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Objective: Tranexamic acid (TXA) is an antifibrinolytic drug that is frequently used in pediatric spinal fusion surgery to prevent bleeding. In recent
publications, TXA was used in very high doses, but there is no consensus about the dosage of TXA in adolescent idiopathic scoliosis (AIS) surgeries.
Our aim was to investigate the effectiveness and safety of a low-dose regimen on perioperative bleeding in AIS surgery.
Materials and Methods: A total of 25 patients diagnosed as having AIS were reviewed retrospectively. We retrieved demographic and intraoperative
data, and bleeding related outcomes of the patients from their medical records. The primary outcomes were estimated blood loss and the
transfusion requirements.
Results: Twenty-two (88%) of the patients were women. The mean age was 13.72 years. The mean number of vertebrae fused was 11.79.
Estimated blood loss was 616 mL, and intraoperative mean red blood cell unit transfusion was determined as 0.8 units. No adverse event was
observed related to TXA usage.
Conclusion: The use of low-dose TXA is a reliable and efficient method to reduce bleeding in AIS surgery.
Keywords: Tranexamic acid, adolescent idiopathic scoliosis, blood loss

INTRODUCTION
Adolescent idiopathic scoliosis (AIS) is a three-dimensional
spinal deformity involving the sagittal, horizontal, and frontal
planes, and affecting 1-3% of the child population aged 1016 years. Although the pathogenesis is not clearly explained,
hereditary factors are in the foreground(1). Posterior spinal
fusion (PSF) surgery is the preferred type of surgery in these
patients, but long surgical time and extensive dissections can
cause significant blood loss. In addition, multiple osteotomies
and wide muscle dissections performed during surgery,
preoperative high Cobb angle, and increased number of
vertebrae requiring fusion, cause an increase in the amount
of bleeding(2). Due to allogeneic blood transfusion performed
after severe bleeding; transfusion reactions and blood-borne
pathogen transmission increase the risk of morbidity and
mortality(3). Therefore, besides techniques such as hypotensive

anesthesia, acute normovolemic hemodilution, preoperative
autologous donation, there are also pharmacological agents
used to prevent bleeding(4,5).
Tranexamic acid (TXA) is an antifibrinolytic drug that is a
synthetic lysine analog. It prevents fibrin degradation by
preventing the conversion of plasminogen to plasmin(6).
TXA is frequently used in major surgery with bleeding, and
its effectiveness in pediatric spinal fusion surgery has been
reported many times in the literature(7–9).
Although TXA is used in different doses in the literature, we
have been using it in our clinic, in the surgery of AIS cases
with a loading dose of 10 mg/kg and a maintenance dose of
1 mg/kg/h since 2015. In this retrospective study, our aim is
to investigate the effect and safety of this low-dose regimen
on perioperative bleeding applied in AIS patients with PSF
between 2015-2020.
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This retrospective study was approved by Başkent University
Instutional Review Board (KA21/29). After the approval of the
ethics committee, 25 consecutive patients with American Society
of Anesthesiologists (ASA) risk classification I-III, between the
ages of 12-15, who underwent PSF surgery with spinal cord
monitoring, in our hospital between the years 2015-2020,
were evaluated. Patients with a diagnosis of neuromuscular or
congenital scoliosis, patients who underwent anterior revision,
or lengthening spinal surgery, and patients with incomplete
data were excluded from the study. The patients’ information
was obtained from archived files, anesthesia records, and the
medical data system used in our hospital.
Patients’ age, gender, weight, height, body mass index,
preoperative hemoglobin levels, and preoperative Cobb
angle were obtained from pre-anesthesia records. From the
intraoperative records, operation time, fusion levels, estimated
blood loss (EBL), and the amount of erythrocyte used [red blood
cell unit (RBC)] were obtained. Then postoperative hemoglobin
value, amount of RBC used, postoperative Cobb angle, hospital
stay, and complications were obtained from the postoperative
records.

100 mL isotonic for 15 minutes. Its maintenance dose was
started before the skin incision as 1 mg/kg/h, and continued
intraoperatively. It was stopped at the end of the surgery. The
amount of intraoperative bleeding was determined by the padsponge count and the amount of blood accumulated in the
suction tanks. The irrigation fluid and the amount of blood
in the collection jars were carefully calculated by the nurse.
The amount of blood in the pads and sponges was determined
by making an estimated calculation according to the blood
saturation. RBC suspension was given when the hemoglobin
level was 9 gr dL-1 in blood gas monitoring. During the closure
phase of the surgery, 0.15 mg/kg intravenous morphine and
15 mg/kg paracetamol were applied to all patients. Patients
without hemodynamic problems and acid-base imbalances were
extubated and taken to the recovery room. Patients who started
morphine administration with a patient-controlled analgesia
device, and whose pain control was provided, were sent to the
orthopedics service for postoperative follow-up. Patients with
an estimated amount of bleeding more than 30% of their total
blood volume, those who developed metabolic or respiratory
acidosis, those who were hemodynamically unstable, and those
who received inotrope/vasopressor support were referred to
the intensive care unit for a closer postoperative follow-up.

Anesthesia Management

Surgical Technique

All patients were sedated with 0.05 mg/kg midazolam
(Dormicum® 5 mg/5 mL ampoule, Deva, Istanbul/Turkey) 15
minutes before the operation, and taken to the operating
room. In anesthesia management, after standard anesthesia
monitoring, anesthesia induction was applied with Propofol
(2-3 mg/kg, Propofol® 1% 200 mg/20 mL ampoule, Fresenius
Kabi, Austria), Fentanyl (2 μg/kg Fentanyl® 0,05 mg/mL
ampoule, Johnson&Johnson, Istanbul/Turkey) and Rocuronium
Bromide (0.3 mg/kg Esmeron® 50 mg/5 mL ampoule, Merck
Sharp Dohme, Istanbul/Turkey). After intubation, invasive
arterial catheterization from the radial artery, and central
venous catheterization from the right internal jugular vein,
were performed. Additionally, an oral temperature probe,
bladder catheterization, and 2 peripheral vascular access
were provided. After the patients were positioned properly
in the prone position, baseline electrophysiological values
were obtained for neurophysiological monitoring. For the
maintenance of anesthesia, 50% nitric oxide, 50% oxygen, and
total intravenous anesthesia (propofol-remifentanil infusion;
4-6 mg/kg/st - 1-2 μg kg/h) was applied. To reduce blood loss,
controlled hypotension was applied with an average arterial
pressure of 60-65 mmHg. Acid-base balance and hemoglobin
levels were monitored with periodic blood gas sampling.
During the anesthesia, besides hemodynamic data and
bleeding, temperature and external warming were performed.
Neurophysiological monitoring was performed with all patients
to monitor all stages of surgery. TXA (Transamine® 50 mg/
mL ampoule, Istanbul/Turkey) was administered immediately
after the induction of anesthesia at a dose of 10 mg/kg in

Posterior surgery was performed in all patients in the prone
position. The skin and subcutaneous tissue were passed
through a midline incision. The paraspinal muscles were
stripped subperiosteally then polyaxial pedicle screws were
placed at specified levels using the appropriate technique.
The curvatures were corrected by derotation, compression, and
distraction maneuvers over the rod. After the instrumentation
was completed, the posterior elements were decorticated, and
bony areas for fusion were created using allografts. Additional
osteotomies were not performed for any patient. Following
bleeding control and wound washing, vancomycin powder was
applied over the implants and the surgical site. Postop wound
drainage was followed by the hemovac drainage system. The
hemovac drain was withdrawn on the first postoperative day
and the patients were mobilized.

MATERIALS AND METHODS
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Statistical Analysis
The analysis of the data was performed using the Statistical
Package for the Social Sciences (SPSS) for Windows 21 (Chicago
IL., USA) package program. For continuous variables, descriptive
statistics are used as the mean and standard deviation, or
minimum-maximum, and the categorical variables were shown
as the number of cases and percentage (%).

RESULTS
Twenty-five consecutive patients who were operated on, in our
hospital, with a diagnosis of AIS were included in the study.
The mean age of the patients was 13.72 (minimum-maximum:
13-15) and 22 (88%) of them were women. In the preoperative
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anesthesia evaluation of patients, 72% ASA I, 24% ASA II, of
the ASA II patients (n=6); 4 had mild asthma, 1 had diabetes
mellitus, and 1 had epilepsy. One patient with ASA III had a
diagnosis of 2/4 mitral insufficiency. The average weight of the
patients was 40.8 kg (32-58) and their average height was 151
cm (140-176). The mean preoperative hb value of all cohort
was 13.3 g dL-1 (11.7-16.9), and the preoperative Cobb angles
averaged 51°(40-65°) (Table 1).
Patients were instrumented between T1-L5 levels, and the
mean number of vertebrae fused was 11.79 (7-16). The mean
operation time was 213 minutes (120-300 min), and the
average hospital stay of the whole patient group was 5.48 days
(3-8). Considering the complications of the whole study group,
instrumentation was extended from T10 to T2 due to increased
thoracic curvature after 2 years in one patient, and debridement
was applied 2 days after surgery due to early wound infection
in another patient. However, no complications related to the
use of TXA were observed (Table 2).
Considering the results related to bleeding, the mean EBL of the
whole study group was 616 mL (250-1100), and intraoperative
mean RBC transfusion was determined as 0.8 units (0-2). When
the blood transfusions given to the patients during surgery
were examined, it was determined that 9 (36%) patients did
Table 1. Mean demographics of the patients
Age (y)

13.72±0.79

Gender (Male/female) n

3/22

ASA physical status (I/II/III) n

18/6/1

Weight (kg)

40.8±7.74

Height (cm)

151±7.71

BMI

17.7±2.49

Preoperative hb (g dL-1)

13.3±1.02

Preoperative Cobb angle (°)

51.0±8.33

Data is given as numbers for gender and ASA, otherwise mean ±
standard deviation.
n: Number, ASA: American Society of Anesthesiologists, BMI: Body mass
index

Table 2. Operation related factors, bleeding related outcomes,
hospitalization time and complications
Postoperative Cobb angle (°)

8.36±6.70

Number of levels fused

11.79±2.93

Operation time (minutes)

213.60±54.61

Estimated blood loss (mL)

616±228.54

Intraoperative transfusion (unit)

0.80±0.70

Postoperative transfusion (unit)

0.56±0.65

Total transfusion (unit)

1.36±1.03

Postoperative hb (g dL )

11.24±1.16

Hospitalization time (days)

5.48±1.04

Complications (n)

2

-1

Data is given as numbers for complications otherwise mean ± standard
deviation

not receive a transfusion, 12 (48%) patients received 1 unit
and 4 (16%) patients received 2 units of red blood cells. In the
postoperative period, mean RBC transfusion was determined
as 0.5 units (0-2). In this period, 13 (52%) patients had no
transfusion, while 10 (40%) patients received 1 unit and 2 (8%)
patients received 2 units. The total transfusion mean was 1.36
units (0-3). The postoperative mean hemoglobin value was
11.24 g dL-1 (Table 2). All of the patients were followed up in
the orthopedics ward, and none of them needed intensive care.

DISCUSSION
In this retrospective study, it was shown that low-dose TXA
administered at a dose of 10 mg/kg loading, and 1 mg/kg/h
maintenance, in AIS patients who underwent PSF, decreased
intraoperative bleeding and the need for transfusion.
In the literature, the use of TXA in heart, liver, trauma, and solid
organ surgery is very common and has been shown to reduce
bleeding and the need for transfusion(10,11). Also, there is an
increasing number of publications on its use in pediatric scoliosis
surgery(12–14). In a meta-analysis of 581 patients, including AIS
patients, the usage of TXA was shown to reduce bleeding and
the need for transfusion(15). In another meta-analysis including
2500 AIS patients, TXA has been shown to reduce the duration
of surgery without increasing complications, as well as reducing
the estimated intraoperative blood loss and blood transfusion
need(16).
In recent publications, it is seen that TXA is used in very different
loading and maintenance doses in AIS surgeries(17–21). The
loading doses of 20, 50, and 100 mg/kg used in these studies
are high. In our study, a low dose protocol was applied with
a loading dose of 10 mg/kg, and a maintenance dose of
1 mg/kg. In our study, an average of 11 vertebrae were fused
and the average EBL was 616 mL. In a study where the mean
vertebrae fusion numbers were similar to our study, but the
dose of TXA used was 10 times higher (loading 100 mg/kg
maintenance 10 mg/kg), the EBL was found to be 619 mL,
similar to our study(18). In another study in which a 50 mg/kg
loading and 5 mg/kg maintenance dose was administered in
AIS patients, an average of 10 levels were fused, and the EBL
in this study was found to be 695 mL, once again, similar to
our study(17). However, compared to our study, the amount of
RBC units used intraoperatively was found to be lower in this
study (0.8 vs 0.3). Our transfusion strategy may also play a role
in explaining this difference. In our study, 9 patients (36%) did
not receive a transfusion in the intraoperative period, while 12
patients (48%) received 1 unit and 4 patients (16%) received
2 units of RBC transfusion. In all our scoliosis surgeries, we
accepted the threshold hb level as 10 g dL-1 to preserve the
perfusion of the spinal cord. We performed transfusion at levels
below these values, and also in cases of severe hemodynamic
disturbances and hypotension, that could not be explained by
other factors. This situation can be attributed to the differences
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in the transfusion protocol between clinics, and consequently
the differences in the results of the studies can be explained.
In a study in which 100 mg/kg loading and 10 mg/kg/h
maintenance doses of TXA were used in AIS surgery, it was
reported that intraoperative blood loss was significantly
decreased compared to the placebo group (800 mL vs 1376 mL
respectively). However, transfusion volumes were similar(19). This
is attributed by the authors to the lack of published standard
criteria for blood transfusion thresholds, as in our study. In
addition to hemoglobin and hemodynamic parameters, it was
also emphasized that blood transfusion can be performed
in order to be one step ahead of bleeding, depending on the
previous experience of the anesthesiologists. Similarly, Sethna
et al.(12), using TXA at a 100 mg/kg loading and 10 mg/kg/h
maintenance dose, found a 41% reduction in blood los, but
reported that the amount of transfused blood was not different
from the placebo group. There are two randomized controlled
trials that applied and evaluated the low dose TXA regimen
we used. One of these studies reported a 30% reduction in
the number of blood products transfused and no difference in
blood loss(13), while the other reported a significant reduction
in intraoperative EBL and total drained blood, similar to our
study(7).
The recent studies, using very different and high dose schemes,
have not been planned in accordance with the pharmacokinetics
of TXA. Johnson et al.(17) emphasized that guidelines should be
created using pharmacokinetic data and modeling, to increase
the effectiveness of TXA, reduce the side effects and find the
minimum effective dose. Goobie and Faraoni.(22) conducted a
study about pharmacokinetic modeling and simulations for
TXA. They recommended the loading dose as 10-30 mg/kg,
and maintenance as 5-10 mg/kg/h, for pediatric trauma and
pediatric non-cardiac surgery. Apparently, in line with these
recommendations, it has been revealed that very high doses
were used in many recent studies.
Very high doses of TXA may be associated with serious
undesirable side effects. Nausea, vomiting, diarrhea, deep
vein thrombosis, pulmonary embolism, myocardial infarction,
hypersensitivity reaction, renal failure, and seizures may be
seen(9,23,24). A TXA-related seizure is an important side effect
of TXA, and its incidence has been reported to be more
frequent than originally thought. Seizures usually occur in the
early postoperative period after surgery, and are due to the
fast entrance of TXA into the central nervous system in high
concentrations. The administration of the lowest effective
loading dose to prevent seizures has emphasized the need for
dose adjustment in patients with renal dysfunction, a history of
seizures, or any other reason for impaired blood-brain barrier(25).
With the occurrence of seizures during recovery, it can be
concluded that the effect of potential seizures, in studies with
high doses, was attenuated or some of them were overlooked,
due to the residual effect of anesthesia. In addition, cases
with anaphylactic reactions related to TXA use have also been
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reported(26,27). Although the number of patients in our study
was small, we did not encounter any side effects related to the
use of TXA at the doses we used. Surgical complications which
developed in two patients were resolved by debridement and
extension of the system to higher levels.
The retrospective nature of our study, the absence of a control
group, and the small number of patients are important
limitations. However, even with these limitations, it is important
to note that we have seen low blood loss with low dose TXA
protocol, in long segment fusion, which is close to high dose
studies in the literature.

CONCLUSION
The use of low-dose TXA with minimal adverse effects would
be a reliable method to reduce bleeding in AIS surgery until
an effective pharmacokinetic study specific to the pediatric
spinal surgery population has been performed, and a minimum
effective dose is found in the future.
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