
S YS T E M AT I C  R E V I E W Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit  h t    t p : / / c r e  a   t i 
v e  c  o  m  m  o n s . o r g / l i c e n s e s / b y - n c - n d / 4 . 0 /     .   

Xie et al. BMC Surgery           (2025) 25:15 
https://doi.org/10.1186/s12893-024-02743-2

BMC Surgery

†Chengxin Xie, Liwei Zhang, Guoping Cai and Yongwei Su 
contributed equally to this work.

*Correspondence:
Hua Luo
18732196660@163.com
1Department of Orthopedics, Taizhou Hospital of Zhejiang Province 
Affiliated to Wenzhou Medical University, Taizhou, Zhejiang 317000, China
2Department of Orthopedic, The First Affiliated Hospital of Jinzhou 
Medical University, Jinzhou, Liaoning 121000, China

Abstract
Background The relative efficacies of topical and intravenous tranexamic acid (TXA) in spinal surgery remain 
controversial. This meta-analysis aimed to compare the efficacy and safety of topical versus intravenous TXA in spinal 
surgery, with a particular focus on the impacts on intraoperative blood loss (IBL) and associated outcomes.

Methods We searched the PubMed, EMBASE, Medline, and Cochrane Library databases to identify all literature 
related to topical and intravenous TXA in spinal surgery. Six trials met the inclusion criteria. The IBL, postoperative 
drainage volume, total blood loss, postoperative hematological variables, postoperative blood transfusions, and 
complications were analyzed.

Results The meta-analysis of randomized controlled trials indicated that IBL and total blood loss were markedly 
higher in the group receiving topical TXA compared to the intravenous TXA group. Conversely, data from 
retrospective studies did not show significant differences between the two groups. Hemoglobin levels on 
postoperative days 1 and 3 were significantly lower in the topical TXA group than in the intravenous TXA group. No 
significant differences were observed between the topical and intravenous TXA groups regarding other postoperative 
hematological parameters, drainage volume, transfusion rates, and complications.

Conclusions The current evidence suggests that topical TXA does not significantly reduce postoperative blood loss 
in spinal surgery compared with intravenous TXA, but has good safety and does not increase the associated risks. 
There is a need for high-quality studies that explore the effects of topical TXA in spinal surgery.
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Introduction
With the continuous development of society, science, 
economy, and medical care, the number of operations 
has rapidly increased in recent years, and the number of 
patients who require spinal surgery for various diseases 
is also increasing [1, 2]. Especially in multi-segment, 
thoracic, and lumbar spinal surgery, the surgical inci-
sions are deep and long and there are many muscle tis-
sues to be peeled off, leaving large wounds and causing 
bleeding [3]. Heavy bleeding causes anemia, which delays 
wound healing or causes non-union, increases the prob-
ability of infection, and leads to increased surgical com-
plications and perioperative mortality [4]. Therefore, it 
is important to reduce the bleeding caused by surgery. 
Various methods used clinically to reduce perioperative 
bleeding include improving surgical methods and tech-
niques, shortening the operation time, autologous blood 
transfusion, and applying hemostatic drugs [5–7]; how-
ever, these methods cannot completely alleviate periop-
erative bleeding, and a large number of patients still need 
blood transfusions. Blood transfusion not only increases 
the incidences of infectious diseases and adverse reac-
tions, but also increases medical costs and wastes blood 
resources [8–10]. The concept of Enhanced Recovery 
After Surgery is currently being advocated and includes 
the administration of hemostatic drugs to reduce periop-
erative bleeding, reduce complications, and shorten the 
length of hospital stay [11].

Tranexamic acid (TXA) is an antifibrinolytic type of 
hemostatic drug [12]. TXA achieves antifibrinolytic and 
hemostatic effects by binding to the lysine-binding site 
of plasminogen to competitively inhibit plasminogen 
adsorption on fibrin and activation of plasminogen, so 
that plasmin is not degraded by plasmin [4, 13]. TXA 
has been shown to reduce perioperative bleeding and the 
need for allogeneic blood transfusions [14, 15]. Itcan be 
administered orally, intravenously, or topically to achieve 
hemostasis [16–18]. Although intravenous TXA is com-
monly used, it has drawbacks, including a delayed onset 
of action (approximately 15 minutes) and an increased 
risk of venous thrombosis due to its antifibrinolytic 
effect [19, 20]. Topical TXA, however, has demonstrated 
promising results in surgeries such as hip and knee 
replacements and thoracic procedures, offering poten-
tial advantages over intravenous administration [21–24]. 
One study recommended topical TXA over intravenous 
TXA because high-dose intravenous TXA increases the 
incidence of postoperative venous thrombosis and pul-
monary embolism, especially in patients with a history of 
embolism [25]. Compared with intravenous TXA, topical 
TXA directly aggregates at the site of action to directly 
and effectively exert a hemostatic effect, reduce systemic 
absorption, reduce the systemic effect of TXA, and elimi-
nate the risk of venous thrombosis and cardiovascular 

and cerebrovascular diseases caused by intravenous TXA 
infusion [26, 27].

A number of unresolved issues regarding the potential 
risk of thrombosis, rare epileptogenic adverse effects, 
and contraindications to systemic TXA in patients with 
coagulopathy or renal impairment necessitate the use 
of topical TXA for bleeding management in spinal sur-
gery. In addition, the fact that excessive fibrinolysis due 
to acute wasting coagulopathy caused by surgical trauma 
is concentrated in the surgical incision has aroused inter-
est in exploring whether topical application of TXA may 
improve the current standard of treatment for hemosta-
sis. The topical route of administration delivers hemo-
static drugs directly to the wound during or at the end 
of surgery. Compared with non-TXA group, both topical 
and intravenous TXA significantly reduced the postoper-
ative blood loss, blood transfusion rate, and postoperative 
hospital stay, but these variables did not differ between 
the topical and intravenous TXA groups [28]. However, 
intravenous TXA significantly reduced intraoperative 
bleeding compared with topical TXA [28]. Weissmann 
et al. retrospectively analyzed patients undergoing pos-
terior fusion surgery and found no significant difference 
between the topical and intravenous TXA groups [29]. 
Wang et al. found that the total blood loss and intraop-
erative blood loss were significantly greater in the topical 
TXA group than the intravenous TXA group [30]. These 
previous findings suggest that both intravenous and topi-
cal TXA reduce f blood loss and transfusion rate during 
spinal surgery, while the best way to use TXA in spinal 
surgery is still debatable. Therefore, we performed a 
meta-analysis of existing studies to assess the effective-
ness and safety of intravenous versus topical TXA in spi-
nal surgery.

Methods
The study adheres to the standards outlined in the 
Cochrane Handbook for Systematic Reviews [31] and 
follows the PRISMA (Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses) guidelines [32]. The 
protocol for this meta-analysis has been registered on 
PROSPERO (No: CRD 42023463198).

Inclusion criteria
Study type: randomized controlled trial (RCT) or non-
RCT. Participants: Spinal surgery patients. Intervention 
and control: topical TXA vs. intravenous TXA. Out-
comes: blood loss, postoperative hematological vari-
ables at 1 and 3 days after surgery, transfusions, and 
complications.

Search strategy
A comprehensive search was performed in PubMed, 
EMBASE, Medline, and the Cochrane Central Register of 
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Controlled Trials from their inception to September 01, 
2023. The keywords used were: “Intravenous and topical 
and tranexamic acid and (cervical or lumb* or thora* or 
spin*)”.

Study selection
Two researchers (CXX and GPC) independently screened 
the literature. They initially reviewed titles and abstracts, 
followed by a full-text review for those meeting the crite-
ria. Disagreements were resolved by a senior researcher 
(HL).

Data collection process
Data extracted from the included studies encompassed: 
author and year, study design, country, sample size, 
participant details, TXA treatment specifics, age, and 
outcomes.

Assessment of risk of bias and quality of evidence
Two researchers (HL and CXX) independently assessed 
trial quality using the Cochrane risk-of-bias criteria [33] 
and the Newcastle–Ottawa scale for retrospective studies 
[34].

Data synthesis
Meta-analysis was conducted using Stata (version 17; 
StataCorp, 2021). Heterogeneity was assessed with the 
Q test and I² statistic. Random effect models were used. 
Dichotomous outcomes were measured using odds ratios 
(OR) with 95% confidence intervals (CI), and continuous 
outcomes were analyzed using standard mean difference 
(SMD).

Sensitivity analyses
We performed a sensitivity analysis by excluding individ-
ual trial.

Results
An initial total of 203 studies were identified. On the 
basis of the titles and abstracts, 87 duplicates were 
removed and 94 irrelevant studies were excluded. After 
the full text of 22 articles was read, a further 17 articles 
were excluded (3 meetings, 9  trials without results, and 
5 studies that compared intravenous plus topical TXA 
with a control). An additional study was extracted from 
the reference list of a previous review. Finally, six stud-
ies (5 RCTs and 1 retrospective study) with a total of 518 
patients were included in our study. The study by Arun-
Kumar et al. was divided into three groups, and the group 
that received local TXA before the skin incision was 
excluded from our study [35]. Figure 1 shows the screen-
ing process, and Table 1 summarizes the characteristics 
of the included studies.

Intraoperative blood loss
Six studies (5 RCTs and 1 retrospective study) assessed 
the intraoperative blood loss (IBL) [28–30, 35–37]. Meta-
analysis of the RCTs showed that IBL was significantly 
greater in the topical TXA group than the intravenous 
TXA group SMD 1.16, 95% CI 0.38 to 1.94, I2 = 93.0%, 
P = 0.004; Table  2). In the retrospective study, there was 
no significant difference in IBL between the topical TXA 
and intravenous TXA groups (SMD − 0.26, 95% CI − 0.78 
to 0.27, P = 0.335; Table 2).

Total blood loss
Three studies (2 RCTs and 1 retrospective study) 
reported the total blood loss (TBL) [29, 30, 36]. Analysis 
of the RCTs using a random-effects model showed that 
TBL was significantly greater in the topical TXA group 
than the intravenous TXA group (SMD 0.52, 95% CI 0.05 
to 0.99, I2 = 72.1%, P = 0.03; Table 2). In the retrospective 
study, there was no significant difference in TBL between 
groups (SMD − 0.25, 95% CI -0.78 to 0.27, P = 0.335; 
Table 2).

Postoperative drainage
Four studies (3 RCTs and 1 retrospective study) reported 
the postoperative drainage volume [28, 29, 35, 36]. In the 
RCTs, there was no significant difference in total post-
operative drainage between the topical TXA and intra-
venous TXA groups (SMD 0.54, 95% CI -0.06 to 1.14, 
I2 = 81.6%, P = 0.077; Table 2). The conclusions of the ret-
rospective study were consistent with those of the RCTs.

Postoperative hematological variables at 1 and 3 days after 
surgery
One RCT reported the hemoglobin (Hb) concentra-
tion on postoperative day 1 [35], two RCTs reported 
Hb concentrations on postoperative day 3 [28, 35], one 
RCT reported the hematocrit value (HCT) on postop-
erative day 1 [35], three RCTs reported the HCT on post-
operative day 3 [28, 30, 35], and one RCT reported the 
postoperative D-dimer concentrations [30]. The Hb con-
centration on postoperative day 1 was significantly lower 
in the topical TXA group than the intravenous TXA 
group (SMD − 1.214, 95% CI -1.807 to -0.621, P < 0.001; 
Table  2). There was no significant difference in Hb lev-
els between the two groups on postoperative day 3 (SMD 
− 2.30, 95% CI -5.94 to 1.33, I2 = 97.8%, P = 0.215; Table 2). 
There was no significant difference in the HCT between 
the two groups on postoperative day 1 (SMD − 0.38, 95% 
CI -0.93 to 0.17, P = 0.174; Table  2). However, the HCT 
on postoperative day 3 was significantly lower in the 
topical TXA group than the intravenous TXA group 
(SMD − 0.77, 95% CI -1.44 to -0.09, I2 = 84.7%, P = 0.027; 
Table 2). There was no difference between the two groups 
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in the D-dimer concentration (SMD − 0.052, 95% CI -0.41 
to 0.30, P = 0.775; Table 2).

Postoperative blood transfusions
Postoperative blood transfusions were reported in 
four RCTs [28, 30, 35, 36]. Data from Wang et al. were 
excluded due to the absence of events [30]. The pooled 
analysis revealed no significant difference in transfusions 
rates between topical and intravenous TXA groups (OR: 
0.89, 95% CI: 0.48 to 1.69, I2 = 0%, P = 0.727; Table 2).

Complications
Four RCTs reported complications [28, 30, 36, 37]. Mu et 
al. and Wang et al. reported no related adverse reaction 
events in either group [28, 30]. The pooled results showed 
no significant difference in postoperative complications 

between the topical and intravenous TXA groups (OR: 
0.86, 95% CI: 0.31 to 2.42, I2 = 0%, P = 0.781; Table 2).

Sensitivity analysis
The remaining studies were pooled when any individual 
study was excluded, and no single study significantly 
affected the results.

Publication bias
Publication bias was not assessed due to fewer than 10 
trials.

Discussion
We conducted a meta-analysis of six studies with a total 
of 518 patients who received either topical or intravenous 
TXA administration in spinal surgery. The five included 

Fig. 1 Flow diagram for search and selection of included studies
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RCTs had a high quality of evidence. An analysis of the 
data from these five RCTs found that topical TXA did 
not significantly reduce IBL and TBL during spinal sur-
gery compared with intravenous TXA. However, this 
relates to the timing of topical application rather than the 
method of drug use. In the studies we included, topical 
application of TXA was performed at the end of surgery. 
This timing may not effectively prevent intraoperative 
bleeding. In contrast, intravenous TXA is usually admin-
istered before the start of surgery, thus providing sup-
pression of the systemic fibrinolytic system throughout 
the operation. Therefore, the inability of topical TXA to 
reduce intraoperative blood loss may be due to its tim-
ing of use. To better assess the efficacy of topical TXA, 
we recommend injecting it locally before the start of sur-
gery and using TXA-soaked gauzes intraoperatively for 
local hemostasis. Such methods might more effectively 
reduce bleeding in surrounding tissues during surgery. 
By administering the drug in advance and maintaining 
its application during surgery, local fibrinolytic activity 
can be better suppressed, thereby reducing intraopera-
tive bleeding. Our review included only one retrospec-
tive study. Retrospective studies are often subject to a 
number of limitations, such as selection bias, informa-
tion bias, and confounding bias, which makes the quality 
of the evidence relatively low. Therefore, the conclusions 
of a retrospective study may not be sufficiently credible 
and are susceptible to bias and statistical uncertainty. 
Although the findings of this retrospective study differed 
from the findings of the RCTs and concluded that the 
total and intraoperative blood loss was similar in the top-
ical and intravenous TXA groups, this conclusion needs 

to be interpreted with caution due to the low level of evi-
dence and small sample size of the retrospective study. 
As RCTs have a higher quality and quantity of evidence, 
their results are considered more reliable. The conclu-
sions of retrospective studies may be valuable, but need 
to be interpreted with caution as their methodological 
limitations may result in less stable conclusions. Overall, 
there is a need for more high-quality RCTs to fully assess 
the effect of topical TXA on blood loss in spinal surgery 
to improve our understanding and guide clinical practice.

Our meta-analysis showed no significant difference 
in total postoperative drainage between the topical and 
intravenous TXA groups in the RCTs. This result was also 
validated in the retrospective study. In terms of postoper-
ative blood variables, we found that the Hb concentration 
was significantly lower in the topical TXA group than the 
intravenous TXA group on postoperative day 1. How-
ever, this difference was no longer significant on postop-
erative day 3. In contrast, the HCT significantly differed 
between groups on postoperative day 3 but not on post-
operative day 1. This may reflect differences between the 
two groups in blood recovery in the days after surgery. 
Although the Hb concentration significantly differed 
between the two groups on postoperative day 1, further 
research is needed to determine whether this finding has 
practical implications for clinical outcomes. Finally, our 
analysis did not find a significant difference between the 
topical and intravenous TXA groups in the incidences of 
blood transfusion and complications. Overall, the cur-
rent findings suggest that topical TXA has a poor effect 
on blood preservation compared with intravenous TXA. 
This is consistent with the conclusions of Cao et al. [38].

Table 2 Pooled effect size and heterogeneity tests outcomes including IBL, TBL, postoperative drainage, postoperative hematological 
variables, postoperative blood transfusions, and complication using the random-effects model
Outcome Study type No. of studies Effect size (95% CI) I2 (%) p-Heterogeneity p-value
IBL RCT 5 1.16 (0.38, 1.94) 93 < 0.0001 0.004

non-RCT 1 -0.26 (-0.78, 0.27) NA NA 0.335
TBL RCT 2 0.52 (0.05, 0.99) 72.1 0.058 0.03

non-RCT 1 -0.25 (-0.78, 0.27) NA NA 0.341
Postoperative drainage RCT 3 0.54 (-0.06, 1.14) 81.6 0.004 0.077

non-RCT 1 -0.07 (-0.59, 0.45) NA NA 0.792
HB postoperative 1 day RCT 1 -1.214 (-1.807, -0.621) NA NA 0

non-RCT 0 NA NA NA NA
HB postoperative 3 days RCT 2 -2.301 (-5.937, 1.334) 97.8 < 0.0001 0.215

non-RCT 0 NA NA NA NA
HCT postoperative 1 day RCT 1 -0.381 (-0.929, 0.168) NA NA 0.174

non-RCT 0 NA NA NA NA
HCT postoperative 3 day RCT 3 -0.766 (-1.443, -0.088) 84.7 0.001 0.027

non-RCT 0 NA NA NA NA
Postoperative blood transfusions RCT 4 0.892 (0.470, 1.693) 0 0.859 0.727

non-RCT 0 NA NA NA NA
Complications RCT 4 0.864 (0.309, 2.417) 0 0.492 0.781

non-RCT 0 NA NA NA NA
RCT, randomised controlled trial; NA, lack of sufficient number of studies; IBL, intraoperative blood loss; TBL, total blood loss; HB, hemoglobin; HCT, hematocrit
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Xiong et al. analyzed eight RCTs on nondeformity spi-
nal surgery, finding no differences between topical and 
intravenous TXA in blood loss, HCT, Hb, fibrinogen, 
prothrombin time, partial thromboplastin time, drain-
age volume, or transfusion rate [39]. Our study included 
two studies of patients with spinal deformities. The large 
degree of trauma and bleeding in surgery for spinal 
deformities may be the reason for the different conclu-
sions of these two studies. However, another important 
factor is that the studies included by Xiong et al. were all 
published by Chinese scholars [39]; therefore, there may 
have been publication bias. Although topical TXA is less 
effective than intravenous TXA in the hem sparing effect, 
studies have shown that topical TXA has a high efficacy 
in reducing blood loss and drainage volume compared 
with patients who did not receive TXA, and enables a 
rapid recovery with a high safety profile in spinal surgery 
[40].

Limitations
Our study has several limitations. First, it included only 
six studies (5 RCTs and 1 retrospective study), each 
with a small sample size, which may limit the statistical 
power and generalizability. Second, high heterogene-
ity was observed in the analyses of IBL, TBL, and day 3 
Hb values, likely due to variations in patient populations, 
surgical techniques, TXA doses, or other factors. Third, 
publication bias could not be assessed due to fewer than 
10 studies. Fourth, differences in TXA administration 
methods (e.g., injection [36], irrigation [29, 35], soaked 
sponges [37])  and doses across studies may impact the 
consistency and interpretation of the results. Consider-
ing that only six studies were included, we were limited 
in our ability to conduct subgroup analyses based on the 
dosage and use of TXA to explore the impact of differ-
ent doses and use on bleeding control. Therefore, future 
research should further investigate the optimal dosage 
and administration methods of TXA to enhance its effec-
tiveness in spinal surgery. Fifth, participant differences 
across studies may introduce heterogeneity, bias, and 
limit generalization, impacting the interpretation and 
applicability of pooled results. This requires carefully sta-
tistical analysis to ensure confidence and clinical utility. 
Varying TXA doses can affect outcomes, needing care-
ful consideration. Due to the small number of studies, 
subpopulation analysis was not possible. Future research 
focusing on consistent TXA doses or regimens may pro-
vide more robust conclusions.

Conclusions
On the basis of the current evidence, topical TXA was 
not found to significantly reduce postoperative blood 
loss compared with intravenous TXA. However, the 
safety of topical TXA was confirmed without increasing 

the associated risk of blood clots. Although topical TXA 
does not achieve the same efficacy as intravenous TXA, 
it still reduces bleeding compared with no TXA. How-
ever, heterogeneity was observed between studies, with 
outcomes varying across study types. Future research 
should explore the effects of TXA in diverse populations 
and surgical procedures to better understand its role and 
applicability in spinal surgery.
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