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Abstract Introduction Intra and postoperative bleeding are the most frequent and feared
complications in adenotonsillectomy (AT). Tranexamic acid (TXA), which is known for
its antifibrinolytic effects, has a proven benefit in reducing bleeding in hemorrhagic
trauma and cardiac surgery; however, the effectiveness and timing of its application in
AT have not yet been established.

Objectives We aimed to evaluate the efficacy of TXA in controlling bleeding during
and after AT and assess its possible adverse effects in children.

Methods The present randomized, controlled, double-blind clinical trial included 63
children aged 2 to 12 years. They were randomly assigned to receive either intravenous
TXA (10 mg/kg) or placebo 10 minutes before surgery. The volume of intraoperative
bleeding, presence of postoperative bleeding, and adverse effects during and 8 hours
after the surgery were assessed.

Results No difference in bleeding volume was noted between the 2 groups (mean,
122.7ml in the TXA group versus 115.5ml in the placebo group, p=0.36). No
intraoperative or postoperative adverse effects were noted because of TXA use.
Furthermore, no primary or secondary postoperative bleeding was observed in any
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= tranexamic acid Conclusion In our pediatric sample, TXA (10 mg/kg) administration before AT was
= adenoidectomy safely used, without any adverse effects. It did not reduce the bleeding volume in
= tonsillectomy children during this type of surgery. Future studies should assess the use of higher
= adenotonsillectomy doses of TXA and its administration at other time points before or during surgery.
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Introduction

The common complications of adenotonsillectomies (ATs) in
children are severe postoperative pain, otalgia, local infec-
tion, severe nausea, prolonged dysphagia, velopharyngeal
insufficiency, anxiety, adverse effects of anesthesia, and
especially, bleeding during and after surgery.'®

When vascular structures are injured during surgical pro-
cedures, they trigger a rapid, localized, and complexly regulat-
ed hemostatic response. The hemostatic process involves four
phases: a) endothelial aggression and platelet plug formation;
b) activation of the coagulation cascade; c¢) antithrombotic
control mechanisms; and d) clot removal by fibrinolysis.”-8
Therefore, medications that inhibit fibrinolysis have the po-
tential to reduce bleeding after surgery. Tranexamic acid (TXA)
is one of the most studied antifibrinolytic medication. Tra-
nexamic acid has good tolerability and low cost; it is a
synthetic derivative of the amino acid lysine; and can displace
fibrin plasminogen and inhibit plasmin proteolytic activity,
thereby inhibiting fibrinolysis.®'

The hemostatic efficacy of TXA has been proven in ortho-
pedic, cardiac, obstetric, and otorhinolaryngological surger-
ies.’’~1° A study revealed that the overall and bleeding-related
mortality of hemorrhagic trauma patients considerably re-
duced after they received an attack dose of 1 g of TXA intrave-
nously followed by an infusion of 1 g of TXA over 8 hours.'® In
addition, a recent meta-analysis involving more than 10,000
patients revealed that TXA reduces transfusion requirements
by approximately one-third.'” The most commonly reported
side effects of TXA are nausea and diarrhea.'®

Until now, only a few clinical trials have evaluated decreased
intra and postoperative bleeding volumes in children who re-
ceived TXA during ATs. While some studies demonstrated no
difference,'®? others revealed a lower bleeding volume when
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TXA was used.?! Considering the need for further evidence
regarding the potential beneficial effects of TXA in ATs of pediatric
patients, we aimed to verify the efficacy and safety of TXA.

Methods

Participants

In the present study, 63 children aged 2 to 12 years old were
recruited from September 2017 to May 2018. The children
were treated at the otorhinolaryngology clinic of the XX
hospital and had an indication for adenotonsillectomy owing
to recurrent infections or adenotonsillar hypertrophy. All
were submitted to a questionnaire for assessment of bleed-
ing risk by von Willebrand type 1 disease (=Table 1), exclud-
ing those with definite suspicion of having this condition.??
Children who underwent surgery in the 2 months prior to the
study; those with a history of infection in the month prior to
the study, altered coagulogram, other coagulation disorders,
and increased risks of anesthetic intervention; and those
who used medications that could interfere with blood coag-
ulation were excluded. The total surgical time (minutes) was
calculated, beginning when the surgeon initiated the proce-
dure until the surgeon informed the anesthesiologist about
its conclusion.

This study was conducted after obtaining approval from
the local research ethics committee (2.169.256). Parents or
legal guardians of the children signed the informed consent
form after they were provided with a detailed explanation
about the purpose of the study.

Randomization, Interventions, and Blinding

The patients included in the present study were categorized
into two groups: placebo (A) and TXA (B) groups. Randomi-
zation was performed using permuted blocks, and to blind

Table 1 Questionnaire for assessing hemorrhagic symptoms in suspected Von Willebrand type 1 patients

Significant bleeding symptoms:

episode requiring red blood cell transfusion

1 () > 2 episodes of epistaxis, no history of trauma and without compression improvement of up to 10 minute or > 1

2 () Spontaneous bleeding or bruising

3 () Excessive bleeding after common injuries, lasting for > 15 minute or with spontaneous recurrence within 7 days

required medical attention

4 () Bleeding in the oral cavity, such as gingival bleeding or bleeding after tooth extraction or lip or tongue bites, which

unexplained by ulcer or portal hypertension

5 () Spontaneous gastrointestinal bleeding requiring medical attention or resulting in acute or chronic anemia

6 () Intense, prolonged, or recurrent bleeding after tooth extraction or other oral cavity surgery

lesions of the uterus

7 () Menorrhagia resulting in acute or chronic anemia or in need of medical attention and not associated with structural

8 () Mucous cutaneous bleeding requiring medical attention (e.q., eye, ear, respiratory tract, or genitourinary)

Criteria for bleeding symptoms:

9 () Significant mucosal bleeding: at least two symptoms in the absence of red blood cell transfusion OR one symptom +
red blood cell transfusion OR one recurrent symptom three times

Criteria for family history:

10 () First-degree relative or second-degree relative with a history of significant mucosal cutaneous bleeding
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participant allocation, identical, opaque, sealed envelopes
containing the letters A and B were used. A nurse opened
each envelope, identified which group the patient was
assigned to, and intravenously administered either TXA
(Hospital Norte Paranaense, Transamin10 mg/kg bolus) or
placebo (same amount of saline) before anesthetic induction
(10 minute before initiating the surgical procedure) using a
transparent syringe. The dosage was the recommended by
the pharmaceutical company for the pediatric population.
The surgeon and staff participating in the surgery had no
further involvement in the progress of the study. Research-
ers, patients, postoperative care team, and outcome scale
evaluators were unaware of the groups to which each patient
belonged.

Surgical Technique

Adenotonsillectomy surgery was performed in the standard-
ized way by a single surgeon (G.A.LS.). The surgeon used only
cold instruments, mainly the tonsil dissector, without closing
the tonsillar fossa or cauterization. First, a palatoglossal arch
incision was made, and the palatine tonsil was subsequently
detached using a proper tonsil dissector aspirator. Sutures were
done inside the musculature for bleeding control when neces-
sary, however, never closing the fossa. The adenoidectomy was
performed by a curette. Regarding anesthetic induction, all

Fornazieri et al.

patients received the medications commonly used for anes-
thetic induction and inhalational maintenance. The patients
also received the same medications as part of the usual surgical
procedure, which was noted in the patient study form.

Bleeding Volume and Assessment of Adverse Effects
The primary endpoint of this study was the volume of blood loss
(ml), which was measured using a collector after completing the
surgery. Other outcomes were primary and secondary postoper-
ative bleeding, occurring until 24 hours and more than 24 hours
after surgery, respectively. Adverse effects, such as skin reactions,
nausea, vomiting, headache, diarrhea, seizure, and dizziness,
were evaluated during and 8 hours after the surgery. The severity
of the possible adverse effects was assessed using the Common
Terminology Criteria for Adverse Events scale.”>

Statistical Analysis

It was calculated that 23 individuals were needed for each group
todetect a clinically significant difference in bleeding volume loss
of 50 ml with a 5% o level, 90% power, and a standard deviation of
50 ml.%* To increase the power of the study, we increased our
sample to a minimum of 31 individuals per group. Data of
continuous variables are presented as mean and standard devia-
tion. Categorical variables are described as percentage and their
respective 95% confidence intervals. After verifying the absence

Enrollment

Assessed for eligibility (n= 63)

Excluded (n=0)

v

Randomized (n= 63)

:

[ Allocation ]

Allocated to placebo (n= 32)

Allocated to intervention (n= 31)

[ Follow-up J

Lost to follow-up (n= 0)

Y

Lost to follow-up (n= 0)

[ Analysis ]

Analyzed (n= 32)

Fig. 1 Flow diagram of the children enrolled.
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Table 2 Clinical data of patients in the placebo and tranexamic acid groups

Variable Placebo TXA
n (32) n (31)

Age (mean, SD) (years) 5.5 (2.5) 6.4 (2.5)

Sex (% male) 62.5 54.8

Weight (mean, SD) (kg) 25 (15.4) 27.1 (11.2)

Surgical indication

Hypertrophy (%) 84.4 87.1

Chronic tonsilitis (%) 15.6 12.9
Abbreviations: SD, standard deviation; TXA, tranexamic acid.

g Results
_ . In total, 63 children were randomly assigned to two groups: 31
—_E—g | " children received TXA and 32 received the placebo (~Fig. 1).
§” The clinical characteristics of the patients are described
§ . - in =Table 2. There was no significant difference between the
g 8. — two groups with respect to gender, weight, and age.
% The blood volume lost during the surgical procedure was
-E analogous between the placebo and ATX groups (mean [SD,
%8 | 95% CI] placebo=115.5ml [73.1, 89.2-141.9] versus TXA
£ =122.7ml [59.5, 100.9-144.6], p = 0.36; ~Fig. 2). The use of

TXA did not decrease surgical time (mean [SD] placebo
o — e =16.4 [7.1] min versus TXA =16 [4.2] min, p=0.25).

Placebo Tranaxamic Acid

Fig. 2 Bleeding volume during surgery among children using the
placebo or tranexamic acid.

of normality for at least one of the continuous variables’ dis-
tributions using the Shapiro-Wilk test, the surgery time and
bleeding volume were compared using the Mann-Whitney test.
Correlation analyses among age, weight, and volume were
performed using Spearman correlation coefficient.

In children, it is estimated that the total blood volume is
75 to 80 ml/kg.>> Considering this value, the group using TXA
lost 6.1% (CI1 95%: 4.9-7.3), and the controls lost 6.2% (CI 95%:
5.1-7.4) during the procedure.

Furthermore, as expected, the bleeding volume correlated
with the age (r=0.48, p<0.001) and weight (r=0.50,
p<0.001; =Fig. 3) of the children. The surgical time also
correlated with weight (r=0.28, p=0.03) but not with age
(r=0.23, p=0.07). Finally, none of the children had primary
or secondary postoperative bleeding or any of the adverse
effects evaluated.
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Fig. 3 Scatter plots showing a moderate correlation between perioperative bleeding volume and age and weight of children.
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Discussion

Although TXA is inexpensive, well-tolerated, and widely
used in various surgical procedures to contain blood loss,
its usefulness when administered to children undergoing ATs
has not been established. In our study, none of the patients
had side effects, thereby providing evidence regarding the
safety of TXA in this pediatric population. In addition, we
addressed important sources of biases in such surgical clini-
cal trials. Specifically, a single surgeon performed the sur-
geries, and all procedures were performed in one hospital
only with the aid of the same anesthetic team using similar
medications and dosages throughout the data collection
period.

Brum et al. (2012) reported similar results in their study
of 95 children aged 4 to 12 years, of both sexes, who
underwent AT. These children received intravenous TXA
(10 mg/kg) preoperatively and 8 to 16 hours postoperatively.
No statistically significant reduction in intraoperative
bleeding volume was observed with TXA use (mean [SD]
placebo=158.21 ml [88.1] versus TXA=135.1ml [71.4],
p=0.19)."° Furthermore, they did not observe any differ-
ence regarding postoperative bleeding during AT. Therefore,
TXA did not appear to be effective in reducing bleeding in
children. Moreover, a recent Japanese study of 117,598
patients who underwent tonsillectomy revealed that TXA
use on the day of surgery did not reduce the rate of
reoperation and blood transfusion.?®

Considering the percentage of blood loss to the total blood
volume during the adenotonsillectomy of ~ 6% in our sample,
our results are similar to previous studies?” and a little
higher than others.?® It is important to highlight that the
surgeon who performed the procedures avoids cauterization,
because of worse postoperative pain related to this tech-
nique, and prefers sutures to contain the bleeding, potential-
ly leading to a higher blood loss.

In the current study, we found a moderately positive
correlation between bleeding volume and age and weight.
Older and heavier children had higher blood loss, which was
probably related to the longer time required to perform the
surgery and also owing to the higher number of previous
infections of the palatine tonsils, which made their detach-
ment more difficult.

It is noteworthy that none of the patients who received
TXA presented any adverse effects, neither during the sur-
gery nor postoperatively. Thus, the 10-mg/kg TXA dose
appears to be safe in children.

The present study had some limitations. Our sample
population was small for the complete evaluation of possi-
ble adverse effects of TXA. In addition, we evaluated only
one route of administration, a single dose, and just one time
point of preoperative administration. Considering that after
the oral administration of 10 to 15mg/kg TXA, the peak
plasma concentration will occur within 3 hours, further
studies on the efficacy of TXA during ATs need to be
performed at different doses, by different administration
modes, and at different time points preoperatively.
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Conclusion

The use of 10-mg/kg of TXA preoperatively was safe and had
no adverse effects. However, TXA did not decrease the
volume of blood loss during ATs in children. Future studies
with different doses and dosing regimens are needed to
elucidate the possible benefits of TXA during ATs.
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