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Abstract 
Background:  Perioperative haemorrhage remains a major concern in complex spine 
surgery. Tranexamic acid (TXA) is widely used to limit fibrinolysis, yet variation in route, 
dose, timing, operative complexity, and transfusion practice complicates interpretation of 
the evidence. Methods: A structured evidence-verification exercise was undertaken using 
contemporary peer-reviewed systematic reviews, network meta-analyses, and 
randomized trials. This manuscript draft summarizes published aggregate estimates 
rather than claiming an independent meta-analysis. The main evidence anchors were a 
2024 random-effects meta-analysis of 13 prospective studies involving 1,213 participants 
and a 2025 Bayesian network meta-analysis of 38 randomized controlled trials involving 
3,886 participants. Outcomes included intraoperative and total blood loss, transfusion, 
haemoglobin decline, length of stay, and complications. Results: In the 2024 pairwise 
synthesis, TXA reduced intraoperative blood loss by 46.56 mL (95% confidence interval 
[CI], 19.26-73.85 mL less) and total blood loss by 210.17 mL (95% CI, 135.40-284.93 mL 
less). Transfusion exposure was lower with TXA (risk ratio, 0.68; 95% CI, 0.51-0.90). The 
2025 network analysis found the clearest intraoperative reductions with low-dose 
intravenous TXA plus active temperature management, combined administration, and 
high-dose intravenous regimens. Oral, combined, multiple-dose intravenous, and low-
dose topical strategies were associated with lower transfusion odds relative to placebo. 
Across 14 trials reporting complications, no regimen showed a statistically credible 
increase; however, event rarity and limited surveillance reduced certainty. Conclusions: 
The available randomized and prospective evidence supports a clinically meaningful 
blood-conservation effect of TXA in spine surgery. The optimum regimen cannot be 
considered settled, and the apparent safety signal should not be interpreted as proof of 
absence of thromboembolic or neurological harm. Independent study-level re-analysis, 
prespecified subgroup definitions, and standardized safety reporting are required before 
this draft can be submitted as an original systematic review. 
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INTRODUCTION 
Major spine operations can generate substantial visible and occult blood loss. Long exposures, broad paraspinal dissection, 

decortication of vascular cancellous bone, multilevel instrumentation, osteotomy, and deformity correction create a setting 

in which haemostasis is difficult to maintain. The clinical burden is not confined to dramatic intraoperative bleeding.  

Postoperative drain loss, concealed blood loss into tissue planes, dilution from crystalloid administration, and repeated 

blood sampling can contribute to a meaningful fall in haemoglobin after surgery. The consequences include delayed 

mobilization, prolonged hospitalization, cardiovascular stress, and exposure to allogeneic blood products. [12-15] 

 
Transfusion can be lifesaving, yet it is not a neutral intervention. Compatibility reactions, transfusion-associated circulatory 

overload, lung injury, immunomodulation, infection, and resource constraints all reinforce the need for patient blood 

management. At the same time, an overly restrictive transfusion approach may be unsafe in selected patients with active 

bleeding, limited cardiopulmonary reserve, or symptomatic anaemia. Blood-conservation interventions should therefore 

reduce avoidable loss without replacing individualized physiological assessment. [13,14] 

 

Tranexamic acid is a synthetic lysine analogue that occupies lysine-binding sites on plasminogen and interferes with its 

binding to fibrin. By attenuating fibrinolysis, TXA stabilizes formed clot rather than initiating coagulation de novo. Its lo w 

cost, broad availability, and established use in trauma, obstetrics, and major orthopaedic surgery have encouraged adoption 

in spinal practice. Nevertheless, spine surgery encompasses markedly different procedures, from short-segment 
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decompression to extensive paediatric or adult deformity correction. A regimen that is adequate for a limited lumbar fusion 

may not be appropriate for a long reconstruction. [16,17] 

 

The literature reflects this heterogeneity. Trials have evaluated fixed or weight-based intravenous boluses, continuous 

infusions, repeated perioperative doses, topical irrigation, paraspinal infiltration, oral administration, and combinations of 

routes. Transfusion thresholds, use of cell salvage, controlled hypotension, preoperative anaemia correction, and 

maintenance of normothermia also differ. These co-interventions can modify both measured blood loss and the decision to 
transfuse, thereby complicating direct comparison of nominal TXA doses. [6,9,10] 

 

Safety remains a central concern. Antifibrinolytic therapy is often avoided in patients perceived to have a high thrombotic 

risk, while renal impairment may prolong TXA exposure because the drug is predominantly eliminated through the kidneys. 

Seizures have been described with high systemic concentrations in other surgical fields, particularly when cumulative 

dosing is large. Randomized spine trials, however, are typically designed around blood-loss outcomes and are rarely 

powered to detect uncommon pulmonary embolism, myocardial infarction, stroke, seizure, or mortality. A non-significant 

difference in complications must therefore be interpreted as limited evidence rather than definitive equivalence. [5,6] 

 

Recent evidence syntheses have expanded beyond the earlier question of whether TXA works. A 2024 random-effects 

meta-analysis pooled randomized and prospective studies, while a 2025 network meta-analysis compared ten route- and 

dose-based strategies across 38 randomized trials. These analyses suggest a consistent blood-conservation effect but also 

reveal substantial clinical diversity and uncertainty around the best regimen. Several additional route-specific reviews and 

trials further demonstrate that the evidence base is evolving. [5,6] 

 

The objective of this manuscript draft is to present a coherent, clinically focused account of the contemporary evidence on 

TXA in spine surgery, emphasizing blood loss, allogeneic transfusion, and adverse outcomes. Because no original 
extraction sheet or re-analysis dataset was supplied, the quantitative findings are explicitly attributed to published 

syntheses. The document is intended to accelerate a compliant author-led systematic review, not to substitute for 

independent review methods. 

 

MATERIALS AND METHODS 

Design and reporting framework 
This document was prepared as an evidence-verified systematic-review manuscript draft. PRISMA 2020 terminology, 

Cochrane methodological principles, RoB 2 domains, and GRADE concepts were used to organize the manuscript. It does 

not claim that an independent systematic search, duplicate selection, duplicate extraction, or de novo meta-analysis was 

completed. Those procedures must be undertaken by the named author team before journal submission. [1-4] 

 

Review question and eligibility framework 

Domain Prespecified framework 

Population Paediatric or adult patients undergoing cervical, thoracic, lumbar, deformity, trauma, tumour, 
decompression, fusion, or other spine surgery. 

Intervention Intravenous, topical, oral, infiltrative, repeated, or combined TXA regimens. 

Comparator Placebo, saline, no TXA, standard care, or another TXA route/dose when comparative. 

Primary outcomes Intraoperative, postoperative, and total blood loss; receipt of allogeneic transfusion; transfused 

units or volume. 

Secondary outcomes Haemoglobin/haematocrit decline, operative duration, length of stay, venous or arterial 

thrombosis, seizure, wound events, reoperation, and mortality. 

Study designs For an original review: randomized controlled trials, with prospective or comparative 

observational studies analyzed separately. Case reports, uncontrolled series, reviews, and non-

human studies should be excluded. 

 

Information sources and evidence verification 
The supplied material contained a methodological prompt but no study-level dataset. Publicly available records were 

therefore checked to verify contemporary evidence anchors. The 2024 pairwise meta-analysis searched MEDLINE, 

Embase, and CENTRAL from inception to 10 July 2023 and included randomized trials and prospective studies. The 2025 

network meta-analysis searched PubMed, Cochrane, and Embase through the end of May 2024 and restricted inclusion to 

randomized trials. A 2024 oral-TXA randomized trial was also reviewed as a targeted update. These searches are those 

reported by the cited investigators; they are not presented as searches performed by the authors of this draft. [5,6,21] 
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Search strategy for the author-led update 
Before submission, the author team should run a new search from database inception to the final search date. A reproducible 

PubMed strategy is provided below and should be translated for Embase, CENTRAL, Scopus, and Web of Science. Trial 

registries and reference lists should be examined for unpublished or ongoing studies. 

 

Source Author-update strategy 

PubMed/MEDLINE ("Tranexamic Acid"[Mesh] OR tranexamic acid[tiab] OR TXA[tiab] OR 

antifibrinolytic*[tiab]) AND ("Spine"[Mesh] OR spine surg*[tiab] OR spinal surg*[tiab] OR 

spinal fusion[tiab] OR scoliosis[tiab] OR cervical[tiab] OR thoracic[tiab] OR lumbar[tiab] 

OR vertebral[tiab]) AND (blood loss[tiab] OR hemorrhag*[tiab] OR haemorrhag*[tiab] OR 

transfus*[tiab]) 

Embase Translate the concept blocks using Emtree terms for tranexamic acid, spine surgery/spinal 

fusion, haemorrhage, and blood transfusion; retain free-text synonyms. 

CENTRAL Use the PubMed concept structure without observational-design restrictions. 

Scopus/Web of Science Search title, abstract, and keywords with the same three concept blocks; document exact 

syntax and result count. 

Registries ClinicalTrials.gov and WHO ICTRP: tranexamic acid AND spine/spinal/scoliosis/fusion. 

 

Study selection and data extraction required before submission 
Two reviewers should independently screen deduplicated titles and abstracts, assess full texts, and record exclusion reasons. 
A third reviewer should resolve disagreements. Extraction should include study design, setting, sample size, age, procedure, 

number of levels, TXA route, loading and maintenance doses, timing, comparator, cell-salvage use, transfusion threshold, 

blood-loss definition, follow-up, efficacy outcomes, adverse events, funding, and conflicts of interest. Suspected 

overlapping cohorts or multiple publications must be linked before pooling. 

 

Risk of bias and certainty of evidence 
Randomized trials should be assessed with RoB 2 at the outcome level. Non-randomized studies, if retained, should be 

evaluated separately with ROBINS-I. The certainty of evidence should be rated with GRADE for each clinically important 

outcome. The ratings in this draft are provisional judgements based on published aggregate reports and must be replaced 

by author-completed assessments. 

 

Statistical analysis required for an independent meta-analysis 
Continuous outcomes reported in common units should be pooled as mean differences with 95% confidence intervals; 

standardized mean differences are appropriate only when measurement scales are not directly comparable. Dichotomous 

outcomes should be expressed as risk ratios or odds ratios with 95% confidence intervals, selected consistently within each 

analysis. A random-effects model is appropriate because procedures, doses, and perioperative practice differ across trials. 

Between-study heterogeneity should be reported with tau-squared and I-squared, with prediction intervals when the number 
of studies permits. Multi-arm trials require shared-control adjustment. Median-to-mean conversions, imputed standard 

deviations, and zero-event methods must be declared and examined in sensitivity analyses. 

 

For a network meta-analysis, the author team should establish a clinically defensible treatment-node structure before 

viewing comparative results, examine transitivity, assess local and global inconsistency, and report rank probabilities 

together with absolute effects and uncertainty. Treatment rankings should not be used as a substitute for effect estimates. 

Analyses should be performed with versioned software and reproducible code, which should accompany the submission 

when permitted. 

 

RESULTS 

Evidence base 
The verified evidence base was dominated by randomized comparisons. The 2024 pairwise synthesis included 13 studies 

and 1,213 participants, spanning instrumentation/fusion and decompression procedures. The 2025 network meta-analysis 

included 38 randomized trials and 3,886 participants across ten treatment nodes, with adult and paediatric populations, 

degenerative disease, deformity surgery, trauma, cervical procedures, and thoracolumbar fusion. Twenty-seven trials were 

conducted in Asian settings and eleven in Western settings. The network review reported six outcomes: intraoperative 

blood loss, postoperative blood loss, haemoglobin decline, transfusion, complications, and length of hospital stay. [5,6] 
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Figure 1. Published-study flow reconstructed from the 2025 network meta-analysis 

 
Table No:1 Characteristics of the randomized evidence 

Clinical category Representative procedures Regimens represented 

Lumbar degenerative 

fusion/decompression 

Single- or multilevel PLIF/TLIF, 

minimally invasive and open procedures 

IV bolus, infusion/repeated IV, topical, 

infiltration, combined routes, placebo 

Thoracolumbar fusion 

and deformity 

Instrumented fusion, complex 

reconstruction, adult deformity 

Low- and high-dose IV, repeated IV, oral, 

combined administration 

Paediatric/adolescent 

scoliosis 

Posterior instrumented fusion High- or low-dose IV, bolus plus infusion, 

placebo 

Trauma Thoracolumbar burst fracture and 

posterior fixation 

IV, topical, combined IV-topical 

Cervical surgery Cervical laminoplasty and related 

procedures 

Primarily IV TXA 

Mixed/major spine 

surgery 

Heterogeneous major spinal procedures Fixed-dose or weight-based IV TXA versus 

placebo 

 

Risk of bias 
In the 2025 network review, the randomization domain was judged low risk across included trials. Nine trials were 

considered high risk for deviations from intended interventions, largely because blinding was absent or insufficient. Three 

trials raised some concern for missing outcome data, whereas outcome measurement and selective reporting domains were 

generally judged low risk. These published assessments support confidence in the direction of the blood-loss findings but 

also justify caution when comparing regimens that could not be blinded easily. [6] 
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Intraoperative and total blood loss 
The 2024 pairwise meta-analysis found that TXA reduced intraoperative estimated blood loss by a mean of 46.56 mL 

compared with control (95% CI, 19.26-73.85 mL less; p<0.01). The corresponding reduction in total estimated blood loss 

was 210.17 mL (95% CI, 135.40-284.93 mL less; p<0.01). The larger effect for total loss is clinically plausible because it 

incorporates postoperative and concealed components that are not captured by the intraoperative field alone. [5] 
 
In the 2025 network analysis, 36 studies contributed to intraoperative blood loss. Relative to placebo, statistically credible 

reductions were reported with low-dose IV TXA plus temperature intervention (MD, -112.0 mL; 95% credible interval 

[CrI], -211.0 to -14.9), combined administration (MD, -101.0 mL; 95% CrI, -161.0 to -44.1), and high-dose IV TXA (MD, 

-88.0 mL; 95% CrI, -145.0 to -34.9). The ranking probabilities favored the temperature-supported low-dose IV and 

combined strategies, but the overlapping uncertainty and variation in operative populations limit claims of definitive 

superiority. [6] 

 

Postoperative blood loss and haemoglobin decline 

Thirty-two trials contributed to the network analysis of postoperative blood loss. Combined administration was associated 

with a mean reduction of 177.0 mL (95% CrI, 92.4-275.0 mL less) relative to placebo, and multiple perioperative IV dosing 

produced a reduction of 153.0 mL (95% CrI, 66.8-251.0 mL less). For haemoglobin decline, oral TXA, multiple-dose IV 

therapy, low-dose IV TXA with temperature intervention, and combined administration all showed credible reductions 

relative to placebo. These findings suggest that maintaining antifibrinolytic coverage beyond a single intraoperative bolus 

may influence postoperative or concealed blood loss, although route comparisons remain indirect for several nodes. [6] 

 

Allogeneic transfusion 

The pairwise synthesis reported a lower probability of transfusion with TXA (RR, 0.68; 95% CI, 0.51-0.90; p<0.01). In the 
network analysis of 28 trials, lower transfusion odds were reported for oral TXA (OR, 0.10; 95% CrI, 0.03-0.35), combined 

administration (OR, 0.12; 95% CrI, 0.05-0.27), multiple-dose IV therapy (OR, 0.20; 95% CrI, 0.07-0.51), low-dose topical 

TXA (OR, 0.29; 95% CrI, 0.15-0.55), and low-dose IV TXA with temperature intervention (OR, 0.31; 95% CrI, 0.09-

0.92), each relative to placebo. These relative estimates should be interpreted alongside baseline transfusion risk, which 

may differ greatly between limited decompression and major deformity correction. [5,6] 
 

 
Figure 2. Selected published pooled estimates for blood-loss outcomes 
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Figure 3. Selected published pooled estimates for transfusion outcomes  

 

Length of stay 
Nineteen trials informed the network analysis of hospital stay. Low-dose IV TXA combined with temperature management 

was associated with a mean stay 2.29 days shorter than placebo (95% CrI, 0.40-4.16 days shorter), while low-dose topical 

TXA was associated with a reduction of 1.94 days (95% CrI, 0.10-2.97 days shorter). Length of stay is strongly influenced 

by rehabilitation pathways, discharge criteria, complications, and health-system practice; these estimates therefore require 

cautious clinical interpretation. [6] 
 

Thromboembolic and other complications 
The 2024 pairwise synthesis found no statistically significant increase in thrombotic complications. In the 2025 network 

meta-analysis, 14 trials contributed to the overall complication outcome, and no TXA strategy differed credibly from 

placebo. This finding is reassuring but not conclusive. Deep-vein thrombosis, pulmonary embolism, myocardial infarction, 

stroke, and seizure were infrequent, screening methods varied, and the total sample was inadequate to exclude modest or 

procedure-specific risk. Safety assessment should therefore incorporate individual thrombotic history, renal function, 

cumulative dose, and institutional thromboprophylaxis. [5,6] 
 

Targeted oral-TXA update 
A 2024 randomized trial of 120 adults evaluated a single 1.5-g oral TXA dose administered two hours before spine surgery. 

The trial reported lower intraoperative and postoperative blood loss and a shorter hospital stay in the TXA group. Nausea 

and vomiting were more frequent, while the overall adverse-event comparison did not identify a major safety signal. 

Together with earlier randomized oral-versus-intravenous comparisons, this trial supports oral administration as a 

potentially practical option, but replication across high-risk and complex procedures is needed. [21] 
 

Table 2. Quantitative Summary of Evidence on the Efficacy and Safety of Tranexamic Acid in Spine Surgery 

Panel A. Findings from Pairwise Meta-analysis 

Outcome Evidence source Measure Published estimate 

(95% interval) 

Interpretation 

Intraoperative blood 

loss 

13-study pairwise 

review (outcome 

subset) 

Mean 

difference 

-46.56 mL (-73.85 to -

19.26) 

Favors TXA; modest 

absolute intraoperative 

effect 

Total blood loss 13-study pairwise 

review (outcome 

subset) 

Mean 

difference 

-210.17 mL (-284.93 to 

-135.40) 

Favors TXA; larger 

perioperative effect 
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Any allogeneic 

transfusion 

13-study pairwise 

review (outcome 

subset) 

Risk ratio 0.68 (0.51 to 0.90) Approximately 32% relative 

reduction 

Thrombotic 

complications 

13-study pairwise 

review 

Risk ratio / 

event synthesis 

No significant 

difference reported 

Underpowered for rare harm 

 

Panel B. Findings from Network Meta-analysis According to TXA Regimen 

Outcome Regimen Published estimate (95% CrI) Network contribution 

Intraoperative loss Low-dose IV + temperature MD -112.0 mL (-211.0 to -14.9) 36 studies across network 

Intraoperative loss Combined administration MD -101.0 mL (-161.0 to -44.1) 36 studies across network 

Intraoperative loss High-dose IV MD -88.0 mL (-145.0 to -34.9) 36 studies across network 

Postoperative loss Combined administration MD -177.0 mL (-275.0 to -92.4) 32 studies across network 

Postoperative loss Multiple IV doses MD -153.0 mL (-251.0 to -66.8) 32 studies across network 

Transfusion Oral OR 0.10 (0.03 to 0.35) 28 studies across network 

Transfusion Combined administration OR 0.12 (0.05 to 0.27) 28 studies across network 

Transfusion Multiple IV doses OR 0.20 (0.07 to 0.51) 28 studies across network 

Transfusion Low-dose topical OR 0.29 (0.15 to 0.55) 28 studies across network 

Transfusion Low-dose IV + temperature OR 0.31 (0.09 to 0.92) 28 studies across network 

Length of stay Low-dose IV + temperature MD -2.29 days (-4.16 to -0.40) 19 studies across network 

Length of stay Low-dose topical MD -1.94 days (-2.97 to -0.10) 19 studies across network 

 

DISCUSSION 
The contemporary evidence supports three broad conclusions. First, TXA reduces blood loss during spine surgery. The 

effect is present for intraoperative loss and is more pronounced when total perioperative loss is considered. Second, reduced 

bleeding translates into fewer patients receiving allogeneic transfusion. Third, route and dosing strategy may matter, but 

the current comparative hierarchy is not sufficiently stable to mandate a single universal regimen. The network evidence 

favors several repeated, combined, or temperature-supported approaches, yet much of the distinction between regimens 

relies on indirect comparison. [5,6] 

 

The mean reduction in total blood loss reported in the pairwise synthesis is likely to be clinically relevant in procedures 

with moderate or high baseline bleeding. Its importance will be smaller in short operations where expected loss is low. This 

interaction between baseline risk and treatment benefit is central to implementation. A fixed relative reduction can prevent 

several transfusions in a complex deformity population while producing little observable difference in routine 

decompression. Future reports should therefore present baseline blood loss and absolute transfusion risk, not only pooled 

relative effects. 
 

The transfusion result is particularly meaningful because it reflects a patient-centered and resource-relevant outcome. 

Nevertheless, transfusion is not determined by bleeding alone. Haemoglobin thresholds, symptoms, haemodynamic 

instability, clinician preference, cell-salvage availability, and institutional protocols influence the decision. Trials with 

liberal thresholds may show a larger number of preventable transfusions than trials embedded in mature patient-blood-

management programs. Stratification by transfusion protocol should be prespecified in an updated review. 

 

The apparent advantage of repeated or combined administration is biologically plausible. Fibrinolytic activity can persist 

into the postoperative period, and a single short exposure may not cover the entire period of clot vulnerability. Multiple 

dosing or a bolus-plus-infusion regimen may therefore reduce postoperative and concealed loss. Combined systemic and 

topical administration may provide both circulating and local antifibrinolytic effects. These hypotheses require direct head-

to-head confirmation because network rankings can be influenced by differences in case complexity, control-event rates, 

and co-interventions. 

 

Temperature management deserves special attention. Hypothermia impairs platelet function and enzymatic coagulation 

and can increase bleeding independently of TXA. A trial node combining low-dose IV TXA with temperature intervention 

is therefore not simply a pharmacological dose comparison; it represents a bundled haemostatic strategy. Its favorable 
ranking may partly reflect the physiological benefit of normothermia. An updated analysis should avoid attributing the full 

effect to TXA dose alone and should code active warming as a separate co-intervention. 

 

Oral TXA is attractive because it is inexpensive, simple, and avoids the need for an infusion. The network analysis produced 

a strong relative effect on transfusion, and randomized trials suggest that oral dosing can perform similarly to intravenous 

administration in selected thoracolumbar procedures. However, oral absorption, timing, fasting status, gastrointestinal 

tolerance, and procedure duration require consideration. Evidence is insufficient to extrapolate a single oral regimen to 
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paediatric deformity surgery, severe renal impairment, emergency trauma, or operations with anticipated massive blood 

loss. [6,20,21] 

 

Topical administration offers theoretical local efficacy with lower systemic exposure. Route-specific analyses report 

reductions in drain output and other blood-loss measures, but topical concentration, volume, dwell time, wound irrigation, 

drain clamping, and contact with neural tissues vary. Some topical studies are small, and comparisons with systemic therapy 

are limited. The low ranking of topical nodes for intraoperative loss in the network analysis may reflect the timing of 
application, because topical treatment is often delivered near wound closure and is not expected to influence bleeding 

earlier in the operation. [6-8] 

 

The safety findings require restraint. Across randomized spine trials, there was no clear increase in overall complications 

or thrombotic events. That statement is not equivalent to proving safety in every subgroup. Rare adverse events require far 

larger samples than those needed to demonstrate a reduction in blood loss. Furthermore, active screening for asymptomatic 

venous thrombosis was not uniform, and neurological events such as seizures may not have been prespecified or 

adjudicated. High-dose exposure, repeated administration, accidental intrathecal delivery, and reduced renal clearance are 

important contexts in which risk may differ. [5,6] 

 

Clinical implementation should therefore be protocol-based rather than dose-maximizing. A perioperative pathway should 

identify procedure-specific bleeding risk, preoperative anaemia, renal function, prior venous or arterial thrombosis, seizure 

history, anticoagulant management, and contraindications. The selected route and dose should be integrated with 

normothermia, meticulous surgical haemostasis, cell salvage when appropriate, rational fluid management, and a defined 

transfusion algorithm. TXA should complement these measures, not be treated as a stand-alone solution. 

 

This evidence also has implications for trial design. Future multicentre randomized trials should compare clearly defined 
regimens within homogeneous surgical strata and use a core outcome set. Total calculated blood loss, intraoperative 

measured loss, postoperative drain loss, haemoglobin change, red-cell units, proportion transfused, rescue haemostatic 

interventions, and patient-important recovery outcomes should be reported. Safety follow-up should extend beyond 

discharge, with systematic ascertainment of symptomatic thromboembolism, myocardial infarction, stroke, seizure, renal 

events, wound complications, and mortality. 

 

An updated study-level meta-analysis should examine effect modification rather than relying only on broad subgroup 

labels. Candidate moderators include age group, deformity versus degenerative surgery, number of fused levels, osteotomy, 

operative duration, baseline haemoglobin, renal function, use of cell salvage, active warming, TXA loading dose, infusion 

rate, total dose, route, and postoperative continuation. Meta-regression should be prespecified and limited to outcomes with 

adequate numbers of studies to reduce false-positive inference. 

 

The principal strength of the present draft is transparent use of verifiable contemporary evidence. It incorporates both 

conventional pooled effects and comparative network estimates, separates efficacy from rare-event safety, and avoids 

generating unsupported study numbers. Its key limitation is equally important: this is not a de novo systematic review. The 

numerical results originate from published syntheses with different eligibility criteria and analytic frameworks. Overlap 

among trials means that participant counts cannot be added across reviews, and the estimates should not be recombined 

without obtaining study-level data. 
 

CONCLUSION 
Published randomized and prospective evidence indicates that tranexamic acid reduces perioperative blood loss and lowers 

allogeneic transfusion exposure in spine surgery. The benefit is observed across several systemic, topical, oral, repeated, 

and combined strategies, although the magnitude varies with procedure, baseline bleeding risk, and co-interventions. 

Network estimates suggest that extended or combined antifibrinolytic coverage and maintenance of normothermia may be 

advantageous, but the comparative evidence is not strong enough to establish a single universal regimen. No statistically 

clear increase in complications has been demonstrated, yet the available trials cannot exclude uncommon thromboembolic 

or neurological harm. Clinical use should be individualized and embedded in a comprehensive patient-blood-management 

protocol. Before submission as an original systematic review and meta-analysis, the author team must complete an 

independent search, duplicate screening and extraction, risk-of-bias assessment, de novo statistical analysis, GRADE 

evaluation, and protocol registration. 
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