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ABSTRACT
Introduction. Tranexamic acid (TXA) use has become common in 
orthopedic surgeries. Despite the growing number of publications 
related to its use, no recent systematic reviews have been published 
examining TXA use in foot and ankle surgery. The purpose of this 
review article is to provide a summary of the current available literature 
regarding TXA use in foot and ankle surgery and to further the under-
standing of its safety and efficacy.      
Methods.xThis systematic review utilized PubMed, Ovid, CINAHL, 
Clinical Key, Medline, and Embase, and the search was conducted 
through December 22, 2022. Key words used in the search included: 
“tranexamic acid,” “TXA,” “foot,” “ankle,” “calcaneal,” and “surgery.” The 
outcomes within the studies analyzed included measures of periopera-
tive blood loss (intra-operative blood loss, 24-hour post-operative blood 
loss, blood loss from hour 24 to hour 48, post-operative hemoglobin 
(Hgb), and post-operative hematocrit [Hct]), as well as wound compli-
cations and vascular events. Meta-regression was included to assess the 
impact of age on between-study variation. 
Results. Ten studies met preliminary inclusion criteria. Upon further 
inspection, eight met full inclusion criteria for the meta-analysis. Despite 
a growing amount of literature on the topic, there is still a paucity of 
literature published on TXA use in foot and ankle surgery. Current lit-
erature suggests that foot and ankle surgery patients treated with TXA 
may have reduced 24-hour post-operative blood loss (MD=-183.41 mL, 
95% CI=-247.49 to -119.34 mL, p<0.001), increased post-operative 
hemoglobin (MD=0.71 g/dL, 95% CI=0.11 to 1.31 g/dL, p=0.020) and 
hematocrit (MD=2.66%, 95% CI=0.07 to 5.24%, p=0.040) when com-
pared to similar patients not receiving TXA. The use of TXA in foot and 
ankle surgery did not lead to increased thromboembolic complications. 
Meta-regression indicated no clinically relevant association of age to 
between-study variation.  
Conclusions. TXA was found to be a safe treatment that did affect 
wound healing or infection rates while decreasing perioperative blood 
loss. Further research should be performed to evaluate the long-term 
effects of TXA administration on patient outcomes after foot and ankle 
surgery. Kans J Med 2023;16:302-308

INTRODUCTION
Tranexamic acid (TXA) is an anti-fibrinolytic drug that has been 

utilized in both surgical and non-surgical settings for decades.1 Non-sur-
gically, TXA is used to prevent excessive bleeding during menstruation 
and epistaxis.2 Originally, TXA was utilized postpartum and in gas-
trointestinal (GI) surgeries and has since seen expanded indications, 
becoming a mainstay in many orthopedic procedures around the 
country, especially in total joint arthroplasty and trauma. The clinical 
rationale behind TXA use in surgery is the reduction of intra-operative 
and post-operative bleeding, subsequent reduction in wound complica-
tions, and improvement in patient outcomes.1 

To our knowledge, two systematic reviews have been conducted on 
the use of TXA in foot and ankle surgery, with the most recent study’s 
data collection period ending in January 2022. A main conclusion of 
both reviews was the need for expanded literature to arrive at a defini-
tive conclusion on the safety and efficacy of TXA use in foot and ankle 
surgery.3-4 Since the publication of the most recent review article, addi-
tional studies have been published, and a larger body of evidence is now 
available. The aim of this review article is to provide a summary of the 
current available literature regarding TXA use in foot and ankle surgery 
and to further the understanding of its safety and efficacy.

METHODS
Search Strategy. A reviewer (N.D.) performed a systematic 

review according to the 2020 Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines as outlined on 
the PRISMA checklist. Databases utilized included PubMed, Ovid, 
CINAHL, Clinical Key, Medline, and Embase, and the search was con-
ducted through May 21, 2022. Key words used in the search included: 
“tranexamic acid,” “TXA,” “foot,” “ankle,” “calcaneal,” and “surgery.” The 
basic search performed on Ovid utilized its related terms function. The 
search was repeated on December 22, 2022, to gather data that had 
been published since the original search. A flowchart of the systematic 
review process is presented in Figure 1.

Figure 1. Literature search as per 2020 PRISMA guidelines.
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were utilized in identifying eligible studies for the systematic review: ran-
domized controlled trials (RCT), cohort studies, case-control studies, 
and case series examining TXA use in foot and ankle surgery; studies 
listing the number and type of surgeries performed; studies specify-
ing the dosage and timing of TXA administration; studies published 
during or after 2000; studies performed on humans; studies published 
in English; peer-reviewed; and full text available. The only additional 
inclusion criterion for the meta-analysis was the use of a comparison 
group within the study. Exclusion criteria for the systematic review 
included: studies published before 2000; studies not performed on 
humans; studies not published in English; studies not peer-reviewed; 
and reviews, individual case studies, technique papers, or opinion pieces. 
The only additional exclusion criterion for the meta-analysis was a lack 
of a comparison group as statistical analysis could not be run. Using 
these criteria, the titles of all papers identified during the literature 
review were screened by one reviewer (N.D.). Any paper not meeting 
the inclusion criteria for study design were excluded. The abstracts of 
the remaining papers were screened and full texts of any works that had 
not met exclusion criteria were reviewed. Papers included by the first 
reviewer were screened and confirmed by a second reviewer (J.E.). The 
outcomes within the studies analyzed included measures of periopera-
tive blood loss (intra-operative blood loss, 24-hour post-operative blood 
loss, blood loss from hour 24 to hour 48, post-operative hemoglobin 
(Hgb), and post-operative hematocrit (Hct)), as well as wound compli-
cations and vascular events. Wound complications and vascular events 
were defined as infection, hematoma formation, necrosis, dehiscence, 
deep vein thrombosis (DVT), pulmonary embolism (PE), myocardial 
infarction (MI), acute coronary syndrome (ACS), cardiovascular event 
(CVA), limb ischemia (LI), gastrointestinal hemorrhage (GIH), nerve 
damage, and any other conditions specified as wound complications or 
vascular events within individual studies.

Data Preparation. Data extraction was performed by two authors 
(J.E. and N.D.). The Cochrane Collaboration’s Risk of Bias 2 (RoB2) 
tool was used to assess the risk of bias in the studies included. The RoB2 
tool uses five domains to critique how a RCT was conducted and pro-
duces an overall rating of either low risk of bias, some concerns of bias, 
or high risk of bias.5 The quality of the studies included was scored using 
the Coleman methodology score (CMS).6 The CMS grades studies with 
a maximum score of 100. Studies receiving a score greater than 85 are 
excellent, 70-84 are good, 55-69 are fair, and less than 55 are poor.7 Due 
to the short-term nature of the studies included in this review, the CMS 
was modified (MCMS) by excluding the second and seventh sections of 
the CMS. This created a maximum score of 85, so MCMS values were 
divided by 85 and converted to a score out of 100 so that the qualitative 
designations of the CMS could be used. 

Statistical Analysis. Primary treatment outcomes having data 
from three or more studies available were summarized in forest plots 
using RevMan 5.4.1 software (The Cochrane Collaboration, Copen-
hagen, Denmark). Random-Effects models were used to calculate 
mean differences with 95% confidence intervals for each outcome 
measure. Heterogeneity of studies was assessed using Chi-squared 
(χ2) and I2 statistics. For studies reporting outcomes as median, range, 
and sample size, means and standard deviations were estimated using 
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methods described by Hozo et al.8 Meta-Regression was conducted in 
R (R Foundation for Statistical Computing, Vienna, AT) to test for the 
covariate effect of age between studies and was done using standard-
ized within-study group averages for each outcome analyzed. Statistical 
significance was set at α=0.05 for all comparisons.

RESULTS
Literature Search. The initial literature search produced 1,125 

papers, 38 of which were duplicates and removed. The titles of the 
remaining 1,087 papers were screened and 526 studies were excluded. 
The abstracts of the remaining 561 studies were screened and 545 
excluded. The full texts of the remaining 16 studies were assessed using 
the inclusion and exclusion criteria established above. Seven studies 
met preliminary inclusion criteria.9-15 Upon further inspection, five 
met full inclusion criteria for the meta-analysis, and two articles were 
excluded from the meta-analysis due to lack of a comparison group.9-

10,13-15 The second literature search produced an additional three studies 
that met full inclusion criteria for the meta-analysis, two of which were 
newly published, and one that had been incorrectly excluded during the 
initial search.16-18 This process is illustrated in Figure 1.

Study Characteristics. Eight studies with a combined 362 patients 
treated with TXA and 376 controls met inclusion and exclusion criteria 
for the meta-analysis.9-10,13-18 An additional two studies met inclusion and 
exclusion criteria for the systematic review and had a combined 266 
patients who received TXA.11-12 One study contained two experimental 
groups receiving different doses of TXA.15 A summary of the studies can 
be seen in Table 1.

Modified Coleman Methodology Score. The MCMS scores of 
the included studies are displayed in Table 2. Two studies had excellent 
scores, two good, one fair, and five poor. The overall grade of the studies 
included within the meta-analysis was fair, and the overall grade of the 
studies included within the systematic review was fair.

Risk of Bias 2 Tool. The results of the RoB2 assessment are dis-
played in Figure 2.

Figure 2. RoB2 tool results. Green indicates low risk of bias, yellow indicates 
some risk of bias, and red indicated high risk of bias.
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Table 1. Study characteristics. 

Study
Type of Study 

(Level of 
Evidence)

n Age (mean in years)
Procedure TXA Route TXA Dose Included in Meta-analysis?

TXA Non-TXA TXA Non- TXA

Ali et al., 
202216 Retro. Cohort (3) 33 36 67.2? 67.2? Total Ankle 

Arthroplasty IV 1-2g Yes

B. H. et al., 
20219 RCT (1) 49 51 51.2 52.5 * IV 10mg/kg body 

weight Yes

Huang et al., 
202210 RCT (1) 20 20 43.9 40.2 Calcaneal Fx 

Fixation Irrigation 100 ml 0.5g/L Yes

Moore et al., 
202217 Retro. Cohort (3) 101 116 59.4 57.1 ** IV 20mg/kg body 

weight Yes

Nodzo et al., 
201818 Retro. Cohort (3) 25 25 65.8 66.9 Total Ankle 

Arthroplasty IV 1g Yes

Steinmetz et 
al., 202013 Retro. Cohort (3) 55 64 62.7 63.5 Total Ankle 

Arthroplasty IV 2g Yes

Xie et al., 
201514 RCT (1) 45 45 43.4 42.6 Calcaneal Fx 

Fixation IV 15mg/kg body 
weight Yes

Zhong et al., 
202115

Group A
RCT (1) 17 19 43.1 40.4 Calcaneal Fx 

Fixation IV 200mg Yes

Zhong et al., 
202115

Group B
RCT (1) 17 19 40.4 40.4 Calcaneal Fx 

Fixation IV 400mg Yes

Johns et al., 
202011 Retro. Cohort (3) 241 None Not 

specified None *** IV 1g No

Sadoun et 
al., 202112 Retro. Cohort (3) 25 None 61 None Total Ankle 

Arthroplasty IV 1g No

* Bunionectomy, Ankle arthrodesis, Sesamoidectomy, Ankle fracture fixation, Tibia/fibula osteotomy, Hallux valgus fixation, Ankle replacement, Mid-foot fusion, 
Hindfoot osteotomy, Flatfoot reconstruction
** Arthroplasty, Subtalar fusion, Ankle fusion, Double arthrodesis, Tibiotalocalcaneal fusion, Triple arthrodesis, Pantalar fusion
*** Trauma ankle hindfoot and ankle, Trauma midfoot/forefoot, Arthrodesis, Tendon repair/transfer, Elective reconstruction midfoot/hindfoot, Elective recon-
struction forefoot, Infection/tumor, Amputation, Arthroscopy, Nerve Surgery, Arthroplasty, Hardware removal

Table 2. Modified Coleman Methodology Scores (MCMS). 
Study CMS MCMS
Ali et al., 202216 44 52
B. H. et al., 20219 66 78
Huang et al., 202210 74 87
Moore et al., 202217 53 48
Nodzo et al., 201818 48 56
Steinmetz et al., 202013 40 47
Xie et al., 201514 75 88
Zhong et al., 202115 67 79
Johns et al., 202011 36 42
Sadoun et al., 202112 40 47
Average of 10 studies in systematic review 54.3 62.4
Average of 8 studies in meta-analysis 58.4 66.9
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calcaneal fracture fixation were included in the review.10,14-15 The studies 
included a total of 183 subjects, 99 of whom were treated with TXA. 
Huang et al.10 published a study examining topical application of TXA 
during calcaneal fracture fixations using the extended lateral approach. 
Statistically significant findings included a decrease in 24-hour post-
operative drain volume in the TXA group (63.3 vs. 181.0 mL, p=0.001), 
48-hour post-operative drain volume in the TXA group (73.8 vs. 210.3 
mL, p<0.001), and hemoglobin reduction (4.6 vs. 12.6 g/L, p<0.001). 
Hospital length of stay and hematocrit change were both reduced in 
the TXA group, though the difference was not statistically significant. 
No wound complications were reported in either group. The study 
concluded that topical application of TXA during calcaneal fracture 
fixation was safe and effective at reducing post-operative blood loss and 
did not lead to wound complications.10

In 2015, Xie et al.14 published a study of 90 patients that investigated 
TXA use in calcaneal fracture fixation. Twenty-four-hour post-oper-
ative blood loss was found to be significantly decreased in the TXA 
group (110 vs. 320 mL, p < 0.001). Additionally, post-operative hemo-
globin (12.82 vs. 11.57 g/dL, p < 0.001) and post-operative hematocrit 
(36.1% vs. 33.9%, p=0.008) were found to be significantly higher in the 
TXA group. The TXA group had significantly fewer wound complica-
tions (3 vs. 10, p=0.036), but similar rates of vascular events (4 vs. 2, 
p=0.673) and adverse side effects (3 vs. 1, p=0.306). Adverse effects 
reported in the TXA group included one case of deep vein thrombosis, 
one case of acute coronary syndrome, and two cases of GIH. Adverse 
effects reported in the non-TXA group included one case of deep vein 
thrombosis and one case of GIH. The other outcomes measured failed 
to produce statistically significant results. Xie et al.14 concluded that a 
single dose of preoperative TXA could reduce post-operative blood loss 
and wound complications, without an increase in side effects following 
calcaneal fracture fixation.

Zhong et al.15 published a RCT of 53 patients that investigated the 
use of TXA during surgical fixation of Sanders III-IV calcaneal frac-
tures. All surgeries were open reduction internal fixation (ORIF) via 
extended lateral approach. The RCT consisted of three groups. Group 
A consisted of 17 subjects, group B consisted of 17 subjects, and group 
C consisted of 19 subjects. Group A received 20 mL of 10 mg/mL 
TXA solution, group B received 20 mL of 20 mg/mL TXA solution, 
and group C received 20 mL of sterile saline. A statistically significant 
decrease (p<0.01) in 24-hour post-operative blood loss was found in 
both group A (110 mL) and group B (130 mL) compared to group C 
(360 mL). Post-operative hemoglobin and hematocrit levels were also 
found to be significantly higher (p=0.008 and p<0.001, respectively) in 
group A (12.3 g/dl, 38.1%) and group B (12.2 g/dl, 37.8%) in comparison 
to group C (10.8 g/dl, 32.2%). The remaining outcome measures failed 
to reach statistical significance. Group A and B each had three cases of 
wound complications, and group C had four. This study concluded that 
TXA use could effectively reduce post-operative blood loss, but did not 
significantly reduce wound complications when injected via drain fol-
lowing ORIF of Sanders III-IV calcaneal fractures.15

Total Ankle Arthroplasty. Four studies with 263 subjects have 
been published examining TXA use in total ankle arthroplasty.12-13,16,18 
All four were retrospective reviews. Nodzo et al.18 published a study 
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of 50 patients that examined TXA use in total ankle arthroplasty. The 
study was a retrospective review and included 25 subjects who received 
TXA and 25 who did not receive TXA. Patients who received TXA were 
given 1 g IV 20 minutes prior to tourniquet deflation. Post-operative 
blood loss was estimated from total drain output. Calculated blood loss 
was significantly reduced in the TXA group compared to the non-TXA 
group (649.9 mL vs. 906.8 mL, p=0.010). Two wound complications 
were reported in the TXA group, and five were reported in the non-TXA 
group, though this difference was not significant. The study concluded 
that TXA could be used to decrease post-operative hemarthrosis and 
reduce the risk of post-operative wound complications in total ankle 
arthroplasty.18 

Steinmetz et al.13 published the second study in 2020. The study 
was a retrospective chart review of 119 patients who underwent total 
ankle arthroplasty, of which 55 received 1 g TXA IV prior to tourniquet 
inflation and 1 g TXA IV following tourniquet deflation. No outcome 
measure reached statistical significance. There were eight intra-oper-
ative and nine post-operative complications in the TXA group, and six 
intra-operative and five post-operative complications in the non-TXA 
group. Post-operative complications in the TXA group included five 
early wound complications (prior to three months), two late deep infec-
tions (after three months), and two patients with dorsal foot numbness. 
Post-operative complications in the non-TXA group included one early 
wound complication (prior to three months), one pulmonary embo-
lism, two patients with dorsal foot numbness, and one patient with 
component malposition. The study concluded that TXA use may not 
be effective in reducing intra-operative blood loss, perioperative blood 
loss, transfusion rate, or wound complications in total ankle arthroplas-
ties.13 

The third study was a 2021 retrospective review by Sadoun et al.12 
The primary goal of the study was to establish the efficacy of an out-
patient total ankle replacement protocol. The chart review included 
25 patients who had undergone an outpatient total ankle replacement, 
all of whom were treated with 1g TXA IV preoperatively and 1 g TXA 
IV post-operatively. The primary outcome measures of the study were 
not pertinent to the scope of this review. However, secondary out-
comes of post-operative drain volume and wound complications were 
measured and reported. An average of 94.6 mL of drainage was mea-
sured per patient prior to discharge, and only one wound complication 
was recorded in the study. No conclusions pertinent to TXA use were 
made.12 

Ali et al.16 published the last study in 2022. The study was a retrospec-
tive chart review of 69 patients who underwent total ankle arthroplasty, 
of which 33 received 1-2 g TXA IV prior to tourniquet inflation. The 
only outcome that demonstrated significant results was wound com-
plications, of which the TXA group showed a reduction. Four wound 
complications were reported in the TXA group, whereas eight were 
reported in the non-TXA group (p=0.002). The study concluded that 
TXA use is safe, though a larger sample size is needed to conclude that 
it reduces wound complications.16 
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Multi-Surgery Studies. Three studies with 553 patients, and a total 
of 558 surgeries, investigated TXA use in patients who underwent a 
variety of foot and/or ankle surgeries.9,11,17 B. H. et al.9 published an RCT 
of 49 subjects that received TXA and 51 subjects that did not receive 
TXA during 1 of 10 different surgeries. The TXA group received 10 mg 
TXA/kg body weight IV prior to surgical incision and the control group 
received 10 mL saline/kg body weight IV prior to surgical incision. The 
only outcome found to be statistically significant was a reduction of 
intra-operative fentanyl consumption in the TXA group (0 vs. 50 mcg, 
p=0.03), although the study questions the clinical significance of this 
finding. No other reported measure reached statistical significance. The 
TXA group had a total of eight wound complications and two other 
adverse effects. The control group had eight wound complications as 
well and reported three instances of adverse effects. The adverse effects 
in the TXA group included one case of a headache and one case of 
nausea/vomiting. The adverse effects in the non-TXA group included 
two cases of headaches and one case of nausea/vomiting. Neither group 
reported any vascular events. B. H. et al.9 concluded that TXA use did 
not positively influence the measured outcomes, though there were no 
serious adverse effects. 

Johns et al.11 published a retrospective review of 241 patients who 
received 1g TXA IV 10 minutes prior to surgical incision of 1 of 12 dif-
ferent types of foot or ankle surgeries. One case of superficial cellulitis, 
one deep operative site infection, four cases of delayed wound healing, 
one deep vein thrombosis, and two pulmonary emboli were reported. 
The study concluded that a preoperative bolus of TXA administered 
IV in foot and ankle surgeries was associated with a low risk of wound 
complications, infections, hematomas, thromboembolic events, and 
overall complication rates with minimal side effects.11  

Moore et al.17 published a retrospective review of 212 subjects who 
had one of seven different types of foot or ankle surgeries. Five subjects 
underwent two surgeries each. TXA was administered in 101 of the 
217 surgeries within the study. Subjects in the TXA group received 20 
mg/kg body weight TXA IV prior to tourniquet deflation. The main 
outcome examined within this study was wound complications, though 
Moore et al.17 performed statistical analysis on individual categories 
of complications, which was not examined within this review. Within 
the TXA group, there were less infections requiring antibiotics, cases 
of delayed wound healing, reoperations, and wound complications 
in general. The study concluded that TXA has a favorable side effect 
profile and that its use should be considered in hindfoot/ankle fusion 
surgeries and total ankle arthroplasties.17 

Intra-operative Blood Loss. Three included studies examined 
intra-operative blood loss, though none found statistically significant 
differences between TXA and non-TXA groups.12,16-17 Combined analy-
sis of the three studies (Figure 3) produced no statistically significant 
difference in intra-operative blood loss between TXA and non-TXA 
groups (MD=2.31 mL, 95% CI=-5.89 to 10.50 mL, p=0.580). Hetero-
geneity was high (I2=84%, χ2 p=0.002), which suggests a large amount 

of difference between studies. Meta-Regression indicated age did not 
have a statistically significant influence on the effect sizes (I2=91.82%, 
R2=0.00%, p=0.566). The residual heterogeneity is likely attributed to 
the differing methods of measuring intra-operative blood loss and the 
inclusion of different surgeries.

Figure 3. Pooled analysis for effect of TXA on intra-operative blood loss (mL). 
Estimated means and standard deviations (SD) for Steinmetz et al.13 calcu-
lated according to Hozo et al.8 Abbreviations: nTXA - not TXA; CI - confidence 
interval.

Post-operative Blood Loss. Four included studies with a total of 
five groups receiving TXA examined 24-hour post-operative blood 
loss.10,14-15,18 Three included studies with a total of four groups receiving 
TXA examined blood loss from 24 to 48 hours.10,14-15 All five groups 
receiving TXA had statistically significantly lower blood loss values at 
24 hours. Pooled analysis (Figure 4) produced a statistically significant 
decrease in 24-hour post-operative blood loss (MD=-183.41 mL, 95% 
CI=-247.49 to -119.34 mL, p<0.001) with low heterogeneity (I2=28%, 
χ2 p=0.240) suggesting agreement between studies. Meta-Regression 
indicated age did not have a statistically significant influence on the 
effect sizes (I2=41.53%, R2=0.00%, p=0.568).

Figure 4. Pooled analysis for effect of TXA on 24-hour post-operative blood 
loss (mL). Abbreviations: nTXA, no TXA; SD; standard deviation; CI, confi-
dence interval.

Zhong et al.15 found a statistically significant increase in blood loss 
from 24 to 48 hours in their A group (TXA) versus non-TXA. No 
other groups had statistically significant differences between TXA and 
non-TXA groups. Combined analysis (Figure 5) produced no statis-
tically significant difference in post-operative blood loss from 24 to 
48 hours between TXA and non-TXA groups (MD=1.42 mL, 95% 
CI=-5.21 to 8.04 mL, p=0.670). Moderate heterogeneity (I2=68%, χ2 
p=0.020) suggested some differences between studies. Meta-Regres-
sion indicated age had a statistically significance influence on the effect 
sizes (I2=0.00%, R2=100.00%, p=0.002), however, the data indicated 
high collinearity and clinical relevance of this finding was unclear given 
the lack of association in intra-operative and 24-hour values. All blood 
loss values were below a relative low value of 42 mL, which may have 
contributed to the difference between studies. Blood loss values that 
low may not be clinically significant, even if statistically significant.
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Figure 5. Pooled analysis for effect of TXA on 24–48-hour post-operative 
blood loss (mL). Abbreviations: nTXA, no TXA; SD, standard deviation; CI, 
confidence interval.

Post-operative Hemoglobin. Five included studies with a total of 
six groups receiving TXA examined post-operative hemoglobin.10,13-16 
Xie et al.14, and both Zhong et al.15 groups demonstrated statistically 
significant higher values of post-operative hemoglobin in patients who 
received TXA versus patients who did not receive TXA. Huang et al.10, 
Steinmetz et al.13, and Ali et al.16 did not find statistically significant dif-
ferences in post-operative hemoglobin values. Pooled analysis (Fig-
ure 6) produced a statistically significant difference in post-operative 
hemoglobin in TXA groups versus non-TXA groups (MD=0.71 g/dL, 
95% CI=0.11 to 1.31 g/dL, p=0.020). Heterogeneity was high (I2=73%, 
χ2 p=0.002), which suggested a moderate amount of difference be-
tween studies. Meta-Regression indicated age did not have a statisti-
cally significant influence on the effect sizes (I2=77.37%, R2=0.00%, 
p=0.994).

Figure 6. Pooled analysis for effect of TXA on post-operative hemoglobin (g/
dL). Estimated means and standard deviations (SD) for Steinmetz et al.13 cal-
culated according to Hozo et al.8 Abbreviations: nTXA, no TXA; CI, confidence 
interval.

Post-operative Hematocrit. Four included studies with a total of 
five groups receiving TXA examined post-operative hematocrit.10,13-15 

Xie et al.14, and both Zhong et al.15 groups demonstrated statistically 
significant higher values of post-operative hematocrit in patients who 
received TXA versus patients who did not receive TXA. Both Huang et 
al.10 and Steinmetz et al.13 did not find statistically significant differenc-
es in post-operative hematocrit values. Pooled analysis (Figure 7) pro-
duced a statistically significant difference in post-operative hematocrit 
in TXA groups versus non-TXA groups (MD=2.66%, 95% CI=0.07 to 
5.24%, p=0.040). Heterogeneity was high (I2=86%, χ2 p<0.001), which 
suggested a large amount of difference between studies. Meta-Regres-
sion indicated age did not have a statistically significant influence on 
the effect sizes (I2=81.23%, R2=24.46%, p=0.276).
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Figure 7. Pooled analysis for effect of TXA on post-operative hematocrit (%). 
Estimated means and standard deviations (SD) for Steinmetz et al.13 calcu-
lated according to Hozo et al.8 Abbreviations: nTXA, no TXA; CI, confidence 
interval.

Wound Complications and Vascular Events. Eight included 
studies with a total of nine groups receiving TXA measured wound 
complications and vascular events.9-10,13-18 None found statistically sig-
nificant differences between TXA and non-TXA groups. Combined 
analysis of the eight studies (Figure 8) produced no statistically signifi-
cant difference in wound complications and vascular events (MD=0.71, 
95% CI=0.43 to 1.16, p=0.170). Heterogeneity was low (I2=37%, χ2 
p=0.130), which suggested agreement between studies. Meta-Regres-
sion indicated age did not have a significant influence on the effect sizes 
(I2=46.96%, R2=0.00%, p=0.462).

Figure 8. Pooled analysis for effect of TXA on wound complications and vas-
cular events. Estimated means and standard deviations (SD) for Steinmetz 
et al.13 calculated according to Hozo et al.8 Abbreviations: nTXA, no TXA; CI, 
confidence interval.

DISCUSSION
Our findings demonstrate that TXA use in foot and ankle surgery 

does not appear to increase the incidence of wound complications and 
vascular events when compared to patients not treated with TXA. In 
addition, patients treated with TXA had lower post-operative 24-hour 
blood loss, and higher post-operative hemoglobin and hematocrit 
values when compared to patients not treated with TXA. Age was not 
found to have a significant impact on effect sizes for between-study 
heterogeneity, which suggests that treatment factors, such as sample 
collection methods and surgery type, are more likely associated with 
variations. An influence of age on 24 to 48-hour blood loss was indi-
cated in our findings; however, this finding is difficult to interpret given 
the abnormal nature of the blood loss amount reported, as well as the 
lack of influence of age on blood loss at other time points. 
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Our findings do not support the postulation that decreased peri-
operative blood loss reduces the risk of wound complications in foot 
and ankle surgery. Correlation between perioperative blood loss and 
infection rate have not been studied in foot and ankle surgery. It is the 
authors’ suggestion that future research be conducted into the relation-
ship between perioperative blood loss and infection rates in foot and 
ankle surgery, as the current sample size in the literature is not large 
enough to determine a difference or to state that no difference occurs. 

All trials examining hemoglobin and hematocrit values demonstrat-
ed reduced post-operative decrease in hemoglobin and hematocrit.10,13-16 
Without the complete data set from each individual study, analysis 
to determine statistical significance of these variables could not be 
completed. As such, post-operative hemoglobin and post-operative 
hematocrit were used as proxy measurements for perioperative blood 
loss instead. 

Current literature suggests that foot and ankle surgery patients 
treated with TXA may have reduced 24-hour post-operative blood loss, 
increased post-operative hemoglobin and hematocrit when compared 
to similar patients not receiving TXA. There is no current data support-
ing the supposition that TXA use improves wound healing or infection 
rates, though the use of TXA in foot and ankle surgery did not lead to 
increased thromboembolic complications. Use of TXA in foot and ankle 
surgery should be determined on a patient-by-patient basis. Further 
research should be performed to evaluate the long-term effects of TXA 
administration on patient outcomes after foot and ankle surgery.
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