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Plain English Summary

Why we undertook the work: Tranexamic acid (TXA) is a medicine used to reduce bleeding in people
undergoing major surgery by stabilising blood clots. However, too much clot can obstruct blood flow to
important organs such as the heart, lungs and brain. There is a delicate balance between the formation
and breakdown of clots. Using drugs such as TXA can help reduce bleeding and avoid the need for blood
transfusion, but there are some concerns that these clots may cause harm by limiting blood flow to
important organs. So far, TXA has been shown to reduce bleeding without causing clot-associated
problems in patients having open heart surgery, women giving birth and in those who are injured from
trauma. However, TXA has not been used very much in vascular surgery (surgery on major blood vessels
of the body) because the procedures (which include applying clamps to stop blood flow) are per se more
prone to clot formation. The aim of this research was to assess the safety and benefits of TXA in people
having vascular surgery.

What we did: We searched seven large research databases for studies that looked at TXA versus a placebo
(dummy treatment) or no TXA. We were interested in studies that looked at adult patients. We studied and
summed up the results of these studies.

What we found: We found three studies. These included a total of 1,560 adults, which compared TXA to normal
saline (salty water) in patients having vascular surgery. In two studies the TXA was given in a vein and in one
study it was given as tablets. We found that TXA given to people through a drip does not increase the risk of
clot-related problems such as heart attacks or blood clots in the legs. On the other hand, we found no evidence
that TXA reduced severe bleeding (eg, major organ bleeds, fatal bleeds) either. However, our confidence in
these results is low. One study investigated the use of TXA tablets in patients who had their aorta repaired. The
use of TXA for 30 days in these patients had no effect on blood leakage around the repair site. This study also
did not find that TXA increased the number of clot-related problems.

What this means: The information from our research suggests that TXA does not increase the risk of clot-related
problems in patients having vascular surgery. However, the current studies are limited by small numbers of
patients. This means that we do not have enough information to say for certain whether or not we should use
TXA in vascular surgery. Ongoing and future studies will help reduce this uncertainty and provide more definitive
information for doctors and patients.

Abstract

Background: Tranexamic acid (TXA) is a synthetic lysine analogue that inhibits fibrinolysis.
The effectiveness of TXA in obstetrics, trauma and orthopaedic and cardiac surgery is well
established. However, concerns regarding its prothrombotic potential remain, which is an
important consideration for vascular surgery. We aimed to evaluate the safety and efficacy of
TXA in adults undergoing major non-cardiac vascular surgery.

Methods: A pre-specified protocol (PROSPERO CRD42023427282) was followed. Relevant
databases (PubMed, MEDLINE, EMBASE) were searched for randomised controlled trials
(RCTs). Data extraction and risk of bias assessments were performed in duplicate. A random
effects model was used to synthesise data from RCTs. Measures of effect were reported as
relative risk (RR) with 95% confidence intervals (Cls). The primary safety outcome was a
composite of arterial and venous thromboembolic events (composite of myocardial infarction,
non-haemorrhagic stroke, peripheral arterial thrombosis and symptomatic proximal venous
thromboembolism). Certainty of evidence was assessed using the GRADE approach.
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Results: After screening 1989 records, three RCTs were included, cumulatively enrolling 1,560

participants. In all trials, patients received either TXA (intravenously or orally) compared with
placebo. There was no evidence of the effect of intravenous TXA on thromboembolic events
(RR 1.10, 95% CI 0.89 to 1.36, two RCTs, 1460 participants, low certainty of evidence) or on
critical bleeding (composite of life-threatening, critical and major organ bleed) (RR 0.85, 95%
Cl 0.65 to 1.11, two RCTs, 1460 participants, low certainty of evidence). TXA may reduce
postoperative blood loss, especially at 0—4 hours (Cliff’s delta —0.41, 95% CI —0.19 to —0.59)
and 0-24 hours (Cliff's delta —0.37, 95% CI —0.14 to —0.55) after surgery. There was no
evidence of an effect of TXA on reducing perioperative red blood cell (RBC) transfusion
requirements (RR 0.66, 95% CI 0.11 to 3.95, one RCT, 100 participants). One RCT assessed
oral TXA and found no evidence of an effect on type Il endoleak post endovascular aneurysm
repair. No thrombotic complications were reported in this RCT during the study period.

Conclusions: We found no evidence of an effect of TXA on thromboembolic complications.
While TXA appears to reduce early postoperative bleeding, the clinical relevance of this is
uncertain. Due to limitations of study design and the variety of vascular procedures, the role of
TXA in vascular surgery is still unclear. Ongoing trials may reduce this uncertainty.

Key words: tranexamic acid, vascular surgery, thromboembolism blood transfusion, bleeding

Registration: Prospectively registered on PROSPERO (CRD42023427282)

Introduction

Tranexamic acid (TXA) is a synthetic lysine analogue that inhibits
the conversion of plasminogen to plasmin, thereby inhibiting
fibrinolysis.! Large pragmatic randomised controlled trials (RCTs)
have demonstrated that TXA is associated with a reduction in
mortality in patients with major traumatic haemorrhage,?
postpartum haemorrhage® and mild to moderate traumatic brain
injury%; reduced transfusion requirements in adult and paediatric
cardiac surgery®$; and caesarean delivery’; and fewer critical
bleeding events in major non-cardiac surgery. TXA is on the World
Health Organization’s list of essential medicines.®

Despite evidence of efficacy in these settings, owing to the
mechanism of action of TXA, concerns about thromboembolic risk
remain. This risk may be more pertinent in patients with active
thromboembolic disease, inappropriate administration or those with
unbalanced haemostatic systems favouring thrombosis. In a large
RCT enrolling patients with gastrointestinal bleeding, TXA was
associated with an increased risk of venous thrombosis with no
effect on mortality.’® Possible reasons for these findings include the
high dose of TXA administered (4 g over 24 hours) and the delayed
presentation to hospital of many of the patients, missing the early
period of excessive fibrinolysis.

Patients undergoing major non-cardiac vascular surgery are
per se more prone to thrombosis than general surgery patients.™"
Hypercoagulability caused by TXA can potentially cause damage to
—and occlude arteries recently operated on — new bypass grafts or
endovascular stents and stent grafts, which can lead to rare but
devastating complications such as limb loss and even death.?
Although systematic reviews have not demonstrated an increased
risk of thromboembolic complications associated with TXA in
surgical and non-surgical settings,'®'* these often include
heterogeneous cohorts of patients. Therefore, we aimed to evaluate
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the safety and efficacy of perioperative TXA (any dose or route)
focusing only on patients undergoing major non-cardiac emergency
or elective vascular surgery.

Methods

This systematic review followed a protocol that was designed and
reported according to Preferred Reporting ltems for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines (see Appendix 1
online at www.jvsgbi.com)."® The protocol is registered on
PROSPERO (CRD42023427282). Ethics committee approval was
not required as this was a synthesis of previously published
literature.

Information sources and search strategy

Relevant bibliographic databases including PubMed, EMBASE (via
OVID), MEDLINE and Transfusion Evidence Library, were searched.
The full search strategy (see Appendix 2 online at www.jvsgbi.com)
included terms relating to or describing exposure (TXA), outcome
(thrombosis, bleeding) and the study population (adults undergoing
major non-cardiac vascular surgery). There was no restriction on
the date of publication and only peer-reviewed RCTs published in
academic journals were included.

Inclusion and exclusion criteria

Eligible RCTs included adult participants (as defined by the study
authors) undergoing major non-cardiac vascular surgery and
receiving either TXA (any route, dose and formulation) or
placebo/no TXA during the perioperative period. Major non-cardiac
vascular surgery was defined as including the following elective,
urgent and emergency procedures: open or endovascular
aneurysm repair of the abdominal aorta (AAA repair or EVAR),
thoracic aorta, thoraco-abdominal aorta or lower limb artery; open
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or endovascular repair of aorta (thoracic, abdominal, thoraco-
abdominal) dissection; infrainguinal lower limb bypass surgery
(including open and hybrid operations); major lower limb
amputation (below, above and through knee amputations); carotid
endarterectomy. Cohort studies (prospective and retrospective),
case-control studies, letters, editorials, commentaries and case
reports were excluded.

Outcomes
The primary outcome of interest was the risk of perioperative
arterial and venous thromboembolic complications, which we
defined as a composite of myocardial infarction, non-haemorrhagic
stroke, peripheral arterial thrombosis and symptomatic proximal
venous thromboembolism. Secondary outcomes that were
analysed are as follows: critical bleeding (composite of life-
threatening, critical and major organ bleed), measured
perioperative blood loss, risk of receiving allogeneic blood
transfusion in the perioperative period and in-hospital mortality.
Given the concerns about thromboembolism
associated with TXA in vascular surgery, safety

Safety and efficacy of TXA in vascular surgery. Atha K et al

done in parallel by two reviewers (KA and LC) and disagreements
were resolved by a third author (KB or AS).

Data synthesis

Data were analysed using Cochrane Collaboration's Review
Manager 5 (REVMAN 5) software. Wherever possible, a random-
effect model was used to synthesise data about primary and
secondary outcomes. Measures of effect were reported as relative
risk (RR) with 95% confidence intervals (Cls). Each outcome was
evaluated as relevant deviations from the control group. When
comparing end points of interest, statistical significance was
established at a threshold of p<0.05. Heterogeneity between
studies was assessed with the use of 2.7 Any outcome data that
could not be combined into a meta-analysis were synthesised
narratively instead.

Assessment of the certainty of the evidence
The GRADE (Grades of Recommendation, Assessment,

Figure 1 CONSORT diagram.

was designated as the primary outcome for this
review. Efficacy was chosen as the secondary
outcome as it is safety concerns, rather than
doubts about efficacy, that we hypothesise
have deterred the use of TXA in vascular

Identification of studies via databases and registers

Records identified from:
Databases (n=1701)

Records removed before

surgery. - e PubMed (n=621) . screening:
= e EMBASE (n=58) o Duplicate recprds removed
) , 3 o MEDLINE (n=35) —y (n=163)

Study selection and data collection process £ e CINAHL (n=T7) e Records marked as ineligible
Data from eligible studies were extracted using 3 ¢ Transfusion Evidence Library (n=0) by automation tools (n=0)
a pre-piloted spreadsheet. Extracted data e Web of Science (n=980)  Records reinoved for other
) . i Registers (n=288) reasons (n=0)
included the number of participants in each o CENTRAL (n=288)
study, participant characteristics, study
duration, type of vascular operation
undertaken,. rQUte Iand method .Of TXA and Records screened Records excluded
control administration, transfusion thresholds (n=1826) —— (n=1818)
utilised (if stated), whether any additional co-
interventions were used (eg, cell salvage), as !
well as |nformat|F)n relating tg q“a"tY Reports sought for retrieval Reports not retrieved
assessment. This was done in duplicate by two (n=8) e (n=0)
authors (KA and LC) and disagreements were
reviewed by a third author (KB or AS). For :
studies that did not report data on certain Report P —— Reports excluded:
outcomes of interest, the relevant authors were eports asse(s::g) Orellglflly e o Incorrect study design (n=2)
contacted (i.e. retrospective study)

’ e Full texts in non-English

language (n=2)

Risk of bias assessment e Ongoing clinical trial (n=1)
The Cochrane Collaboration's domain-based
risk of bias (ROB) tool'® was used to assess '

risk of bias in each included study. Each of

these parameters was evaluated for each study
and scored on a 3-point scale corresponding to
a low, unclear or high risk of bias. This was also

Studies included in review

(n=3)
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Development, and Evaluation)' approach was used to assess the
overall quality of evidence for the key outcomes of thromboembolic
complications and critical bleeding.

Results

Study selection

Our electronic search identified 1,989 relevant publications.
Following title and abstract screening, eight articles were
shortlisted. Subsequently, full texts were reviewed and three
RCTs8'"19 were ultimately included in this review (Figure 1). The
reasons for excluding the five studies were: incorrect study design
(ie, retrospective studies) (n=2), full texts in non-English language
(n=2) and ongoing clinical trial (h=1). Details of the included RCTs
are shown in Table 1. We found one ongoing RCT (NCT04803747)
that is planned to complete recruitment in 2024.

Study characteristics

The three included RCTs enrolled a total of 1,560 patients across
24 different countries (Australia, Austria, Belgium, Brazil, Canada,
Chile, China, Denmark, France, Germany, Hong Kong, India, Italy,
Japan, Malaysia, Netherlands, New Zealand, Pakistan, Poland,

Figure 2 Risk of Bias (ROB) assessment based on the Cochrane
Risk of Bias Tool. Each study was evaluated against different
parameters and scored based on a 3-point scale corresponding
to a low (green), unclear (yellow), or high risk of bias (red).
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Russia, South Africa, Spain, UK and USA). There was one large
multicentre international RCT which provided data on 1,360
participants who underwent vascular surgery.® In comparison, the
other two RCTs included 100 participants each.!" '

In two RCTs the patients were administered intravenous TXA at
a loading dose of 1 g preoperatively along with a continuous
infusion intraoperatively or a bolus at the end. The third trial
administered 750 mg oral TXA daily for a month after surgery (Table
1). Two of the RCTs only included patients undergoing elective AAA
repair'' and elective EVAR'® and the other RCT included patients
undergoing both elective and emergency vascular surgery but data
on specific types of surgery were not available.?

Risk of bias assessment

Two of the RCTs had a low risk of bias across all domains (Figure
2)" and one RCT was judged to be at high overall risk of bias due
to concerns regarding allocation concealment and participant and
assessor blinding."®

Primary outcome

Thromboembolic risk

Two studies (1,460 participants) reported data on the incidence of
thromboembolic events in patients receiving intravenous TXA.8™
Overall, when the data were pooled, there was no evidence of an
effect of intravenous TXA on the incidence of thromboembolic
events (RR 1.10, 95% CI 0.89 to 1.36) (Figure 3). On the basis of
the GRADE framework, this finding was judged to be low certainty
evidence (Table 2). One study (85 participants) evaluating oral TXA
observed no thrombotic events during the study period.'® Given the
variability in the methodology (ie, intravenous vs oral TXA), the
study reporting results from oral TXA use was not included in the
meta-analysis.

Secondary outcomes

Critical bleeding

Two studies (1,460 participants) reported data on the incidence of
critical bleeding in patients receiving intravenous TXA. Overall,
there was no evidence of an effect of intravenous TXA on the
incidence of critical bleeding (RR 0.85, 95% CI 0.65 to 1.11, low
certainty of evidence) (Figure 4).

Blood loss

Only one study reported information on blood loss during the first

4 and 24 hours postoperatively." During the first 4 hours,
participants who received TXA lost a median (IQR) of 60 (40-80)
mL blood compared with participants who received placebo who
lost a median (IQR) of 100 (60-140) mL blood (Cliff’s delta —0.41
(=0.19 t0 -0.59), p<0.001). Similarly, during the 24 hours post-
surgery, participants receiving TXA continued to have a significantly
lower volume of blood loss compared with those who received
placebo (Cliff’s delta—0.37 (-0.14 to -0.55), p=0.002) (Table 3).
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Table 1 Characteristics of included (n=3) and ongoing (n=1) randomised controlled trials.

Study author ~ Methods Participants Intervention Comparator(s) Primary outcome Secondary outcome(s)
Devereaux et al,  International Age >45 years, IV TXA 1 g as bolus IV 0.9% saline as Composite of life- (1) Bleeding independently
2022 multicentre undergoing or 10-min infusion bolus or 10-min threatening, major and associated with mortality after
parallel RCT inpatient, non- One dose at the infusion critical organ bleeding at non-cardiac surgery
across 114 cardiac, emergency  start of surgery One dose at the 30 days after randomisation  (2) Life-threatening bleeding
sites or elective surgery (20 minutes before start of surgery Composite of MINS, (3) Major bleeding
and at risk for incision) and one (20 minutes before  non-haemorrhagic stroke, (4) Critical organ bleeding;
bleeding and dose at the end incision) and one peripheral arterial (5) MINS
cardiovascular dose at the end thrombosis and (6) MINS not fulfilling the
complications™ symptomatic proximal universal definition of myocardial
(n=1360)** venous thromboembolism infarction
at 30 days after (7) Myocardial infarction
randomisation (8) Composite of vascular death,
bleeding (ie, non-fatal life-
threatening, major or critical
organ), MINS, stroke, peripheral
arterial thrombosis and
symptomatic proximal venous
thromboembolism (ie, a net
risk-benefit outcome)
Imaeda et al, Single-centre Adult patients Oral TXA 750 mg No TXA Incidence of EL2 at 1 week (1) Changes in the aneurysm
20221 parallel RCT undergoing EVAR ~every day (250 mg and 1 month after EVAR diameter at 1 week, 1 month,
(Japan) (n=100) after each meal) for 6 months and 1 year after EVAR
30 days after surgery (2) Results of the blood

coagulation/ fibrinolysis test at

3 days, 7 days and 1 month after
EVAR

(3) Rate of change in aneurysm
diameter from baseline to 6
months and 1 year

Monaco et al, Single-centre

Age >50 years,

IV TXA loading dose

IV 0.9% saline

Intraoperative blood loss

(1) RBC transfusion requirements

2020" parallel RCT undergoing elective  of 500 mg diluted loading dose of (sum of blood volume (2) Thromboembolic events
(Italy) open AAA surgical in 100 mL slowly 500 mg diluted in aspired during surgery and  (including acute MI, PE, bowel
repair infused before 100 mL slowly blood volume absorbed in infarction or seizures) up to 28
(n=100) surgery infused before gauzes (at the end of the days after surgery
Continuous undiluted  surgery surgery, all gauzes used (3) Mortality: 28-day, 1-year
infusion rate of Continuous were weighted and net
250 mg/hour undiluted infusion weight of the gauzes was
(2.5 mL/hour) during  rate of 250 mg/hour  subtracted from the total
surgery (2.5 mL/hour) weight))
during surgery
Ongoing Multicentre RCT ~ Age >18 years IV TXA 1 g bolus. 1V 0.9% saline as RBC transfusion (1) Number of RBC units
NCT04803747 undergoing major  One dose within 10 bolus. requirements transfused
non-cardiac surgery  minutes of skin One dose within Incidence of DVT or PE (2) In-hospital MI, stroke, DVT
with estimated risk incision and one 10 minutes of skin ~ within 3 months of surgery ~ or PE

>5% of requiring
RBC and duration
of surgery >3 hours
(n=8320)

dose at 24 hours of
surgery or prior to
skin closure

incision and one
dose at 2-4 hours
of surgery or prior
to skin closure

(3) Hospital length of stay
4) ICU admission
5) 90-day mortality

)

(
(
(6) Days at home to day 30

*Risk of bleeding and cardiovascular complications defined as known atherosclerotic disease, undergoing major surgery, age >70 years and serum creatinine level >175 pmol/L.
**Study included a total of 9,535 individuals undergoing several different higher risk surgeries. 1,360 of these participants underwent vascular surgeries. Details of the specific type of vascular
surgery and the nature of the vascular surgery (emergency vs elective) are unknown.

AAA, abdominal aortic aneurysm; DVT, deep vein thrombosis; EL2, type 2 endoleak; EVAR, endovascular aneurysm repair; ICU, intensive care unit; IV, intravenous; MI, myocardial infarction;
MINS, myocardial injury after non-cardiac surgery; PE, pulmonary embolism; RBC, red blood cell; RCT, randomised controlled trial; TXA, tranexamic acid.
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Figure 3 Forest plot of the effect of tranexamic acid on the primary composite outcome: thromboembolic risk (composite of myocardial
infarction, non-haemorrhagic stroke, peripheral arterial thrombosis and symptomatic proximal venous thromboembolism).

Tranexamic acid Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events  Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Devereaux 2022 140 684 126 676 98.8% 1.10 (0.88, 1.36)
Monaco 2019 2 50 2 50 1.2% 1.00 (0.15, 6.82)
Total (95% Cl) 734 726 100.0%  1.10(0.89, 1.36)
Total events 142 128 T T + T T
. ) 0.05 0.2 1 5 20
Heterogeneity: Tau? = 0.00; Chi* = 0.01, df =1 (P=0.92): I = 0% Favours control Favours tranexamic acid
Test for overall effect: Z = 0.84 (P=0.40)
M-H, Mantel-Haenszel
Table 2 GRADE assessment of key clinical outcomes.
Certainty assessment Summary of findings
g Anticipated
Study event rates (%) el G
Participants | Risk | Inconsistency | Indirectness | Imprecision | Publication | Overall With With Relative | Risk Risk
(studies) of bias certainty placebo/ | tranexamic | effect with difference
Follow-up bias of control | acid (95% Cl) | placebo/ | with tran-
evidence control examic acid
Thromboembolic complications
1460 Not Serious* Not serious Serious** None @DPOO | 128/726 | 142/734 RR1.10 | 176 per 18 more
(2 RCTs) serious Low (17.6%) | (19.3%) (0.89t0 | 1000 per 1000
1.36) (from 19
fewer to
63 more)
Critical bleeding
1499 Not Serious* Not serious Serious** None @DPOO | 104/750 | 88/749 RR0.85 | 139per | 21 fewer
(2 RCTs) serious Low (13.9%) | (11.7%) (0.65t0 | 1000 per 1000
1.11) (from 49
fewer to
15 more)

*Downgraded due to differences in direction of point estimate **Wide confidence intervals (Cls). RCT, randomised controlled trial

Figure 4 Forest plot of the effect of tranexamic acid on the secondary composite outcome: critical bleeding (composite of life-threatening,

critical and major organ bleed).

Tranexamic acid Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Devereaux 2022 88 699 103 700 99.3% 0.86 (0.66, 1.11)
Monaco 2019 0 50 1 50 0.7% 0.33 (0.01, 7.99)
Total (95% CI) 749 750 100.0%  0.85(0.65, 1.11)
Total events 88 104

Heterogeneity: Tau? = 0.00; Chi? = 0.34, df = 1 (P=0.56): I* = 0%
Test for overall effect: Z =1.21 (P=0.23)

M-H, Mantel-Haenszel
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Table 3 Summary of results of secondary outcome

Safety and efficacy of TXA in vascular surgery. Atha K et al

Outcome Author, year Number | TXA Control RR (95% CI)
(events/total) (%) (events/total) (%)
Perioperative RBC transfusion requirements Monaco et al, 2020"" 100 7/50 (14%) 12/50 (24%) 0.66 (0.1 to 3.95)
Composite clinically important bleeding Monaco et a/, 2020"" and 1499 88/749 (12%) 104/750 (14%) 0.85 (0.65t0 1.11)
Devereaux et al, 2022°
Outcome Author, year Number TXA Control Cliff’s delta
(n=50) (n=50) (95% CI)
Blood loss 0—4 hours after surgery, median Monaco et al, 2020" 100 60 (40-80) 100 (60-140) —0.41 (=0.19 to —0.59)
(IQR), mL
Blood loss 0-24 hours after surgery, median Monaco et al, 2020"! 100 180 (120-275) 275 (190-395) —0.37 (—0.14 to —0.55)
(IQR), mL

Cl, confidence interval; IQR, interquartile range; RBC, red blood cell; RR, relative risk; TXA, tranexamic acid.

Risk of receiving allogeneic RBC transfusion

One study (n=100) reported data on perioperative blood
transfusion requirements and found weak evidence of an effect of
TXA on reducing transfusion requirements (RR 0.66, 95% CI 0.11
to 3.95) (Table 3). Devereaux et al8 reported on allogeneic RBC
transfusion across all included surgical specialties (HR 0.77, 95%
C10.68 to 0.88) but did not provide transfusion data specific to
vascular surgery. We contacted them for additional data regarding
the vascular subgroup but they were unable to share it at this time.

In-hospital mortality
One study (n=100) provided data on in-hospital mortality and did
not report deaths in either study arm.

Oral TXA

Imaeda et al evaluated the use of oral TXA for the prevention of
type Il endoleak in adults undergoing EVAR (n=100)."°
Acknowledging the heterogeneity in the administration of
intravenous and oral TXA as well as the variability in reported
outcomes, we have narratively summarised the findings of this trial.
The study reported that seven days post EVAR, type Il endoleak
was observed in 14 patients (34.1%) in the TXA group and in seven
patients (15.9%) in the non-TXA group. At 1 month follow-up post
EVAR, 12 patients (29.3%) in the TXA group and six patients
(13.6%) in the non-TXA group were found to have type |l
endoleaks. There was no significant difference between the two
groups in the incidence of type Il endoleak (p=0.051 and p=0.08).
No adverse events such as thrombus formation due to oral TXA
were observed during the study period.

Discussion
The key findings of this systematic review are: (1) there is no

evidence of an effect of TXA on thromboembolic events or on
critical bleeding in patients undergoing major non-cardiac vascular
surgery (low certainty of evidence); (2) while TXA appears to
reduce early postoperative bleeding, the clinical relevance of this
remains unclear, particularly in an era of patient blood management
interventions?® such as cell salvage, restrictive transfusion and
minimally invasive surgical techniques; and (3) the current evidence
base is limited by the small number of RCTs and wide Cls around
the effect estimates, which could encompass clinically important
differences.

Both bleeding and thrombosis in patients undergoing vascular
surgery are associated with poor outcomes and the underlying
pathophysiology and mechanisms are multifactorial. Perioperative
risk factors for bleeding include systemic anticoagulation with
heparin (to prevent graft thrombosis or clot extension), preoperative
use of antiplatelets and/or anticoagulants, intraoperative
hypothermia, cross-clamp position, haemodilution and
consumption coagulopathy during ongoing blood loss.?' Similarly, a
procoagulant state has been observed in AAA repair with increased
thrombin generation and inhibition, which may lead to
microvascular and macrovascular thrombosis. This can eventually
manifest as myocardial infarction, graft thrombosis, multi-organ
failure and venous thromboembolism.?? The presence of
hypercoagulable comorbidities is associated with an increased risk
of developing venous thromboembolism and graft thrombosis in
patients undergoing vascular surgery.?324

The incidence of perioperative RBC transfusion in patients
undergoing vascular surgery ranges from 0% to 25%.2%%6 Both
excessive bleeding and perioperative RBC transfusion are
associated with increased postoperative morbidity and mortality.?>2"
Certain patient groups such as those with preoperative anaemia,
Jehovah's Witnesses or risk factors for bleeding (eg, anticoagulants)
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may benefit from TXA, but further research is needed.

Operations at risk of moderate-to-severe blood loss (at least
500 mL) where the use of TXA is recommended by national
guidelines include open AAA repair, complex lower limb bypass
surgery and major lower limb amputation.?® However, a survey of
anaesthetists in Australia and New Zealand found considerable
variability in the use of TXA in vascular procedures. While 3% of
vascular anaesthetists routinely administered TXA, 40% did not
administer it at all and 20% and 37% reported administering TXA
selectively and on surgical request, respectively.?® The reasons for
this are unclear but may relate to concerns regarding thrombosis.
It is worth noting that, in the study by Devereaux et al,2 TXA did not
meet the non-inferiority margin for the thromboembolic composite
safety outcome, although some have argued that the upper bound
of the ClI (1.14) just surpassed the non-inferiority margin (1.125)
and that it is likely that the true effect lies below this margin.
Others have expressed concerns regarding widespread
prophylactic use in the absence of established fibrinolytic bleeding,
and that a more individualised approach may be needed.'8%" It is
unclear whether similar patterns exist in the UK or elsewhere and
how they may differ between elective and emergency surgery
cases.

Our findings are broadly in agreement with recent work by Tsan
et al," although they did not include data from Devereaux et al® in
their subgroup analysis for vascular surgery. The strength of this
review is the strict methodological process. We followed Cochrane
Collaboration, PRISMA and GRADE recommendations. We
conducted a comprehensive search of multiple databases and
clinical trial registries to ensure all relevant studies would be
captured. All screening, data extraction and risk of bias
assessments were done in duplicate. Limitations of this review stem
from the limited number of studies included. There were only three
eligible studies and only two were included in the meta-analysis
given methodological and reporting differences between trials.
Once available, we aim to update this review with data from an
ongoing study (NCT04803747) to reduce the uncertainty on the
benefits and risks of TXA in patients undergoing major non-cardiac
vascular (or other) surgery.

The 2023 NHS Blood and Transfusion (NHSBT) National
Comparative Audit in the UK found that only 900 out of 1,336
surgical patients were given TXA. Around one-third (32.6%) of
patients who were eligibile for it did not receive it.*? This prompts
consideration of factors that are preventing clinicians from using
TXA, even when it has been shown to reduce major bleeding by
25% without increasing the risk of thromboembolic events.
Additionally, the audit also reported “the low use of TXA in vascular
surgery noteworthy (13.5%)”. We hypothesise that this may be
explained by the paucity of evidence that we have identified in this
systematic review. Evidently, the currently available data on the use
of TXA in vascular surgery are insufficient to definitively guide
clinical practice either for or against its use.

The publication of the Infected Blood Inquiry report along with
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KEY MESSAGES

»  We found no evidence of an effect of TXA on
thromboembolic complications or on critical bleeding.
However, the certainty of the evidence was judged to
be low.

»  TXAreduces early postoperative bleeding but the
clinical relevance of this remains unclear. There was no
evidence of an effect on red blood cell transfusion use.

» High-quality research is needed to determine the risk-
benefit balance of TXA in vascular surgery.

recent national blood shortages has again re-ignited efforts to
promote the use of TXA. Example recommendations include
incorporating TXA in preoperative WHO checklists.®*** It is likely
that a key reason TXA is not widely used in vascular surgery is due
to safety concerns rather than issues of oversight during
procedures. Hence, until these concerns are addressed, vascular
surgeons and anaesthetists are unlikely to start using TXA merely
because it is included in preoperative checklists.

At the moment there are no ongoing trials studying TXA solely
in patients undergoing vascular surgery. However, if such a trial
were to be conducted, it would need to include patients undergoing
open procedures at high risk of blood loss. The end points of this
trial should assess both safety (incidence of thromboembolic
events) and efficacy (effects on major bleeding and RBC
transfusion requirements). Future trials should also consider
‘enrichment’ strategies by enrolling patients at high risk of
experiencing the outcomes of interest (eg, major bleeding,
thrombosis) such as those on antiplatelet and anticoagulant
therapy, scheduled to undergo complex surgery and likely to require
prolonged aortic cross-clamping duration, and those with multiple
comorbidities. Although a pragmatic TXA dose of 1 g is often used,
the optimal dose, route and timing is still a topic of active research.
For the time being, our data may provide some reassurance to
vascular anaesthetists and surgeons with regard to the risk of
thromboembolic complications, but further research is needed.
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Appendix 1 PRISMA 2020 checklist.
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Appendix 2 Search strategy.

Date: 8" April, 2023

CENTRAL (The Cochrane Library Issue 6, 2021)
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Number Search Term Results
#1 vascular surgical procedures 3234
#2 Vascular surgery 15842
#3 Endarterectomy 2235
#4 Endovascular* 5646
#5 Axillofemoral bypass grafting 9
#6 Embolectom* 161
#7 Limb salvage 538
#8 Amputation 3529
#9 Thrombectomy 2048
#10 Vascular grafting 1253
#11 Blood vessel prosthesis implantation 628
#12 Arteriovenous shunt 474
#13 Vascular disease 26105
#14 Aneurysm 4660
#15 Aortic Disease 4267
#16 Aortic 11340
#17 Arterial Occlusive Disease 2182
#18 Arteriovenous Malformation 252
#19 Diabetic Angiopath* 1243
#20 Peripheral vascular disease 6183
#21 Spinal cord vascular disease 228
#22 Vascular system injur* 1413
#23 Venous insufficiency 1906
#24 #1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12 or | 57505
#13 or #14 or #15 or #16 or #17 or #18 or #19 or #20 or #21 or #22 or #23
#25 Tranexamic acid 3654
#26 TXA 1192
#27 Antifibrinolytic 1464
#28 Antiplasmin 362
#29 Plasmin inhibitor 259
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