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Intravenous application of tranexamic acid (TXA) in posterior lumbar interbody fusion (PLIF) can 
effectively reduce blood loss without affecting coagulation function. However, it has not been 
reported whether preoperative use of anticoagulants may affect the efficacy of TXA in PLIF. The 
purpose of this study is to observe the effect of preoperative use of anticoagulants on coagulation 
indicators and blood loss after PLIF receiving intravenous unit dose TXA. A retrospective analysis 
was conducted on data from 53 patients with PLIF between 2020.11 and 2022.9, who received 
intravenous application of a unit dose of TXA (1 g/100 mL) 15 min before the skin incision after general 
anesthesia. Those who used anticoagulants within one week before surgery were recorded as the 
observation group, while those who did not use anticoagulants were recorded as the control group. 
The main observation indicators include surgical time, intraoperative blood loss, postoperative 
drainage volume, blood transfusion, and red blood cell (RBC), hemoglobin (HB), and hematocrit 
(HCT) measured on the 1st, 4th, 7th, and last-test postoperative days. Secondary observation 
indicators included postoperative incision healing, deep vein thrombosis of lower limbs, postoperative 
hospital stay, and activated partial thrombin time (APTT), prothrombin time (PT), thrombin time 
(TT), fibrinogen (FIB), and platelets (PLT) on the 1st and 4th days after surgery. The operation was 
successfully completed in both groups, the incision healed well after operation, and no lower limb 
deep vein thrombosis occurred. There was no significant difference in surgical time, intraoperative 
blood loss, postoperative drainage volume, and blood transfusion between the two groups (p > 0.05). 
There was no significant difference in the RBC, HB, and HCT measured on the 1st, 4th, 7th, and 
last-test postoperative days between the two groups (p > 0.05). There was no statistically significant 
difference in APTT, PT, TT, FIB and PLT between the two groups on the 1st and 4th postoperative days 
(p > 0.05). There was no significant difference in postoperative hospital stay between the two groups 
(p > 0.05). The use of anticoagulants within one week before surgery does not affect the hemostatic 
effect of intravenous unit dose TXA in PLIF.
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Posterior lumbar interbody fusion (PLIF) is a common and effective operation for the treatment of lumbar disc 
herniation (LDH), lumbar spinal stenosis (LSS), lumbar spondylolisthesis (LS) and other lumbar  diseases1,2. 
However, it faces the challenge of massive perioperative blood  loss3. Tranexamic acid (TXA) is a synthetic 
derivative of lysine, a synthetic anti fibrinolytic drug that could reduce surgical bleeding by inhibiting fibrinolysis 
and stabilizing blood  clots4. Many studies have shown that intravenous TXA can effectively reduce perioperative 
blood loss in  PLIF5–8. Meanwhile, in our previous studies, we confirmed that preoperative intravenous unit dose 
TXA in PLIF can safely and effectively reduce intraoperative and postoperative blood loss without affecting 
postoperative coagulation function  indicators9,10.

However, in clinical practice, we have found such a phenomenon. Some patients who require surgery 
have a history of using anticoagulants for treatment before hospitalization. Therefore, it is inevitable to use 
anticoagulants before surgery to maintain treatment. In theory, the use of anticoagulants before surgery may 
increase perioperative blood loss. However, it is not yet known whether the hemostatic effect of TXA in PLIF 
may be affected by preoperative anticoagulant drugs. Therefore, this study mainly explores the following two 
issues. One is the safety of using anticoagulants within one week before surgery in PLIF receiving intravenous 
unit dose TXA. The other is the effect of using anticoagulants within one week before surgery on the hemostatic 
effect of TXA in PLIF.

Method
Study design
This study was a retrospective, single center case control study. It was approved by NO.2021004, from the Ethics 
Committee of the General Hospital of Pingmei Shenma Medical Group. This study had been performed in 
accordance with the Declaration of Helsinki. The medical records were collected in the hospital, and the time 
range was 2020.11–2022.9. The inclusion criteria include: a. preoperative diagnosis of LDH, LSS, and LS, receiving 
standard PLIF treatment, b. general anesthesia, c. surgical segments ranging from 1 to 3, d. age range from 50 to 
80 years, e. intravenous application of a unit dose of TXA (1 g/100 mL) (containing 100 mL normal saline and 
1 g TXA) 15 min before the skin incision after anesthesia. Exclusion criteria include: a. pre-operative history 
of blood disease, b. preoperative history of deep vein thrombosis (DVT), c. lumbar surgery history, d. history 
of diabetes, e. intraoperative cerebrospinal fluid leakage or dural injury. Finally, 53 eligible cases were included. 
Among them, there are 21 males and 32 females, with an average age of (63.7 ± 8.5) years. The criteria for 
grouping were based on whether anticoagulants, such as low molecular weight heparin (LMWH) or indoprofen 
tablets, were used within one week before surgery. 25 cases of preoperative use of anticoagulants were recorded 
as the observation group, 28 cases were not applied and recorded as the control group. The intraoperative and 
postoperative measures of PLIF were similar. After surgery, two drainage tubes were placed and removed when 
the drainage flow rate was less than 50 mL/24 h. Postoperative routine use of antibiotics to prevent infection, 
corticosteroids to reduce spinal cord stress response, dehydration drugs to reduce edema response, non steroidal 
drugs to reduce pain, and LMWH drugs or indobufen tablets to prevent DVT.

Outcome indicators
Preoperative patient information was collected as baseline data. They included age, gender, body mass index 
(BMI), disease type, surgical segment, coexisting hypertension, prothrombin time (PT), activated partial 
thrombin time (APTT), thrombin time (TT), fibrinogen (FIB), platelets (PLT), hemoglobin (HB), red blood 
cell (RBC), and hematocrit (HCT).

The main observation indicators include surgical time, intraoperative blood loss, postoperative drainage 
volume, blood transfusion, and RBC, HB, and HCT measured on the 1st, 4th, 7th, and last-test postoperative 
days. The trend of changes in HB, RBC, and HCT during the perioperative period, represented by the median, 
was plotted using an Excel table.

Secondary observation indicators included postoperative incision healing, DVT of lower limbs, postoperative 
hospital stay, APTT, PT, TT, FIB, and PLT on the 1st and 4th postoperative days. The trend of changes in APTT, 
PT, TT, FIB, and PLT during the perioperative period was represented by the median, and a column chart was 
drawn using an Excel table.

Statistical methods
Data analysis was performed via SPSS statistical software (version 22.0). The econometric data which met 
the criteria was represented by mean ± standard deviation, and t-test was used for inter groups comparison. 
Non-conformities were represented by M [P25; P75], and comparisons between groups were conducted using 
Mann–Whitney U non-parametric tests. The counting data was expressed in the number of cases, and the Chi-
squared test was used to compare between groups. The comparison of RBC, HB, HCT, APTT, PT, TT, FIB, and 
PLT between two groups measured on the 1st, 4th, 7th, and last-test postoperative days was conducted using a 
linear mixed model. P < 0.05 was considered statistically significant.

Ethics approval and consent to participate
This study was approved by the Ethics Committee of the General Hospital of Pingmei Shenma Medical Group, 
and the reference number is 2021004. This study had been performed in accordance with the Declaration of 
Helsinki. All authors confirmed that informed consent was obtained from all subjects.
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Results
The comparison results of baseline data between the two groups
There was no significant differences in baseline data, concluding age, gender, BMI, disease type, surgical segment, 
coexisting hypertension, PT, APTT, TT, FIB, PLT, HB, RBC and HCT, between the two groups (p > 0.05), as 
shown in Table 1.

The comparison of main observation indicators between the two groups
There was no significant difference in surgical time, intraoperative blood loss, postoperative drainage volume, 
and blood transfusion between the two groups (p > 0.05). There was no significant difference in the RBC, HB, 
and HCT measured on the 1st, 4th, 7th, and last-test postoperative days between the two groups (p > 0.05). The 
comparison was shown in Tables 2 and 3, Figs. 1, 2 and 3.

The comparison of secondary observation indicators between the two groups
The surgery was successfully completed in both groups of patients, with good postoperative incision healing and 
no occurrence of DVT. There was no significant difference in APTT, PT, TT, FIB and PLT between the two groups 
on the 1st and 4th postoperative days (p > 0.05). The comparison was shown in Table 4, Figs. 4, 5, 6, 7 and 8.

Table 1.  Comparison of baseline data between the two groups.

Groups Observation group(n = 25) Control group(n = 28) t/χ2/Z p

Age, year 65.7 ± 8.5 61.9 ± 8.2 1.651 0.105

Gender, n 1.149 0.284

 Male 8 13

 Female 17 15

BMI, kg/m2 24.460 ± 3.402 23.373 ± 2.469 1.341 0.186

Disease type, n 0.358 0.836

 LDH 4 3

 LSS 14 16

 LS 7 9

Surgical segment, n  − 0.608 0.543

 One 9 14

 Two 14 10

 Three 2 4

Coexisting hypertension, n 0.759 0.384

 Yes 8 6

 No 17 22

APTT, s 31.176 ± 2.946 31.561 ± 2.526  − 0.512 0.611

PT, s 11.300 ± 0.785 11.432 ± 0.812  − 0.601 0.551

TT, s 14.50 [13.70; 15.10] 15.15 [13.90; 15.66]  − 1.418 0.156

FIB, g/L 3.023 ± 0.507 2.915 ± 0.611 0.699 0.488

PLT,  109/L 220 [192; 254] 203 [176; 238]  − 1.265 0.206

HB, g/L 132.880 ± 15.425 138.143 ± 8.793  − 1.502 0.142

RBC,  1012/L 4.218 ± 0.465 4.290 ± 0.399  − 0.604 0.549

HCT, L/L 0.387 ± 0.043 0.403 ± 0.025  − 1.663 0.105

Table 2.  Comparison of main observation indicators between the two groups.

Groups Observation group (n = 25) Control group (n = 28) t/χ2/Z p

Operation time, min 180 [165; 230] 166 [135; 205]  − 1.623 0.105

Intraoperative blood loss, mL 300 [300; 500] 300 [200; 500]  − 0.383 0.702

Postoperative drainage volume, mL 235 [200; 300] 225 [195; 270]  − 0.805 0.421

Blood transfusion, n 0.889 0.346

 Yes 5 3

 No 20 25

Postoperative hospital stay, day 15 [10; 20] 13 [10; 17]  − 0.822 0.411
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Table 3.  Comparison of main observation indicators between the two groups.

Groups Observation group(n = 25) Control group(n = 28) F p

HB, g/L

 Sphericity test 0.039

 Group 1.47 0.226

 Time 4.39 0.008

 Group*measured-time 1.89 0.143

  1st day 116.080 ± 15.226 122.679 ± 14.048 0.107

  4th day 113.960 ± 18.492 117.643 ± 15.191 0.430

  7th day 118.240 ± 16.236 120.143 ± 13.080 0.639

  Last-test day 120.240 ± 12.115 120.821 ± 13.185 0.868

RBC,  1012/L

 Sphericity test  < 0.001

 Group 0.53 0.713

 Time 1.41 0.252

 Group*measured-time 0.72 0.544

  1st day 3.754 ± 0.489 3.826 ± 0.479 0.595

  4th day 3.68 [3.31; 4.16] 3.63 [0.33;4.14] 0.726

  7th day 3.786 ± 0.512 3.772 ± 0.474 0.919

  Last-test day 3.856 ± 0.389 3.830 ± 0.470 0.824

HCT, L/L

 Sphericity test  < 0.001

 Group 1.61 0.188

 Time 2.10 0.112

 Group*measured-time 0.72 0.544

  1st day 0.340 ± 0.042 0.357 ± 0.042 0.142

  4th day 0.32 [0.31; 0.37] 0.34 [0.31; 0.38] 0.308

  7th day 0.345 ± 0.046 0.349 ± 0.039 0.727

  Last-test day 0.354 ± 0.035 0.355 ± 0.039 0.923
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Figure 1.  The changes of RBC of the two groups,  1012/L.
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Figure 2.  The changes of HB of the two groups, g/L.
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Discussion
The safety and feasible of PLIF have been recognized by spine surgeon and patients. There are four main reasons 
for bleeding in  PLIF11. Firstly, the muscles in the surgical area of the lower back are very developed, so it is easy 
to bleed when peeling off the paraspinal muscles and soft tissues during surgery. Secondly, after decompression 
through laminectomy, the cancellous bone surface is prone to bleeding. Thirdly, when decompression enters 
the vertebral canal, it is easy to damage the intervertebral venous plexus and cause bleeding. Fourthly, when 
removing the intervertebral disc, it is necessary to scratch the upper and lower endplates, which is prone to 
bleeding. In addition, during surgery, a decrease in the number of coagulation factors and hyperfibrinolysis in 
patients can lead to significant intraoperative  bleeding12. On the one hand, spine surgeon should consider the 
effect of PLIF, and on the other hand, consider how to reduce perioperative blood  loss13. Many scholars have 
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Figure 3.  The changes of HCT of the two groups, L/L.

Table 4.  Comparison of secondary observation indicators between the two groups.

Groups Observation group (n = 25) Control group (n = 28) F p

PT, s

 Group 1.23 0.272

 Time 0.35 0.557

 Group*measured-time 0.77 0.385

  1st day 11.904 ± 0.858 12.325 ± 0.912 0.091

  4th day 11.4 [11.0; 11.9] 11.6 [11.0; 12.6] 0.324

APTT, s

 Group 1.16 0.286

 Time 10.17 0.002

 Group*measured-time 1.92 0.172

  1st day 28.0 [27.3; 29.5] 28.7 [28.1; 30.2] 0.626

  4th day 26.3 [25.7; 28.5] 27.9 [26.0; 29.1] 0.158

TT, s

 Group 0.71 0.405

 Time 2.24 0.141

 Group*measured-time 2.12 0.151

  1st day 14.459 ± 1.004 14.468 ± 1.339 0.979

  4th day 14.6 [13.9; 15.2] 14.9 [14.1; 15.5] 0.163

FIB, g/L

 Group 0.03 0.856

 Time 11.98 0.001

 Group*measured-time 0.59 0.447

  1st day 3.04 [2.85; 3.46] 2.88 [2.55; 3.22] 0.506

  4th day 3.439 ± 0.734 3.500 ± 0.764 0.769

PLT,  109/L

 Group 0.11 0.741

 Time 5.03 0.029

 Group*measured-time 0.02 0.876

  1st day 190 [174; 225] 178 [151; 231] 0.778

  4th day 202 [182; 218] 196 [156; 234] 0.720
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studied that intravenous TXA can safely and effectively reduce perioperative blood loss in PILF  patients5–8. There 
are various options for using TXA during the perioperative period of spinal surgery, such as oral medication, 
local medication, intravenous medication, etc. 14,15. However, the most commonly used method is intravenous 
 administration16. In terms of medication timing, Yu et al.17 suggested that during posterior lumbar surgery, 
intravenous administration of TXA 15 min before skin incision can reduce perioperative bleeding. This is because 
after about 15 min of intravenous application of TXA, it can reach and accumulate in the surgical area to 
effectively exert its hemostatic  effect18. Therefore, in this study, TXA was chosen to be administered intravenously 
15 min before PLIF. This usage is also one of the recommended methods in the Chinese Expert  Consensus19.

In clinical practice, there are cases where some patients use anticoagulants before surgery. Vitamin K 
antagonists represented by Warfarin and antiplatelet drugs represented by aspirin will increase the risk of 
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Figure 4.  The changes of PT of the two groups, s.
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intraoperative bleeding, so these drugs are not used during perioperative preventive  anticoagulation20. Heparins 
are widely used anticoagulants in clinical practice, mainly including ordinary heparin and LMWH. The relative 
molecular weight of LMWH is smaller than that of ordinary heparin, and it can only bind to antithrombin factor 
IIIa and cannot bind to factor IIa, thus possessing anti factor Xa  effects21. LMWH can inhibit the activation 
of thrombin, thereby playing an anti-thrombotic  role22. Meanwhile, compared to ordinary heparin, LMWH 
has a longer half-life, better bioavailability, better subcutaneous absorption, more stable pharmacokinetics, 
fewer adverse reactions such as bleeding, allergic reactions, and heparin induced thrombocytopenia, making it 
widely used in clinical  practice23. Some studies have proved that the anticoagulant efficacy of factor Xa inhibitor 
represented by Rivaroxaban is consistent with LMWH, and does not increase the risk of serious bleeding, but it 
is currently mainly used after hip and knee joint  replacement24,25. Indobufen, as a new generation of antiplatelet 
drugs, has good anticoagulant  effects26. It can effectively inhibit the activity of platelet cyclooxygenase 1 , which 
is similar to the biochemical, functional and clinical effects of standard dose  aspirin27. Indobufen tablets are oral 
medications and are more suitable for patients who are unwilling to receive subcutaneous injection of LMWH. 
Therefore, the anticoagulants used by the patients in this study were LMWH and indobufen tablets. In theory, 
for such patients, intraoperative and postoperative bleeding may increase.

However, the results of this study found that the intraoperative blood loss, postoperative drainage volume, and 
blood transfusion rate were similar in both groups. This indicates that for PLIF, TXA has a similar hemostatic 
effect in patients who use anticoagulants before surgery compared to those who do not. In order to further 
observe the possible correlation between the two types of drugs, namely synergistic or antagonistic effects. 
This study continuously observed RBC, HB, and HCT at different stages after surgery, and found no significant 
difference between the two groups, and both groups remained relatively stable. On the other hand, this suggests 
that the hemostatic effect of TXA in PLIF is not affected by the use of anticoagulants before surgery. It is worth 
noting that the PLIF surgical technique is already very mature, and the perioperative treatment measures are 
also very standardized. Moreover, both groups of patients in this study adopted similar treatment plans. These 
may be some of the possible reasons why the above indicators are similar. Therefore, further research is needed 
on the possible interrelationships between anticoagulants and TXA.

At the same time, patients receiving PLIF are mostly elderly people who require bed rest after surgery, and 
there are high-risk factors for  thrombosis28. TXA, as an anti fibrotic hemostatic drug, may theoretically increase 
the risk of  DVT29,30. The use of anticoagulants before surgery may affect postoperative coagulation function 
and recovery process. It is not yet known whether the simultaneous use of two types of drugs in a short period 
of time will have an impact on the safety of surgery. As is well known, surgical safety is a prerequisite for PLIF. 
Therefore, this study investigated the safety of surgery. In this study, not only were the surgeries completed safely 
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in both groups, but there were no adverse events after the surgery, and the postoperative hospital stay was similar. 
Moreover, postoperative coagulation function indicators (APTT, PT, TT, FIB) and PLT were also similar. These 
indicate that preoperative use of anticoagulant drugs will not have adverse effects on the perioperative safety and 
postoperative recovery cycle of PLIF patients who have received intravenous TXA. There are two possible reasons 
for this phenomenon. Firstly, the fibrinolytic system and coagulation system are two independent systems, and 
there may be no related interference between anti-fibrinolytic and anticoagulant systems. Secondly, the sample 
size of this study is small and may have some bias. However, overall, TXA is safe and feasible for PLIF application 
in preoperative anticoagulant patients.

Conclusion
Through this study, two issues mentioned at the beginning were resolved. Firstly, it is safe and feasible to use 
anticoagulants within one week before surgery in PLIF with intravenous TXA. Secondly, the use of anticoagulants 
within one week before surgery did not affect the hemostatic effect of intravenous TXA on PLIF. However, 
this study is a single center, small sample retrospective medical record control study, and the reliability of its 
conclusions may inevitably be affected to some extent. Further research is needed to support the application of 
TXA in preoperative anticoagulation patients.

Data availability
The datasets used and analyzed during the current study are available from the corresponding author upon 
reasonable request.
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