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INTRODUCTION
Patients with major burn injuries are prone to massive 

blood loss due to the tangential excision of burn wounds 
and donor skin harvesting. Historic quantitative estimates 
suggest blood loss of 5%–15% of the total blood volume 
per 1% burn excised and grafted.1–4 This is a cause of 
concern because significant blood loss and subsequent 
transfusions are associated with major morbidity and mor-
tality.5,6 Interventions such as tourniquets, vasoconstric-
tors, tumescence, electrocautery, and hemostatic agents 
have reduced bleeding in burn surgery; however, a con-
sensus regarding the optimal treatment protocol has not 
been established.7

Antifibrinolytic drugs prevent dissolution of clot-
ted blood, thereby reducing bleeding. Tranexamic 
acid (TXA) is the most commonly used antifibrinolytic 
drug.8 Intravenous (IV) administration of TXA in surgi-
cal settings can reduce bleeding and the need for blood 
transfusions by approximately one-third.9,10 Prophylactic 
use has become commonplace, particularly in cardiac 
and orthopedic surgery, and seems exceedingly safe in 
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elective surgery.11–13 However, it is uncertain whether TXA 
increases the risk of venous thromboembolism (VTE) in 
patients with potentially disturbed coagulation, particu-
larly in trauma patients and those who have undergone 
significant bleeding.14–18 Although observational and ret-
rospective studies have revealed coagulopathy and platelet 
dysfunction in acute burns, adequately powered prospec-
tive studies investigating the association between TXA and 
risk of thrombosis in burns are lacking.19

Topical administration of TXA is an alternative to sys-
temic administration. Although off-label, topical admin-
istration may provide therapeutic concentrations on the 
wound surface with negligible systemic concentrations.20 
Instillation into joints and the mediastinum has shown 
effects equal to those of IV administration in orthopedic 
and cardiac surgery.21 Our group previously demonstrated 
a similar effect from simple moistening of a wound sur-
face with 25 mg per mL TXA.22,23 This method may be par-
ticularly applicable in burn surgery. However, a possible 
drawback of local administration is cell toxicity. In an ex 
vivo human skin wound model, re-epithelialization was 
inhibited by prolonged exposure to high concentrations 
of TXA.24 No such inhibitory effect was present with short-
term exposure to even undiluted (100 mg/mL) TXA 
or prolonged exposure to concentrations below 20 mg 
per mL, indicating that diluted TXA is unlikely to affect 
wound re-epithelialization.24

This study aimed to evaluate whether topical TXA 
(25 mg/mL) reduces blood loss or affects wound re- 
epithelialization in homogenous superficial wounds cre-
ated from split-thickness skin graft (STSG) harvesting in 
burn surgery.

METHODS
This single-center, double-blinded randomized 

controlled trial (RCT) was registered at ClinicalTrials.
gov (NCT02918201) and approved by the Norwegian 
Medicines Agency (16/07752-14) and the Regional 
Committee for Medical and Health Research Ethics in 
Mid Norway (2016/831 and 2020/6808). The trial was 
conducted in accordance with Good Clinical Practice and 
the principles of the Declaration of Helsinki.

Study Population
Patients admitted to the National Burn Center at 

Haukeland University Hospital in Bergen, Norway, 
between January 2021 and April 2022, who were older 
than 18 years of age and had burn injuries that required 
treatment with at least two separate donor sites for STSG, 
were included by three burn surgeons participating in 
the study. The exclusion criteria were a known allergy to 
TXA and pregnancy or breastfeeding. Eligible patients 
or their next of kin received oral and written informa-
tion about the study before surgery and signed a consent 
form. For those who were unable to provide informed 
consent at the time of inclusion and who consented by 
next of kin, additional written consent was obtained 
when the patient was medically competent to consider 
inclusion.

Intervention
Before trial initiation, the three surgeons participating 

in the study received training regarding protocol surgical 
technique. Three pilot patients were included to ensure 
standardization of intervention. In each patient included 
in the study, one or more paired donor sites were created 
using the Zimmer Air dermatome with 0.01” cutting depth 
and 4-inch-wide plate. The donor wounds were primarily 
placed on the lower extremities or abdomen. Before har-
vesting, all donor sites were infiltrated with a tumescent 
(saline-epinephrine solution 2 µg/mL), in accordance 
with our institutional standard of care. Paired wounds 
were of comparable size, depth, and location and were 
labeled “A” and “B.” The wounds’ location and label were 
documented in a separate study form for each wound 
pair. A study nurse not involved in the operation prepared 
two identical vials of 20 mL saline, marking them “A” and 
“B.” A sealed numbered study envelope stated which vial 
should receive TXA. In the study drug vial, 5 mL of saline 
was replaced with 5 mL of 100 mg per mL TXA, yielding a 
solution of 25 mg per mL TXA. Both vials received 0.1 mL 
epinephrine 1 mg per mL, yielding an epinephrine con-
centration of 5 µg per mL to match the hemostatic saline-
epinephrine solution applied topically to donor wounds 
at our burn center. The sets of vials and the corresponding 
study ID numbers were delivered to the operating theater.

After skin graft harvesting, donor wounds were imme-
diately and temporarily covered with gauze soaked in 5 µg 
per mL saline-epinephrine solution, in accordance with 
standard of care.

At the time of epinephrine gauze removal, the study 
donor sites were smeared with the entire volume of respec-
tive study solutions, and gloves were changed between 
each application to avoid cross-contamination. The study 
wounds were then covered with an innermost nonabsor-
bent layer of Vaseline gauze and five dry surgical gauzes to 
absorb the blood and exudate. The weight of a single dry 
gauze was consistent (27.5 g). The dressings were marked 
“A” and “B” according to the drug vials used. On the 
extremities, a circular elastic bandage loosely secured the 
five study gauzes. On the trunk, the dressings were held 
in place using a loose and elastic tubular net bandage. No 
occlusive bandages were used, as vapor from one study 
wound could then be absorbed by the gauzes overlying 
the other wound.

Takeaways
Question: Does topical tranexamic acid reduce bleeding 
or affect wound re-epithelialization in split-thickness skin 
graft donor wounds in burn surgery?

Findings: In this first randomized controlled trial on 
topical tranexamic acid in burns, we have demonstrated 
that topical use does not delay wound healing. Although 
a reduction in bleeding is suggested, it was not clinically 
significant.

Meaning: Topical use of tranexamic acid in burn surgery 
does not delay wound healing and may have a potential in 
reducing bleeding.
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On the first postoperative day, the dressings were 
removed, except for the innermost Vaseline gauze. The 
wound surface area and the area of the blood stain on the 
innermost gauze were measured. Dressing weight gain was 
calculated by weighing the five dry gauzes and subtract-
ing the dry weight (137.5 g). The paired gauzes were then 
visually assessed for bleeding. This was photo documented 
for later direct comparison by two of the participating 
surgeons. We used the intensity of the color and number 
of layers stained as markers. Contamination of blood and 
oozing from neighboring donor wounds were noted. In 
instances where the surgeons differed in opinion, the 
photographs were reassessed for consensus. Registration 
of first postoperative day data was performed by one of 
the participating surgeons along with a study nurse, all of 
whom were blinded.

Until wound healing at approximately 3–4 weeks, the 
participants were monitored for possible adverse events 
and postoperative complications.

Randomization
Computer-generated randomization in blocks of 10 and 

6, production of corresponding sealed study envelopes, 
and organization of electronic case report forms were pro-
vided by the Clinical Research Unit of St. Olav’s University 
Hospital, Trondheim, Norway. Sealed envelopes were sent 
to the burn center at Haukeland University Hospital, where 
randomization instructions were executed by a study nurse 
who was otherwise not connected to the surgical proce-
dures or patient follow-ups. All participants and personnel 
involved in surgery, follow-up, data collection, and statisti-
cal analysis were blinded to the randomization.

Study Endpoints
The primary endpoint was postoperative bleeding, 

defined as the net weight gain of the dressings per wound 
area. The secondary endpoints were blood stain to wound 
area ratio and visual comparison of the amount of blood 
between paired dressings. All variables were recorded on 
the first postoperative day. Additional secondary outcomes 
were time to re-epithelialization, defined as no oozing in 
the dressings, and the occurrence of complications, such 
as wound infections and thromboembolic events. This 
information was obtained by investigators participating in 
dressing changes and by extraction from patients’ medi-
cal records. For patients discharged from the hospital 
before complete re-epithelialization, additional data was 
collected through video consultations.

Statistical Analysis
A 25% or more reduction in bleeding in TXA donor 

wounds was considered clinically significant. A delay in 
healing time or an increase in infection rate of 25% or 
more was also considered clinically significant. The SD was 
uncertain, as few similar studies exist but were estimated 
to be 0.4, based on previous effect studies.22,23 As each 
patient was his or her own control, using a paired samples 
t test to detect a difference of 0.25, and a standard devia-
tion of 0.4, α of 0.05, and power of 0.80, a sample size of 
23 wound pairs was needed.25 We chose to include a total 

of 36 wound pairs for additional power in case of technical 
difficulties, because previous effect studies did not use the 
same surrogate variables for bleeding used in this study. 
Continuous data were analyzed using the paired samples 
t test for normally distributed data and Wilcoxon signed-
rank test for nonnormally distributed data. Categorical 
data were analyzed using the chi squared test. We analyzed 
the results for each wound pair as separate cases (Table 1) 
and for each patient as separate cases, using average vari-
able scores for the wound pairs within the same patient 
(Table 2).

RESULTS
Twenty-four patients (36 wound pairs) were enrolled 

in the study. One patient was excluded because the 
study drug was not administered due to technical error. 
The final dataset consisted of 23 patients with 35 wound 
pairs (Fig. 1). Five wound pairs had blood stains that had 
reached the edges of the gauzes or bled through all five 
gauzes, indicating insufficient dressing material and a 
possible loss of fluid. Therefore, we conducted a post hoc 
analysis excluding wounds with blood overflow (Table 3). 
All continuous data were nonnormally distributed, and 
the Wilcoxon signed-rank test was used for these analyses. 
Conducting a paired sample t test on the log-transformed 
data did not change the overall results.

Overall, there was no significant difference in the vari-
ables used to assess bleeding [dressing weight gain per 
cm2 wound surface, blood stain area-to-wound area ratio, 
and observer visual comparison of the amount of blood in 
the dressing material (Tables 1–3)]. However, when con-
ducting a post hoc subanalysis of wounds where the pla-
cebo wound had a dressing weight gain equal to or above 
the median, the difference in dressing weight gain per 
cm2 was significantly in favor of TXA in all three versions 
of the analyses (Tables 1–3, P value range 0.016–0.041), 
albeit not with the 25% difference which we had set as a 
clinically relevant level. There was a nonsignificant trend 
toward a smaller blood stain area-to-wound area ratio in 
the TXA wound. Similarly, visual assessment of the dress-
ing material more often rated placebo dressings as having 
absorbed the most blood (Fig. 2). However, the difference 
was significant only after excluding wounds with poten-
tially significant errors due to blood overflow (Table 3).

There was no difference in the time to re- 
epithelialization between TXA and placebo wounds 
(Tables 1–3). A local wound infection was noted in both 
TXA and placebo wounds in five wound pairs, and solely 
in the TXA wound in two wound pairs. The difference was 
not significant (P = 0.75, chi-squared test). One patient 
experienced a pulmonary embolism 2 weeks after inclu-
sion, and one patient experienced a thrombus in associa-
tion with a central venous catheter.

DISCUSSION
This is the first RCT on topical use of TXA in burn 

patients. Only two case reports and one prospective 
observational study have been published on topical 
use in burns.26–28 The main strength of the study is the 
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double-blind RCT design and within-patient random-
ization for optimizing homogeneity of study wounds. 
Furthermore, this study adds to safety data in burns, as 
it demonstrates that topical TXA 25 mg per mL does not 
delay re-epithelialization, nor does it lead to any other 
adverse effects. However, this pilot study failed to demon-
strate a clinically relevant reduction in bleeding from topi-
cal use of TXA in the selected patient population, which 
we postulate may be due to flaws in study size and design.

A major limitation of this study is the indirect measure-
ment of wound bleeding. Estimating blood loss during 
surgery is difficult, and, to date, there is no gold standard 
method. Gravimetric estimation leads to underestimation 
of blood loss29 and does not separate blood from other 
fluids. If topical TXA were applied to all wounds in a 
patient, appropriate formulas could have been used to 
assess systemic blood loss. However, this was not an option 
given the within-patient randomization of relatively small 
wounds. Notably, blood loss estimation formulas may also 
be uncertain and tend to overestimate the blood loss.29

A major confounding factor in our study is the use 
of tumescence infiltration. The study institution infil-
trates donor sites with a saline-epinephrine hemostatic 
solution which effectively reduces bleeding. In addition, 

the solution contributes to the volume absorbed by 
overlying dressing material. The amount of tumescence 
infiltration was not registered. As most of the fluid in 
dressing material with the least amount of blood could 
have been primarily transudate and infiltration fluid, a 
post hoc separate assessment of the wounds with dress-
ing weight above median in the placebo wounds was 
conducted, assuming that these wounds bled more. In 
this population, topical TXA reduced dressing weight. 
Of note, our post hoc analysis and assumptions were 
done in the aftermath of the technical difficulties 
encountered in this pilot study. Ideally, the study should 
have been performed in a study population where the 
use of tumescence has not been introduced. However, 
we did not find it ethically sound to remove an effective 
standard of care.

Another limitation of this study is the rather coarse and 
subjective determination of a “healed wound.” Though 
not an established and validated end point for burn 
wound healing, as such is lacking, we defined the wound 
as healed when the wound appeared with a dry surface 
and was no longer oozing in the dressings. Alternatively, 
histological examination would require multiple biopsies, 
but we did not deem such an intervention appropriate for 

Fig. 1. cOnSOrt diagram for the study.
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this pilot study. The study suggests that 25 mg per mL of 
topical tranexamic acid does not significantly affect re-
epithelialization. Still, conclusions cannot be finally drawn 
regarding the effect of TXA on other scar properties such 
as tensile strength.30,31

Our study encountered further technical difficulties. 
When visually assessing the dressing material, blood had 
sometimes reached the edges of the gauze and/or bled 
through all five gauzes. This led to an uncertainty regard-
ing the actual amount of fluid absorbed by the study 
gauzes, since fluid may have been absorbed by adjacent 
dressing or bandage material. In addition, in cases of 
more extensive burn injuries, we were forced to place the 
donor wounds in proximity because of the lack of avail-
able donor skin. In these instances, we sometimes experi-
enced contamination of blood and fluid from neighboring 
donor wounds. In retrospect, additional dressing materi-
als should be added to each wound.

Two patients included in our study experienced vas-
cular occlusive events: one pulmonary embolism 2 weeks 
postoperatively and one venous thrombus associated with 
a central venous catheter. As the total wound surface area 
exposed to TXA was very small in our study, a systemic 
concentration above the therapeutic threshold value 
for antifibrinolytic effects is very unlikely.20 However, 
the study was not powered to evaluate the risk of venous 
thromboembolism (VTE). Although there seem to be 
benefits from intravenous TXA in certain trauma situa-
tions,14,32 there is little research on its use in burns. Walsh 
et al addressed this issue in 2014, pointing out the com-
plexity of burn patients with an associated increased risk 
of VTE.33 To our knowledge, three RCTs34–36 and three 
retrospective studies37–39 on the use of IV TXA in burn 
surgery have been published. All the studies reported 
significantly reduced transfusion requirements. However, 
the sample sizes were small and insufficient for evaluating 
the potential effect of TXA on VTE. Only Dominguez et 
al37 found any vascular occlusive events but without signif-
icant differences between the TXA and placebo groups.

Based on the mechanism of action of TXA and cur-
rent knowledge regarding the possible increased risk 
of VTE that intravenous TXA poses on traumatized 
patients,15 topical TXA may be a sound alternative in 
burn patients, as it results in lower plasma concentrations 
and reduced risk of systemic effects. However, systemic 
drug concentration is expected to be proportional to the 
dose applied40 and may also be influenced by the surface 
area, tissue vascularity, and duration of exposure. In vitro 
studies have suggested that fibrinolysis is significantly 
inhibited by a plasma concentration of approximately 10 
µg per mL in adults.41 Moistening of the wound surface 
after abdominoplasty with 20 mL of TXA (25 mg/mL) 
resulted in a peak serum concentrations of 5.2 ± 2.6 µg 
per mL.20 Hence, covering an extensive burn with large 
volumes of TXA (25 mg/mL) is likely to lead to concen-
trations above the threshold value for systemic therapeu-
tic effects, thereby theoretically increasing the risk of 
VTE. As concentrations as low as 1 mg per mL have been 
found to be effective in wound irrigation, lower concen-
trations and, possibly, other modes of administration, Ta
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such as moistening the innermost dressing,28 may be pru-
dent in burn surgery.

CONCLUSIONS
Topical use of TXA in burn surgery does not delay 

wound re-epithelialization. Our study failed to demon-
strate a clinically significant reduction in bleeding when 
topical TXA was applied to STSG donor wounds infiltrated 
with tumescence. Further studies are needed to explore 
the role of topical TXA in donor wounds, grafted wound 
areas, and superficial wounds. The limitations in method-
ology and the confounding factors of this first pilot RCT 
may conceal a potential benefit from topical use of TXA 
in burn surgery.
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