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Abstract 

Introduction – Tranexamic acid (TXA) has been shown to reduce bleeding. Patients 

with spinal tumors are fragile and acute anemia may be harmful. Tumor excision 

surgery is reputed to be hemorrhagic and treatment may increase thromboembolic 

complications. The aim of this study was to compare blood loss with or without 

perioperative TXA injection. The transfusion-related and postoperative complications 

were documents. 

Method – This retrospective analysis of prospectively collected data involved 83 

patients with spinal tumors who underwent decompressive surgery associated with bone 

fixation. Tranexamic acid was used arbitrarily in 36 of them, while the other 47 did not 

receive TXA. The overall, intraoperative and postoperative blood loss was recorded. 

Blood loss was reported relative to the number of fixed levels and the number of levels 

decompressed by laminectomy. Transfusions were quantified in number of red blood 

cell packets and erythrocyte volume. Postoperative complications were documented. 

Results – Epidemiological and morphological data were similar between groups. There 

were no significant differences between the two groups in the overall, intraoperative, 

and postoperative blood loss. A significant reduction in postoperative bleeding was 

found in the TXA group when the volume was related to the number of decompressed 

levels. A significant reduction (p < 0.05) in the volume of transfused blood was 

identified in the treated group. No predictor of blood loss was identified, and no 

additional complications occurred. 

Conclusion – The efficacy of TXA appears to be moderate during spinal tumor surgery 

since it does not lead to a reduction in perioperative bleeding. However, a significant 

reduction in transfusion volume was found without an increase in complications. 



 

Key words - Spine surgery - Bone metastasis - Blood loss - Fracture fixation - 

Laminectomy  



 

Résumé 

Introduction - L’utilisation d’acide tranexamique a démontré son efficacité mais elle 

reste controversée pour la chirurgie des métastases rachidiennes en raison d’un risque 

thromboembolique accru. L’objectif était de comparer les pertes sanguines avec et sans 

traitement. Une description du recours transfusionnel et des complications était 

présentée. 

Méthode - L’analyse rétrospective de données collectées prospectivement a concerné 

83 patients porteurs de métastases rachidiennes ayant subi une chirurgie décompressive 

associée à une ostéosynthèse. L’acide tranexamique a été utilisé pour 36 d’entre eux, les 

47 autres n’en ont pas reçu. Les quantités de saignement globales, per et 

postopératoires, le recours transfusionnel, les complications postopératoires ont été 

relevés. 

Résultats - Les données épidémio-morphologiques étaient similaires entre les groupes. 

Il n’est pas apparu de différences significatives entre les deux groupes concernant les 

saignements globaux, peropératoires et postopératoires. Une réduction significative du 

saignement postopératoire apparaissait dans le groupe traité si son volume était rapporté 

au nombre de niveaux décomprimés. Une réduction significative (p<0,05) du volume de 

sang transfusé est apparu dans le groupe traité. Aucun facteur prédictif du volume de 

saignement n’a été identifié. Il n’est pas apparu significativement plus de complications. 

Conclusion - L’efficacité de l’ATx apparaît modérée au cours des chirurgies pour 

métastases rachidiennes. Elle n’entraîne pas de réduction du saignement périopératoire. 

Une réduction significative des quantités de transfusion est constatée sans être associée 

à une augmentation des complications. 



 

Mots clefs - Chirurgie rachidienne - Métastases osseuses - Pertes sanguines - 

Ostéosynthèse – Laminectomie
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Introduction 

Tranexamic acid (TXA) is an antifibrinolytic agent used systemically to reduce bleeding 

during surgery. This synthetic molecule found its first applications in cardiac surgery 

[1–5] in the 1950s [6]. Since then, its effectiveness during hip and knee arthroplasty has 

been confirmed [7–9]. Its benefits have also been demonstrated for spine surgery [10–

14] and more particularly for the treatment of degenerative diseases of adults [15–20] or 

scoliosis in children and adolescents [21–24]. 

Surgery for tumoral lesions of the spine mainly involves the metastasis of solid tumors 

and hemopathies. It is associated with a greater risk of hemorrhage [25]. Intraoperative 

blood salvage procedures are not indicated for tumor surgery. The number of allogeneic 

transfusions, and their inherent risks, are therefore increased. At the same time, patients 

with cancer have a higher incidence of venous thrombosis [26]. For all these reasons, 

the perioperative use of TXA in this specific setting deserves to be evaluated [27]. 

The main objective of this study was to compare the blood loss observed in patients 

undergoing surgery for spinal tumors with and without perioperative TXA injection. 

Secondly, the transfusion-related and thromboembolic complications were documented. 

Finally, factors influencing bleeding were identified. 
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Material and methods 

Description of the population 

This retrospective analysis of prospectively collected data involved a consecutive series 

of patients operated between January 2013 and December 2015. A change of practice in 

the use of TXA during surgery for spinal tumors occurred in July 2014. Thus, we made 

two subgroups based on whether or not the patients received TXA. The patients were all 

adults and had metastasis of a solid tumor or hematological malignancies localized 

within the spine. The indication for surgery was based on the risk of spinal compression 

or spinal deformity secondary to a pathological fracture. The surgery consisted of 

posterior medullary or radicular decompression associated with bone fixation. No 

intraoperative autotransfusion strategy was applied given the tumor context. 

To homogenize the population, anterior surgery and minimally invasive percutaneous 

surgery were excluded. Metastasis of kidney or thyroid cancers were excluded because 

of their bleeding potential. Other exclusion criteria included surgeries, pregnant or 

lactating women, and patients with hemostatic disorders warranting preoperative 

pharmacological correction.  

Our institutional ethics committee approved this non-interventional study (reference 

E2017-6). All participating subjects gave their consent for use of their anonymous data. 
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Technical procedure 

The surgical procedures were performed by two senior surgeons trained in spine 

surgery. Patients were placed in ventral decubitus with thoracic and pubic pads clearing 

the abdomen. A median posterior approach was used to expose two vertebrae on both 

sides of the treated lesions. Segmental fixation was performed by pedicular screwing. 

Neurological decompression included laminectomy and arthrectomy or even 

pediculectomy if necessary. Curettage of the tumor lesion was performed for 

decompression and to obtain histological samples. The surgical site was closed after 

having disposed of suction drainage.  

TXA injection was performed by the anesthesia team at a dose of 15 mg/kg at the time 

of induction and continued with the same dose administered continuously over 8 hours. 

The need for a TXA intraoperative injection was determined based on comorbidities and 

the expected risk of bleeding. The contraindications to TXA injection were an abnormal 

fibrinolytic process with disseminated intravascular coagulation, severe renal 

insufficiency (creatinemia greater than 250 μmol/l) or convulsion history. History of 

venous or arterial thrombosis was not an exclusion criterion. The surgical indication 

was not modified by the use of TXA. All the patients involved in this study had curare 

injected with an electronic syringe and maintained throughout the procedure. The blood 

pressure objective was a mean arterial pressure between 65 and 75 mm Hg. 

Transfusion was standardized using hemoglobin (Hb) thresholds collected by β-

hemoglobin photometer (HemoCue® Radiometer, Neuilly-Plaisance, France) 

intraoperative or postoperative blood counts. The cutoff was 8 g/dl in patients with no 

history of ischemic heart disease. In coronary patients, this threshold was 9 g/dl. The 
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transfusion objective was 10 g/dl.  Each unit of packed red blood cells (PRBCs) is 

expected to raise circulating Hb by approximately 1 g/dl. 

During the postoperative period, patients were lifted on day 1 and walking was 

encouraged when possible to limit the risk of deep vein thrombosis. 

 

Evaluation criteria 

The primary endpoint was perioperative blood loss. The intraoperative volume was 

quantified by the suction device and the postoperative volume quantified by drainage. 

This blood loss was related to the number of fixed vertebral levels and the extent of 

laminectomy. 

There were multiple secondary endpoints. The number of transfusions was quantified as 

the number of PRBCs and erythrocyte volumes administered from the procedure to the 

time of discharge. The Hb level was determined before the procedure and on days 1 and 

3 postoperatively. Postoperative complications, particularly thromboembolic 

complications with paraclinical confirmation, and length of hospital stay were collected. 

The injury criteria used were the number and location of the vertebrae involved, the 

clinical neurological status of the patient according to the American Spinal Injury 

Association classification (ASIA score). Surgical criteria included operative time, 

expansion of decompression and fixation. Other epidemiological data were collected 

such as sex, age and body mass index (BMI). They also included medical history such 

as the use of anticoagulants or antiplatelet agents and the origin of the primary tumor 

when identified. 

 

Statistical analysis 
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Statistical analysis was performed using JMP® software version 6.0.3 (SAS Institute 

Inc., Cary, NC, 1989-2007). Quantitative variables (age, BMI, Hb, operative time, 

number of injured vertebrae, number of fixed levels, number of levels released, 

intraoperative blood loss, volume of blood in the drains, total bleeding volume, 

variation in bleeding rates, pre- and postoperative Hb, number of PRBC units 

transfused, volume of transfused erythrocyte) were considered as continuous variables 

and expressed as mean ± standard deviation. Qualitative variables (sex, history, 

anticoagulant or antiplatelet use, ASIA score, primary lesions, spinal lesions, affected 

vertebrae, single or multiple lesions, presence of bone fixation, TXA injection, 

postoperative complications) were expressed as percentages. Comparisons of 

continuous variables were performed with Student’s t test after confirming the data were 

normally distributed using the Shapiro-Wilk test. In case of non-normal distribution, the 

nonparametric Mann-Whitney test was used. An X² test or Fisher exact test was used to 

compare qualitative variables. 

 

  



6 

Results 

Patient population 

The study involved 83 patients, 36 of whom (43.4%) received TXA injections (TXA 

group). The other 47 patients (56.6%) did not receive antifibrinolytics (No TXA group). 

The mean age was 61.7 years (± 13.4) with a predominance of women (sex ratio 0.6). 

Other epidemiological and morphological data are listed in Table 1. The intake of 

antiplatelet agents (19.3%, n = 16) and anticoagulants (4.8%, n = 4) was noted; 15.7% 

of patients (n=13) had a prior arterial thrombosis. 

 

Table 2 lists the primary tumor origins. A predominance of thoracic (70.8%, n=85) and 

lumbar (25.8%, n=31) locations was reported (Table 1). Multiple metastatic vertebrae 

per patient were identified in 34.9% of cases (n=29). The average operating time was 

133 minutes (± 35). Bone fixation was associated with 1 to 5 levels of laminectomy. 

Mean intraoperative and postoperative blood loss was 404 ml (± 394) and 602 ml (± 

280), respectively (Table 3). The transfusion procedure resulted in an average 

prescription of 1.5 PRBC units (± 1.8), i.e. an RBC volume of 450 ml (± 522). The 

average duration of hospitalization was 11 days (± 10.8). 

 

Impact of TXA 

The two subgroups were epidemiologically and morphologically similar (Table 1). 

However, the TXA group had significantly more lung cancers (p<0.01) and 

preoperative neurological deficit (p<0.001). 

There was no significant difference between the two groups in the overall (p=0.62), 

intraoperative (p=0.85) and postoperative (p=0.17) blood loss. On the other hand, the 
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rate of postoperative transfusion was significantly lower in the TXA group based on the 

number of transfused PRBC units (p <0.05) and the RBC volume (p <0.05). 

Postoperative bleeding was statistically less when related to the number of 

decompressed laminectomy levels (p <0.01) in the TXA group. This difference was not 

found when the bleeding was related to the number of bone fixation levels. There was 

no significant difference between the groups in the complication rate and length of 

hospital stay. There were no anaphylactic events or increased thromboembolism in 

TXA group.  

 

No statistically significant correlation was identified between bleeding and 

epidemiological, morphological, tumor or surgical parameters in both the univariate and 

multivariate analysis. 
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Discussion 

Several methods to reduce the consequences of perioperative blood loss are available. 

These include preoperative hematopoietic stimulations, autologous transfusions, radio-

embolization, controlled hypotension, local and general hemostatic products, intra- and 

postoperative blood collection, or a combinations of these strategies [28]. 

TXA, a synthetic analog of the amino acid lysine, has proven to be a cost-effective 

method for decreasing transfusion rates and avoiding complications associated with low 

blood volume during spinal deformity surgery [29]. Its effectiveness has been proven in 

several applications [1–4,7,8]. This is particularly the case for spine surgery according 

to two meta-analysis studies [30,31]. Transfusions are common during these surgeries. 

Reducing their number is an important goal as they are associated with potentially 

severe complications [31]. 

Studies of pathologies such as lumbar ductal stenosis [18,20,32] or kyphotic and 

scoliotic deformities [15,22] confirm the efficacy of TXA. On the other hand, there is 

little recent data on surgery for spinal tumors [27]. However, these procedures are 

known to be hemorrhagic and are often performed on frail subjects in whom acute 

postoperative anemia could be harmful. TXA was minimally effective in the metastatic 

context of our study. In fact, there was no significant reduction in overall blood loss or 

even blood loss in the pre- and postoperative periods. This findings corroborates the 

results of Bednar et al. [27], drawn from a small sample. 

However, there were some positive aspects to TXA use. A significant reduction in 

transfusions was found in the TXA group. This may be explained by less frequent or 

shallower postoperative anemia, in which patients less frequently reach the established 

threshold for transfusion. Postoperative bleeding appeared to be reduced in the TXA 
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group when the number of laminectomy levels increased. This suggests that a large 

amount of blood loss is needed to highlight TXA efficacy. In both groups, there were no 

additional thromboembolic events despite the increased risk associated with progressive 

cancers. There were no seizures, although this was considered more frequent with TXA 

in a prior study [33]. There were no anaphylactic events. 

This confirms the data reported by the large prospective randomized CRASH 2 study 

[34], which found no additional thromboembolic morbidity in a placebo group or a 

TXA group (p=0.084). Contraindications related to thromboembolic risk initially 

described for this molecule are no longer a limit to its use. All these factors lead us to 

consider TXA as useful and applicable for reducing the number of transfusions related 

to spinal tumor surgery. 

Several limitations impact the validity of our results. The 83 patients included constitute 

a relatively small cohort which may explain the lack of significance in some of the tests, 

especially since the amount of blood loss was low. The effectiveness of TXA for spinal 

metastasis surgery is probably difficult to demonstrate because the amounts of blood 

loos is, on average, less than for scoliosis surgery for example. The assessment of blood 

loss was based on quantification of aspirated blood volumes. This method is associated 

with inaccuracies. However, the same method was used for all the subjects studied. Our 

cohort had several subgroups of primary tumors that we did not want to subdivide in 

order to maintain an analyzable number. By chance, lung cancer was predominant in the 

group without TXA (22 vs 7). The predominance of arterial thrombosis comorbidity in 

the No TXA group (12 vs 1) could be considered another confounding factor. 

Metastasis of kidney and thyroid cancers underwent radio-embolization before surgery. 

They were not excluded from this study because this strategy is current practice. 
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Finally, this retrospective study compared patients without randomization but with the 

decision to inject TXA based on medical criteria linked to the patient’s hemorrhagic 

risk. The choice of TXA injection subjectively belonged to the anesthetist on non-

protocol criteria. However, the characteristics of the two groups were not significantly 

different before the surgical procedure. TXA was used arbitrarily for some patients 

without objective criteria before this retrospective study was set up. 
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Conclusion 

While TXA appears compatible with spinal metastasis surgery,  its use is not associated 

with a reduction in perioperative blood loss. On the other hand, it significantly reduced 

the number of transfusions related to the procedure. In parallel, it does not cause 

additional complications including thromboembolic ones. 
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Table 1: Population and surgery characteristics with comparison between the two groups 

 Total 

(N = 83) 

TXA group 

(N = 36; 43.4%) 

No TXA group 

(N =47; 56.6%) 

p 

Epidemiological and morphological data    

Age at surgery (years) 61.7 ± 13.3 61.9 ± 14.7 61.5 ± 14.7 0.88 

Sex ratio (Female / Male) 0.6 0.5 0.7 0.08 

BMI (kg/m²) 24.9 ± 5.0 24.3 ± 4.3 25.1 ± 5.5 0.48 

Number of spinal lesions 1.4 ± 0.7 1.4 ± 0.6 1.4 ± 0.7 0.92 

Multiple spinal tumors 29 (34.9) 13 (36.1) 16 (34.0) 0.64 

ASIA score 

- A 

- B 

- C 

- D 

- E 

 

1 (1.2) 

1 (1.2) 

16 (19.3) 

1 (1.2) 

64 (77.1) 

 

1 (2.8) 

0 (0) 

7 (19.4) 

1 (2.8) 

27 (75.0) 

 

0 (0) 

1 (2.1) 

9 (19.1) 

0 (0) 

37 (78.7) 

0.35 

     

Comorbidities    

Arterial thrombosis 13 (15.7) 1 (2.8) 12 (25.5) 0.005 

Venous thrombosis 0 (0) 0 (0) 0 (0)  

Seizure 1 (1.2) 0 (0) 1 (2.1) 0.40 

Antiplatelet agent 16 (19.3) 6 (16.7) 10 (21.2) 0.57 

Anticoagulant 4 (4.8) 1 (2.8) 3 (6.4) 0.50 

     

Operative data    

Operative time (minutes) 133 ± 35 131 ± 37 133 ±34 0.77 

Associated fixation 83 (100) 36 (100) 47 (100)  

- Number of levels 5.8 ± 2.3 6.0 ± 1.7 5.6 ± 2.3 0.42 

Extent of laminectomy (stage) 2.3 ± 0.8 2.3 ± 0.7 2.3 ± 0.9 0.93 

Hospital stay (days) 11.0 ± 10.8 11.0 ± 9.6 11.0 ± 11.8 0.92 

     

Complications     

Early complication (< 7 days) 8 (9.6) 2 (5.6) 6 (12.8) 0.33 

Late complication (> 7 days) 18 (21.7) 7 (19.4) 11 (23.4) 0.81 

     

Level involved (N = 120) (N = 51; 42.5%) (N = 69; 57.5)  

- Cervical 4 (3.3) 0 (0) 4 (5.8)  

- Thoracic 85 (70.8) 41 (80.4) 44 (63.8)  

- Lumbar 31 (25.8) 10 (19.6) 21 (30.4)  

     

Results expressed in value (%) or average ± SD 

ASIA: American Spinal Injury Association 

SD: standard deviation 

BMI: body mass index 



Table 2: Primary tumor distribution for the two groups 

Primary tumors N (%) 

(N = 83) 

TXA group 

(N = 36; 43.4%) 

No TXA group 

(N = 47; 56.6%) 

Lung 29 (34.9) 7 (19.4) 22 (46.8) 

Breast 24 (28.9) 14 (38.9) 10 (21.3) 

Prostate 7 (8.4) 4 (11.1) 3 (6.4) 

Multiple myeloma 4 (4.8) 2 (5.6) 2 (4.3) 

Urinary 4 (4.8) 3 (8.3) 1 (2.1) 

Colorectal 3 (3.6) 1 (2.8) 2 (4.3) 

Upper airway 2 (2.4) 0 (0) 2 (4.3) 

Testicle 2 (2.4) 1 (2.8) 1 (2.1) 

Other 8 (9.6) 4 (11.1) 4 (8.6) 

    

TXA: Tranexamic acid 

 



Table 3: Blood loss comparison between the two groups 

 Overall 

(N = 83) 

TXA group 

(N = 36; 43.4%) 

No TXA group 

(N = 47; 56.6%) 

p 

Blood loss (ml)    

Intraoperative 401 ± 392 444 ± 356 370 ± 419 0.85 

Postoperative 604 ± 279 568 ± 250 631 ± 299 0.17 

Total 1006 ± 513 1018 ±438 1001 ± 564 0.62 

     

Bleeding ratio by laminectomy level    

Intraoperative 193 ± 192 200 ± 174 187 ± 218 0.52 

Postoperative 294 ± 163 265 ± 146 317 ± 209 0.01 

Total 487 ± 269 468 ± 223 512 ± 336 0.15 

     

Bleeding ratio by fixation level    

Intraoperative 81 ± 76 79 ± 61 83 ± 142 0.55 

Postoperative 111 ± 52 99 ± 45 120 ± 59 0.17 

Total 192 ± 93 177 ± 75 203 ± 184 0.34 

     

Hemoglobin decrease     

Day 1 vs. preoperative −0.74 ± 1.7 −0.75 ± 1.7 −0.76 ± 1.9 0.71 

Day 3 vs. preoperative −1.08 ± 1.7 −1.12 ± 1.8 −1.06 ± 1.7 0.69 

     

Red blood cell units 

transfused 

1.5 ± 1.2 ± 1.4 1.8 ± 2.3 0.04 

Erythrocyte volume (ml) 450 ± 522 348 ± 411 528 ± 678 0.04 

     

 




