and Patient Use

The mechanism of action of TXA
inherently poses a heightened theoretical
thromboembolic risk due to inhibition of
the body’s natural ability for clot
fibrinolysis.”*!" However, this risk in
orthopaedic surgery has largely not been
substantiated in high-level evidence as
TXA administration has not been
consistently shown to elevate risk of
deep venous thrombosis (DVT) or
pulmonary embolism (PE).***** While
these studies demonstrate relative safety-
of-use and efficacy, mainly in
arthroplasty with scant advocacy for
arthroscopic procedures, some of the
well-established contraindications to TXA
use include those listed in Table 1.”

Tranexamic Acid in
Orthopaedic Subspecialties
In total joint arthroplasty (TJA), the

incorporation of TXA in oral, topical, or
IV form into routine practice has resulted

in significant reductions in perioperative
blood loss, blood transfusion
requirement, and hospital length of stay
without increased risk of DVT or PE.'!¢
Additionally, patients who received TXA
are reportedly at significantly lower odds
of developing periprosthetic joint
infection as described by Yazdi et al in a
recent retrospective study of 6340
patients undergoing primary TJA."

When used in major spine surgery, the
use of TXA in topical or IV form has
been shown to yield favorable blood-
related outcomes with minimal risk of
thromboembolic events."™" In a 2013
meta-analysis by Yang et al consisting of
581 patients, the use of IV TXA in spinal
surgery resulted in significant reductions
in blood loss, 35% lower requirement for
blood transfusions, and no increased risk
of DVT compared to control."

Since 2015, the use of TXA in
orthopaedic arthroscopic procedures
has been a topic of interest.**"*
Karaaslan et al demonstrated that the
perioperative use of IV TXA in anterior
cruciate ligament reconstruction
procedures resulted in reduction in
postoperative drain output by
approximately 90 mL compared to
placebo control. Furthermore, the use of
IV TXA resulted in significantly less
postoperative hemarthrosis and
improvements in Visual Analog Scale
pain scores in the immediate
postoperative period. Two studies of IV
TXA use in hip arthroscopy for
femoroacetabular impingement resulted
in significant reductions in blood loss
compared to placebo control.”* In a
study of shoulder arthroscopy for rotator
cuff repair, Liu et al demonstrated that
the use of IV TXA improved
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intraoperative visual clarity, reduced
postoperative pain levels, and
significantly decreased requirement for
postoperative analgesic use.*

Tranexamic Acid in Foot
and Ankle Surgery

The comprehensive literature search,
article screening, bibliography review,
and article selection returned a total of 2
studies meeting criteria for inclusion
(Table 2). This demonstrates that the
current published literature on TXA use
in surgery involving the foot and ankle is
limited. >

One 2018 retrospective cross-sectional
study by Nodzo et al investigated drain
output, preoperative and postoperative
hemoglobin levels, operative and
postoperative course, and minor and
major wound complications in patients
who underwent uncemented total ankle
replacement with or without TXA
administration (n = 50 patients total) 1 g
dose of IV TXA 20 minutes prior to
tourniquet inflation.” These authors
reported that drain output was
significantly less in the TXA group
compared to those that did not receive
TXA (71.6 = 60.3 vs 200.2 = 117.0 mL,
respectively, P < .0001). Furthermore,
the overall wound complication rate in
the non-TXA group was notably higher
than higher than that in the TXA
treatment group. Importantly, the mean
change in preoperative to postoperative
hemoglobin level was significantly less in
the TXA treatment group compared to
the control group (1.5 = 0.6 vs 2.0 = 0.4
g/dL, respectively, P = .01). These
authors concluded that TXA may be an
effective, cost-efficient, hemostatic agent
when used during total ankle
arthroplasty and reliably can reduce
perioperative blood loss, hemarthrosis,
and the risk of wound complications.26
The utility of TXA has also been studied
in the context of calcaneus fractures.
Specifically, a 2015 randomized
controlled trial by Xie et al was
undertaken to evaluate the effect of TXA
in reducing postoperative blood loss in
calcaneal fractures.” In their
methodology, a total of 90 patients with

a unilateral closed calcaneal fracture
were randomized to the TXA-treatment
(n = 45) and control (n = 45) groups.
Each group either received 15 mg/kg
body weight of TXA or placebo (0.9%
sodium chloride solution) intravenously
just prior to skin incision. Operative
management persisting of open
reduction and internal fixation with
selective bone grafting as clinically
indicated was performed. Outcomes
were evaluated 3 months following
surgery. Interestingly, in the TXA group,
the postoperative blood loss during the
first 24 hours and incidence of wound
complications was significantly reduced
than that in the control group (P < .001,
P < .05, respectively). No significant
difference was found in the incidence of
thromboembolic events or adverse drug
reactions between the 2 groups. The
authors concluded that preoperative
bolus TXA may effectively reduce
postoperative blood loss and wound
complications in patients with calcaneal
fractures without an added clinically
significant side effect compared with the
control group.” Specifics regarding the
methodologies of both studies are
delineated in Table 2.

The existing evidence for TXA in foot
and ankle surgery is clearly limited.
However, in light of other fields of
orthopaedics showing potential for TXA
to improve outcomes, lower infection
rates, minimize risk profile, and increase
value of care, there is potential for
similar results in foot and ankle
surgery—thus necessitating future study
to draw definitive conclusions.

Potential Role of Tranexamic
Acid in Foot and Ankle Surgery

While many foot and ankle procedures
do not typically confer risk of large
amounts of blood loss compared to that
of arthroplasty or spine surgery, blood-
saving options such as TXA should be
explored in order to minimize other
complications related to blood loss such
as postoperative hematoma, wound
breakdown, infection, postoperative
fibrosis, and pain. For example,
calcaneus fracture fixation procedures, in
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which the cancellous calcaneal bone has
a rich blood supply, can be associated
with increased risk of hematoma,
infection, and other postoperative wound
complications.””* Furthermore,
hemarthrosis following total ankle
replacement can result in significantly
elevated postoperative pain, reduced
range of motion, and facilitate
arthrofibrosis—thus necessitating
additional procedures and utilization of
healthcare resources.”

In orthopaedic surgery, it has been
estimated that the largest degree of
blood loss occurs within the first 6 hours
postoperatively.”* With the majority of
foot and ankle surgeons electing to use
tourniquets to minimize intraoperative
blood loss and promote a clean surgical
field,* the use of an antifibrinolytic agent
like TXA could be used to potentially
minimize tourniquet utilization.
Tourniquets are associated with higher
postoperative pain, nerve palsies, and
increased requirement of postoperative
pain medication and anesthesia.*™ In
addition, the use of a tourniquet is
associated with trauma and ischemia,
which are believed to further accelerate
the process of fibrinolysis upon
tourniquet release.””* The potential for
TXA to minimize intraoperative blood
loss™ and improve intraoperative visual
clarity® could minimize the use of
tourniquets in shorter, less invasive foot
and ankle procedures. Furthermore, the
decreased frequency of tourniquet
utilization could potentially alleviate
postoperative tourniquet-related pain,
thus lowering the patient burden of
postoperative narcotic pain medications.

Potential Complications and Side
Effects of Tranexamic Acid

To our knowledge, only one study has
reported adverse outcomes and side
effects related to TXA administration in
foot and ankle procedures.” In their
randomized controlled trial examining
TXA treatment for operative fixation of
calcaneal fractures, Xie et al
demonstrated no significant differences
between TXA-treatment and control
groups regarding number of vascular
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events or adverse side effects.”
Specifically, there were 1 DVT events in
each the TXA-treated and control cohorts
with no cases of PE or cardiovascular
accident in either group. Two patients
experienced postoperative nausea and
vomiting in the TXA-treated cohort,
which is a documented side effect of
TXA, though one patient experienced
these symptoms in the control group and
the difference in these side effects
between groups was not statistically
significant.

In a meta-analysis examining primary
TJA patients, Fillingham et al determined
that TXA was not associated with an
increased risk of venous thromboembolic
events when administered in topical,
oral, and IV forms. Furthermore,
meta-regression of high-risk patients with
an American Society of Anesthesiologists
score of 3 or greater did not demonstrate
increased risk of thromboembolic
disease. !

In arthroscopic shoulder surgery for
patients with rotator cuff pathology, Liu
et al also demonstrated no increased risk
of thromboembolic events when TXA
was administered in IV form.” However,
few case studies have reported the
epileptogenic tendency of TXA when
inadvertently administered intrathecally
for non-orthopaedic procedures and
there was a reported case of
postoperative visual color changes after
TXA administration in a patient
undergoing resection of a spinal
tumor.**** While TXA may confer risk of
abdominal discomfort, nasal congestion,
and hypersensitivity reactions as reported
in general surgery and cardiothoracic
surgery case patients, reports of such
side effects in orthopaedic literature are
limited."”

Tranexamic Acid Value Analysis

The value of a new intervention in
medicine, as popularized by Michel
Porter in his influential 1985 book
Compelitive Advantage is defined as
follows: Quality of Care (eg,
Outcomes)/Cost.”® In an era of cost
containment, we must focus on
introducing new interventions that not
only improve patient care but do so at

the highest value. Multiple studies
assessing the value of TXA in
arthroplasty procedures have suggested
that TXA is cost-effective by minimizing
complications, transfusions, hospital
discharge level of care, and reoperation
rate. ™ The data suggest that TXA
overall adds value to patients receiving
it as it facilitates better outcomes while
also lowering overall cost of care. One
economic study concluded that the
routine use of IV TXA in TJA was
associated with lower mean direct
hospital costs by $879 per procedure.”
A cost-benefit analysis by Tuttle et al
demonstrated that TXA use in TJA
resulted in savings of $83.73 per patient
based on transfusion costs alone.
Furthermore, hospital disposition to
home compared to subacute nursing
facility was increased by 10% in the
cohort treated with TXA.* With the
projection of total joint replacement
procedures to rise to over 4 million by
2030, the mean decrease in direct
hospital costs, at a 10% reduction cost,
attributable to TXA use,” could save the
health care system around 2.9 billion
dollars annually.”"** This initial financial
impact in other orthopaedic
subspecialties is very encouraging;
however, more research must be
performed to definitively understand if
there is a cost benefit of TXA in foot
and ankle procedures.

Author Practices

At our institution, we are currently
studying the role of TXA in all foot and
ankle surgeries. This inquiry is based on
anecdotal evidence that TXA use, in
qualifying patients having surgery of the
foot and ankle, may be associated with
significant reductions in wound
complications/infections, hematoma
formation, wound breakdown,
requirement of narcotic pain
medication, and overall complication
rates with a minimal side effect profile.
Interestingly, the most notable benefit
may be seen in the most high-risk
patients, such as those with diabetes,
trauma, and those who are
immunocompromised. Thus,
interventions to minimize postoperative
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wound infections in the diabetic
population could have a profound
impact on perioperative management in
foot and ankle surgery.

Taking into account the current
available literature on TXA use, our
institutional utilizes TXA for foot and
ankle procedures under the following
guidelines:

1. Consider TXA use 10 minutes prior to
tourniquet inflation in total ankle
replacement in appropriate patients.

2. Consider TXA use 10 minutes prior to
tourniquet inflation in foot and ankle
trauma cases in appropriate patients.

3. Consider TXA use in cases that are
prone to bleeding or high-risk
wounds such as triple arthrodesis,
tibiotalocalcaneal fusion, calcaneal
osteotomies, cavovarus/flatfoot
reconstruction, Achilles tendon
repairs, diabetic patients with
appropriate renal function, and those
that are immunocompromised.

4. Consider TXA if there is concern case
will go longer than 2 hours and you
are planning on using a tourniquet.
This may help minimize
intraoperative risk of blood loss and
create a better working environment
after tourniquet is deflated.

5. Do NOT use TXA in patients with
history of seizure, severe renal
disease (creatinine clearance <30 mL/
min), bleeding disorders/
coagulopathy, or recent history of
DVT, PE, myocardial infarction, or
cardiovascular accident/stroke.

However, it is important to emphasize
that the current literature on the use of
TXA specifically in foot and ankle
procedures it limited. Much of the
aforementioned considerations are based
on the extrapolated data from the total
joints, spine, and arthroscopy literature.
Furthermore, administration of TXA 10
minutes prior to incision was determined
based on the combination of (1)
practicality and (2) the rationale that
peak plasma concentration of TXA
administered 1V is approximately 60
minutes with a half-life of up to 120
minutes.*” TXA has been shown to
significantly reduce postoperative blood

381
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loss in management of calcaneal
fractures,” so this regimen was selected
with the goal of maintaining an effective
plasma concentration both
intraoperatively and during the
immediate postoperative period,
especially following the use of a
tourniquet.

Limitations

In foot and ankle surgery, the existing
literature suggests that the use of IV TXA
can result in decreased overall blood loss
and wound complications while
maintaining a low side-effect profile with
increased value to the patient and health
care system. However, the quality of
existing literature is limited and definite
conclusions on its safety and efficacy in
foot and ankle surgery have not yet been
fully elucidated. Given the profound
benefit demonstrated with TXA use in
other fields of orthopaedic surgery,
prospective study by the foot and ankle
community is worthwhile in order to
gain a comprehensive understanding of
optimal dosages and routes of
administration as well as the complete
risk and benefit profile of TXA use in
foot and ankle surgery.
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