Turk Neurosurg 36(2):218-228, 2026
DOI: 10.5137/1019-5149.JTN.48875-25.2

Original Investigation

Spine and Peripheral Nerves

Received: 13.04.2025
Accepted: 23.07.2025

Published Online: 04.03.2026

Affordable Excellence: A Meta-Analysis on the Efficacy
of Topical Tranexamic Acid in Reducing Blood Loss in

Thoracolumbar Spinal Surgery

Jyun-Yuan HU.ANG“?, Tzu-Ning CHEN'2, Hao-Kuang WANG'2, Kang LU"2, Jui-Sheng CHEN™2,
Tsung-Jen HSIEH?, Yu-Ying WU'2, Min-Jung LEE2, Po-Yuan CHEN"?

'E-Da Hospital, Department of Neurosurgery, Kaohsiung, Taiwan

2I-Shou University, College of Medicine, School of Medicine, Kaohsiung, Taiwan

Corresponding author: Po-Yuan CHEN £ u8801051@gmail.com

ABSTRACT

AIM: To evaluate the efficacy and safety of topical tranexamic acid (tTXA) in thoracolumbar fusion surgery.
MATERIAL and METHODS: A systematic review was conducted per PRISMA guidelines. Studies from January 1970 to August

2024 were retrieved from PubMed, Cochrane, EMBASE, Medline, and Google Scholar. Randomized controlled trials, non-RCTs, and
cohort studies comparing tTXA with placebo or standard care in thoracolumbar surgery were included.

RESULTS: Eleven studies with 986 patients met the criteria. tTXA significantly reduced intraoperative blood loss (MD: -25.85 mL, p
= 0.002), postoperative drain output (MD: -84.82 mL, p < 0.00001), transfusion rates (OR: 0.33, p = 0.0004), and hospital stay (MD:
-0.67 days, p < 0.00001). It also increased postoperative hemoglobin (MD: 0.39 g/dL, p < 0.00001) but slightly prolonged operative
time (MD: 3.73 minutes, p < 0.00001). No significant difference was found in complication rates (p = 0.36).

CONCLUSION: tTXA is effective in reducing blood loss and transfusion needs in thoracolumbar surgery, with minimal risk. Slightly

increased operative time is clinically acceptable.

KEYWORDS: Topical tranexamic acid, Thoracolumbar surgery, Blood loss management, Cost-effective hemostasis, Meta-analysis

B INTRODUCTION

ntervertebral disc herniation and degenerative spinal dis-
Ieases represent increasingly common clinical challenges.

Over the past century, advances including antibiotic de-
velopment and implant material improvement, have facilitat-
ed spinal fusion surgery evolution. Despite these advances,
intraoperative bleeding remains a significant concern that
requires further investigation. The key steps in thoracolum-
bar fusion, including paraspinal muscle dissection, laminec-
tomy, flavectomy, and discectomy, require wide exposure.
Paraspinal muscle bleeding can be effectively managed us-
ing monopolar electrocautery, gauze compression, or muscle
retraction. Bone bleeding encountered during laminectomy

is typically controlled effectively with bone wax application.
However, after flavectomy and discectomy, profuse hem-
orrhage may occur from the Batson venous plexus, which
poses challenges for hemostatic control. This complication
is especially pronounced during ligamentum flavum resection
near the lateral recess or in cases involving inadvertent ver-
tebral body erosion. Significant blood loss increases the risk
of severe complications such as cardiopulmonary events, re-
nal failure, and cerebral infarction, particularly in patients > 60
years (8). Although allogeneic blood transfusions can mitigate
these life-threatening risks, their use is often by limited blood
availability and potential complications, including immunolog-
ic reactions and infectious disease transmission. In modern
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medicine, various techniques such as bipolar electrocautery,
hypotensive anesthesia (2), normovolemic hemodilution, and
blood salvage (11) have been used to control intraoperative
bleeding during thoracolumbar spinal fusion surgery. How-
ever, these methods have demonstrated suboptimal efficacy.
Hemostatic agents, such as Floseal® or Surgiflo®, provide ex-
cellent hemostatic control but are often prohibitively expen-
sive, limiting their accessibility for many patients.

Tranexamic acid (TXA), a synthetic lysine derivative, acts as an
antifibrinolytic agent by competitive binding to lysine sites on
plasminogen, thereby inhibiting its attachment to fibrin. This
mechanism prevents plasminogen activation into plasmin,
promoting clot stabilization and reducing excessive bleeding.
TXA was initially synthesized in 1962 by Japanese research-
ers Shosuke and Utako Okamoto for postpartum hemorrhage
management. Systemically TXA is widely used in orthopedic
(10) cardiovascular and spinal surgeries. However, it may in-
duce side effects, including thromboembolic events, seizures
(19), and cardiovascular complications. Prolonged surgical
duration, particularly in spinal procedures, correlates with in-
creased complication rates. Recently, strategies to minimize
perioperative blood loss, reduce drain output, and decrease
transfusion requirements in spinal surgery have gained atten-
tion. Numerous studies (15,26) have assessed the efficacy of
topical TXA (tTXA) application at surgical sites. This approach
offers the advantage of achieving a concentrated effect di-
rectly at the bleeding site while circumventing the potential
adverse effects associated with systemic administration. The
therapeutic efficacy and safety profile of tTXA have been well
established in various surgical disciplines, including orthope-
dic (24), hepatic, and cardiac surgeries (7). Although some
studies have explored tTXA use in spinal surgery, no consen-
sus exists regarding its optimal application in this field.

B MATERIAL and METHODS
Data Search and Extraction Strategies

Following the PRISMA (Preferred Reporting Items for System-
atic Reviews and Meta-Analyses) guidelines (18), a systematic
literature search was conducted.

Two independent reviewers performed the meta-analysis us-
ing electronic databases, including PubMed, Cochrane, EM-
BASE, MEDLINE, and Google Scholar, to identify relevant
studies published between January 1, 1970, and August 30,
2024. The year 1970 was selected to ensure consistency in
database indexing, thereby capturing early literature compre-
hensively. Although tTXA has only recently gained widespread
use, this extended timeframe helps avoid missing earlier stud-
ies under different terminologies and early exploratory or pi-
oneering studies. The search strategy incorporated Medical
Subject Headings (MeSH) terms combined with the Boolean
operators “AND” and “OR.”

Keywords comprised “Interbody fusion,” “Lumbar fusion sur-
gery,” “Spine fusion,” “Spine instrument,” “Spine surgery,”
“Spine,” “thoracolumbar degenerative disease,” “Tranexamic
acid,” “TXA,” and “topical.” Only English-language publica-
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tions were included. This review protocol was not registered
in PROSPERO or other public registries.

Eligibility Criteria

The inclusion criteria for this study were as follows: 1) Patients
undergoing lumbar or thoracic spinal fusion surgery; 2) Use
of TXA as an intervention, with the experimental group re-
ceiving tTXA and the control group receiving either placebo
or standard treatment alternatives; 3) Reported outcome in-
cluding intraoperative blood loss or postoperative measures,
including drain output, postoperative hemoglobin levels, hos-
pital stay duration, operative time, adverse effects and com-
plications; 4) Study designs limited to randomized controlled
trials (RCTs), non-RCTs, or comparative cohort studies; and 5)
Publications in English.

Exclusion criteria comprised: 1) Case reports or case series;
2) Surgical procedures other than lumbar or thoracic fusion
surgery; 3) interventions not utilizing tTXA; 4) Patients with du-
ral tears or intradural procedures; and 5) Unavailable full-text
articles.

Data Collection and Assessment of Outcome Measures

Two authors, JYH and JNC, independently extracted data us-
ing a structured template based on the Cochrane Consumers
and Communication Group(CCCG) guidelines. This study was
performed according to the criteria established by the CCCG
for systematic reviews and meta-analyses. Discrepancies in
data extraction were resolved by consensus. The extracted
data included:

1. Basic personal profiles, including age, sex, and body mass
index (BMI);

2. Clinical and surgical profile;

3. Intervention method, particularly topical tranexamic acid
(tTXA) vs. placebo;

4. Intervention details including TXA dosage;

5. Parameters used to evaluate the intervention impact includ-
ed intraoperative blood loss, surgical time, length of hospital
stay, transfusion rates, postoperative drain output, postopera-
tive hemoglobin levels, and any complications reported.

This methodology ensured that all pertinent data were sys-
tematically and accurately gathered for subsequent analyses.

Statistical Analysis

Statistical analysis was performed using the Review Manager
(RevMan Web) software. Continuous variables were assessed
using pooled weighted mean differences (MD), while dichoto-
mous variables were analyzed using odds ratios (OR). Results
are presented as MD or OR, with 95% confidence intervals
(Cl). A fixed-effects model was employed for data synthesis,
assuming a common effect size across studies.

Study heterogeneity was assessed using the I? statistic to de-
termine the proportion of variation due to between-study dif-
ferences rather than random variations. Statistical tests were
performed with the significance set at p < 0.05.
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B RESULTS
Study Selection

A total of 153 articles were identifies after a comprehensive
search of the electronic databases. Following the initial ab-
stract screening, nine duplicates were eliminated, and 127 ar-
ticles were excluded due to their irrelevance to spinal surgery.
Subsequently, 17 full-text articles were assessed for eligibility.
Six articles were excluded based on the predefined criteria,
yielding 11 studies fulfilled the criteria and were subsequently
included in our review; more information is in Figure 1.

Overall Characteristics

The analysis included 986 patients, with 439 allocated to the
control group and 547 to the intervention group receiving tTXA
treatment. The comprehensive details of the studies included
in the analysis, including basic characteristics, clinical fea-
tures, and study designs, are presented in Table I.

Intraoperative Blood Loss (cc)

The tTXA group demonstrated lower intraoperative blood loss
(mean 372.39 + 326.59 mL) compared to controls (431.03 +
384.60 mL), with a mean difference (MD) of -25.85 (95% ClI:
-42.45 to -9.26, p-value = 0.002) (Figure 2).

Operative Time

The average operative duration for the tTXA group was 146.58
+ 52.41 minutes, compared to 139.95 + 49.34 minutes ob-
served in the control group (MD: 3.73 minutes; 95% CI 0.65-
6.81; p-value < 0.00001) (Figure 3).

The Length of Hospital Stay

The mean length of hospital stay was notably reduced for the
tTXA group, averaging 4.96 + 3.29 days, compared to 6.81 +
5.09 days in the control group (MD -0.67 days; 95% CI -0.85
to -0.50; p-value < 0.00001) (Figure 4).

Records excluded

Full-text articles excluded,
with reasons

o
c
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Figure 1: PRISMA diagram of study screening and selection.
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TXA Control Mean difference Mean difference
Study or Subgroup  Mean sD Total Mean sb Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Mallepally et al. (17) 410.57 189.72 175 783.33 33271 75  4.3% -372.76 [-453.13 ,-292.39] «
Farzanegan et al. (5) 230 323.58 54  407.2 165.77 50 29% -177.20 [-274.97 ,-79.43] +—
Lietal (12) 2584  40.34 70 270.15 90.64 70 51.0% -10.75[-33.99, 12.49] ——
Liang et al. (13) 376.7 2498 30 M17.8 7.27 30 3.4%  258.90[169.44 , 348.36] 4
El-Sharkawi et al. (3) 1353 273 31 1430 3N 23 1.1% -77.00 [-236.34 , 82.34]
Ren et al. (20) 194 1071 50 2111 163.5 50 9.4% -17.10 [-71.28 , 37.08] —
Sudprasert et al. (23) 260.3 166 29 265 146.6 28 42% -4.70 [-85.93, 76.53)
Arun-Kumar et al. (1) 311.3636 84.6785 26 344 88.4631 26 124% -32.64 [-79.71, 14.43] S
Xu et al (25) 176 100.5 40 190 123.2 40 11.3% -14.00 [-63.27 , 35.27] —
Total 505 392 100.0% -25.85 [42.45 , -9.26] ’
Test for overall effect: Z = 3.05 (P = 0.002) 100 B0 0 %0 100
Test for subgroup differences: Not applicable TXA Control
Heterogeneity: Chi? = 122.37, df = 8 (P < 0.00001); I* = 93%
Figure 2: Forest plot of intraoperative blood loss (cc).
TXA Control Mean difference Mean difference Risk of Blas
Study or Subgroup  Mean SD Total Mean sD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI A BCDETFG®G
Mallepally et al. (17) 179.4 47.3 175 1944 22.8 75 12.5% -15.00[-23.70,-6.30] +———
Farzanegan et al. (5) 79.8 276 54 83.4 36 50 6.2% -3.60[-16.00, 8.80] [—
Emrah et al. (4) 210 338 30 185 35 30 31% 25.00([7.59,42.41) —
Liang et al. (13) 137.3 17 30 1178 7.27 30 21.7% 19.50[12.88,26.12] —_—
Ren et al. (20) 126.7 19.6 50 130 311 50 91% -4.30[-14.49, 5.89] —
Sudprasert et al. (23) 98.6 18.2 29 91 18.6 28 104%  7.60[-1.96,17.16) —_—
Arun-Kumar et al. (1) 135 9.7 26 130 10.3 26 320%  5.00[-0.44,10.44) ——
Xu et al (25) 121 19.1 40 1445 40.2 40 5.0% -23.50[-37.29,-9.71] +——
434 329 100.0% 3.73[0.65, 6.81] -
Test for overall effect: Z = 2.38 (P = 0.02) 20 -10 0 10 20
Test for subgroup differences: Not applicable TXA Control

Heterogeneity: Chi* = 64.89, df = 7 (P < 0.00001); I* = 89%

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Figure 3: Forest plot of operative time (minutes).

Postoperative Drain Output (cc)

The average postoperative drain output for the tTXA group
was measured as 149.70 + 97.80 cc, compared to 285.74 +
164.57 cc observed in the control group (MD: -84.82; 95%, Cl:
-95.55 to -74.10; p-value < 0.00001) (Figure 5).

Postoperative Hemoglobin Concentration (Hb, measured
in grams per deciliter or g/dL)

The average postoperative Hb concentration in the tTXA
group was recorded at 10.64 + 1.92 g/dl, compared to 9.97
+ 2.09 g/dl observed in the control group (MD: 0.39; 95% Cl:
0.21-0.58; p-value < 0.00001) (Figure 6).

Transfusion Rate

When compared to control group, the administration of tTXA
led to a 67% decrease in the necessity for blood transfusions
with an odds ratio of 0.33 (95% CI: 0.18-0.61; p = 0.0004)
(Figure 7). This notable reduction underscores the favorable
safety characteristics of tTXA by reducing the need for alloge-
neic blood transfusions.

Complications Rate

When compared to control group, odds ratio was 0.71 (95%
Cl: 0.33-1.49; p = 0.36) (Figure 8). No significant differences
were found between the two groups.
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TXA Control Mean difference Mean difference Risk of Bias
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI A BCDETFSG
Mallepally et al. (17) 4.8 11 175 7 23 75 104% -2.20[-2.75, -1.65] == J
Farzanegan et al. (5) 1.24 0.55 54 1.34 0.59 50 64.3% -0.10[-0.32,0.12]
Liang et al. (13) 5 23 30 6.9 35 30 1.4% -1.90[-3.40,-0.40]
Sudprasert et al. (23) 129 5.1 29 17.3 6.5 28 0.3% -440[-7.44,-1.36] +——
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Xu et al (25) 6.13 13 40 7.82 1:2 40 10.3% -1.69[-2.24 ,-1.14) —
Total 366 266 100.0% -0.67 [-0.85, -0.50] ’
Test for overall effect: Z = 7.47 (P < 0.00001) L T— oS 2 3
Test for subgroup differences: Not applicable TXA Control
Heterogeneity: Chi? = 83.45, df = 6 (P < 0.00001); I* = 93%
Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other bias
Figure 4: Forest plot of length of hospital stay (days).
TXA Control Mean difference Mean difference
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Figure 5: Forest plot of postoperative drain output (cc).

B DISCUSSION

This meta-analysis demonstrated that tTXA administration in
thoracolumbar surgery significantly reduced intraoperative
bleeding, postoperative drain output, transfusion rates, and
hospital length of stay compared to controls. While the tTXA
group also demonstrated a significantly higher postoperative
hemoglobin level, they experienced longer operative times.
No statistical difference in complication rates were observed.

This is a highly subjective result; TXA local administration re-
duced intraoperative blood loss, which subsequently lowered
transfusion rates, postoperative drain output, and hospital
length of stay. However, because time is required for TXA to
diffuse into the surgical wound, the tTXA group had a longer
operative time. The slight increase in operative time observed
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in the tTXA group was potentially due to the additional time
required for tTXA application and absorption. However, this
minor prolongation is clinically acceptable and does not out-
weigh the substantial benefits of reduced blood loss, lower
transfusion rates, and shorter hospital length of stay. There-
fore, the advantages of tTXA remain significant despite the
marginal increase in surgical duration.

Blood loss during thoracolumbar surgery has been a signif-
icant challenge for over a century. In modern medicine, var-
ious techniques such as bipolar electrocautery, hypotensive
anesthesia, normovolemic hemodilution, and blood salvage
are commonly used to manage intraoperative bleeding in tho-
racolumbar spinal surgery. Although these methods are effec-
tive, their outcomes can be suboptimal. Hemostatic agents,
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Figure 6: Forest plot of postoperative hemoglobin concentration(g/dl).
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Figure 7: Forest plot of transfusion rate.

including Floseal® and Surgiflo®, offer excellent hemostatic
efficacy; however, their high-cost limits accessibility for many
patients. For instance, a 10 mL of Floseal® costs approxi-
mately $1,000 in Taiwan. In contrast, one 5 mL ampule of TXA
costs only $0.50, making it an affordable option. Globally,
tTXA is widely regarded as a cost-effective alternative, partic-
ularly compared to commercial hemostatic agents, which are
often expensive and have limited availability.

In 1962, Japanese scientists Shosuke and Utako Okamoto
first synthesized TXA for managing postpartum hemorrhag-
es. Currently, TXA is widely used in trauma care, orthopedic
and cardiovascular procedures. Studies have shown that in-
travenous TXA reduce intraoperative blood loss effectively,
although concerns regarding thromboembolic events remain.

Consequently, many studies investigated tTXA in thoracolum-
bar surgery to reduce thromboembolic complications while
maintaining effective blood loss control (21,22).

Luo et al. (14) evaluated three RCTs and one non-RCT, report-
ing several statistically significant benefits in the tTXA group
compared to the control group: 1) significantly reduced total
intraoperative blood loss, 2) decreased drainage volume, 3)
increased postoperative hemoglobin levels, and 4) shorter
hospital length of stay. In contrast, they found no significant
differences in transfusion requirements, thromboembolism
events, hematoma formation, or infection rates. These find-
ings align with the results of this study.

Fatima et al. (6) analyzed data from eight studies involving
609 patients, including 258 (42.4 %) who received tTXA. Their
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Figure 8: Forest plot of complications rate.

analysis revealed statistically significant improvements in sev-
eral postoperative outcomes in the tTXA group, including 1)
reduced postoperative blood loss, 2) increased postoperative
hemoglobin levels, 3) shorter operative time, 4) lower post-
operative transfusion rate, 5) decreased postoperative drain
volume, and 6) shorter hospital length of stay. These findings
highlighted the significant benefits of tTXA therapy compared
with control treatments. However, in contrast to our study,
they reported no significant differences in intraoperative blood
loss (p=0.13) or complication rates (p=0.23) between groups.
Additionally, Fatima et al. found that low-dose tTXA (250-500
mg) was more effective in reducing postoperative blood
loss (p<0.00001) than high-dose tTXA (1-3 g, p=0.001). This
dose-dependent effect offers further insights into the optimal
use of tTXA in clinical practice.

At our institution, the standard protocol for tTXA administration
involves applying 1 g of TXA diluted in 100 mL of normal saline
to the surgical wound for 3-5 minutes on three points during
surgery. The first application occurred following complete
muscle dissection, exposure of the lamina, and placement of
pedicle guide pins. After applying tTXA to the surgical field, a
mobile C-arm fluoroscope was used to confirm pedicle guide
pin placement, a process requiring approximately 3 minutes.
The solution was then suctioned before proceeding with sur-
gery. The second application was performed after discectomy
and interbody fusion cage placement. comparably, tTXA was
applied to the surgical field, followed by fluoroscopic confir-
mation of the interbody fusion cage depth, which required ap-
proximately 3 minutes. The solution was then suctioned and
the procedure was continued. The final tTXA application was
administered immediately before wound closure. However,
tTXA is contraindicated in cases of dural tear. Several reports
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have demonstrated that the accidental TXA injection into the
dural sac may induce generalized tonic-clonic convulsions,
which should strictly be avoided (9,16).

This meta-analysis demonstrated that tTXA is an effective
and safe intervention for improving hemostasis during spinal
deformity surgery. However, several limitations warrant con-
sideration:, including: 1) small sample sizes in the RCTs, 2)
inconsistent reporting of surgical indications and patient co-
morbidities, 3) insufficient details regarding various surgical
techniques and vertebral levels operated, 4) short follow-up
periods for complication assessment, 5) heterogeneity in tTXA
concentrations, administration methods and timing, which
may introduce sampling bias and underestimating tTXA's ef-
fect on intraoperative blood loss, and 6) lack of direct com-
parison between topical and intravenous TXA in this analy-
sis. Additionally, most studies failed to report comprehensive
baseline characteristics related to patient-specific bleeding
risks, such as anticoagulant use, obesity status, and system-
ic comorbidities, limiting our ability to assess potential con-
founding factors and perform subgroup analyses. To address
these limitations, future prospective randomized controlled
studies are needed to assess the influence of alternative tTXA
dosage regimens on perioperative blood loss in spinal surgery
and compare its efficacy with intravenous TXA.

B CONCLUSION

This study provides strong evidence supporting the benefits
of tTXA in thoracolumbar surgery. tTXA significantly reduces
intraoperative blood loss, decreases postoperative drain vol-
ume, lowers complication rate, and shortens hospital length
of stay. Furthermore, patients receiving tTXA maintained high-



er postoperative hemoglobin levels, consequently reducing
transfusion rates. Although tTXA may prolong operative times,
which we believe is acceptable, as it requires time for the
medication to take effect after application. Further research
comparing intravenous and topical tranexamic will be our next
objective.
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