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Abstract
Purpose To investigate the safety and efficacy of topical use of tranexamic acid (TXA) on early operation for thoracolumbar 
burst fracture (TBF).
Methods Patients with acute TBF requiring early decompression were prospectively collected. The enrolled patients were 
randomly assigned to TXA and control group, in which wound surface was soaked with TXA or the same volume of normal 
saline for 5 min after wound incision, respectively. The total blood loss (TBL), intraoperative blood loss (IBL), postoperative 
blood loss (PBL), hemoglobin (HGB) levels on preoperatively (pre-op) and postoperatively, and amount of allogenic blood 
transfusion were recorded. Furthermore, the general information was also compared between groups.
Results There were 39 and 37 patients enrolled in TXA and control group for final analysis. The demographics data showed 
no significant difference between groups (P > 0.05), but operation time and IBL were significantly decreased in TXA group 
(P < 0.05). Further analysis showed that HGB level was significantly higher in the TXA group at POD1, while the TBL and 
PBL were significantly less than those in the control group (P < 0.05), but similar to HBL (P > 0.05). The postoperative 
ambulation time, removal time of drainage tube, length of hospital stay, and blood transfusion rate were also significantly 
less in TXA group (P < 0.05). At the final follow-up, no neurological deteriorations and no TXA-related complications were 
observed in both groups.
Conclusion This RCT first demonstrated that topical TXA usage after wound incision could effectively reduce IBL without 
increasing risk of complications, beneficial to enhanced recovery after early operation for TBF.
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Introduction

Spinal trauma is common in the thoracolumbar (TL) seg-
ment due to its location on the junction of spinal biome-
chanical stress. Major cause for fracture in the TL spine is 
high-energy trauma, 20 ~ 40% of TL fractures present neu-
rological compression [1]. Thoracolumbar burst fracture 

(TBF) is the vertebral segment subjected to axial load on 
the anterior and middle columns, with posterior wall of the 
vertebral body protruding into the canal, which may be a 
cause of neurological injury. There still remains controver-
sial regarding the optimal treatment strategy for TBF. Cur-
rently, neurological deficit is deemed as a potential surgical 
indication to decompress neurologic tissues for recovery [2]. 
However, the timing of surgical decompression and stabi-
lization is another big controversy that still lacks of strong 
clinical evidence [3]. It is generally assumed that early sur-
gical intervention may have benefits for reducing the length 
of stay, intensive care unit stay, ventilator days, morbidity, 
and hospital expenses within 72 h of injury [4]. In contrast, 
other scholars think early surgical intervention may become 
a “second hit,” of which operation for acute spinal fracture 
is associated with considerably intraoperative bleeding, 
which not only influences operational manipulation, but 
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also adverse to enhanced recovery after surgery (ERAS). 
Therefore, it seems a safe and efficient treatment strategy to 
reduce perioperative blood loss when performing an early 
surgery for TBF.

As a kind of antifibrinolytic agent, tranexamic acid (TXA) 
has verified its effectiveness in reducing perioperative and 
traumatic bleeding in various surgeries, of which the efficacy 
of TXA has also been assessed in spine surgery [5]. A high-
quality clinical study indicated that TXA could significantly 
reduce perioperative blood loss in adults undergoing major 
spinal surgery [6]. However, the concept of major spinal 
surgery is vague. Furthermore, majority of studies reported 
the intravenous application of TXA in orthopedic surgery, 
but systemical TXA usage has potential thrombogenic risk 
as well as rare but known epileptogenic side effect [7]. 
Instead, topical use could maintain the local drug concen-
tration by little dosage suggesting well application prospects. 
There have been many studies demonstrating intravenous 
or topical administration of TXA could reduce blood loss 
and allogenic blood transfusions in joint surgery, without 
a high risk of complications such as deep vein thrombosis 
(DVT), pulmonary embolism (PE) or wound infection [8, 
9]. Recently, some studies have reported the topical usage 
of TXA in spinal surgery but poorly evaluated, which have 
relatively small sample sizes as well as some methodologi-
cal limitations [10]. Therefore, the aim of this prospective 
randomized double-blinded study was to evaluate the influ-
ence of topical TXA usage in reducing blood loss on early 
operation for TBF with interval time less than 72 h.

Methods

Patients’ data

Patients with acute TBF and planned to receive operative 
treatment were prospectively collected at our department 
from October 2017 to May 2019. Inclusion criteria: ① age 
of 18 ~ 50 years old, no gender preference; ② bone mineral 
density detected by dual-energy X-ray absorptiometry >  − 1 
SD; ③ identify trauma history, the time of injury ≤ 24 h; ④ 
single segmental A3 or A4 style fracture located within the 
TL region (T11 to L2) [11], involved the anterior and mid-
dle columns, with retropulsion of posterior bone fragments 
into the spinal canal as described by Denis [12]; ⑤ accom-
panied with neurological deficit, ASIA impairment scale 
grade C or D [13]; ⑥ accompanied with spinal instability 
(spinal canal encroachment, kyphosis, posterior ligamentous 
complex injury, et al.), if neurological intact (ASIA grade 
E). Exclusion criteria: ① multiple injuries; ② tumor, infec-
tion or osteoporosis induced pathological fracture; ③ com-
plicated with serious underlying diseases, unable to tolerate 
surgery; ④ history of allergy or hypersensitivity to TXA, 

current treatment with drugs that interfere with coagulation; 
⑤ coagulation disorders or history of any thromboembolic 
episode before surgery; ⑥ anemia before surgery; ⑦ perio-
perative cerebrospinal fluid leak. Written informed consent 
was conventionally signed by all patients at admission.

Trial design

This is a prospective, randomized, double-blinded clini-
cal trial performed in one hospital. The research approach 
was approved by the ethics committee of the first affiliated 
hospital of Chongqing Medical University (2017–100) 
and registered in chictr.org (ChiCTR-IOR-17013385). The 
patients were randomized to receive tranexamic acid (TXA 
group) or saline solution (control group) by a simple, equal-
probability randomization scheme. The study had a double-
blinded design with products masked and coded so that the 
participants were unaware of which product each patient was 
receiving.

Surgical procedure and interventions

All the patients enrolled were managed with open decom-
pression, reduction in fracture, and short-segment internal 
fixation through a standard posterior midline approach. 
All the operations were performed by one surgeon (H.J) at 
less than 3 days after initial trauma. In brief, under general 
anesthesia, patients were positioned pronely and a midline 
skin incision was made. Subsequently, cut the fascia close 
to spinous process, strip the sacrospinous muscle along sub-
periosteum, and expand the muscle laterally to the trans-
verse process. After that, in the TXA group, wound field 
was soaked with TXA (1 g in 100 ml saline solution) for 
5 min, while in the control group, wound field was soaked 
with the same volume of normal saline. Then, the pedi-
cle screws were implanted into fractured vertebra and the 
vertebra cephalad and caudad with positions confirmed by 
C-arm. A unilateral laminectomy was performed to check 
the protruded bony fragment encroach the canal. Then, place 
the impactor on the bony fragment and push it down to be 
decompressed. Set connecting bars; a distraction force was 
applied using spreader forceps to further restore bony frag-
ment and body height. Ultimately, two ordinary-pressure 
drainage tubes were placed on both sides of the wound, and 
a layer-to-layer suture was carried out to close the wound. 
Patients were instructed to perform isometric contrac-
tion and exercise of bilateral lower limb muscles after the 
operation.

The postoperative drainage < 50 mL in 24 h was con-
sidered as the standard for the removal of drainage tube, 
whose removal time was recorded. The postoperative walk-
ing ability was assessed by the modified Benzel scale, whose 
scores ambulation was from I to VII [14]. When the patient 
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attained Grade V that represents the ability to walk 7.5 m 
with or without assistance, this ambulation time was valid in 
this study. The ultimate postoperative neurologic status was 
evaluated at the final follow-up of June 2019.

Outcome evaluation

The total blood loss (TBL) was estimated according to the 
formula of Nadler and Gross as follows [15]:①preoperative 
blood volume (PBV) = k1 × height(m)3 + k2 × weight(kg) + k
3, of which k1 = 0.3669, k2 = 0.03219, k3 = 0.6041 for men; 
k1 = 0.3561, k2 = 0.03308, and k3 = 0.1833 for women. ② 
TBL = PBV × (HCT pre-HCTpost)/HCTave, of which  HCTpre is 
the preoperative hematocrit,  HCTpost is the lowest postopera-
tive hematocrit during hospitalization or prior to transfusion, 
and  HCTave is the mean of the  HCTpre and  HCTpost.

Hidden blood loss = TBL-intraoperative blood loss (IBL)-
postoperative blood loss (PBL), of which IBL was estimated 
by weighing surgical sponges, measuring blood collected 
by suction canisters, and subtracting all irrigations fluids 
added to the surgical field. If the drainage volume was less 
than 50 mL/24 h, extubation was performed and PBL = post-
operative wound drainage volume × average of postopera-
tive HCT [16]. The hemoglobin (HGB) was detected pre-
operatively, and at the first and third day postoperatively 
(POD1 and POD3). If patient received blood transfusion, 
the post-transfusion HGB values would not bring into sta-
tistical analysis. An allogenic transfusion was given if the 
HGB level was less than 70 g/L or between 70 and 100 g/L 
with anemic symptoms. In addition, the general information 
including gender, age, body mass index (BMI), duration of 
operation, ambulation, hospitalization, and neurologic status 
was also collected.

Statistical analysis

Statistical analysis was performed by using SPSS soft-
ware (version 20.0). Quantitative data are presented as 
median ± standard deviation. Frequencies and percentages 
were calculated for qualitative data. Student’s t test for con-
tinuous data and the χ2 test for categorical data were used 
for comparisons of variables between the two groups. The 
level of significance was set at P < 0.05.

Results

Baseline characteristics

Of 124 consecutive patients with TBF, 93 patients were 
enrolled in this study, and 17 of these patients were subse-
quently excluded, leaving ultimate 76 patients available for 
analysis in this study (The detail of CONSORT diagram for 

this study is found in Fig. 1 and supplementary material). 
Ultimately, there were 39 patients in the TXA group and 37 
patients in the control group for final analysis. The interval 
time from injury to surgery showed no significant difference 
between groups, as well as other demographics data (gender, 
age, BMI, P > 0.05). According to ASIA grades, patients 
in TXA group presenting C (21), D (13), E (5) were similar 
with those in control group of which C (19), D (14), E (4), 
respectively (P > 0.05). However, duration of operation and 
intraoperative blood loss (IBL) were significantly decreased 
in TXA group (P < 0.05) (Table 1).

Blood loss

Preoperative HGB was similar between the 2 groups (P > 
0.05), but HGB levels were significantly higher in the TXA 
group at POD1 (P < 0.05), without significant difference at 
POD3 (P > 0.05). Moreover, in the TXA group, the TBL 
and PBL were significantly less than those in the control 
group (P < 0.05), but there was no significant difference in 
HBL (P > 0.05) (Table 2).

Postoperative condition

The postoperative ambulation time, removal time of drain-
age tube, and length of hospital stay were significantly less 
in the TXA group compared with those in control group (P 
< 0.05). One patient receiving TXA required administration 
of red cell suspension (RCS) postoperatively; in the control 
group, 5 patients needed postoperative RCS transfusion, of 
which the blood transfusion rate and volume were signifi-
cantly lower in the TXA group (P < 0.05) (Table 3).

At the final follow-up, no neurologic deteriorations were 
observed in both groups, who demonstrated an improvement 
in at least on ASIA grade level from baseline. There were 
no postoperative complications observed in both groups, 
such as myocardial infarction, cerebral vascular accident, 
deep vein thrombosis, pulmonary embolism, wound com-
plications, or hematoma formation within the spinal canal; 
moreover, none of the TXA-related complications occurred 
in patients postoperatively, such as seizures, nausea, diar-
rhea, renal failure.

Discussion

This is the first double-blinded RCT to evaluate the efficacy 
and safety of topical TXA application after wound incision 
for early operation on TBF. The main finding in this study 
revealed that topical use of TXA had a remarkably decreased 
volume of TBL, IBL, and PBL, of which the decreased IBL 
was beneficial for intraoperative manipulation, so as to 
shorten operation time and promote postoperative recovery.
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TXA has been widely applied in clinical practice as a 
hemostatic agent for bleeding management [17–20]. In a 
recent high-quality clinical study, TXA has been proved to 
reduce perioperative blood loss in adults undergoing major 
spinal surgery [6]. However, multiple factors contribute to 

Fig. 1  CONSORT flowchart of patients progress through the study

Table 1  Comparison of baseline characteristics

M male; F female

Variable TXA group Control group P value

N 39 37
Interval time (h) 41.72 ± 15.83 45.30 ± 12.86 0.284
Age (years old) 38.85 ± 4.17 39.41 ± 6.51 0.655
Gender (M/F) 25/14 22/15 0.814
BMI (kg/cm2) 26.30 ± 2.32 25.63 ± 2.43 0.224
AISA grades
 C 21 19
 D 13 14
 E 5 4
Intraoperative blood loss 

(ml)
167.44 ± 34.01 233.24 ± 38.81 < 0.001

Operative duration 102.18 ± 11.69 125.49 ± 11.05 < 0.001

Table 2  Comparison of blood loss

Variable TXA group Control group P value

HGB level (g/L)
 Pre-operation 132.90 ± 8.41 134.95 ± 7.00 0.254
  POD1 115.46 ± 8.08 106.00 ± 8.64 < 0.001
  POD3 122.18 ± 6.91 120.19 ± 6.88 0.213
  TBL (ml) 565.38 ± 32.07 690.54 ± 52.39 < 0.001
  PBL (ml) 101.28 ± 14.45 144.05 ± 30.04 < 0.001
  HBL (ml) 296.67 ± 27.37 313.24 ± 50.23 0.082
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the complex causes of bleeding in spinal surgery, of which 
disease category and surgical procedure play crucial roles. 
Take decompression surgery, for example; the amount of 
bleeding for resection of a spinal metastatic tumor or a disc 
varies greatly; similarly, for a lumbar disc herniation, the 
influence of percutaneous endoscopic discectomy or open 
discectomy on blood loss must be an enormous difference. 
Therefore, the enrolled disease category (one-level vertebral 
fracture for early operation) and surgical procedure (poste-
rior short-segment fixation and unilateral laminectomy for 
direct decompression) were strictly limited in this study, to 
reduce analytical bias for the influence of topical use of TXA 
in reducing blood loss.

TXA has been typically administered intravenously 
throughout the surgery. A latest meta-analysis suggests that 
only high-dose intravenous TXA can significantly reduce 
intraoperative–perioperative allogenic transfusion rates 
and operative time, whereas low dose cannot [10]. How-
ever, systemic administration of TXA can have potential 
adverse effects on patients with clotting disorders or renal 
impairment. Moreover, the fact that excessive fibrinolysis 
as a result of acute consumptive coagulopathy from surgical 
trauma is most severe in the surgical wound itself and often 
persists throughout the postoperative period has pushed 
topical application of TXA to improve the current stand-
ard of care for hemostasis in surgery [21]. Compared with 
intravenous TXA application, the topical TXA application 
has the advantages of the maximum concentration at the 
bleeding field and avoiding systemic exposure of TXA. 
A favorable clinical safety has been proved in this study; no 
TXA-associated complications were recorded. Wang et al. 
suggested that intraoperative topical application of TXA 
before wound closure is not recommended for TL fracture 
[22]. Further analysis would indicate that they treated TL 
fracture through percutaneous pedicle screw fixation whose 
small percutaneous fixation wound led to little bleeding. 
It is unable to fully reflect the hemostatic effect of TXA 
in their minimally invasive surgery. In this study, the open 
short-segment decompression and fixation were underwent 
for TBF, whose mean blood loss volume in previous stud-
ies was roughly from 200 ~ 300 ml [23, 24]. This reported 
intraoperative blood loss was similar as our result in control 
group, which demonstrated that the significant reduction in 

blood loss for the TXA treatment was not because the blood 
loss in the control group was artificially higher than the loss 
seen in regular practice, but due to better hemostatic effect 
of topical TXA usage.

TBF is usually caused by high-energy damage, and the 
coagulopathy of trauma is a complex pathophysiologic 
state that results in diffuse, microvascular bleeding [25]. In 
consequence, the bleeding risks of early operation of open 
decompression for TBF are plasminogen system activation, 
vertebralis injury, and cancellous bleeding. TXA is an anti-
fibrinolytic lysine analogue that competitively inhibits plas-
minogen, plasmin, and tissue plasminogen activator at lysine 
binding sites [26]. In previous studies, the applied occasion 
of TXA was usually before wound closure; however, in this 
way it made no contribution to reducing bleeding during 
operative procedure that would not obviously affect IBL. 
Therefore, we moved the applied occasion forward to after 
opening the wound. In this way, topical use of TXA not 
only significantly reduced bleeding from surrounding soft 
tissue and venae vertebralis to make a dry operative field 
for visibility, but also was effective to decrease blood loss 
from cancellous bone especially during laminectomy. The 
bleeding from exposed bony surfaces is not amenable to 
standard hemostatic maneuvers that can continue even after 
the wound is closed [27]. But TXA can decrease this type 
of blood loss by attenuating the enhanced fibrinolytic activ-
ity that has been shown to occur in spine surgery. Hence, 
accompanied with decreased IBL, the TXA group showed 
significantly less PBL, removal time of drainage tube, and 
length of hospital stay, indicating faster recovery after sur-
gery [28].

Further analysis showed that HGB level was significantly 
higher in the TXA group on POD1. In spite of no significant 
difference being found on POD3, the postoperative blood 
transfusion significantly reduced in TXA group, which 
decreased the risk of transfusion-related complications. 
Although Colomina et al. reported that TXA did not signifi-
cantly reduce transfusion requirements in major spinal sur-
gery, their homogeneity of surgical approach and techniques 
were poor [6]. Interestingly, the TBL, IBL, and PBL in TXA 
group were significantly less than those in control group, 
but the HBL showed no difference between groups in this 
study. The potential reason may be HBL was calculated by 

Table 3  Comparison of 
postoperative condition

Variable TXA group Control group P value

Blood transfusion
 Transfusion rate (%) 2.56(1/39) 13.51(5/37) < 0.001
 Transfusion volume (ml) 200 1000 –
 Ambulation time (day) 3.38 ± 0.82 7.00 ± 2.91 < 0.001
 Removal time of drainage tube (day) 2.26 ± 0.79 2.97 ± 0.73 < 0.001
 Length of hospital stay (day) 6.08 ± 0.77 9.78 ± 2.03 < 0.001



3079European Spine Journal (2021) 30:3074–3080 

1 3

the formula without direct measurement, and postoperative 
adequate drainage rendered the volume of HBL decreased 
significantly in both groups to largely close the gap.

Conclusion

Previous researches have substantial differences in disease 
categories, surgical procedures, application forms, and dose 
to explore the safety and efficacy of TXA on spinal sur-
gery, which lead to high heterogeneity of research results. 
The strength of our study is the homogeneity of enrolled 
patients receiving the same operation by the same surgeon 
at the same hospital. The result of this study provides a safe 
and efficient treatment strategy for early operation on TBF 
that topical use of TXA after wound incision can effectively 
reduce IBL without increased risk of complications, benefi-
cial to enhanced postoperative recovery.
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