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Background: Tranexamic acid (TXA) is an antifibrinolytic drug. Topical administration of TXA during total knee arthro-
plasty (TKA) is favored for certain patients because of concerns about thrombotic complications, despite a lack of
supporting literature. We compared local and systemic levels of thrombogenic markers, interleukin (IL)-6, and TXA
between patients who received intravenous (IV) TXA and those who received topical TXA.

Methods: Seventy-six patients scheduled for TKA were enrolled in this randomized double-blinded study. The IV group
received 1.0 g of IV TXA before tourniquet inflation and again 3 hours later; a topical placebo was administered 5 minutes
before final tourniquet release. The topical group received an IV placebo before tourniquet inflation and again 3 hours later;
3.0 g of TXA was administered topically 5 minutes before final tourniquet release. Peripheral and wound blood samples
were collected to measure levels of plasmin-anti-plasmin (PAP, a measure of fibrinolysis), prothrombin fragment 1.2
(PF1.2, a marker of thrombin generation), IL-6, and TXA.

Results: At 1 hour after tourniquet release, systemic PAP levels were comparable between the IV group (after a single
dose of IV TXA) and the topical group. At 4 hours after tourniquet release, the IV group had lower systemic PAP levels
than the topical group (mean and standard deviation, 1,117.8 ± 478.9 mg/L versus 1,280.7 ± 646.5 mg/L; p = 0.049),
indicative of higher antifibrinolytic activity after the second dose. There was no difference in PF1.2 levels between
groups, indicating that there was no increase in thrombin generation. The IV group had higher TXA levels at all time
points (p < 0.001). Four hours after tourniquet release, wound blood IL-6 and TXA levels were higher than systemic
levels in both groups (p < 0.001). Therapeutic systemic TXA levels (mean, 7.2 ± 7.4 mg/L) were noted in the topical
group. Calculated blood loss and the length of the hospital stay were lower in the IV group (p = 0.026 and p = 0.025).

Conclusions: Given that therapeutic levels were reached with topical TXA and the lack of a major difference in the
mechanism of action, coagulation, and fibrinolytic profile between topical TXA and a single dose of IV TXA, it may be a
simpler protocol for institutions to adopt the use of a single dose of IV TXA when safety is a concern.

Level of Evidence: Therapeutic Level I. See Instructions for Authors for a complete description of levels of evidence.

T
otal knee arthroplasty (TKA) has been associated with
substantial blood loss and risk of transfusion1. Over
recent years, the use of tranexamic acid (TXA), a lysine

analog and antifibrinolytic agent, has become more common.
Multiple studies have shown both topical and intravenous (IV)

TXA to reduce blood loss after TKA, but questions still remain
about the safest andmost effective route of administration2-12. If
the drug is administered systemically, thrombosis may be a
concern in certain populations. Therefore, some practitioners
advocate topical application of TXA in the surgical wound. At
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our institution, there are no restrictions on the use of topical
TXA, whereas existing cardiovascular disease or a history of
thrombosis are considered relative contraindications to IV
TXA. Topical TXA is known to be absorbed to a certain extent
systemically, but its effect on systemic coagulation and fibri-
nolysis has not been studied, to our knowledge2.

While several meta-analyses have been conducted on the
safety and efficacy of TXA3-5, we are not aware of any studies of the
distribution of TXA both systemically and in the wound when
given IVor topically. Knowing the levels of TXA both systemically
and in the wound, and its effect on thrombogenic markers ac-
cording to the route of administration, may help clinicians deter-

mine the optimal care of high-risk patients. Therefore, additional
research on the mechanisms of TXA and its effect on the coagu-
lation and fibrinolytic pathways has been recommended6,7.

In this study, we examined wound and systemic levels of
plasmin-anti-plasmin (PAP, a marker of fibrinolysis), pro-
thrombin fragment 1.2 (PF1.2, a marker of thrombin genera-
tion), and the TXA itself when the drug was given through an
IV route and when it was administered topically. Therapeutic
TXA levels should result in lower PAP levels, implying less
fibrinolysis. If TXA is thrombogenic, higher PF1.2 levels
indicative of increased thrombin generation should be seen.
Measuring both wound and systemic TXA levels may help

Fig. 1

CONSORT flow diagram showing progress through the study phases by the 66 patients. Sixty-three patients were included in the final analysis.

Fig. 2

Timeline of blood draws and interventions. *The second IV TXA or placebo dose was given 3 hours after the first. TQ = tourniquet and TQR = tourniquet

release.
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elucidate the drug’s site of action when it is given either topi-
cally or through an IV route. Interleukin (IL)-6 levels were also
compared between the IVand topical groups, as some studies13

have suggested that TXA is proinflammatory and others14 have
indicated the opposite.

Materials and Methods
Ethics

This randomized double-blinded trial received institutional
review board approval, was registered at ClinicalTrials.gov

(NCT02540226), and adheres to Consolidated Standards of
Reporting Trials (CONSORT) guidelines. Written informed
consent was obtained from all participants prior to surgery.

Patient Recruitment
Patients 18 to 80 years of age who were being treated with a
primary unilateral TKA by participating surgeon coinvestiga-
tors between December 2016 and December 2017 were eligible
to participate in the study. Exclusion criteria included steroid
therapy, hypersensitivity to TXA, renal and hepatic dysfunc-
tion, coronary artery disease, advanced lung disease, a history
of venous thromboembolism, hypercoagulability, and cere-

brovascular disease. Patient enrollment is depicted in Figure
1 and Appendix Figure 1.

Randomization and Blinding
Patients were randomized in a 1:1 ratio in size-4 and 6 blocks,
via a computer-generated randomization schedule, to receive
IV or topical TXA. Unblinded pharmacy personnel im-
plemented the randomization. Patients, surgeons, anesthesi-
ologists, nurses, and research assistants collecting data were
blinded to group allocation.

Study Interventions
All patients received combined spinal-epidural anesthesia, an
adductor canal block with 0.25%bupivacaine, and an arterial line.

Prior to tourniquet inflation, the patients in the IV group
received 1.0 g of IV TXA and the topical group received 100 mL
of an IV placebo (saline solution). Three hours after the first
administration of the IV TXA or placebo, an identical prepa-
ration was administered in the post-anesthesia care unit (PA-
CU). Five minutes prior to final tourniquet release, the topical
group received 3.0 g of TXA in 75 mL of saline solution and the
IV group received 75 mL of saline solution directly on the

TABLE I Baseline Patient Characteristics and Measurements

IV TXA Group (N = 31) Topical TXA Group (N = 32) Standardized Difference

Patient characteristics*

Age† (yr) 65.6 ± 8.4 65.0 ± 6.9 0.077

Sex (male/female) (no.) 11/20 12/20 0.042

BMI† (kg/m2) 31.6 ± 7.1 31.1 ± 5.2 0.074

ASA grade (II/III) (no.) 28/3 32/0 0.455

Preoperative CBC†

Hemoglobin (g/dL) 135 ± 11 138 ± 11 20.196

Hematocrit (%) 40.8 ± 3.2 41.0 ± 2.8 20.061

Platelet count (platelets/mL) 241 ± 50 241 ± 60 20.002

*BMI = body mass index, ASA = American Society of Anesthesiologists, CBC = complete blood-cell count. †The values are given as the mean and
SD.

TABLE II Comparison of PAP Levels Between IV and Topical TXA Groups

IV TXA Group Topical TXA Group

No. Mean ± SD (mg/L) No. Mean ± SD (mg/L)
Ratio of Geometric
Means (95% CI) * P Value

Systemic PAP blood level*

Intraoperative 31 1,240.3 ± 469.4 32 1,200.9 ± 430.4 1.02 (0.86, 1.21) 0.808

Postoperative (1 hr after tourniquet release) 31 1,219.1 ± 427.1 32 1,160.6 ± 439 1.07 (0.91, 1.26) 0.436

Postoperative (4 hr after tourniquet release) 31 1,117.8 ± 478.9 32 1,280.7 ± 646.5 0.85 (0.72, 1.00) 0.049

Wound PAP blood level

Intraoperative 30 759.9 ± 316.2 29 797.5 ± 470 1.04 (0.78, 1.40) 0.766

Postoperative (4 hr after tourniquet release) 26 1,032 ± 354.5 31 1,041.2 ± 365.8 1.00 (0.83, 1.21) 0.967

*Comparisons adjusted for baseline systemic PAP blood levels.
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wound. In all cases, a ConstaVac drain (Stryker) was inserted
immediately prior to wound closure and was removed 4 hours
after tourniquet release. The treatment dose for both groups
was determined from previous studies2,8-11.

Bothwound and peripheral blood samples were collected
at several time points (Fig. 2). Peripheral blood was drawn from
the arterial line and collected prior to topical administration,
1 hour after tourniquet release, and 4 hours after tourniquet
release. To obtain intraoperative wound blood prior to final
tourniquet release and wound closure, the knee was irrigated
and the tourniquet was momentarily released to allow blood
pooling. Once the blood was collected, the tourniquet was
reinflated, after which the prosthesis was cemented. Then the
topical TXA or placebo solution was poured into the wound,
where it remained undisturbed for 5 minutes. Afterward, the
tourniquet was deflated for the rest of surgery. In the PACU,
1 hour after tourniquet release, peripheral blood was collected
prior to the administration of the second dose of IV TXA or
placebo in all patients. Three hours later, peripheral blood was
collected and wound blood was collected from the drain. All
blood samples were placed on ice and centrifuged at 3,500 rpm
for 5 minutes. The plasma was frozen and stored at 280�C.
Preoperative and postoperative blood samples were drawn to
assess hemoglobin and hematocrit levels per our institution’s
standard of care for the duration of the inpatient hospital stay.

Outcomes
The primary outcome was the level of PAP complex in plasma
of peripheral blood 4 hours after tourniquet release. Other

outcomes included PF1.2, IL-6, and TXA levels in collected
peripheral and wound blood. PAP-complex and PF1.2 levels
were determined with an enzyme-linked immunosorbent assay
(ELISA) (Human Plasmin-Antiplasmin Complex, PAP ELISA
Kit [Biomatik] and Standards/Control Enzygnost F112 Kit
[Siemens]). IL-6 levels were determined with the V-PLEX
Human IL-6 Kit (Meso Scale Discovery).

Clinical outcomes included the total amount of drainage
in the ConstaVac, total amount of estimated blood loss over the
course of the hospital stay measured with Good’s formula, and
the total hidden amount of blood loss over the course of the
hospital stay12. The time to discharge from physical therapy
(PT) and the length of the hospital stay were also assessed.
Hemoglobin and hematocrit levels and units of blood trans-
fused were measured until hospital discharge. The prevalance
of thrombosis was also assessed.

Statistical Analysis
The study was powered for PAP levels 4 hours after tourniquet
release. In a previous trial, we found the mean PAP level (and
standard deviation [SD]) to be 1,087 ± 536 mg/L 4 hours after
tourniquet release in primary unilateral TKA15. We determined
that a sample size of 30 patients per group would provide 80%
power at a 2-sided alpha level of 0.05 to detect a 400-mg/L
(37%) difference in the mean PAP level 4 hours after tourni-
quet release between the groups. We planned to enroll a total of
66 patients to account for attrition and protocol violations.

The IV and topical TXA groups were compared for bal-
ance with regard to baseline measurements by calculating

TABLE III Comparison of Systemic and Wound PAP Levels 4 Hours After Tourniquet Release by Treatment Group

Systemic PAP Blood Level Wound PAP Blood Level

No. Mean ± SD (mg/L) No. Mean ± SD (mg/L) Ratio of Geometric Means (95% CI) P Value

IV TXA group 26 1,078.2 ± 483.4 26 1,032 ± 354.5 0.99 (0.83, 1.18) 0.943

Topical TXA group 31 1,290.6 ± 654.8 31 1,041.2 ± 365.8 1.22 (1.03, 1.45) 0.021

TABLE IV Comparison of PF1.2 Levels Between IV and Topical TXA Groups

IV TXA Group Topical TXA Group

No. Value* No. Value*
Ratio of Geometric Means
or Odds Ratio (95% CI) P Value

Systemic PF1.2 blood level†

Intraoperative 31 400.2 ± 235.6 32 377.3 ± 218.4 1.04 (0.83, 1.30) 0.736

Postoperative (1 hr after tourniquet release) 31 661 ± 243.5 32 636.2 ± 241.6 1.03 (0.86, 1.23) 0.774

Postoperative (4 hr after tourniquet release) 31 812.9 ± 349.9 32 868.8 ± 336.2 0.92 (0.74, 1.13) 0.412

Wound PF1.2 blood level >3,600 pmol/L

Intraoperative 31 16 (52%) 32 14 (44%) 1.37§ (0.51, 3.70) 0.533

Postoperative (4 hr after tourniquet release) 28 13 (46%) 32 11 (34%) 1.75§ (0.63, 4.86) 0.286

*The values for the systemic blood levels are given as the mean and SD in pmol/L. The values for the wound blood levels are given as the number
and percentage of patients who had a level above the threshold. †Comparisons adjusted for baseline systemic PF1.2 blood levels. §Odds ratio.
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standardized differences, with imbalance defined16 as a stan-
dardized difference with an absolute value greater than 1.96 ·
(2/32)1/2 = 0.490.

PAP, PF1.2, IL-6, hemoglobin, hematocrit, and TXA
blood levels were compared between the 2 groups and between
systemic and wound blood samples (PAP only) via generalized
linear modeling using the generalized estimating equation
(GEE) approach. GEE was used to account for the correlation
between repeated measurements for the same patient. Intra-
operative and postoperative systemic blood levels of PAP,
PF1.2, IL-6, and TXAwere log-transformed for analysis due to
skewed distributions. The log transformation was also applied
to the intraoperative and postoperative wound blood PAP, IL-6,
and TXA levels, whereas the PF1.2 levels were dichotomized as
being more than or less than the detection limit of 3,600 pmol/
L. Intraoperative and postoperative systemic PAP, PF1.2, IL-6,
hemoglobin, and hematocrit blood-level comparisons were
adjusted for baseline systemic blood levels via linear regression.
Effect sizes are presented as ratios of geometric means with

95% confidence intervals (CIs) for log-transformed continu-
ous outcomes, as odds ratios (ORs) with 95% CIs for dichot-
omous outcomes, and as difference in means with 95% CIs for
continuous outcomes.

Total blood loss and time to discharge were compared
between the groups using Wilcoxon rank-sum tests, with effect
sizes are presented as Hodges-Lehmann estimates of location
shift with 95% CIs.

All statistical hypothesis tests were 2-sided. Statistical
analyses were performed with SAS version 9.4 (SAS Institute).

Results

Seventy-six patients scheduled for primary TKA were ran-
domized to receive either IV or topical TXA. The trial was

paused after randomization of 10 patients in order to perform
assay validation. The protocol was refined, and the trial was
resumed with a new randomization. Demographics and the
preoperative hemoglobin level, hematocrit, and platelet count
are presented in Table I.

TABLE V Comparison of IL-6 Levels Between IV and Topical TXA Groups

IV TXA Group Topical TXA Group

No. Mean ± SD (pg/mL) No. Mean ± SD (pg/mL)
Ratio of Geometric
Means (95% CI) P Value

Systemic IL-6 blood level*

Intraoperative 31 1.1 ± 0.9 32 3.9 ± 11.5 0.95 (0.78, 1.16) 0.618

Postoperative (1 hr after
tourniquet release)

31 1.8 ± 1.2 32 5 ± 12.7 0.96 (0.77, 1.21) 0.738

Postoperative (4 hr after
tourniquet release)

31 17.2 ± 14.9 32 25.6 ± 33.9 0.92 (0.67, 1.28) 0.640

Wound IL-6 blood level

Intraoperative 31 5.2 ± 7.6 32 6.7 ± 12.1 0.84 (0.49, 1.44) 0.528

Postoperative (4 hr after
tourniquet release)

28 5,744.8 ± 4,360.7 32 4,497.6 ± 3,325.5 1.23 (0.89, 1.71) 0.205

*Comparisons adjusted for baseline systemic IL-6 blood levels.

TABLE VI Comparison of Blood TXA Levels Between IV and Topical TXA Groups

IV TXA Group Topical TXA Group

No. Mean ± SD (mg/L) No. Mean ± SD (mg/L)
Ratio of Geometric Means

(95% CI) P Value

Systemic TXA blood level

Intraoperative 31 31.0 ± 15.2 32 3.9 ± 13.1 349.2 (90.3, 1,349.5) <0.001

Postoperative (1 hr after
tourniquet release)

31 19.9 ± 8.3 32 7.2 ± 7.4 3.7 (2.6, 5.4) <0.001

Postoperative (4 hr after
tourniquet release)

31 27.4 ± 13.7 32 5.2 ± 8.8 8.5 (5.3, 13.6) <0.001

Wound TXA blood level

Intraoperative 31 21.1 ± 11.2 32 2.2 ± 9.2 339.1 (111.0, 1,036.2) <0.001

Postoperative (4 hr after
tourniquet release)

26 37.9 ± 16.1 31 31.4 ± 47.0 2.4 (1.5, 3.7) <0.001
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Systemic PAP levels did not differ significantly either
intraoperatively or at 1 hour after tourniquet release between
the topical TXA group and the IV TXA group; this indicated
that the systemic levels of antifibrinolytic activity were similar
in the 2 groups after the IV group received a single dose of IV
TXA. However, 4 hours after tourniquet release, the systemic
PAP levels in the patients who received IV TXA were signifi-
cantly lower (p = 0.049) than in the topical group, indicative of
higher antifibrinolytic activity after the second dose of IV TXA
(Table II). PAP levels in the wound intraoperatively and at 4
hours after tourniquet release also did not differ significantly
between the groups (Table II). Within the topical group, the
wound PAP levels were significantly lower than the systemic
PAP levels 4 hours after tourniquet release, implying less
antifibrinolytic activity systemically at this point in time. This is
consistent with the fact that the IV group received 2 doses of IV
TXA, maintaining its antifibrinolytic activity systemically 4
hours after tourniquet release, while the topical group received

only 1 dose of TXA (Table III, p = 0.021). Systemic PF1.2 levels
did not differ significantly between the groups at any time point
(Table IV), implying that there was no increase in thrombin
generation with IV TXA.

There was an upregulation of IL-6 levels in all patients,
regardless of group, 4 hours after tourniquet release (Table V).
IL-6 wound levels were significantly higher than systemic levels
4 hours after tourniquet release (p < 0.001) (Table V), with no
significant difference between the topical and IV groups.

Systemic and wound TXA levels were higher in the IV
group than in the topical group at all time points (p < 0.001)
(Table VI). The mean systemic TXA levels (and SD) in the
topical group were 7.2 ± 7.4 mg/L and 5.2 ± 8.8 mg/L at 1 and 4
hours after tourniquet release, respectively. At 4 hours after
tourniquet release, both groups had higher wound than systemic
blood levels of TXA. The calculated total blood loss was higher in
the topical group than in the IV group (p = 0.026). There was no
difference between groups in the amount of ConstaVac drainage

TABLE VII Comparison of Blood Loss and Discharge Times Between IV and Topical TXA Groups

IV TXA Group Topical TXA Group

No. Median (Q1, Q3)* No. Median (Q1, Q3)*
Hodges-Lehmann Estimate
of Location Shift (95% CI) P Value

Calculated total blood loss
(mL)

31 1,237 (780, 1,456) 32 1,405 (1,208, 1,700) 2259 (2500, 233) 0.026

ConstaVac drainage total
blood (mL)

28 100 (90, 185) 32 170 (118, 240) 240 (280, 10) 0.111

Time to PT discharge (days) 31 1.9 (1.8, 2.8) 32 2.9 (2.0, 3.0) 20.3 (20.9, 0) 0.053

Length of hospital stay
(days)

31 2.3 (2.0, 2.9) 32 3.0 (2.5, 3.2) 20.2 (20.9, 20.45) 0.025

*Q1 = first quartile, and Q3 = third quartile.

TABLE VIII Comparison of Hemoglobin and Hematocrit Levels Between IV and Topical TXA Groups

IV TXA Group Topical TXA Group

No. Mean ± SD No. Mean ± SD
Difference in Means

(95% CI)* P Value

Hemoglobin (g/dL)

Preop. 31 13.53 ± 1.13 32 13.75 ± 1.13

1 hr after tourniquet
release (PACU)

31 11.29 ± 1.21 32 11.41 ± 1.02 0.05 (20.25, 0.35) 0.741

POD1 30 11.12 ± 1.04 31 10.53 ± 0.13 0.72 (0.35, 1.10) <0.001

POD2 30 10.28 ± 1.19 32 9.94 ± 1.03 0.53 (0.16, 0 .90) 0.005

Hematocrit (%)

Preop. 31 40.8 ± 3.2 32 41 ± 2.8

1 hr after tourniquet
release (PACU)

31 33.6 ± 3.6 32 33.8 ± 2.6 20.01 (21, 0.8) 0.847

POD1 30 35.6 ± 12 31 31.5 ± 4 4.2 (20.1, 8.5) 0.058

POD2 30 31 ± 3.5 32 29.8 ± 2.7 1.4 (0.4, 2.5) 0.006

*Comparisons adjusted for baseline systemic hemoglobin and hematocrit blood levels.
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blood at 4 hours after tourniquet release (p = 0.111). The mean
time to discharge from PT did not differ significantly between
groups (p = 0.053), whereas the mean hospital length of stay was
shorter in the IV group (p = 0.025) (Table VII).

Hemoglobin levels were higher in the IV group than in
the topical group at postoperative day 1 (POD1) (p < 0.001)
and POD2 (p = 0.005). Hematocrit levels were higher in the IV
group than in the topical group at POD2 (p = 0.006) (Table
VIII). There were no thromboses in either the IVor the topical
group. Two patients, 1 in the IV group and 1 in the topical
group, received 1 unit of transfused blood during the hospital
stay.

Discussion

Two doses of IV TXAwere associated with lower PAP levels
in plasma, showing greater antifibrinolytic activity at the

systemic level, compared with either topical TXA or a single
dose of IV TKA. When topical use was compared with a single
dose of IV TXA, similar coagulation and fibrinolytic profiles
were noted. PF1.2 levels, a marker of thrombin generation, did
not differ between groups and hence suggest that TXA does not
increase the risk of thrombosis. This is consistent with the
theory that TXA acts only on the fibrinolytic pathway without
increasing thrombus formation. There was no difference in the
inflammatory response between the groups. Wound levels of
IL-6 were >100-fold higher than systemic levels, suggesting that
the wound is the principal site of inflammation.

High wound levels of TXAwere attained in the IV group,
and they were even higher than the levels in the topical group at
4 hours after tourniquet release, most likely reflecting the
second dose of IV TXA. At all time points, systemic levels of
TXA were higher in the IV group. The systemic levels in the
topical group (mean, 7.2 ± 7.4 mg/L at 1 hour) were in the
therapeutically active range for most patients17. In another
study, topical use of TXA at a dose of 3 g led to a mean serum
level of 8.5 mg/L (95% CI = 7.2 to 9.9 mg/mL)2. This dem-
onstrates that topical TXA results in therapeutic systemic levels,
and its systemic effects may be similar to those of IV TXA. In
our study, we used 3 g of topical TXA, which is routine at our
institution. Lower doses of topical TXA, which may actually
lead to lower systemic absorption, have been used3,18.

High levels of TXA in the wound, regardless of the route
of administration, suggest that the wound is the major site of
action for TXA.We found that the meanwound level of TXA in
the IV group was higher than the systemic level at 4 hours (37.9
versus 27.4 mg/L). Previously, in a population of hemophilic
patients, rapid diffusion of TXA was observed in joint fluid
1 hour after IV administration19. Wound levels of TXA in the
normal patient population have not been reported, to our
knowledge. Benoni et al. demonstrated more profound acti-
vation of both the coagulation and the fibrinolytic system in the
wound as opposed to systemically in patients undergoing
TKA20. In patients who received IV TXA, levels of D-dimers
were much lower in the wound compared with the systemic
circulation, leading to the conclusion that TXA inhibits fibri-
nolysis primarily through a local mechanism.

Concerns over the safety of IV TXA have been raised,
although it has been reported to be safe even in patients with a
history of thrombosis2. A recent meta-analysis showed that
TXA, regardless of route, was not associated with an increased
risk of venous thromboembolic events5. Despite this, many
physicians continue to express concern. According to recent
guidelines published by the American Association of Hip and
Knee Surgeons, the recommendation for use of TXA in high-
risk patients is limited because of a lack of strong supporting
evidence18.

Perioperative blood loss with both regimens has been
explored previously21. Several meta-analyses have concluded
that the dose, dosing regimen, and route of administration of
TXA have no effects on its blood-conserving properties4,5. In a
study of 640 patients treated with either IV or topical TXA,
greater blood loss was seen in the topical group but without any
difference in the rate of transfusion3. In our study, although the
amount of ConstaVac drainage did not differ between groups,
total calculated blood loss was significantly higher in the topical
group. This may be attributable to sustained levels of TXA in
the wound from the second dose of IV TXA in the IV group.
However, no difference in transfusion was noted between
groups. Of note, in patients undergoing joint arthroplasty, the
fibrinolytic response shows increased activity during the first 3
hours, peaking at 6 hours postoperatively, and is maintained
for about 18 hours22.

Interestingly, the IV group had a shorter length of stay
than the topical group. In a study of 40 patients treated with
TKAwho received either 1 g of TXA or no TXA, the TXA group
had a shorter length of stay (4.5 versus 5.4 days)23. In a retro-
spective study, patients who had received TXA walked farther
during their first PT session but there was no association with
length of stay24. In a prospective randomized controlled trial,
no difference in perioperative blood loss was found between IV
and topical TXA25. The patients who received IV TXA reported
less pain during the initial 24 hours after the operation, with
the potential for faster rehabilitation and a shorter length of
stay. The reason for the shorter length of stay in the IV group in
the present study is not clear. It may have been due to higher
hemoglobin levels or diminished knee pain, but we did not
look at pain scores.

There are several limitations to this study. We did not
include a group of patients who did not receive TXA. From an
ethical standpoint, it is reasonable to assert that the literature at
this point would not support TXA versus no-TXA groups.
Another limitation is that IL-6 levels were collected only up to 4
hours postoperatively whereas, in other studies13,14, these levels
were followed up to 48 hours postoperatively. In addition,
although no thrombotic events were observed, our study was
not powered for such clinical outcomes.

In conclusion, this study raises questions about whether
topical TXAoffers any advantages over IV TXA, and yet the use of
topical TXA has no clinical contraindications. IV TXA leads to
higher wound concentrations, raising the possibility that the
wound is the major site of action regardless of the mode of
administration. Lower systemic TXA levels were seen in the
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topical group, but they were still considered to be in the thera-
peutic range for most patients. There was no difference in sys-
temic PAP levels 1 hour after tourniquet release, suggesting
similar antifibrinolytic activity in the topical and IV TXA groups
at a point at which the IV group had received only 1 dose.
Increased antifibrinolytic activity was seen after the second dose
of IV TXA, but without an increase in thrombin generation as
shown by the PF1.2 levels, suggesting a lack of increased risk of
thrombosis with such a dose of IV TXA. The effect of the
inflammatory response was also similar. Consequently, the
clinical rationale invoking the safety of topical over IV TXA may
not be sound. In addition, IVadministration allows an immediate
desired effect, especially in the absence of a tourniquet. Given that
therapeutic levels were reached with topical TXA and the lack of a
major difference in the mechanism of action, coagulation, and
fibrinolytic profile between topical TXA and a single dose of IV
TXA, it may be a simpler protocol for institutions to adopt the
use of a single dose of IV TXA when safety is a concern.

Appendix
Supporting material provided by the authors is posted
with the online version of this article as a data supplement

at jbjs.org (http://links.lww.com/JBJS/F506). n
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