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Abstract

Background Adolescent idiopathic scoliosis (AlS) corrective surgery may involve significant blood loss and blood
transfusion requirements. Antifibrinolytic agents such as tranexamic acid (TXA) have been used to reduce blood
loss, but its optimal dose is uncertain. The objective of this study is to determine the estimated blood loss and rate
of blood transfusion between two groups of AlS patients receiving TXA as a single bolus versus bolus followed

by infusion in scoliosis surgery.

Methods This was a retrospective analysis of a single bolus versus bolus followed by infusion of TXA in AlS surgery.
AlIS patients undergoing posterior spinal fusion (PSF) from December 2018 to September 2019 at a tertiary university
hospital were identified. Inclusion criteria were patients aged between 10 and 21 years who received either a single
bolus of 30 mg/kg TXA (Group A) or a single bolus of 30 mg/kg followed by continuous infusion of 10 mg/kg/h of TXA
(Group B). Patient demographics, operative data, estimated blood loss, blood transfusion rate, and complications were
recorded.

Results A total of 129 AIS patients were included. All operative surgeries were performed by two senior consult-
ants. The mean age was 14.8+3.4 years old, and 89.1% were female. The Cobb angle, number of fusion levels, num-
ber of screws, length of skin incision, and duration of surgery were comparable between the two groups. There
was no difference in the total estimated blood loss between the two groups: 723.3+279.4 mL (range: 175.0-1607.0
mL) in Group A and 819.4+302.6 mL (range: 330.0-1556.0 mL) in Group B (p=0.065). There were no complications,
and none received blood transfusion.

Conclusion TXA when administered as a single bolus or bolus followed by infusion in AIS patients undergoing PSF
surgery was associated with similar estimated total surgical blood loss and blood transfusion requirement.
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Background

Adolescent idiopathic scoliosis (AIS) corrective sur-
gery involves soft tissue dissection, bone decortication,
osteotomies, and instrumentation which may result in
a significant amount of blood loss and blood transfu-
sion requirement (Lonstein 1994; Kesling and Reinker
1997). This exposes patients to the risk of blood-borne
disease transmission, increased incidence of wound
infections, and haemolytic and nonhaemolytic transfu-
sion reactions (Parent et al. 2005; Lonstein and Carlson
1984).

Intraoperative administration of antifibrinolytic agents
such as tranexamic acid (trans—4—aminomethyl—
cyclohexane—1—carboxylic acid, TXA) has gained popu-
larity (Nuttall et al. 2000; Sethna et al. 2005). TXA is a
synthetic lysine analogue and exerts its antifibrinolytic
effect through the reversible blockade of lysine binding
sites on plasminogen molecules. Blood loss was signifi-
cantly reduced in patients who were administered TXA
during spine surgery (Jones et al. 2017). Additionally,
the perioperative volume of blood transfusion decreased
in patients who received TXA (Thompson et al. 2008).
However, there is no universally accepted dosing protocol
for its use in AIS corrective surgery (Yoo et al. 2019). Our
group recently published a randomised trial in which AIS
patients were randomised to receive either high—dose
TXA (30 mg/kg loading dose followed by 10 mg/kg/h
infusion) or low—dose TXA (10 mg/kg loading dose fol-
lowed by 1 mg/kg/h infusion) (Hasan et al. 2021). In this
study, we found that low—dose TXA was as efficacious
as high—dose TXA in reducing blood loss and allogenic
blood transfusion in AIS patients undergoing posterior
spinal fusion (PSF) surgery (Hasan et al. 2021). A plau-
sible explanation is that the median duration of surgery
was 120 min, which was relatively short. Based on the
plasma TXA versus time simulation curves from Goobie
et al. (Goobie and Faraoni 2019), at 120 min, the plasma
TXA levels were still within the therapeutic range for
both high and low TXA doses (Goobie et al. 2018). Given
this finding, we hypothesise that TXA given as a single
intravenous bolus will be as efficacious as TXA given as
a bolus followed by continuous infusion in reducing total
surgical blood loss in scoliosis patients undergoing PSF
surgery.

The primary objective of this study was to determine
the estimated total surgical blood loss between two
groups of AIS patients receiving a single bolus (30 mg/
kg) TXA versus bolus (30 mg/kg) followed by continuous
infusion (10 mg/kg/h) TXA in scoliosis surgery.

The secondary objectives were to compare the post-
operative haemoglobin level, postoperative coagulation
profile and fibrinogen level, rate of blood transfusion, and
complications among the two groups.
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Methods

This was a retrospective observational study. Ethics
approval was obtained from the institution medical
research ethics committee (MREC ID No.: 202057-8602),
and waiver of informed consent was granted due to the
retrospective study design. AIS patients who under-
went an elective single-staged PSF surgery under general
anaesthesia at a tertiary university hospital over a period
of 18 months (2018 until 2019) were identified retrospec-
tively. Patients who received a single bolus of 30 mg/kg
TXA (Group A) and a bolus of 30 mg/kg followed by con-
tinuous infusion of 10 mg/kg/h of TXA (Group B) until
the end of surgery were included in the analysis. Deci-
sion on TXA dosing regimen was at the discretion of the
treating anaesthesiologist, and doses other than the two
described above were excluded. Patients aged between
10 and 21 years diagnosed with idiopathic scoliosis, with
American Society of Anaesthesiologists (ASA) physical
status I-1I, preoperative haemoglobin>10 g/dL, platelet
count > 150,000 u/L, and normal coagulation profile were
eligible for inclusion.

Exclusion criteria were patients with severe haemato-
logical disorder, severe cardiac disease, or severe restric-
tive pulmonary disease, received anticoagulants and
antiplatelet within 14 days prior to operation, and those
who had preoperative serum creatinine >200 pmol/L or
serum aspartate aminotransferase > 100 IU/L.

In addition, only patients who adhered to the anaes-
thetic and surgical protocol were included together with
complete information on estimated total surgical blood
loss, pre- and postoperative haemoglobin levels, interna-
tional normalised ratio (INR), activated partial thrombo-
plastin time (aPTT), and fibrinogen values.

Anaesthetic protocol

The patients received either total intravenous anaesthe-
sia with target-controlled infusion (TCI) of propofol and
remifentanil targeting a bispectral index of 40—60 or vol-
atile anaesthetic desflurane with TCI remifentanil aiming
a minimum alveolar concentration of 0.6 to 0.8. Intrave-
nous TXA was administered either as a single bolus of 30
mg/kg at induction or as a bolus followed by continuous
infusion of 10 mg/kg/h until the end of surgery. Patient
monitoring includes invasive blood pressure, heart rate,
oxygen saturation, and electrocardiogram. The lower
limit of mean arterial pressure (MAP) during exposure
was 60 mmHg, whilst during and after correction, the
MAP was maintained above 75 mmHg. Cell salvage was
used in all patients in which the harvested blood was
reinfused when blood loss exceeded 20% of total blood
volume or at the end of surgery. The transfusion trigger
for allogenic blood transfusion was when haemoglobin
level dropped below 8 g/dL.
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Surgical protocol

All the surgeries were performed by the two senior sur-
geons (K. M. K,, C. Y. W. C.) utilizing a dual attending
surgeon strategy. Alternate-level pedicle screw instru-
mentation was performed for all patients. At the proximal
and distal foundation levels, three to four pedicle screws
were inserted. Posterior releases consisted of facetecto-
mies with excision of the inferior articular processes. No
posterior column osteotomies were performed. Fusion
was augmented using local autogenous bone graft. All
patients had subfascial drains inserted prior to closure
which was initially clamped during the immediate post-
operative period. On postoperative day 1, the drain was
subsequently released to drain up to a maximum of 200
mL. The drain was then removed, and no further drain-
age was performed.

Data acquisition

Data of baseline characteristics including age, sex,
height, weight, and body blood volume, as well as base-
line operative details such as number of vertebral lev-
els fused, Cobb’s angle, number of screws, duration of
surgery, and skin incision length, were collected. Data
on estimated total intraoperative and postoperative
(from surgical drain) blood loss, blood volume har-
vested from cell salvage system, and number of allo-
genic packed cell transfusion were retrieved along with
laboratory data (haemoglobin, INR, aPTT, fibrinogen
levels) at following time points: T1, pre-operation; T2,
post-operation 0 h; and T3, post-operation 48 h. Data
on complication rates (seizure, thrombotic event) were
gathered.
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Statistical analysis

This was a retrospective exploratory analysis. Hence, a
priori sample size calculation was not performed. All
patients who fulfilled the eligibility criteria between
December 2018 and September 2019 were included in
the analysis.

Baseline characteristics, operative data, intraoperative
blood loss, and laboratory values were compared between
Groups A and B. For categorical variables, chi-square test
was performed. For continuous variables, independent
Student ¢-test was used for normally distributed data,
whilst Mann—Whitney U-test was used for non-normally
distributed data. All statistical analyses were performed
using SPSS version 22 (IBM Corporation, NY, USA). A
two-sided p <0.05 was considered statistically significant.
Multiplicity adjustment was not performed due to the
exploratory nature of this study.

Results

A total of 209 patients were reviewed for eligibility from
the year 2018 to 2019. Eighty patients were excluded: 42
due to different TXA dosage regimens, 23 for being out-
side the age range of interest, and 15 for missing data.
Finally, 129 elective AIS patients who fulfilled the inclu-
sion criteria were included (Fig. 1). A total of 60 and 69
patients were in Group A and Group B, respectively.
There were no significant differences in the demographic,
baseline characteristics, and operative data between both
groups. As demonstrated in Table 1, the mean age was
14.84+ 3.36 years for all patients, and 89.1% were female.
The mean weight and height for the overall population
were 44.26+7.72 kg and 155.65 +7.27 cm, respectively.

209 patients assessed for
eligibility
(2018 -2019)

129 patients

80 patients excluded (did not meet inclusion criteria)
- 42 received different TXA dosage:
» 1 gm TXA bolus (n=28)
» 1 gm TXA bolus and infusion 1-10mg/kg/h (n=14)
- 23 outside age range
- 15 missing data

eligible

|
i

A,

Group A - 60 patients
(Single bolus TXA 30mg/kg)

(Single bolus 30mg/kg TXA followed
by continuous infusion of 10mg/kg/h)

Group B - 69 patients

60 patients
analysed

69 patients
analysed

Fig.1 Study flow chart
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Table 1 Demographic and baseline characteristics
Variable All patients Single bolus (Group A) Bolus + infusion (Group B) p-value
N=129 N=60 N=69
Age, years 14.84+3.36 14.98+3.90 14.71+£2.84 0.647
Sex
Male 14 (10.9) 7(11.7) 7(10.1) 0.782
Female 115(89.1) 53(88.3) 62 (89.9)
Weight, kg 4426+7.72 44.83+8.58 43.77+691 0.441
Height, cm 155.65+7.27 154.97+8.08 156.24+6.49 0.331
Body blood volume, mL? 3045.40+448.64 3051.97+501.69 3039.69+400.53 0.879
Haemoglobin, g/dL 13.50+£1.05 13.27+£1.09 13.70£0.98 0.021
Haematocrit, % 041+0.03 040+0.03 041+0.03 0.015
INR 1.08+0.08 1.09+0.07 1.08+0.08 0.602
aPTT, s 35.78+3.56 3541+3.14 36.11+£3.88 0.262
Fibrinogen, g/L 269+047 2.66+044 2.71+0.50 0557

Data shown are mean + standard deviation or frequency (percentage)

Abbreviations: aPTT activated partial thromboplastin time, INR International normalised ratio

@ Body blood volume was calculated using Nadler equation

Table 2 shows the operative data. In the overall popu-
lation, the mean Cobb angle was 66.57 +15.19°, median
number of fusion levels was 11 (10-12), median number
of screws was 14 (12-15), mean length of skin incision
was 29.99+5.17 cm, and mean duration of surgery was
110.64 £ 30.5 min.

The total TXA dose received in Group A was 1344.9
mg, whereas Group B received 2163.1 mg. There was
no significant difference in the total estimated surgical
blood loss between the two groups. The mean total esti-
mated surgical blood loss was 723.30 £ 279.39 mL (range:
175.0-1607 mL) for Group A and 819.41+302.60 mL
(range: 330.0-1556.0 mL) for Group B (p=0.065). How-
ever, the estimated blood loss per spinal fusion level was
significantly higher in Group B compared to Group A
(78.39+ 34.33 vs 67.49 £ 22.31 mL/spinal level). The mean
crystalloid volume infused was similar between the two
groups (Table 3).

There was a significant difference in the preoperative
haemoglobin levels between the two groups, in which the
mean preoperative haemoglobin was 13.27+1.09 g/dL

Table 2 Operative data

in Group A and 13.70+0.98 g/dL in Group B (p=0.021).
However, the drop in haemoglobin levels at 48-h post-
operative compared to preoperative value was not signifi-
cant between groups (3.04+1.10 g/dL vs 2.72+0.99 g/dL,
p=0.081). Both groups showed an increase in fibrinogen
levels after 48 h but were significantly higher in Group A
(2.06+0.65 vs 0.38+1.44 g/L, p<0.001; Table 4). There
were no allogenic blood transfusion and no documented
complications due to the use of TXA in both groups
(Table 3).

Discussion

In this single-centre, retrospective study which compared
single bolus of TXA (30 mg/kg, Group A) with bolus (30
mg/kg) followed by infusion (10 mg/kg/h, Group B) in
AIS patients undergoing PSF surgery, we found no differ-
ence in the total estimated blood loss and blood transfu-
sion requirement between the two groups. However, the
estimated blood loss per spinal fusion level was signifi-
cantly higher in the bolus followed by infusion compared
to the bolus-only group. This could be explained by the

Variable All patients Single bolus (Group A) Bolus + infusion (Group B) p-value
N=129 N=60 N=69

Vertebral level fused, n 11.00 (10.00-12.00) 11.00 (10.00-12.00) 11.00 (9.50-13.00) 0.635

Cobb angle, 66.57+15.19 66.90+14.79 066.28+15.63 0817

Number of screws, n 14.00 (12.00-15.00) 14.00 (12.00-15.00) 13.00 (12.00-15.50) 0.541

Duration of surgery, min 110.64+3055 103.77+21.98 116.61+3549 0.014

Skin incision length, cm 29.99+5.17 29.85+4.22 30.12+5.90 0.767

Data shown are mean + standard deviation or median (Q1-Q3)
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Table 3 Intraoperative data on blood loss and blood transfusion
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Variable All patients Single bolus (Group A) Bolus +infusion (Group  Mean difference (95% p-value
N=129 N=60 B) confidence interval)
N=69
Total TXA dose received, 1782.53+541.10 1344.85+257.52 2163.12+421.42 —81827 (—938.42 <0.001
mg t0—698.12)
Intraoperative blood loss
mL 696.88+280.26 650.88+267.31 736.87 £286.99 —8599(-183.10t0 11.13) 0.082
mL/spinal level 66.00+28.17 60.67 +22.08 70.63+31.99 —-996 (—1945t0—-048)  0.040
mL/h 388.73+£166.93 375.12+£149.84 400.57+180.74 —2545(—-8381t03292) 0390
Sponge blood volume®, mL  2336+21.77 26.67+26.30 2048+16.53 6.19 (- 1.62 to 14.00) 0.119
24-h postoperative drain ~ 77.83+48.30 7242+43.56 82.54+£51.92 —10.12 (-26.76 10 6.52) 0.231
Total surgical blood loss
(range)®
mL 774.71+294.86 (175.00— 72330427939 (175.00—- 819.41+302.60 (330.00- —-96.11(=198.12t0591)  0.065
1607.00) 1607.00) 1556.00)
mL/spinal level 7332+29.76 (17.50- 674942231 (17.50- 78.39+34.33(35.93- —1090(-21.16t0—0.64) 0.037
221.00) 146.09) 221.00)
mL/h 432.37+175.39 (140.00- 418.09+153.52 (140.00- 444,79+ 192.67 (174.00- —26.70 (—88.03t034.63) 0391
1115.00) 1115.00) 1037.33)
Cell salvage volume, mL 321.12+£160.26 296.80+£147.06 342.26+£169.12 —4546 (-101.09t0 10.17) 0.108
Total crystalloid volume
mL 1151.94+22857 1132.50+202.28 1168.84+249.43 —36.34 (—116.24t0 43.56) 0.370
mlL/kg 26.64+6.36 26.04+6.17 27.16+£6.53 —-1.12(-334t0 1.11) 0322
Allogenic blood transfusion 0 (0) 0(0) 0(0)

Data shown are mean +standard deviation or frequency (percentage), unless specified otherwise

2 Estimated sponge volume (mL) =weight of blood-soaked sponge — dry weight of sponge

b Total surgical blood loss (mL) = total intraoperative blood loss +sponge blood volume + total blood collected in the surgical drain postoperatively. Abbreviation: TXA,

tranexamic acid

duration of surgery which was significantly longer in
the infusion group. Duration of surgery was one of the
risk factors for increased blood loss in scoliosis surgery
as demonstrated in our recently published study (Hasan
etal. 2021).

The ultimate aim when administering TXA is to achieve
an ideal plasma therapeutic concentration of TXA that
provides maximum efficacy with lowest complication
rates. Despite the general recommendation for using
TXA to reduce blood loss in AIS corrective surgery, the
optimum dosage of TXA is still questionable, as a wide
range of dosing are currently being practised ranging
from 10 to as high as 100 mg/kg loading dose followed
by a maintenance infusion of between 1 and 10 mg/kg/h
(Goobie et al. 2018; Farrokhi et al. 2011). A recent review
by Goobie et al. suggested a loading dose of between 10
and 30 mg/kg/h followed by a maintenance infusion of 5
to 10 mg/kg/h to achieve a plasma TXA concentration of
20 pg/mL and 70 pg/mL, respectively (Goobie and Far-
aoni 2019). These optimal dosing regimens were based
on population pharmacokinetic model and derived from

computer simulations. In our recent prospective ran-
domised trial adopting the higher dosing regimen (30
mg/kg loading dose followed by 10 mg/kg/h) as proposed
by Goobie et al., we did not find significant difference in
the estimated total blood loss when compared to a lower
dosing regimen (Hasan et al. 2021). One of the probable
reasons might be due to the relatively shorter duration of
surgery in our study compared to a retrospective study by
Mehta et al. (Mehta et al. 2022) and prospective study by
Dupuis et al. (Dupuis et al. 2015) which was twice longer.
The plasma TXA concentration could still be within the
therapeutic range for both dosing regimens throughout
surgery. In this current study, we did not find any signifi-
cant difference in the total surgical blood loss between a
group of patients who received only TXA loading dose
of 30 mg/kg and a group which had a maintenance infu-
sion (10 mg/kg/h) after receiving a similar loading dose.
This could be explained by TXA having a short half-life
of 2 h (Eriksson et al. 1974), which suggests that for a
surgery lasting 2 h as in this study, the plasma concen-
tration of TXA after the initial loading dose (without a
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Table 4 Laboratory data

Laboratory data Single bolus (Group A) Bolus+infusion p-value
(Group B)
Haemoglobin, g/dL
T 13.27+£1.09 13.70£0.98 0.021
T2 1149+1.15 11.85+1.17 0.082
T3 10.56+£1.10 10.66+1.13 0.609
T3-T1 —2.72+099 —3.04+1.10 0.081
Haematocrit, %
T 040+0.03 042+0.03 0.015
T2 034+0.03 035+0.03 0.093
T3 0.32+0.03 0.33+0.04 0.331
T3-T1 —-0.08+0.03 —-0.09+0.04 0316
International normalised ratio
T 1.09+0.07 1.08+0.08 0.602
T2 1.22+0.07 1.22+0.08 0.745
T3 1.24+0.10 1.22+0.09 0.204
T3-T1 0.15+0.11 0.14+0.09 0429
Activated partial thromboplastin time, s
T 3541+3.14 36.11+3.88 0.262
T2 3523+3.13 3534+3.96 0.868
T3 31.27+207 33.90+4.52 <0.001
T3-T1 —4.14+324 —221+£397 0.003
Fibrinogen, g/L
T 2.66+044 2.71+0.50 0.557
T2 2.14+0.53 2.14+0.73 0.994
T3 4.72+0.60 3.09+1.38 <0.001
T3-T1 2.06+0.65 0.38+1.44 <0.001

Data shown are mean +standard. T7, pre-operation; 72, 0-h post-operation;
T3, 48-h post-operation. T3-T1, perioperative drift (pre-operation to 48-h post-
operation)

TXA concentration(pg/ml)

100

I
I

80 \
I

Page 6 of 8

continuous infusion) would still be well within the ther-
apeutic range (Fig. 2) (Eriksson et al. 1974). In other
words, to achieve the desired therapeutic plasma con-
centration, a maintenance infusion may not be necessary
after an initial loading dose had been given provided the
dose is high enough and the duration of surgery is about
2 h or less. However, in view of the retrospective nature
of this study, future prospective randomised trial should
be performed to confirm the findings. Goobie et al. also
suggested in their review article that a lower-dose regi-
men may be adequate to inhibit fibrinolysis, but to max-
imise plasmin inhibition, a higher-dose regimen may be
necessary (Goobie et al. 2018). This was demonstrated in
the secondary analysis of Goobie et al’s study, whereby
to achieve maximum efficacy of TXA, its in vivo plasma
concentration level should be in the range of 70 &+ 5 pg/
mL (Goobie et al. 2018).

Presently, we are not certain if an even higher plasma
TXA target would confer added advantage in terms of
reducing blood loss. Haemorrhagic conditions lead to a
huge release of tissue plasminogen activator (tPA) and a
delayed release of urokinase plasminogen activator (uPA)
which physiologically catalyse the conversion of plas-
minogen to active plasmin, inducing hyperfibrinolysis
(Hijazi et al. 2015). To suppress plasmin-induced plate-
let activation in vitro, a concentration of 16 ug/mL TXA
was required. TXA concentrations as high as 126-252
pg/mL may be necessary to increase thrombin formation
(Stief 2009). This explains the TXA pharmacokinetic/
pharmacodynamic relationship, whereby a lower TXA
concentrations (~20 pg/mL) may be adequate to sig-
nificantly inhibit tPA-induced fibrinolysis and a much

—— 30mg/kg + 10mg/kg/h

Therapeutic plasma
concentration (20-70pg/ml)

1 2

4 5 Time (h)

Fig. 2 Simulated TXA concentration versus time graph. Simulated curves representing loading dose 30 mg/kg with infusion of 10 mg/kg/h (solid
line) and loading dose 30 mg/kg only without infusion (dashed line). Modified from ‘Tranexamic acid and perioperative bleeding in children: what
do we still need to know?' by Goobie S. M. and Faraoni D. (2019), Curr Opin Anesthesiol, 32(3), Fig. 1 (Goobie and Faraoni 2019)
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higher concentrations (~ 150 pg/mL) may be required to
inhibit uPA-induced fibrinolysis. This concept was sup-
ported by studies in cardiac surgery showing reduced
blood loss and lower transfusion rates using dosing regi-
mens that achieved the highest blood concentrations
(~150 pg/mL) (Grassin-Delyle et al. 2013; Sigaut et al.
2014). Interestingly, a recent pharmacokinetic study to
optimise TXA dosage in trauma patients suggested two
dosing regimens (TXA plasma levels of 20 ug/mL or 150
pg/mL) based on the above explanation (Grassin-Delyle
et al. 2018). For the former lower-dose regimen, a sin-
gle bolus dose of 1-g TXA is enough to maintain a con-
centration above 20 pg/mL for a duration of 1.5 h, and,
if necessary, a TXA infusion (250 mg/h) can be initiated
1.5 h later to maintain levels above 20 pg/mL. Alterna-
tively, dosing based on body weight starting with a bolus
of 6.9 mg/kg followed by maintenance infusion at 2.6-3.3
mg/kg/h can be considered to achieve similar TXA lev-
els. For the higher-dose regimen targeting plasma con-
centration of 150 pg/mL, an initial loading dose of 54.6
mg/kg followed by a continuous infusion at 19-24 mg/
kg/h was suggested. However, levels that are extremely
high should be avoided to prevent thrombotic complica-
tions and development of seizures (Lin and Xiaoyi 2016).
Nevertheless, such high concentrations had been shown
to be safe in previous studies (Grassin-Delyle et al. 2013;
Sigaut et al. 2014). Though spine surgery may not be akin
to trauma, both situations involved significant blood loss,
and extrapolating this observation in major spine sur-
gery may potentially confer additional benefit. This pos-
tulation should be confirmed in future prospective trials
comparing these different dosing regimens.

Another factor which could justify a higher dosing
regime was due to the associated loss of TXA in cases
of significant blood loss. TXA needs to be replenished
either by administering a higher dose, or in the case of
only loading dose has been given, an intraoperative
redosing should be given in order to maintain the opti-
mal plasma TXA concentration. The latter approach is
currently being recommended for surgical antibiotic
prophylaxis to prevent surgical site infection especially
in long surgical procedures or after excessive intraopera-
tive blood loss (Wolfhagen et al. 2022). One study sug-
gests a redosing of antibiotic should be considered when
the blood loss has exceeded 1500 mL (Jonge et al. 2021).
Extrapolating this in the context of TXA where only
an initial single bolus has been given, a redosing strat-
egy that resulted in administration within two half-lives
(about 4 h) after the initial TXA dose can be considered
or after blood loss has exceeded about 30% of total blood
volume (Jonge et al. 2021; Kasatpibal et al. 2017).

Our study has several strengths. To our knowledge,
this is the first study that compared single bolus of TXA
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versus bolus followed by infusion in AIS surgery. The
number of subjects was relatively large involving 129
adolescents who underwent major PSF surgery. There are
several limitations in our study. The main limitation was
the retrospective nature of this study which preclude any
causal inferences. Thus, the results of the study should be
interpreted with caution. We did not measure the plasma
concentration of TXA in our patients which could give
us a better insight of the relationship between the differ-
ent dosing regimens and its plasma levels. On the other
hand, our centre utilised the dual attending surgeon
strategy which resulted in a shorter duration of surgery.
Therefore, the results may not be applicable to other cen-
tres that have prolonged surgical duration.

Further, large, randomised, double-blinded trial which
include a pharmacokinetic study should be performed to
ascertain if this strategy of a single initial bolus of TXA
without continuous infusion is non-inferior to the con-
ventional bolus followed by infusion approach in reduc-
ing total surgical blood loss in AIS patients undergoing
major PSF surgery.

Conclusions

TXA when administered as a single bolus or bolus fol-
lowed by infusion in AIS patients undergoing PSF sur-
gery is associated with similar estimated total surgical
blood loss and blood transfusion requirement.
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