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EFFICACY OF TRANEXAMIC ACID AND CELL SALVAGE IN 

CONSERVING BLOOD IN SCOLIOSIS SURGERY 

ABSTRACT 

Note: The efficacy of tranexamic acid and cell salvage will be considered and analysed 

separately as the former is used to reduce intraoperative blood loss while the latter 

technique is used to recover lost blood during surgery. Hence, this dissertation will be 

divided into two parts under each subsection to accommodate for each blood conservation 

techniques.  

Part A - Tranexamic Acid given as single dose to reduce blood loss in scoliosis 

surgery – is a higher dose range more superior? 

Scoliosis surgery is often associated with long operative times and extensive 

blood loss. Published studies consistently demonstrate the efficacy of tranexamic acid 

(TXA) to reduce intraoperative blood loss compared to placebo. However, the optimal 

dose to maximize its anti-fibrinolytic properties without increasing thrombotic 

complications remains elusive. This retrospective study compares the efficacy of two dose 

ranges of TXA in reducing intraoperative blood loss in posterior spinal fusion (PSF) 

surgery. 173 patients with adolescent idiopathic scoliosis (AIS) who underwent PSF in 

2015 and 2016 were retrospectively studied. All patients received 1 gram of intravenous 

TXA without maintenance. They were divided into two groups – Group A- High dose 

TXA (>20 mg/kg, n=115) and Group B- Low dose TXA (<20 mg/kg, n=58). Mean age, 

weight, blood volume, Cobb’s angle and number of levels fused were 15.4 years, 41.8 kg, 

2914.8 mls, 66.4o, 11.2 levels and 18.2 years, 57.5 kg, 3652.8 mls, 65.7o, 10.8 levels in 

Groups A and B respectively. In terms of mean absolute intraoperative blood loss (827.8 

vs 909.4mls; p=0.26) and percentage of blood volume loss (28.5 vs 24.9%; p=0.11), the 

differences between the high and low dose groups did not achieve statistical significance. 
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Total blood loss per segment (72.2 vs 81.1mls; p=0.08) and per screw (56.8 vs 63.8mls; 

p=0.14) also did not differ significantly between the groups and so did duration of hospital 

stay (3.4 days vs 3.4 days, p=0.96). No patients received allogenic blood transfusion and 

none developed thrombotic complications. Higher dose of TXA (>20 mg/kg), failed to 

demonstrate superiority in reducing blood loss compared to a lower dose of < 20 mg/kg 

when given as a single dose in PSF for AIS.  

 

Part B - A retrospective review of efficacy of cell salvage to conserve blood in 

scoliosis surgery 

Cell salvage is widely practised in scoliosis surgery to reduce allogenic 

transfusion. However, evidence is limited with regards to its efficacy. This study aims to 

determine the efficacy of intraoperative cell salvage in single-staged posterior spinal 

fusion surgery. 89 patients who underwent single-staged posterior spinal fusion for 

adolescent idiopathic scoliosis in 2016 were retrospectively studied. All patients received 

intraoperative cell salvage (ICS) as part of institutional protocol. Mean intraoperative 

blood loss was 909 mls. They were categorised into two groups – Group C (< 900 mls 

blood loss, n=50) and Group D (> 900 mls blood loss, n=39). The mean age and weight 

was 16.1 years, 46.8kgs and 17.0 years, 49kgs for Group C and D respectively. 

Preoperative baseline characteristics such as blood volume (3121 vs 3346 mls), Cobb’s 

angle (57.6o vs 66.8o), number of levels fused (9.7 vs 12.4), number of screws (12.4 vs 

15.3) were higher in Group D compared to Group C. Blood volume returned by ICS were 

260 mls and 560 mls for Group C and D respectively. For both groups, 47% of total 

intraoperative blood loss was returned via ICS. Analysis of the pre-and postoperative 

haemoglobin levels did not show statistical significance between Groups C and D (preop: 

13.4 vs 13.7 and postop: 11.1 vs 10.7 g/dL). None of the subjects received perioperative 
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allogenic blood transfusion or reported complications from the use of cell salvage. 

Intraoperative cell salvage is effective in conserving blood in posterior spinal fusion 

surgery. Post-operative haemoglobin levels did not differ significantly between the higher 

and lower blood loss groups.  

Keywords 

Scoliosis, Tranexamic acid, cell salvage, blood loss 
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KEBERKESANAN “TRANEXAMIC ACID” DAN “CELL SALVAGE” UNTUK 

MENGURANGKAN PENDARAHAN DALAM PEMBEDAHAN SKOLIOSIS 

ABSTRAK 

Nota: Keberkesanan Tranexamic Acid (TXA) dan Cell Salvage (ICS) akan dianalisa 

secara berbeza kerana TXA digunakan under mengurangkan pendarahan semasa 

pembedahan manakala ICS digunakan untuk mengembalikan darah yang hilang kepada 

pesakit. 

Bahagian A: Penggunaan Tranexamic Acid sebagai dos tunggal untuk 

mengurangkan pendarahan dalam pembedahan skoliosis – adakah dos tinggi lebih 

berkesan? 

Pembedahan skoliosis selalunya melibatkan masa yang panjang and kehilangan darah 

yang banyak. Kajian telah menunjukkan keberkesanan tranexamic acid (TXA) untuk 

mengurangkan pendarahan semasa pembedahan apabila dibandingkan dengan placebo. 

Walaupun sedemikian, dos yang optima untuk mencegah fibrolisis dan mengelakkan 

masalah pembekuan darah (thrombosis) adalah tidak diketahui pada masa ini. Kajian 

retrospektif ini membandingkan dua dos TXA untuk mengurangkan kehilangan darah 

dalam pembedahan “posterior spinal fusion”(PSF). 173 pesakit dengan diagnosa 

“adolescent idiopathic scoliosis” yang melaksanakan PSF dalam tahun 2015 and 2016 

telah dikaji. Semua pesakit diberi 1 gram TXA sahaja tanpa dos sambungan. Pesakit-

pesakit dibahagikan kepada dua kumpulan – Kumpulan A – Dos tinggi TXA (>20mg/kg, 

n=115) dan Kumpulan B – Dos rendah TXA (<20mg/kg, n=58). Umur, berat badan, 

isipadu darah, sudut Cobb dan jumlah aras tulang belakang yang disambung ialah 15.4 

tahun, 41.8kg, 2914.8 mls, 66.4o, 11.2 aras dan 18.2 tahun, 57.5 kg, 3652.8 mls, 65.7o, 

10.8 aras dalam kumpulan A and B masing-masing. Dalam konteks isipadu pendarahan 

semasa pembedahan ((827.8 vs 909.4mls; p=0.26) and peratusan isipadu pendarahan 
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berbanding dengan jumlah isipadu darah pesakit (28.5 vs 24.9%; p=0.11), perbezaan 

untuk dua kumpulan tidak mencapai “statistical significance”. Kehilangan darah 

dibahagikan dengan bilangan aras (72.2 vs 81.1mls; p=0.08), dibahagikan dengan 

bilangan skrew (56.8 vs 63.8mls; p=0.14) dan bilangan hari masuk wad (3.4 hari vs 3.4 

hari, p=0.96), juga tidak mencapai “statistical significance” jika membandingkan 

kumpulan A dengan kumpulan B. Tiada pesakit yang menerima darah allogenik atau 

mendapat komplikasi pembekuan darah. Kajian ini menunjukkan dos tunggal TXA yang 

lebih tinggi (>20mg/kg) tidak berkesan untuk mengurangkan pendarahan dalam 

pembedahan PSF jika dibandingkan dengan dos yang lebih rendah (<20 mg/kg). 

 

Bahagian B – Kajian retrospektif tentang keberkesanan “Cell Salvage” untuk 

memelihara kehilangan pendarahan dalam pembedahan skoliosis 

“Cell salvage” digunakan secara meluas dalam pembedahan skoliosis untuk 

mengurangkan tranfusi allogenik. Tetapi, tiada kajian sampai hari ini untuk menunjukkan 

bukti keberkesanannya dengan kukuh. Oleh yang demikian, kajian ini bertujuan untuk 

menentukan keberkesanan “intraoperative cell salvage” dalam pembedahan “ single-

staged posterior spinal fusion surgery”. 89 pesakit yang menjalani pembedahan tersebut 

akan dikaji. Semua pesakit menerima ICS sebagai protokol unit pembedahan. “Mean” 

isipadu kehilangan darah semasa pembedahan ialah 909 mls. Pesakit-pesakit dibahagikan 

kepada dua kumpulan – Kumpulan C (< 900ml kehilangan darah, n=50) dan Kumpulan 

D (>900 ml kehilangan darah, n=39). Umur and berat “mean” ialah 16.1 tahun, 46.8kgs 

dan 17.0tahun, 49 kgs untuk kumpulan C dan D masing-masing. Ciri-ciri pra-

pembedahan iaitu isipadu darah (3121 vs 3346 mls), sudut Cobb (57.6o vs 66.8o) dan 

bilangan aras yang dicantum (9.7 vs 12.4), bilangan skrew (12.4 vs 15.3) adalah lebih 

tinggi untuk Kumpulan D berbanding dengan Kumpulan C. Isipadu darah yang 
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dikembalikan oleh ICS ialah 260 mls dan 560 mls untuk Kumpulan C dan D masing-

masing. Bagi kedua-dua kumpulan, 47% darah yang hilang dapat dikembalikan oleh 

sistem ICS. Paras hemoglobin sebelum dan selepas pembedahan tidak menunjukkan 

ketaraan statistic (“statistical significance”) apabila dibandingkan antara dua kumpulan C 

dan D (sebelum 13.4 vs 13.7 dan selepas 11.1 vs 10.7 g/dL). Tiada pesakit menerima 

transfusi darah allogenik atau melaporkan komplikasi akibat penggunaan ICS. Sebagai 

kesimpulan, “Intraoperative cell salvage” adalah berkesan untuk memelihara kehilangan 

darah dalam pembedahan “posterior spinal fusion”. Perbezaan paras hemoglobin sebelum 

dan selepas pembedahan tidak mencapai ketaraan statistik bagi kumpulan yang 

kehilangan lebih banyak darah apabila dibandingkan dengan kumpulan yang kurang 

kehilangan darah. 
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CHAPTER 1: GENERAL INTRODUCTION 

Scoliosis surgery are complex undertakings which require meticulous planning and 

careful execution of both the surgical and anaesthetic team to ensure a satisfactory 

outcome. It is invariably associated with prolonged operative time and extensive blood 

loss. Acute massive intraoperative bleeding leads to haemodynamic instability, shock, 

disseminated intravascular coagulopathy and inadequate delivery to organs and tissue. 

(Stainsby, 2000) Various blood conservation techniques have been developed and used 

to limit blood loss and reduce allogenic blood transfusion in the face of massive blood 

loss. They can be broadly divided into pharmacological and non-pharmacological 

methods. The former includes the use of tranexamic acid, aprotinin, desmopressin, and 

preoperative erythropoietin while the latter comprises techniques such as cell salvage, 

acute normovolaemic or hypervolaemic haemodilution, preoperative autologous donation 

and modification of surgical techniques. (Thomas, 2010) 

The use of tranexamic acid has becoming popular in trauma and many surgical fields 

to contain blood loss and reduce allogenic blood transfusion with good evidence emerging 

in the literature. However, the timing, dose and frequency of intravenous tranexamic acid 

to optimize its anti-fibrinolytic effects while averting thrombo-embolic complications 

have not been concretely established. We aim to investigate whether a higher dose range 

of intravenous tranexamic acid is more effective to decrease intraoperative blood loss 

compared to a lower dose range when administered as a single dose in posterior spinal 

fusion surgery. 

On the other hand, the opinions in the current literature with regards to the efficacy of 

intraoperative cell salvage to reduce allogenic blood transfusion remain mixed. As the 

use of cell salvage requires expertise and involves a steep cost, some authors felt that its 

use is not justified compared to the traditional way of transfusing allogenic blood to 
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correct exsanguinative hypotension and anaemia. (Stainsby, 2006) As part of the 

institutional protocol, intraoperative cell salvage is used for all posterior spinal fusion. 

Hence, this paper seeks to establish the effectiveness of ICS use in the face of extensive 

blood loss.   
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CHAPTER 2: LITERATURE REVIEW 

Posterior spinal fusion (PSF) for adolescent idiopathic scoliosis (AIS) involved 

extensive blood loss, ranging from 16 to 30% of total blood volume. (Shapiro et al, 2004) 

Ridgeway et al (2003) reported that up to 89% of patients required allogenic blood 

transfusion without the practise of pre-donated blood. While adverse effects associated 

with allogenic blood transfusion are fortunately rare, the patients are still exposed to small 

risk of significant and at times life-threatening complications, such as acute lung injury, 

viral and bacterial transmission, post-operative infections, transfusion errors, and 

increased mortality. By reducing the need for allogenic blood transfusion, such unwanted 

risks are averted to attain a better surgical outcome for the patients.  

Two common practices as part of conserving blood during PSF surgery at the local 

setting will be reviewed, namely tranexamic acid and intraoperative cell salvage. 

 

2.1 TRANEXAMIC ACID IN SCOLIOSIS SURGERY 

Tranexamic acid (trans-4-aminomethyl cyclohexane carboxylic acid) is a synthetic 

analogue of the amino acid lysine and is acts as an antifibrinolytic by reversibly blocking 

the lysine binding sites on plasminogen and plasmin. By doing so, it prevents fibrin 

degradation and maintains the framework of fibrin’s matrix structure and clot integrity. 

(Fan, 2014) It can be administered in various ways such as via oral, intravenous and 

topical routes on bleeding surface.  

By avoiding clot breakdown, it is used to reduce bleeding in various settings which 

include trauma, menorrhagia, cardiac surgery, craniosynotosis surgery, total joint 

arthroplasty, urological and obstetric procedures. (Faraoni, 2013; Goobie, 2011) It is also 
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used in spine surgery to decrease blood loss and consequently the need of blood 

transfusion. 

Hiipala et al (1997) showed a significant decrease in the total blood loss (689+289 vs 

1509+643 ml) and reduction in the red cell transfusion (1.0+1.2 vs 3.1+1.6 units) when 

tranexamic acid (TXA) was used in total knee arthroplasty compared to placebo. In their 

study, an intravenous bolus dose of 15 mg/kg was administered prior to tourniquet 

deflation followed by two extra doses of 10mg/kg postoperatively.   

In the paediatric population undergoing posterior spinal fusion, Neilipovitz et al (2001) 

demonstrated that a 10mg/kg intravenous loading dose of TXA followed by 1mg/kg/hour 

infusion throughout surgical period significantly lowered the need for red cell transfusion 

in the perioperative period while compared to saline placebo.  

Furthermore, a recent meta-analysis of six randomized controlled trials concluded that 

intravenous TXA can significantly decrease the amount of blood loss and subsequently 

the requirement of blood transfusion in major spinal surgery. (Zhang et al, 2014) The 

authors also managed to assert the safety of TXA in view no patients in the TXA group 

developed deep venous thrombosis or myocardial infarction. However, those studies were 

heterogenous in terms of surgical intervention, threshold for blood transfusion and most 

importantly the dosing of TXA. The loading dose for TXA ranged from 10mg/kg to 

100mg/kg while maintenance dose 1 to 10mg/kg.  

While single perioperative dose of intravenous TXA ranging from 10 – 30 mg/kg has 

been used successfully in primary total hip and knee arthroplasty to reduce blood loss 

perioperatively (Ralley et al, 2010; Sukeik et al 2011; Hourlier, 2014; George et al, 2015), 

the evidence for such single dose in spinal surgery was very limited. To our knowledge, 

the closest evidence in spine surgery for single dose intraoperative intravenous TXA was 
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conducted by Tsutsumimoto et al (2011). It was a prospective randomized study done in 

patients undergoing cervical laminoplasty. They received 15mg/kg of IV TXA prior skin 

incision, compared to placebo group. Of note, they found that IV TXA significantly 

decrease blood loss postoperatively, but not intraoperatively. This is interesting given the 

relatively short half-life of intravenous TXA of 1.5 to 2 hours.  

To our knowledge, there were no published data in the literature examining the 

efficacy of different dose ranges of single dose intravenous TXA to limit blood loss in 

scoliosis surgery. We aim to fill the gap of this knowledge and evidence in the literature 

via this retrospective study.  
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2.2 CELL SALVAGE IN SCOLIOSIS SURGERY 

Intraoperative cell salvage (ICS) is a technique constituting of three phases – collect, 

wash and reinfuse red blood cells from the operative site back to the patient via a 

specialized machine. (AAGBI, 2009) By receiving own’s lost blood during the surgery, 

ICS offers the opportunity to mitigate the need for allogenic blood transfusion in the face 

of massive blood loss and avoid its associated complications. Furthermore, salvaged 

blood is touted to have higher mean erythrocyte viability, elevated 2,3-DPG and ATP 

levels, maintains its deformability to travel across the capillary beds, and beneficial 

immune-stimulatory effects, as compared to stored allogenic red cells. (Munoz, 1999; 

Schmidt, 1995) Meanwhile, cell salvage is associated with complications such as non-

immune hemolysis, air embolus, coagulation, drug contamination and microaggregates. 

(Ashworth, 2010) However, their occurrences are rare, making its use appealing by many 

practitioners. 

Weiss et al (2007) reviewed 95 children who underwent PSF and found that cell saver 

failed to reduce the transfusion requirement in scoliosis surgery. They concluded that cell 

saver was of no benefit in their patient population. On the other hand, a retrospective 

review on adults with lumbar fusion surgery demonstrated fewer post-operative 

transfusions in the cell saver group with less-than-expected difference. (Reitman, 2004) 

The authors concluded that blood requirements can be met with pre-donation of 

autologous blood without the need for cell saver in most elective lumbar fusions. They 

also found the recovery rate of blood by the cell saver was 38%. 

On the contrary, Liang et al (2013) in their prospective randomized study found that 

cell saver significantly lowered the perioperative allogenic blood transfusion rate (by 

18.2%) in scoliosis surgery. The benefits were even more pronounced in subjects with 

anaemia and prolonged operation. A recent systematic review by Stone et al (2017) 
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concluded from 7 studies that cell saver decreased the need for allogenic blood transfusion 

with cell saver patients received 1.0 fewer unit of allogenic blood versus the control group 

in scoliosis correction surgery. The benefits were echoed by another recent meta-analysis 

by Liu et al (2017) which also showed improved haemoglobin and haemotocrit levels on 

post-operative day 1 in addition to reduced allogenic blood transfusion in scoliosis 

surgery. Moreover, there was no increase in the incidence of transfusion complications 

during the surgery associated with cell saver use. 

Since the evidence to support the use of ICS in PSF is still inconclusive and subject to 

debate, we wish to examine in our own local setting if the use of cell salvage is efficacious 

in conserving blood especially in patients experiencing significant blood loss.  
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CHAPTER 3: TRANEXAMIC ACID GIVEN AS SINGLE DOSE TO REDUCE 

BLOOD LOSS IN SCOLIOSIS SURGERY – IS A HIGHER DOSE RANGE 

MORE SUPERIOR? 

3.1 INTRODUCTION 

Posterior spinal fusion (PSF) surgery to treat adolescent idiopathic scoliosis often 

involves extensive operative time and may lead to massive intra- and postoperative blood 

loss. (Florentino, 2004) In the past, such blood losses are replaced by allogenic blood to 

restore the oxygen carrying capacity. Allogenic blood transfusion is associated with both 

infective and non-infective complications which may hinder the surgical outcomes and 

patient’s recovery. (Duffy, 2006; Vamvakas, 2002)  

Tranexamic acid (TXA) is an antifibrinolytic agent. It works by reversibly binding to 

plasminogen and plasmin and thus inhibiting their action of dissolving the fibrin plug. 

(Neilipovitz, 2004) This synthetic analogue of lysine has been proven effective in various 

surgical settings to reduce blood loss and transfusion. (Ker, 2012)  

However, there appears to be a large dose range for tranexamic acid used with different 

dosing regimens. (Sethna 2005; Wong, 2008) There is still a paucity of evidence 

regarding the optimal dose of tranexamic acid used in scoliosis surgery. To our 

knowledge, there are no published studies to date examining the efficacy of different 

dose-range of TXA given as a single dose in scoliosis surgery.  

This study compares the efficacy of two dose ranges of tranexamic acid in posterior 

spinal fusion surgery for adolescent idiopathic scoliosis, given as a bolus dose at the start 

of the surgery in reducing intraoperative blood loss. 
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3.2 METHODS 

This is a retrospective study involving 173 patients diagnosed with AIS who 

underwent single staged posterior spinal fusion from January 2015 to August 2016 at 

University Malaya Medical Centre (UMMC), Malaysia. Medical records for the patients 

were reviewed. All patients had normal renal and coagulation profiles prior to surgery. 

The surgeries were performed by the same team of senior orthopaedic spine surgeons and 

a consultant anaesthesiologist. Similar surgical and standard anaesthetic techniques were 

employed for all patients. No patients donated autologous blood prior to surgery and cell 

salvage blood recovery system was utilised for all subjects. As this is a retrospective study 

and all subjects were anonymised, no written informed consent was obtained. 

During the study period, a standard bolus dose of 1 gram tranexamic acid was given 

intravenously to all patients following induction of general anaesthesia. After adjusting 

for patient’s weight, this yields a dose range between 10 – 35 mg/kg. This is not followed 

by any maintenance infusion intra- or post-operatively.  

Patient demographics such as age, gender, preoperative weight and height, 

preoperative Cobb’s angles were recorded. Blood volume was calculated using the 

Nadler’s formula (Nadler, 1962). Intraoperative data such as number of screws inserted, 

operative time, estimated blood loss (EBL) were also analysed. The EBL was calculated 

from the cell salvage system and the weight differences between dry and blood-soaked 

gauzes, excluding blood lost to the floor, surgical gowns and drapes; giving the formula: 

Estimated blood loss, EBL (ml)  

= final volume accumulated in the reservoir  

– total volume of Anticoagulant Citrate-Dextrose (ACD)  

– total irrigation fluid used intraoperatively  

+ total unfiltered blood 
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The perfusionist calculated the total volume of ACD used and total unfiltered blood 

(weight differences between dry and used reservoir). Meanwhile, the nurses measured the 

total irrigation fluid before being used intraoperatively. (Hasan, 2017) 

 

Data analysis was performed using IBM SPSS software version 24. The patient’s basic 

demographic data, surgical statistics, blood loss were compared by independent T-test. 

The results were expressed as mean + SD (standard deviation). A p value of < 0.05 was 

considered statistically significant. 

 

3.3 RESULTS 

A total of 173 patients were included in this retrospective cohort study. They were 

divided into two groups based on the bolus dose of tranexamic acid received at the start 

of surgery over their body weight. There were 115 patients who received more than 20 

mg/kg of tranexamic acid (Group A) while 58 patients received 20 mg/kg or less of 

tranexamic acid (Group B). 

Table 3.1 Baseline Characteristics of patients in high and low dose tranexamic acid 

groups in posterior spinal fusion surgery 

Baseline Demographics Group A (TXA > 

20 mg/kg) 

(n=115) 

Group B (TXA < 

20 mg/kg)  

(n=58) 

p value 

Age 15.4+4.28 18.2+6.35 0.004 

Weight (kg) 41.8+4.41 57.5+7.89 <0.001 

Blood Volume (mls) 2914.8+315 3653.8+405 <0.001 

Cobb’s Angle (o) 66.4+19.90 65.7+13.94 0.79 

Number of levels fused 11.2+2.4 10.8+2.3 0.29 

Number of screws 14.1+2.3 13.7+7.6 0.31 

Surgical Duration (mins) 135.0+36.3 144.2+30.4 0.08 
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The mean age, weight and blood volume were 15.4 vs 18.2 years (p=0.004), 41.8 vs 

57.5 kg (p<0.001), and 2914.8 vs 3652.8 mls (p<0.001) for Group A and B respectively. 

In contrast, baseline surgical factors such as Cobb’s Angle (66.4 vs 65.7o), number of 

levels fused (11.2 vs 10.8), number of screws inserted (14.1 vs 13.7) as well as duration 

of surgery (135 vs 144 minutes) did not achieve statistical significance for Group A and 

B respectively with p values of 0.79, 0.29, 0.31 and 0.08 for each parameter compared. 

Table 3.2 Measured outcomes of patients in high and low dose tranexamic acid groups 

in posterior spinal fusion surgery 

Operative Outcomes Group A (TXA > 

20 mg/kg) 

(n=115) 

Group B (TXA < 

20 mg/kg)    

(n=58) 

p value 

Total blood loss (mls) 827.8+408.3 909.4+535.0 0.26 

% blood loss 28.5+14.0 24.9+14.2 0.106 

Total blood loss per 

segment (ml/segment) 

72.2+27.59 81.1+36.5 0.076 

Total blood loss per screw 

(ml/screw) 

56.8+22.1 63.8+31.6 0.135 

Allogenic blood transfusion 0 0  

Duration of hospital stay 3.4+0.61 3.4+0.49 0.955 

 

With regards to the total blood loss between the high and low dose tranexamic acid 

groups, the differences did not achieve statistical significance (827.8 vs 909.4 mls, 

p=0.26). To account for the difference in weight between the groups, analysis based on 

percentage of blood loss (using total blood loss divided by estimated blood volume) also 

did not yield statistical significance (28.5 vs 24.9 % blood loss, p=0.106). Blood loss in 

terms of per levels fused and per screws inserted also did not show statistical differences 

between the two groups. 

The duration of hospital stay also did not differ between the high and low dose 

tranexamic acid groups (3.4 vs 3.4 days; p=0.955). 
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All the patients neither received allogenic blood transfusion nor reported any 

thromboembolic complications throughout their stay till discharge.  

 

3.4 DISCUSSION 

Evidence is emerging that tranexamic acid (TXA) is an effective pharmacological 

intervention to reduce blood loss and transfusion requirement in different settings and 

types of surgeries such as cardiac, craniosynostosis surgery, total joint arthroplasty, 

obstetrical and urological procedures (Faraoni, 2013; Goobie, 2011; Hiippala, 2014; Fan, 

2014). There is good evidence to support the use of single bolus dose of TXA in reducing 

intra- and post-operative blood loss in hip and knee arthroplasties as well as coronary 

artery bypass grafting (George,2015; Ralley, 2010; Pleym, 2003).  

In addition, more studies and pooled meta-analyses are showing that TXA is effective 

in reducing blood loss in spine surgery. (Neilipovitz, 2004; Fan, 2014) However, the data 

for scoliosis surgery remains scarce and no definitive conclusions could be derived due 

to the heterogeneity of the procedures, surgical methods and doses of TXA used. A meta-

analysis by Fan et al (2014) revealed that most of the studies involved initiation of TXA 

as a loading dose followed by maintenance infusion. In this respect, data regarding single 

bolus dose of TXA used in posterior spinal fusion is even more lacking. 

In a prospective randomised study by Tsutsumimoto et al (2011), TXA was 

administered intravenously as a single dose of 15 mg/kg compared to placebo in cervical 

laminoplasty before skin incision. It demonstrated the effectiveness of TXA in reducing 

postoperative blood loss despite no difference in terms of intraoperative blood loss. 
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In this retrospective study, all patients received 1g of intravenous TXA following 

induction of general anaesthesia for scoliosis surgery without maintenance infusion or 

repeated dosing. The baseline patient’s demographics showed significant statistical 

differences in terms of age, weight and blood volume. This is attributed to the way the 

subjects were categorised in this study as older age is associated with increased weight 

and weight correlates positively with blood volume based on Nadler’s formula. 

This study failed to demonstrate the effectiveness of a higher compared to a lower dose 

of TXA in reducing intraoperative blood loss in posterior spinal fusion surgery when 

given as a single bolus at the start of operation. Total intraoperative blood loss was more 

in the lower dose range group but did not achieve statistical significance. When analysed 

via percentage blood loss to correct for the weight differences, the difference between the 

two groups also did not show statistical significance. However, factors which are known 

to affect intraoperative blood loss such as operating time, surgical techniques, number of 

vertebral levels fused and Cobb’s angle were comparable between the two groups (Fan, 

2014; Ng, 2015). 

The majority of existing studies which showed positive correlation using high dose 

TXA in reducing operative blood loss and transfusion requirements practised 

maintenance dose in addition to a loading dose with large differences in their dosing 

regimens. (Fan, 2014) Loading doses as high as 100 mg/kg with maintenance of 10 

mg/kg/hour have been reported. (Sethna, 2005) Meanwhile, other studies showing 

effectiveness using single dose TXA used placebo such as normal saline as a comparison. 

(Tsutsumimoto, 2011) However, the result of our analysis did not demonstrate that a 

higher single TXA dose is more superior in reducing intraoperative blood loss compared 

to a lower dose in posterior spinal fusion scoliosis surgery. 
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Another reason that could account for the above finding is the pharmacokinetics (PK) 

of TXA itself. In cardiopulmonary bypass surgery, the PK of TXA is found to fit into an 

open two-compartmental model with linear elimination. Hence, the authors concluded 

that to maintain effective concentrations throughout the cardiac surgery, a regime 

encompassing continuous infusion would be most appropriate. (Grassin-Delyle, 2013) In 

scoliosis surgery, the effect of a single dose of TXA may diminish quickly with prolonged 

operative time (due to redistribution and excretion in urine), ongoing significant blood 

loss (due to loss of tranexamic acid in blood) and intraoperative fluid and blood 

transfusion (due to dilution effect). Further pharmacokinetic studies especially outside 

cardiac surgery to determine the optimal dosing regimen of tranexamic acid are much 

desired. 

Of course, there are limitations of this study owing to its retrospective design. After 

categorising the subjects into two groups, it is worthy to note that the number of patients 

in the high dose group exceeded the comparative group by a large number. This could 

confound the study findings. Additionally, intraoperative blood loss is an estimated value 

and its accuracy could be affected by irrigation and hidden blood loss. (Smorgick, 2013) 

Furthermore, the postoperative drainage was not accounted for into the estimation of the 

blood loss in this study. The cases were performed in a university hospital setting with 

high case load by experienced surgeons and skilful anaesthetists. Hence, the findings may 

not be generalizable to other centres. 

 

3.5 CONCLUSION 

In conclusion, higher dose of tranexamic acid (>20 mg/kg) failed to demonstrate 

superiority in reducing intraoperative blood loss compared to a lower dose of < 20 mg/kg 

when given as a single dose in posterior spinal fusion for adult idiopathic scoliosis. 
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Prospective studies to investigate the optimal timing, dose range and duration of TXA 

administration in this setting are much desired. 
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CHAPTER 4: A RETROSPECTIVE REVIEW OF EFFICACY OF CELL 

SALVAGE TO CONSERVE BLOOD IN SCOLIOSIS SURGERY 

4.1 INTRODUCTION 

Scoliosis surgery is often associated with significant intraoperative blood loss. To limit 

perioperative allogenic blood transfusion, various strategies such as pre-donated 

autologous blood, hypotensive anaesthesia, proper positioning, haemodilution as well as 

antifibrinolytics have been used. (Lee, 1998; Copley,1999; Wong, 2008; Hasan, 2017) 

Intraoperative cell salvage (ICS) is one of the more popular options employed by many 

centres. (Stone, 2017) 

Red cell transfusion in the face of significant blood loss aims to restore the oxygen 

carrying capacity by haemoglobin. Albeit allogenic blood transfusion is considered safe 

in current medical practice, there are still risks of unwanted and unacceptable side effects 

such as haemolysis, allergic reactions, immunosuppression and disease transmission 

associated with its use. (Ashworth, 2010) 

Cell salvage aims to decrease perioperative allogenic blood transfusion and hence the 

associated risks for infectious and non-infectious complications. Studies have shown 

compared to allogenic blood, salvaged red cells have increased mean erythrocyte viability 

and 2,3-diphosphoglycerate (2,3-DPG) and adeno-triphosphate (ATP) levels, 

maintaining their biconcave disc shape. (Munoz, 1999) These in theory should translate 

to improvement in oxygen-carrying capacity and oxygen delivery to tissue. (Schmidt, 

1995) 

The use of ICS is also associated with potential complications such as non-immune 

haemolysis, air embolus, coagulopathy, contamination with cleaning solutions and drugs 
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and microaggregates. (Klein, 2008) With technical advancements and increasing 

experience with ICS use, the complications in reported literature are rare. 

To date, there is a paucity of evidence with regards to the efficacy of cell salvage in 

reducing allogenic blood transfusion and cost effectiveness. (Weiss, 2007) The purpose 

of this retrospective review is to determine the efficacy of cell salvage in single-staged 

posterior spinal fusion surgery.  

 

4.2 METHODS 

This retrospective study included 89 patients who underwent posterior spinal fusion 

for idiopathic scoliosis from January 2016 to August 2016 at University Malaya Medical 

Centre. All patients have normal haematological and coagulation profile prior to surgery. 

The operative procedures were performed by a team of experienced senior surgeons and 

a consultant anaesthesiologist. Standard surgical and anaesthetic techniques were used 

for all patients. No patients donated autologous blood prior to surgery. Cell saver was 

employed for all patients. As this is a retrospective study and all subjects were 

anonymised, no written informed consent was obtained.  

The total intraoperative estimated blood loss (EBL) was calculated from the cell 

salvage system and the weight differences between dry and blood-soaked gauzes, 

excluding blood lost to the floor, surgical gowns and drapes. EBL is estimated as follows: 

Estimated blood loss, EBL (ml)  

= final volume accumulated in the reservoir  

– total volume of Anticoagulant Citrate-Dextrose (ACD)  

– total irrigation fluid used intraoperatively  

+ total unfiltered blood 

 

Univ
ers

ity
 of

 M
ala

ya



18 

The perfusionist derived the total volume of ACD used and total unfiltered blood 

(weight differences between dry and used reservoir). Meanwhile, the nurses measured the 

total irrigation fluid before being used intraoperatively. (Hasan, 2017) 

Patient demographics such as age, gender, preoperative weight and height, 

preoperative Cobb’s angles and haemoglobin levels were recorded. Blood volume of each 

subject was estimated using the Nadler’s formula. (Nadler, 1962) Intraoperative data such 

as number of screws inserted, operative time and mean arterial pressure, amount of blood 

salvaged were also analysed. Haemoglobin levels sampled at 48 – 72 hours post-

procedure were examined. 

The mean blood loss for all patients will be derived and based on this parameter, the 

patients will be categorised into two groups – Group C with less than or equal to mean 

blood loss, and Group D with more than mean blood loss.  

Data analysis was performed using IBM SPSS software version 24. The patient’s basic 

demographic data, surgical statistics, blood loss were compared by independent T-test. 

The results were expressed as mean + SD (standard deviation). A p value of < 0.05 was 

considered statistically significant. 

 

4.3 RESULTS 

Mean intraoperative blood loss was 909.6 + 471.9 mls. The patients were categorised 

into two groups – Group C (< 900 mls blood loss, n=50) and Group D (> 900 mls blood 

loss, n=39). 

The mean age and weight were comparable for Group C and D; 16.1 vs 17.0 years 

(p=0.412) and vs 46.8 vs 49 kgs (p=0.287) respectively. Preoperative baseline 
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characteristics such as blood volume (3121 vs 3346 mls), Cobb’s angle (57.6o vs 66.8o), 

number of levels fused (9.7 vs 12.4), number of screws (12.4 vs 15.3) were higher in 

Group D compared to Group C.  

 

Table 4.1 Baseline demographics of patients in low and high blood loss groups in 

posterior spinal fusion surgery 

Baseline Characteristics Group C (Blood 

loss < 900 

mls)(n=50) 

Group D (Blood 

loss >900 mls) 

(n=39) 

p value 

Age (years) 16.1+6.0 17.0+4.6 0.412 

Weight (kg) 46.8+9.7 49.0+8.9 0.287 

Blood Volume (mls) 3121.1+410.3 3346.9+534.4 0.032 

Cobb’s Angle (o) 57.6+8.9 66.8+18.1 0.005 

Number of levels fused 9.7+2.6 12.4+1.4 <0.001 

Number of screws 12.4+2.1 15.3+1.3 <0.001 

Surgical Duration (mins) 120.1+28.3 156.7+30.9 <0.001 

 

Mean arterial pressure between the Groups C and D (72.5 vs 71.9 mmHg; p=0.548) 

did not differ significantly. Blood volume returned by cell saver were 260 mls and 560 

mls for Group C and D respectively, achieving statistical significance. For both groups, 

about 47% of total intraoperative blood loss was returned via cell saver. Analysis of the 

pre-and postoperative (48 – 72 hours) haemoglobin levels did not demonstrate statistical 

significance between Groups C and D (preop: 13.4 vs 13.7 and postop: 11.1 vs 10.7 g/dL).  
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Table 4.2 Measured operative data for patients in low and high blood loss groups in 

posterior spinal fusion surgery 

Operative Data Group C (Blood 

loss < 900 mls) 

(n=50) 

Group D (Blood 

loss >900 mls) 

(n=39) 

p value 

Pre-op Hb (g/dL) 13.4+1.1 13.7+1.3 0.3 

Post-op Hb (g/dL) 11.1+1.5 10.7+1.3 0.187 

Blood saved by cell saver 

(mls) 

260.8+105.8 560.2+217.9 <0.001 

Blood saved by cell saver 

(mls/kg) 

5.8+2.6 11.5+4.1 <0.001 

% of blood loss saved by 

cell saver 

47.1+6.9 47.0+4.0 0.861 

Mean arterial pressure 

(mmHg) 

72.5+2.3 71.9+2.5 0.548 

Allogenic blood transfusion 0 0  

Duration of hospital stay 3.5+0.5 3.6+0.8 0.438 

 

None of the subjects received perioperative allogenic blood transfusion or reported 

complications from the use of cell salvage.  

 

4.4 DISCUSSION 

The AAGBI guidelines published in 2009 recommended the use of intraoperative cell 

salvage (ICS) for anticipated blood loss of > 1000mls (or >20% estimated blood volume), 

patient population with pre-operative anaemia or at increased risk of bleeding, patients 

with rare blood types or multiple antibodies and those who refuse allogenic blood 

transfusion. (AAGBI, 2009) Since the complexity of scoliosis surgery involves prolonged 

operative times and significant blood loss, the use of ICS is popular in many centres. It 

was reported in the literature that the cost of a unit of allogenic blood ranges from $386 

to $2400 while using Cell Saver costs between $240 to $512 per case. (Hannon, 2006; 

Reitman, 2004; Miao, 2014; Siller, 1996)) 
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Despite their popularity, there is insufficient evidence at present to support the routine 

use of ICS in scoliosis surgery as the published data are inconsistent, heterogenous and 

even conflicting in their conclusions with regards to the efficacy and cost effectiveness 

of ICS. Nonetheless, recent data from randomised trials and meta-analyses suggested that 

cell saver significantly reduces the transfusion requirement in scoliosis corrective 

surgery. (Stone, 2017; Liu, 2017; Liang, 2014) In contrast, Weiss et al found that cell 

saver did not reduce the demand for other transfusion in scoliosis surgery (Weiss, 2007). 

Meanwhile, Siller et al (1996) concluded that pre-donated autologous blood was more 

cost effective than cell saver usage to meet blood requirements in spinal fusion surgery 

for idiopathic scoliosis.  

During the study period, all patients received cell salvage technique as part of the 

institutional protocol. Our data showed that higher Cobb’s angle, levels of fusion and 

number of screws inserted, in addition to longer operative time correlate positively with 

increased blood loss, achieving statistical significance between the two groups.  

The higher the blood loss, the higher amount of blood was salvaged by the system and 

returned to the patient. Of note, the proportion of blood loss returned to the patients by 

the ICS system was rather consistent (about 47%) in both high and low blood loss group. 

On the other hand, Weiss et al (2007) found that a blood loss of 500 mls is likely to be 

returned by cell saver while a systematic review by Stone et al (2017) suggested that cell 

saver can decrease the number of allogenic blood transfusions by one unit. Further studies 

are warranted to identify and risk-score potential patients with increased risk of 

intraoperative bleeding. Targeting the use of cell salvage in this group of patients may 

improve its cost effectiveness instead of blanket use for all patients. 

The pre- and post-operative haemoglobin levels did not differ significantly between 

the groups despite their differences in blood loss. It showed that intraoperative cell 
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salvage is efficacious in conserving blood in subjects who had higher blood loss. Its use 

is justified as none of the patients, especially those with higher blood loss, were transfused 

with allogenic blood throughout their admission stay. 

There are several limitations to this study. This study is retrospective in nature, and the 

indications for allogenic blood transfusion were not pre-defined. In addition, 

intraoperative blood loss is an estimated value and its accuracy could be affected by 

irrigation and hidden blood loss. (Smorgick, 2013) The cases were performed in a 

university hospital with high case load by experienced surgeons and skilful anaesthetists. 

Hence, the findings may not be generalizable. Due to the retrospective design, the timing 

to sample post-operative haemoglobin could not be standardized to a specific time-point 

after surgery. This may serve to confound the results as suggested by a study by Grant 

due to post-operative haemoglobin drift. (Grant, 2014) 

 

4.5 CONCLUSION 

Intraoperative cell salvage is effective in conserving blood in posterior spinal fusion 

surgery, especially in patients with higher blood loss. Post-operative haemoglobin levels 

did not differ significantly between the higher and lower blood loss groups with no 

patients received allogenic blood transfusion in the perioperative period. In this study, 

cell salvage managed to recover about 47% of intraoperative blood loss in both the 

groups.  
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CHAPTER 5: CONCLUSION 

 

Scoliosis surgery can be associated with significant blood loss. Tranexamic acid, when 

administered as a single intravenous dose, a higher dose range of more than 20 mg/kg did 

not appear to be superior to lower dose range of 20 mg/kg or less in decreasing 

intraoperative blood loss in posterior spinal fusion for adolescent idiopathic scoliosis 

correction. No patients reported hematological or neurological complications with the use 

of tranexamic acid. Hence, optimal timing, dose range and duration of tranexamic acid 

administration need to be examined in future studies. 

On the other hand, this retrospective study showed that surgery with higher blood loos 

benefit from intraoperative cell salvage in limiting blood loss and alleviating the need for 

allogenic blood transfusion. Post-operative haemoglobin levels did not differ significantly 

between the higher and lower blood loss groups. No patients received allogenic blood 

transfusion in the perioperative period even in the higher blood loss group. Cell salvage 

managed to recover approximately 47% of intraoperative blood loss in this study. 

Meticulous surgical technique and anaesthetic management including the use of 

tranexamic acid and cell salvage eliminated the need of allogenic blood transfusion for 

all patients examined in the study period. This represent good medical practice as 

allogenic blood is considered as rare commodity in many healthcare systems and its 

transfusion is associated with a remote but realistic potential for adverse transfusion 

reactions. 
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“Is a higher dose range of tranexamic acid more superior in reducing blood loss in 
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