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Objective: Debridement of burn wounds and skin graft harvesting is associated with increased peri-
operative bleeding. In this study we evaluated the effectiveness of tranexamic acid in reducing blood
transfusion requirements during burn wound debridement/eschar removal and skin graft harvesting in
adults with major burn injuries, with the primary outcome being the total amount of intraoperative blood
loss.
Methods: Fifty adult patients having >20% total body surface area of burn wounds, scheduled for wound
debridement/eschar removal ± skin grafting after 10 days of burn injury under general anaesthesia were
included. Patients were randomly allocated to receive either injection tranexamic acid 15 mg/kg diluted
to 25 ml with isotonic saline over 10 min or an equal volume of only isotonic saline before induction of
general anaesthesia. Venous blood gas analysis was done in the beginning and end of surgery, and then at
24 postoperative hours to assess hemoglobin levels of the patients. Blood transfusion was given when
hemoglobin levels fell down to or below 7 gm/dl. Intraoperative blood loss was calculated using the
Gross formula.
Results: Intraoperative blood loss was found to be significantly higher in placebo group compared to
tranexamic group, 990 ± 358.9 ml vs 581 ± 333.2 ml (p < 0.00), with more blood and colloid solutions
being used to replace the blood loss in placebo group (p < 0.05).
Conclusions: Preoperative administration of a single dose of tranexamic acid significantly reduces blood
loss during debridement of burn wounds and skin graft harvesting surgeries without increasing the risk
of untoward side-effects or complications.
� 2017 Publishing services by Elsevier B.V. on behalf of Egyptian Society of Anesthesiologists. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Debridement of burn wounds and skin graft harvesting is asso-
ciated with increased peri-operative bleeding, particularly in cases
where the percentage of total body surface area burnt is high.
These surgeries maybe associated with blood loss significant
enough to warrant transfusion of blood products [1]. It is impor-
tant that we use blood and blood components judiciously, since
they are an expensive and a limited resource. Further, serious
side-effects can occur following transfusion of these products, thus
increasing perioperative morbidity and mortality. Hence, various
blood conservation strategies including subcutaneous or topical
adrenaline, topical thrombin, limb tourniquets have been used to
reduce blood loss during burn wound debridement [2–4]. But,
these techniques are not used consistently [5] and search for
cost-effective alternatives is still going on.

In recent years, role of antifibrinolytic agents (aprotinin, tranex-
amic acid and epsilon-aminocaproic acid) to reduce perioperative
bleeding and thus the requirement of blood transfusion has been
evaluated [6]. Of the various antifibrinolytic agents available, the
effectiveness and safety of tranexamic acid in reducing surgical
blood loss has been widely studied in joint arthroplasties, cardiac
surgical procedures, paediatric surgeries and in musculoskeletal
trauma patients [7–12]. A number of previous reports [13,14] sug-
gest various other techniques that are available to help reduce
blood loss in burn surgeries. These include topical application of
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adrenaline soaks, thrombin solutions and subcutaneous adrenaline
infiltration. However, there are no reports in literature evaluating
the role of tranexamic acid in reducing surgical blood loss and
blood transfusion requirements during burn wound debridement.
Thus, the present study was planned with the aim of evaluating
the effectiveness of tranexamic acid in reducing blood transfusion
requirements during burn wound debridement/eschar removal
and skin graft harvesting in adults with major burn injuries. Pri-
mary outcome measure of our study was the total amount of intra-
operative blood loss and secondary outcome measures included
blood transfusion requirements (transfusion trigger point of
7 gm/dl), the change in hemoglobin and hematocrit levels follow-
ing burn wound debridement/eschar removal and skin graft har-
vesting as well as any untoward effects attributed to the use of
study drug.
2. Methods

After institutional ethics committee approval, this prospective,
randomized, double blind, placebo controlled study was carried
out by the department of Anaesthesia & Intensive Care and Plastic
Surgery over a period of 2 years (July 2013 to July 2015). After
obtaining written informed patient consent, 50 adult patients of
either sex in the age group of 18–50 years, ASA physical status I/
II, having >20% total body surface area (TBSA) of burn wounds,
scheduled for wound debridement/eschar removal ± skin grafting
after 10 days of burn injury under general anaesthesia were
included in the study. Only third degree burns patients with obvi-
ous eschar were taken for debridement. Patients with a docu-
mented history of infarction, unstable angina, renal or hepatic
insufficiency, pregnancy, ocular pathology, coagulopathy and those
with allergy to tranexamic acid were excluded from the study.

The study design was prospective, randomized, double blind
and placebo controlled. Using a computer generated random num-
ber table, patients were randomly allocated to either tranexamic
acid group (n = 25) or placebo group (n = 25). Allocation conceal-
ment was done using sequentially numbered coded sealed envel-
opes. The study drugs were prepared in identical looking
syringes by independent investigator not involved in recording
the observations. The contents of syringe were unknown to both
the surgeon who was operating and the anaesthesiologist involved
in administering the drug and recording of observations. Decoding
was done on completion of the study.

All patients were kept fasting after midnight and pre-medicated
with tablet alprazolam 0.25 mg and tablet ranitidine 150 mg orally
night before and two hours prior to surgery. In the operating room,
patients were monitored for heart rate (HR), non-invasive blood
pressure (NIBP), continuous electrocardiogram (ECG), arterial oxy-
gen saturation (SpO2), end tidal carbon dioxide (EtCO2) and tem-
perature using multichannel monitors. Baseline readings were
recorded and an intravenous access was established in all patients.
Tranexamic acid group patients (n = 25) received injection tranex-
amic acid 15 mg/kg diluted to 25 ml with isotonic saline over
10 min and placebo group patients (n = 25) received an equal vol-
ume of only isotonic saline before induction of general anaesthesia.

A standard technique was used for general anaesthesia induc-
tion in all the groups. Anaesthesia was induced with intravenous
Morphine 0.1 mg kg�1 and Propofol 2–3 mg kg�1. Vecuronium bro-
mide 0.1 mg kg�1 was used to facilitate tracheal intubation. Main-
tenance of anaesthesia was provided with 66% nitrous oxide in
oxygen supplemented with isoflurane (1–2%). Venous blood gas
analysis was done in the beginning of surgery, at the end of proce-
dure and then at 24 postoperative hours to assess the hemoglobin
levels of the patients. Blood transfusion was given to the patients
in cases where the hemoglobin levels fell down to or below
7 gm/dl. In all patients in our study we also used adrenaline soaked
(1:2,00,000 dilution) gauze pieces alongwith cautery and limb ele-
vation to decrease amount of blood loss. At the end of surgery, all
patients received ondansetron 4 mg i.v. and residual neuromuscu-
lar blockade was reversed with intravenous neostigmine
50 mg kg�1 and glycopyrrolate 10 mg kg�1.

Intraoperative blood loss was calculated using the formula
described by Gross [15]: CBL = EBV � [(Hb (i) – Hb (f))/Hb (m)]
+ Tx where CBL is the calculated blood loss, EBV is the estimated
blood volume, Hb (i), Hb (f) and Hb (m) are the initial, final and
mean (of initial and final) hemoglobin levels respectively and Tx
is the total transfusion volume received (in milliliters). Any com-
plications or side-effects due to the study drugs were also
recorded.

The data was analyzed with Statistical Package for Social Stud-
ies (SPSS for windows 14, Chicago, IL, USA). Patient characteristics
were analyzed by the Chi-square test for nominal data. Parametric
data (age, height, weight) was analyzed using the independent
samples t-test. Non parametric data was analyzed using Mann
Whitney-U test. To evaluate anaesthetic data the independent
samples t-test or the Mann Whitney-U test was used. Quantitative
data was expressed as mean ± S.D. Categorical data was expressed
as median (IQR) or number (%). P-value of <0.05 was considered
statistically significant.

As this was the first study evaluating the effect of tranexamic
acid in burn patients, we did pilot cases (10 patients in each group)
to determine the sample size. Mean blood loss was 900 ± 200 ml in
placebo group and 700 ± 200 ml in tranexamic acid group. To
detect this difference with 90% power and a level of significance
of 5%, we needed to recruit 22 patients in each group. To account
for possible dropouts we decided to include 25 patients in each
group.
3. Results

Sixty patients were assessed for eligibility, of which 6 patients
did not meet the inclusion criteria and 4 patients refused to give
consent for participation in the study. A total of fifty patients were
included in the study and eventually analyzed. The CONSORT flow
diagram is presented in Fig. 1.

Both the groups were comparable in terms of patient demo-
graphics (i.e., age, weight, gender distribution, patient tempera-
ture). Total body surface area burnt (%), duration of surgery and
number of patients undergoing limb debridement and trunk
debridement was also comparable between the two groups
(Table 1). In both the group of patients, on an average only 15–
20% of the total burnt area was debrided, with skin grafting being
done in 8 patients in tranexamic group and 6 patients in placebo
group.

Intraoperative blood loss per percentage total burn surface area
was significantly higher in placebo group as compared to tranex-
amic group (Table 2), with the mean blood loss being
990 ± 358.9 ml vs. 581 ± 333.2 ml (p < 0.00) in the placebo and
tranexamic groups respectively.

Preoperative hematological status (hemoglobin and hematocrit)
was comparable between the two groups (Table 3). However, as
compared to the tranexamic group, in the placebo group, postoper-
ative hemoglobin, immediately and at 24 postoperative hours, was
significantly lower (p < 0.05). The immediate postoperative hema-
tocrit was also significantly lower in placebo group as compared to
tranexamic group (Table 4).

In the placebo group more blood and colloid solutions were
used to replace the blood loss (p < 0.05) (Table 5). In tranexamic
group, only 6 patients required blood transfusion compared to 13
patients in placebo group (p < 0.05) and only 7 units of blood
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Fig. 1. Consort flow diagram.
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was transfused in tranexamic group while a total of 20 units of
blood was transfused in placebo group.

None of our patients had any complications or side-effects with
the use of tranexamic acid.

4. Discussion

Burn wound debridement involves removal of necrotic and
devitalized tissue from the wound so as to obtain a vascularized
wound bed which promotes healing and prevents infection.
Debridement also facilitates survival of skin grafts. However, one
of the main concerns with this procedure is the increased blood
loss from donor as well as debridement sites, thus resulting in
greater requirement of blood transfusions, along with its potential
complications like high risk of bacterial infection and increased
costs [16]. Though, at times, it is rather difficult to control blood
loss, but it is often beneficial to use strategies that minimize blood
loss and thus reduce patient morbidity and mortality [17].

Reported incidence of blood loss in extensive escharectomy and
microskin graft placement is 77. 29 ml per 1% TBSA [18]. Burn
wound excision is associated with more blood loss, with 3.5–5%
of the blood volume being lost for every 1% of the body surface area
excised and grafted [19,20]. Previous studies have evaluated vari-
ous techniques for reducing blood loss, including manual compres-
sion, use of tourniquet, topical and subcutaneous epinephrine,
topical thrombin and fibrin glue [17,21,22]. However, efficacy of
these techniques is not well defined.

Primary hyperfibrinolysis is one of the main reasons for intra-
operative blood loss that occurs during surgery. This forms the
basis for the use of antifibrinolytic agents, like aprotonin and
tranexamic acid, to reduce perioperative blood loss and transfusion
requirements [23]. Aprotonin is an expensive medication and its
administration can result in anaphylaxis, rhabdomyolysis, obstruc-
tive uropathy, and myoglobinuria. Tranexamic acid is a cost-
effective synthetic antifibrinolytic drug. It competitively decreases
the activation of plasminogen to plasmin [24] and has been suc-
cessfully used in the past for decreasing perioperative blood loss
in cardiac, spine, maxillofacial surgeries, total knee and hip arthro-
plasties, neurosurgeries, gynecologic surgeries and cesarean sec-
tions [25–28]. In a recent retrospective analysis, Dominguez et al.
[29] evaluated transfusion requirements in severely burnt patients.
They concluded that the incidence of allogenic blood transfusion
significantly reduced following intraoperative tranexamic acid
administration. However, till date the effectiveness of tranexamic



Table 1
Demographic characteristics of patients.

Tranexamic group (n = 25) Placebo group (n = 25)

Age (years) 35.12 ± 8.65 36.16 ± 9.22
Weight (kg) 59.36 ± 7.12 60.28 ± 7.50
BMI (kg/m2) 20.8 ± 1.7 21.6 ± 1.9
BSA (m2) 1.7 ± 0.5 1.8 ± 0.6
Gender (M/F) 15/10 14/11
Patient temperature (�F) 98.6 ± 1.2 98.1 ± 1.4
Duration of surgery (min) 101.80 ± 20.15 104.00 ± 19.69
Total Burn Surface Area (%) 38.64 ± 7.13 41.80 ± 6.60
Patients undergoing limb

debridement (number)
13 11
(– Only limb burns in variable combinations = 7 – limb burns
with minor trunk involvement = 6)

(– Only limb burns in variable combinations = 6 – limb burns
with minor trunk involvement = 5)

Patients undergoing mainly trunk
debridement (number)

12 14

Values are expressed as mean ± SD or number.

Table 2
Intraoperative blood loss in both groups.

Tranexamic
group
(n = 25)

Placebo
group
(n = 25)

p-values

Blood loss/total burn surface
area (ml/%burn surface area)

14.81 ± 7.73 23.78 ± 8.69 p < 0.0001

Values are expressed as mean ± SD.

Table 3
Preoperative hematologic data.

Tranexamic group
(n = 25)

Placebo group
(n = 25)

p-values

Hemoglobin (g/dL) 10.34 ± 0.96 10.50 ± 0.95 0.545
Hematocrit (%) 31.72 ± 2.89 31.80 ± 2.77 0.829

Values are expressed as mean ± SD.

Table 4
Postoperative hematologic data.

Tranexamic
group
(n = 25)

Placebo
group
(n = 25)

p-values

Hemoglobin (postoperative) (g/dL) 8.64 ± 1.30 7.69 ± 1.22 0.015
Hemoglobin (24 h postoperative)

(g/dL)
8.28 ± 1.37 7.48 ± 1.07 0.040

Hematocrit (postoperative) (%) 26.08 ± 4.27 22.88 ± 3.77 0.010
Hematocrit 24 h (postoperative) (%) 24.68 ± 4.46 22.36 ± 3.32 0.068

Values are expressed as mean ± SD.

Table 5
Perioperative replacement solutions used in both groups.

Tranexamic
group (n = 25)

Placebo group
(n = 25)

p-values

Intraop crystalloids (units) 3.00 ± 0.58 3.08 ± 0.49 0.605
Intraop colloids (units) 0.60 ± 0.65 1.32 ± 0.75 0.001
Total PRBC transfused (units) 0.28 ± 0.54 0.80 ± 0.87 0.022

Values are expressed as mean ± SD.
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acid in burn surgeries has never been prospectively evaluated. We
studied its role in burn wound debridement and skin graft harvest-
ing surgeries in patients having >20% TBSA of burn wounds. It was
observed that with the intravenous administration of 15 mg/kg
tranexamic acid there was a significant reduction in intraoperative
blood loss, with significantly less number of patients requiring
blood transfusion. Postoperative hemoglobin and haematocrit
levels were also higher in patients receiving tranexamic acid
preoperatively.

We, in our study, included patients coming for burn wound
debridement and graft harvesting after 10 days of burn injury, as
debridements are often done at this stage. Early burn wound exci-
sion is not a very frequently performed procedure at our institute,
as excisions, especially tangential, are associated with significant
amount of blood loss. Though debridement at 2 weeks following
burn injury is associated with less blood loss as compared to burn
wound tangential excision, however these losses are significant
enough to greatly increase patient morbidity. Bleeding increases
the patient’s hospital stay, may necessitate re-operation, increases
skin graft loss as well as the need for blood transfusion. Further,
there is increased risk of hemolytic reactions, anaphylaxis, infec-
tions and acute lung injury with blood transfusions. Thus measures
that significantly decrease blood loss greatly improve patient
outcome.

The pre-incisional administration of tranexamic acid is known
to decrease bleeding in total hip arthroplasty, knee arthroplasty
and cesarean delivery. Tranexamic acid is known to be most effec-
tive when it is administered prophylactically or preoperatively,
with it having little benefit when given intraoperatively [30,31].
This is because surgical procedure is associated with fibrinolytic
activation, which is most easily inhibited in its earlier phase. Thus
for its optimum effect, tranexamic acid should be administered
prophylactically at an earlier stage [30,32]. We, in our study also
administered tranexamic acid prophylactically, prior to start of
surgical procedure and found it to be highly beneficial in reducing
blood loss and blood transfusion requirements.

We did not find any side-effects or complications like hypoten-
sion, allergic reactions, postoperative nausea, vomiting, headache,
dizziness, infection, thromboembolic episodes with the use of
tranexamic acid in our study. As is well known, tranexamic acid
should be administered slowly as an infusion, as its rapid adminis-
tration is known to cause hypotension. Although a recent review
has reported the incidence of venous thromboembolic events to
be to the tune of 0.7%, however, many previous studies have also
confirmed that the use of tranexamic acid does not increase the
risk of thrombotic complications [33]. Nonetheless, it should be
used with caution in patients with history of a thromboembolic
event or a family history of thromboembolic disease.

One of the main limitation of our study was that our sample size
was not adequately sized to comment on the long term benefits of
administering tranexamic acid like 6 months or 1 year mortality
rate, graft failure rate, renal failure rate, etc. Further studies, with
larger sample size need to be conducted in future to find out the
long term clinical benefits of administering tranexamic acid.
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5. Conclusion

Preoperative administration of a single dose of tranexamic acid
significantly reduces blood loss during debridement of burn
wounds and skin graft harvesting surgeries without increasing
the risk of untoward side-effects or complications. Therefore, the
cost-benefit ratio of single dose tranexamic acid therapy seems
to be extremely rewarding as it significantly decreases periopera-
tive blood transfusion requirements and its associated risks.
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