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Abstract

Purpose The aim of this study was to compare transfu-

sion requirements in patients before and after the intro-

duction of tranexamic acid as standard in patients

undergoing spinal surgery for idiopathic scoliosis in a na-

tional orthopaedic hospital.

Methods A retrospective chart review of 56 idiopathic

scoliosis patients who underwent posterior spinal instru-

mentation and fusion between 2009 and 2013 at our in-

stitution. Preoperative, intraoperative, and postoperative

data were measured.

Results Patients who received tranexamic acid as stan-

dard (n = 31) showed a trend towards a decrease in

transfusion requirements compared with those who re-

ceived no tranexamic acid (n = 25). These patients had a

statistically significant decrease in operative time (223 vs

188 min, p = 0.005), and estimated intraoperative blood

loss was reduced by nearly 50 % in the tranexamic acid

group. They also had an associated reduced decrease in

haemoglobin between preoperative and postoperative

levels (4 vs 5 g/dL, p = 0.01).

Conclusions Since February 2012, no patient has re-

quired intraoperative or postoperative allogeneic blood

product transfusion in this hospital. The routine use of

antifibrinolytic medications in patients undergoing surgery

for adolescent idiopathic scoliosis has effectively

eliminated the need for allogeneic blood products.
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Introduction

Adolescent idiopathic scoliosis (AIS) is the most common

form of scoliosis, affecting 2–4 % of adolescents [1].

While the incidence of scoliosis is equal between the sexes,

females have a tenfold increased risk of curve progression.

The majority of patients diagnosed with AIS will not de-

velop significant clinical symptoms [2]. However, in those

with progressive disease, severe deformity of the spine can

cause respiratory compromise [3]. These patients can also

suffer significant emotional distress secondary to the cos-

metic problems associated with the disease [4].

Treatment options for patients with AIS include con-

servative management with regular observation or the use

of a spinal brace. However, for those with more severe

disease, surgical intervention is indicated to correct the

spinal deformity and halt curve progression. The principle

indication for surgery during adolescence is a thoracic

curve that will reach 50� or more by skeletal maturity. The

management of other curve patterns are more difficult due

to the risk of low back pathology and pain after fusion into

the low lumbar spine. However, thoracolumbar curves that

will reach 50�–60� at maturity are associated with a

marked degree of deformity and potential vertebral
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translatory shift, and many surgeons would suggest cor-

rective surgery for such patients [5].

In spinal fusion and instrumentation, the vertebrae are

typically accessed by posterior or anterior incision, with the

posterior approach being the most common procedure un-

dertaken in AIS patients due to greater curve reduction, re-

duced operative time, and decreased postoperative stay in

those with thoracic scoliosis. Anterior instrumentation is

used predominantly for thoracolumbar and lumbar scoliosis

[6]. These operations can require prolonged operative times

with extensive soft tissue dissection and significant periop-

erative blood loss [7, 8]. In cases where there has been sig-

nificant blood loss, blood transfusions have been required

with multiple units of allogeneic blood products frequently

needed in extreme cases [9]. The risks of transfusion are well

documented and can be divided into transfusion-transmissi-

ble infections, immunological risks, and mistransfusion. The

risk of transmissible infections, including HIV, hepatitis B,

and hepatitis C, has decreased dramatically due to increased

test sensitivity in recent years. However, immunological

reactions and mistransfusions, while rare, are still a sig-

nificant risk to patients and can be associated with significant

morbidity and mortality [10–12]. Massive transfusions also

put patients at risk of metabolic abnormalities, dilution of

clotting factors, and hypothermia [13, 14]. Any intervention

that canminimise the requirement for transfusionwould have

a significant beneficial effect on this patient cohort.

Tranexamic acid is a synthetic derivative of lysine

which exerts its antifibrinolytic effect through the re-

versible blockade of lysine-binding sites on plasminogen

molecules, thereby stopping it binding to fibrin and sup-

pressing fibrinolysis [15]. This leads to stabilisation of

fibrin clots and reduced blood loss.

Strong evidence for the effectiveness of tranexamic acid

in reducing blood loss and transfusion requirements across

a range of surgeries has been demonstrated [16, 17].

Similar results are seen in studies examining the use of

tranexamic acid in surgery for adolescent idiopathic

scoliosis [18–20].

In May 2011, the anaesthetists at a national orthopaedic

hospital introduced the use of tranexamic acid as standard

for all AIS patients undergoing surgical correction. This

study aims to determine the effect that the introduction of

tranexamic acid as standard for patients undergoing pos-

terior spinal instrumentation and fusion has had on the use

of blood product transfusions at our centre.

Materials and methods

We performed a retrospective chart review of all patients

who underwent surgical correction for AIS at a national

orthopaedic hospital between 2009 and 2013. Patients with a

non-idiopathic diagnosis were excluded. All patients were

American Society of Anaesthesiologists (ASA) physical

status classification I or II. Patients were divided into two

groups, those who had received tranexamic acid periop-

eratively and those who received no antifibrinolytic agents.

The homogeneity of these two groups was analysed by

comparing age, sex, BMI, ASA physical status, autologous

blood donation, preoperative Cobb angle, magnitude of

Cobb angle correction, number of levels fused, pedicle

screw density, and preoperative values for haemoglobin and

haematocrit. The primary outcome variable for this study

was the number of patients requiring perioperative red blood

cell transfusion. Secondary outcomes included change in

haemoglobin levels between pre- and post-operation time

points, total operative time, length of postoperative stay, and

estimated intraoperative blood loss. Intraoperative blood loss

was estimated from the surgical suction and auto-transfusion

systems and by weighing sponges.

The surgical technique in all cases involved a posterior

spinal instrumentation and fusion with pedicle screws. No

hooks were used. Morselised bone graft was prepared from

locally excised bone. Concurrent anterior release is not

practised at our centre.

This was a retrospective study; therefore, it was not

possible to set strict transfusion criteria preoperatively.

Anaesthesiologists followed common practice guidelines

for transfusing patients with allogeneic blood products,

pre-donated autologous blood or cell saver transfusion. A

cell saver recovered blood during all operations, and where

the patient made a preoperative autologous blood donation,

2 units were typically prepared. Criteria for transfusion

included low haemoglobin levels, significant drop in sys-

tolic blood pressure, or any perceived rapid intraoperative

loss of blood. No protocol exists for intraoperative

monitoring of haemoglobin, and levels are measured based

on the clinical assessment of the anaesthetic team. Post-

operatively, haemoglobin is routinely checked in the

morning day 1 post-surgery, and patients with haemoglobin

levels \8 g/dL and clinical symptoms of anaemia, in-

cluding dizziness, excessive fatigue, and hypotension, or a

haemoglobin level of\7 g/dL, were considered for trans-

fusion. A standard protocol is used for the administration of

tranexamic acid at our centre. A bolus of 15 mg/kg is ad-

ministered at 10 min prior to skin incision, and a con-

tinuous infusion is administered at 10 mg/kg/h until skin

closure.

The collected data were analysed using descriptive

statistics carried out using SPSS software (v16.0, IBM

Corporation). A two-sample Student’s t test was used for

the analysis of continuous variables, and a two-sample

z test was used to compare sample proportions. p values

were calculated, and a value of\0.05 was considered to be

significant.
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Results

Fifty-six patients were eligible for admission into the study.

Twenty-five patients underwent posterior instrumentation

and spinal fusion without receiving any antifibrinolytic

agents and the remaining 31 patients received tranexamic

acid perioperatively. Table 1 shows the mean values for

parameters measured to compare the homogeneity of the

two groups. Both groups were comparable with no statis-

tically significant difference between them for any of the

parameters measured, with both groups similar in age, sex,

BMI, ASA physical status classification, rate of autologous

blood donation, preoperative Cobb angle, magnitude of

Cobb angle correction, number of levels fused, pedicle

screw density, and preoperative values for haemoglobin

and haematocrit.

Table 2 demonstrates the outcome findings for the two

groups. Eighteen (72 %) of the 25 patients who did not

receive any tranexamic acid required transfusions in the

perioperative period. Of these patients, 14 received allo-

geneic blood products. The remainder received either pre-

donated autologous blood or cell saver transfusion. All

transfusions were commenced in the postoperative period

with the exception of three instances where cell saver

transfusion was commenced prior to skin closure. Only

four (13 %) of the 31 patients who received tranexamic

acid required transfusions in the perioperative period, and

in all cases, this was from cell saver transfusion com-

menced in the postoperative period. None of the patients

who received tranexamic acid required transfusion with

allogeneic blood products or pre-donated autologous

blood.

The average operating time was 35 min faster in those

patients who had received tranexamic acid (188 vs

223 min, p = 0.03). These patients also had a reduced drop

in haemoglobin levels when comparing preoperative and

postoperative values (4.0 vs 5.0 g/dL, p = 0.01). Postop-

erative length of stay was reduced by almost an entire day

in these patients (6.63 vs 5.86, p = 0.08); however, this

was not found to be statistically significant for this study.

Discussion

The aim of this study was to determine the effect that the

standard use of the antifibrinolytic agent, tranexamic acid,

would have on transfusion rates for patients undergoing

corrective surgery for AIS. Reviewing the data gathered, it

is clear that the introduction of tranexamic acid has dra-

matically reduced the number of patients requiring trans-

fusions, both intraoperatively and in the postoperative

course. Prior to May 2011, when tranexamic acid was in-

troduced for these procedures, patients auto-donated

typically two units of blood before surgery or were cross-

matched for three units due to the high likelihood that a

transfusion would be required (72 % of cases required

transfusion in the period studied). Transfusions placed

these patients at risk of infections and transfusion-associ-

ated reactions with associated morbidity and mortality.

Autologous and allogeneic donations are also associated

with significant cost to the health service provider [21].

Since the introduction of tranexamic acid as standard,

our centre has seen an over 80 % reduction in the number

of transfusions for AIS patients undergoing corrective

surgery. Importantly, since February 2012, no patient has

required an intraoperative or postoperative blood product

transfusion, which highlights the effectiveness of this

change in patient management. Indeed, since July 2013, it

is no longer standard practice for patients to be routinely

cross-matched prior to surgery.

Table 1 Mean demographic

data comparing the two patient

groups

No tranexamic

acid (n = 25)

Received tranexamic

acid (n = 31)

p value

Age (years) 16.4 15.3 0.15

Sex (m/f) 10/15 9/22 0.38

BMI 21.2 20.3 0.26

ASA physical status (I/II) 22/3 28/3 0.81

Pre-donated autologous blood (%) 24 (n = 6) 6 (n = 2) 0.54

Pre-op Cobb angle (�) 60.8 58.81 0.33

Post-op Cobb angle (�) 24.0 22.6 0.44

Magnitude of correction (�) 35.2 36.1 0.49

Number of levels fused 12.7 12.7 0.43

Pedicle screw density (%) 76.0 75.8 0.49

Pre-op Hb (g/dL) 13.2 13.5 0.12

Pre-op Hct (%) 40.4 39.6 0.09
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The use of tranexamic acid has also led to a statistically

significant reduction in operation time (188 vs 223 min,

p = 0.03). This is an important change as prolonged op-

erative time is associated with increased blood loss,

therefore increasing the likelihood of transfusion [22]. The

decrease in the haemoglobin level between preoperative

and postoperative measurements associated with this ex-

tensive and prolonged procedure has also been decreased

by the introduction of tranexamic acid (4.0 vs 5.0 g/dL,

p = 0.01). Similarly, there has been a significant reduction

in the estimated intraoperative blood loss between the

groups, with the tranexamic acid group nearly 50 % less.

Combined reduction in operative time, intraoperative blood

loss and improvement in postoperative haemoglobin levels

have contributed to the decreased requirement for trans-

fusions in this study population.

Postoperative length of stay was also decreased in the

group who received tranexamic acid, but this was not

found to be a statistically significant change in this study

(6.63 vs 5.86, p = 0.08). However, a recent retrospective

study of 36,901 patients undergoing elective spinal sur-

gery found that those who received transfusions, even a

single unit, had increased length of stay and postoperative

morbidity [23]. Therefore, it is likely that the reduction in

transfusion rates at our institution will lead to reduced

patient lenght of stay and reduced morbidities with as-

sociated improvements in patient outcomes and reduced

costs.

The limitations of this study are typical of those asso-

ciated with retrospective analysis. It was not possible to

implement a standardised protocol for tranexamic acid

dosing for the group under review. The anaesthetic team

administered tranexamic acid at varying doses, depending

on their preference. Likewise, there was no set criterion for

giving blood transfusions, either intraoperative or postop-

erative course. However, the best practice was followed, as

described previously.

This study has demonstrated the effectiveness of peri-

operative tranexamic acid at reducing the requirement for

transfusion in patients undergoing corrective surgery for

adolescent idiopathic scoliosis. Together with a reduced

operating time, this has led to improvements in patient

outcomes and reduced costs associated with this procedure.

It has been suggested that with the use of tranexamic acid

now playing a major role in blood conservation strategies,

routine preoperative group and save or cross-match testing

may no longer be essential in hip and knee arthroplasty

surgery [24, 25] and in surgery for adolescent idiopathic

scoliosis [26]. On the basis of findings reported here, since

July 2013, it is no longer standard practice at our centre for

patients undergoing spinal surgery for adolescent idio-

pathic scoliosis to be routinely cross-matched prior to

surgery.
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