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Abstract

Purpose Intraoperative blood loss in scoliosis surgery

often requires transfusions. Autogenous blood decreases

but does not eliminate risks typically associated with all-

ogenic blood transfusion. Costs associated with transfu-

sions are significant. Tranexamic acid (TXA) has been

shown to decrease blood loss in cardiac and joint surgery.

Few studies have examined its use in pediatric spine sur-

gery, and the results are inconsistent. The aim of this study

was to determine whether TXA decreases intraoperative

blood loss and transfusion requirements in adolescent idi-

opathic scoliosis patients undergoing posterior spinal

fusion by a single surgeon.

Methods The medical records and operative reports of

surgically treated patients with adolescent idiopathic sco-

liosis between 2000 and 2009 were retrospectively

reviewed. The inclusion criteria were: (1) patients who

underwent instrumented posterior spinal fusion, (2) had

complete medical records, and (3) were treated by the same

surgeon. Forty-nine patients who met the inclusion criteria

were divided into two groups: Group A (25 patients)

received TXA, while Group B (24 patients) did not receive

TXA.

Results After controlling for age at the time of surgery,

gender, and number of vertebral levels fused, the mean

intraoperative blood loss was significantly lower in Group

A (537 ml) than in Group B (1,245 ml) (p = 0.027). The

mean volume of blood transfused intraoperatively was 426

and 740 ml for Group A and Group B, respectively. The

difference was not statistically significant after controlling

for age, gender, and number of levels fused (p = 0.078).

Conclusion TXA significantly decreased intraoperative

blood loss in posterior spinal fusions performed for ado-

lescent idiopathic scoliosis.

Keywords Adolescent idiopathic scoliosis � Tranexamic

acid � Transfusion � Spinal fusion

Introduction

Posterior spinal fusion surgery for adolescent idiopathic

scoliosis is often associated with significant blood loss

requiring transfusion due to prolonged operative times,

extensive soft tissue dissection, and significant bone

bleeding during instrumentation and decortications [1–4].

Allogenic blood transfusion has several inherent risks,

including the transmission of blood-borne pathogens as

well as hemolytic and immune-mediated transfusion reac-

tions, such as graft versus host disease [5]. Homologous

blood, when available, decreases but does not eliminate the

risks associated with transfusion [1, 6–9]. Postoperative

infections have been associated with the immunomodula-

tory effects of homologous transfusions [10–14]. In addi-

tion, the costs associated with transfusions are significant

[15].

Tranexamic acid [TXA, 4-(aminomethyl)cyclohexane-

carboxylic acid], a synthetic lysine analog, acts as an an-

tifibrolytic agent by binding reversibly to plasminogen and

plasmin and completely blocking the interaction of plas-

minogen and plasmin with lysine on the surface of fibrin

[16]. Thus, TXA inhibits fibrinolysis by preventing the

proteolytic action of plasmin on fibrin at the surgical
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wound [16]. The inhibition of fibrinolysis by TXA is not

readily analyzed by a simple inhibition model, due to

multiple overlapping ligand–kringle interactions or tran-

examic–fibrin interactions [17]. It has been shown that

TXA decreases blood loss in a variety of settings, including

hepatic, ocular trauma, oral, nasal, gynecologic, and car-

diac surgery [16–21]. In orthopedics, TXA has been shown

to be effective in joint surgery [22–25]. Up to this point and

to our knowledge, there are only a few studies evaluating

the role of TXA in pediatric spine surgery, but there is a

lack of agreement concerning the reduction of both blood

loss and transfusion requirements [26–29]. Moreover, in

the majority of these studies, the pediatric population was

mixed and included both idiopathic and nonidiopathic

patients, and, in all of these studies, surgeries were per-

formed by different surgeons employing different surgical

techniques and having variable surgical experience.

The purpose of this study was to determine whether

using TXA may affect intraoperative blood loss and

transfusion requirements in adolescent idiopathic scoliosis

patients undergoing posterior spinal fusion by a single

surgeon.

Materials and methods

After obtaining Institutional Review Board approval, the

medical records and operative reports of surgically treated

patients with adolescent idiopathic scoliosis between 2000

and 2009 were retrospectively reviewed. The inclusion

criteria were: (1) patients who underwent instrumented

posterior spinal fusion with either all pedicle screw or

hybrid hook–screw constructs, (2) had complete medical

records, and (3) were treated by the same surgeon. Patients

who underwent revision spine surgery were excluded.

Clinical data for each patient, including age, gender, and

number of vertebral levels fused, was collected. Intraop-

erative blood loss and intraoperative transfusion data were

obtained from the operative reports and chart reviews.

Patients were divided into two groups: Group A con-

sisted of patients who received TXA intraoperatively,

while Group B included patients who did not receive TXA.

In Group A, TXA was infused at a high rate, which con-

sisted of an initial loading dose of 100 mg, followed by a

dose of 10 mg/h throughout the entire case.

The surgical team’s indication for an intraoperative

transfusion was a hemoglobin level of 7.0 g/dL or less.

A cell saver was used in all patients.

Independent t-tests compared the continuous variables

of age and number of levels fused between groups.

A Fisher exact test compared the dichotomous variable of

sex between groups. Two linear regressions were per-

formed in order to determine the effect of the number of

levels fused on intraoperative blood loss and on transfusion

volume. All tests were calculated with use of the SPSS,

version 21.0 (SPSS Inc., Chicago, IL) statistical package

for personal computers. Statistical significance was set at

p B 0.05.

Results

Among 478 adolescent idiopathic scoliosis cases surgically

treated during the study period, 49 met the inclusion cri-

teria. There were 43 females and 6 males, with an average

age of 14.1 ± 1.5 years (range, 11–19 years). Group A

included 25 patients (21 females and 4 males), with an

average age at the time of surgery of 14.7 years (range,

12–19 years). Group B included 24 patients (22 females

and 2 males), with an average age at the time of surgery of

13.5 years (range, 11–16 years). Nine patients in Group A

(36 %) and 11 patients in Group B (46 %) were operated

during the period 2000–2004.

The mean number of levels fused was 10.7 (range, 8–14)

for Group A and 12.6 (range, 6–15) for Group B. This

difference was found to be statistically significant

(p \ 0.001). The number of levels fused showed a signif-

icantly positive linear relationship with both intraoperative

blood loss (r = 0.41, p = 0.004) and transfusion volume

(r = 0.37, p = 0.012).

Due to differences between groups in age and the

number of levels fused, intraoperative blood loss and

transfusion volume were compared between groups using

stepwise linear regressions with group as the sole predictor

in step 1 and group, age, sex, and number of levels fused as

predictors in step 2. The adjusted values were calculated

using the obtained regression equations:

Intraoperative blood loss ¼ �207:16 þ 576:04 � group

þ �3:173 � age

þ �266:436 � sex

þ 90:664 � levels fused

Intraoperativetransfusion volume ¼
� 817:253 þ 303:348 � group þ 46:531 � age

þ �208:142 � sex þ 65:481 � levels fused

Group was coded as 0 for A and 1 for B. The mean age

of the sample, which was 14.1 years, was entered for the

age. Sex was coded as 1 for females and -1 for males. The

mean number of levels fused for this sample, which was

11.6, was entered for the number of levels fused. The mean

intraoperative blood loss prior to adjustment was

significantly lower in Group A (537 ml) than Group B

(1,245 ml) (r = 0.48, p = 0.001) (Table 1). The difference

remained significant after controlling for age, sex, and
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number of levels fused (800 vs. 1,376 ml, respectively;

r = 0.33, p = 0.027). The mean volume of blood

transfused intraoperatively was also significantly lower

for Group A (426 ml) than Group B (740 ml) (r = 0.34,

p = 0.022). However, the difference in the volume of

blood transfused intraoperatively was found to be

nonsignificant after controlling for age, sex, and number

of levels fused (598 vs. 902 ml, respectively; r = 0.27,

p = 0.078). Four patients in Group A (16 %) and 7 patients

in Group B (29 %) received a transfusion during the

postoperative period.

Discussion

TXA is a synthetic lysine analog similar to e-aminocaproic

acid that acts as an antifibrinolytic agent by competitively

blocking the lysine binding site of plasminogen and plas-

min, thus, stabilizing fibrin clots [16, 30]. Although TXA is

approximately 6–10 times more potent than e-aminoca-

proic acid [31, 32], there are no studies that directly

compare the effectiveness of these two drugs on pediatric

scoliosis surgery. Unlike aprotinin, a serine protease

inhibitor, TXA has not been associated with cardiac or

renal failure, myocardial infarction, stroke, or death

[19, 20, 33]. TXA has been shown to decrease blood loss in

many types of surgery, but few studies have been devoted

to its use in scoliosis surgery [26–29]. The results of those

few studies have been positive, but inconsistent. In a study

of patients undergoing posterior spinal fusion for scoliosis,

Sethna et al. [27] revealed a 41 % decrease in intraopera-

tive blood loss after the administration of TXA. No dif-

ference was found in the amount of blood transfused. The

major drawback of the study was the fact that a great

number of patients had the diagnosis of Duchenne mus-

cular dystrophy, a condition that typically results in higher

intraoperative blood loss than idiopathic scoliosis [34]. In

another study examining the difference in blood loss

between scoliosis patients undergoing posterior spinal

fusion receiving TXA versus placebo, Neilipovitz et al.

[28] found no significant differences in intraoperative

blood loss, but observed a 28 % decrease in transfusions.

However, the authors studied a mixed population com-

prised of both idiopathic and nonidiopathic patients. The

major difference in these two studies was in the dose of

TXA used. Sethna et al. [27] used a higher dose of TXA at

100 mg/kg load followed by 10 mg/kg/h, while Neilipovitz

et al. [28] used a lower dose loading at 10 mg/kg followed

by 1 mg/kg/h. In a recent study, when two TXA dosing

regimens were evaluated, a dose-dependent effect of TXA

on the transfusion requirements was recorded [29].

Although only adolescent idiopathic scoliosis patients were

examined, the number of patients included in the study was

too low, while surgeries were performed by different sur-

geons. Shapiro et al. [26] found a 42 % decrease in blood

loss and a 46 % decrease in transfusion volumes in a study

retrospectively examining blood loss in spinal fusions

performed for scoliosis secondary to Duchenne muscular

dystrophy. When we studied only adolescent idiopathic

scoliosis patients treated by the same surgeon with or

without the use of TXA, there was significantly less blood

loss for patients receiving an initial loading dose of TXA of

100 mg followed by a dose of 10 mg/h throughout the

entire case.

All types of blood transfusion have an inherent level of

risk, even preoperatively donated autologous blood [1, 5–7].

Popovsky et al. [7] examined over 4 million American Red

Cross whole-blood donation records and noted that autolo-

gous donors were 12 times as likely as general blood donors

to undergo an adverse event serious enough to require hos-

pitalization. Several studies have also found that autologous

blood is also transfused at a higher rate than homologous

blood [1, 8, 35]. Simpson et al. [1] reviewed 5 years of

autologous blood transfusions at Children’s Hospital

of Denver and found that 11 % of autologous and 4 % of

homologous transfusions were given when not indicated.

Fifty-four of the 55 nonindicated autologous transfusions

were given postoperatively. The reasons for this was unclear,

although they may have been transfused simply because

autologous blood was available and thought to be safe.

Table 1 Intraoperative data

SD standard deviation
a Adjusted based on a mean age

of 14.1 and mean levels fused of

11.6

* p B 0.05 indicates statistical

significance

Group A Group B Difference

Mean ± SD Mean ± SD r p-Value

Intraoperative blood loss (ml) 537 ± 320 1,245 ± 896 0.48 0.001*

Adjusted intraoperative blood loss (ml)a 800 1,376 0.33 0.027*

Male 1,066 1,642

Female 533 1,109

Transfusion volume (ml) 426 ± 247 740 ± 604 0.34 0.022*

Adjusted transfusion volume (ml)a 598 902 0.27 0.078

Male 807 1,110

Female 390 694
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Ridgeway et al. [36] examined the use of autologous blood

transfusion in scoliosis surgery and, similarly, demonstrated

that 95 % of autologous units were infused, while only 51 %

of cross-matched homologous units were infused, despite

there being no significant differences in blood loss or labo-

ratory values between the groups.

The overall risk of infection from blood products is

declining due to improved screening methods, but aware-

ness of the number of transmissible pathogens is increasing

[9]. Although rare, documented transmission of variant

Creutzfeldt–Jakob disease, West Nile Virus, babesiosis, and

sleeping sickness has occurred via blood transfusion [9].

Additionally, there is evidence to support that uninfected

allogenic transfusion causes immunosuppression and

increases the rate of postoperative infection in orthopedic

surgery [10–14]. Triulzi et al. [10] found a markedly higher

rate of infection in postoperative spinal fusion patients who

received allogenic transfusions (20.8 %) as opposed to

those who did not (3.8 %). The mechanism behind trans-

fusion immunomodulation remains unclear [10–13].

The primary concern with the use of antifibrinolytic

agents, such as TXA, is the increased risk of thromboem-

bolic events. Vascular thrombosis has been described in

nonsurgical patients treated with TXA for bleeding control,

but these were isolated case reports [16]. Prospective

control trials in surgically treated children receiving TXA

have shown a very low incidence of intravascular throm-

bosis [28, 37, 38]. None of our patients had intravascular

thrombosis after treatment with a high-dose TXA protocol.

Although the results of the present and previous studies

suggest the safety of TXA use in patients undergoing

adolescent idiopathic scoliosis surgery, vigilance for deep

venous thrombosis is recommended.

In the present study, although the use of TXA led to a

significant decrease in intraoperative blood loss, it did not

appear to affect the amount or volume transfused. This can

be attributed to no adherence in standardized criteria

established for a blood transfusion threshold. Nevertheless,

the transfusion of available autologous blood is often based

on factors other than hemodynamics, hematocrit, or base

deficit. Transfusions may be given to ‘‘stay ahead’’ of

blood loss that previous experience may have lead the

anesthesiologist to anticipate.

The results of this study indicate that TXA can be safely

used to decrease intraoperative blood loss in posterior

spinal fusions for adolescent idiopathic scoliosis. Although

no significant difference in transfusion rates was found, our

results suggest that the need for transfusion could be

decreased by using TXA if standardized guidelines for the

transfusion threshold are established and followed. A pro-

spective trial with established transfusion guidelines would

be indicated in order to assess the impact on transfusion

requirements.
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