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The effect of intravenous unit‑dose 
tranexamic acid on visible 
and hidden blood loss in posterior 
lumbar interbody fusion: 
a randomized clinical trial
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There are few reports of intravenous unit-dose tranexamic acid (TXA) on the relationship between 
visible blood loss (VBL) and hidden blood loss (HBL) in posterior lumbar interbody fusion (PLIF). 
Therefore, the objective of this randomized, prospective, double-blind, single center study was to 
investigate the effect of intravenous unit-dose TXA on VBL and HBL in patients who underwent PLIF. 
Among 100 patients, 11 were excluded due to failue to comply with the study, 1 was excluded due 
to non-conpliance with the study, and 88 were eligible for inclusion in the study. 46 patients who 
treated with PLIF received unit-dose of TXA (1 g/100 mL) intravenously 15 min before skin incision 
after general anesthesia (observation group) and 42 patients were given 100 mL of normal saline 
(control group). The operation time, intraoperative blood loss, postoperative drainage, VBL, HBL, 
blood transfusion rate, and adverse events were recorded in the two groups. Besides, activated 
partial prothrombin time (APTT), prothrombin time (PT), thrombin time (TT), fibrinogen (FIB), 
platelets (PLT), red blood cells (RBC), hemoglobin (HB), hematocrit (HCT), C-reactive protein (CRP), 
erythrocyte sedimentation rate (ESR) on the 1st postoperative day; and RBC, HB, HCT, CRP, ESR on 
the 4th postoperative day were recorded. All 88 patients successfully completed the operation, the 
incision healed well, and there was no deep vein thrombosis of the lower extremity after operation. 
The intraoperative blood loss, postoperative drainage, VBL, HBL, and blood transfusion rate in the 
observation group were lower than those in the control group, and the differences were statistically 
significant (p < 0.05). There was no significant difference in operation time between the two groups 
(p > 0.05). There was no significant difference in postoperative APTT, PT, TT, FIB, PLT, RBC, HB, HCT, 
CRP and ESR between the two groups (p > 0.05). Intravenous unit-dose TXA is safe and feasible in PLIF, 
and it can effectively reduce perioperative VBL and HBL.
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CRP	� C-reactive protein
ESR	� Erythrocyte sedimentation rate
BMI	� Body mass index
LSS	� Lumbar spinal stenosis
LDH	� Lumbar disc herniation
LS	� Lumbar spondylolisthesis
DVT	� Deep venous thrombosis

Lumbar diseases such as lumbar disc herniation, lumbar spinal stenosis and lumbar spondylolisthesis are com-
mon diseases of people. With the aging of the population, its incidence also increases1–3. Posterior lumbar 
interbody fusion (PLIF) is currently a classic surgical method for the treatment of these diseases4. However, PLIF 
requires extensive soft tissue dissection, decompression, and interbody fusion, resulting in massive periopera-
tive blood loss5. Therefore, blood transfusion is often required, and it can cause some complications, such as 
hemolysis and infectious diseases6. Generally speaking, only visible blood loss (VBL) is assessed when assessing 
bleeding during perioperative period, which includes intraoperative bleeding and postoperative drainage. Hidden 
blood loss (HBL) due to haemolysis and residual blood in the dead space is often overlooked, so true blood loss 
is always underestimated7. A large amount of HBL is an important cause of postoperative anemia8. The study 
found that in two-segment PLIF, perioperative HBL accounted for 37% to 44% of the total blood loss9. It can be 
seen that HBL is a large part of the total blood loss in PLIF10. Large amounts of HBL may impair postoperative 
recovery11. Therefore, reducing HBL and VBL are equally important.

Tranexamic acid (TXA) is a synthetic antifibrinolytic agent that inhibits plasminogen, fibrinolysis and tissue 
plasminogen activator binding by competing for lysine binding sites. Thereby delaying fibrinolysis and blood 
clot degradation, TXA achieves the purpose of reducing intraoperative bleeding12. Studies have shown that 
the application of TXA during PLIF can reduce the intraoperative bleeding, postoperative drainage, and blood 
transfusion rate, and does not increase the risk of deep venous thrombosis (DVT)13,14. It can be seen that the use 
of TXA has a positive effect on the blood management of patients undergoing PLIF15. However, there are few 
reports on the relationship between VBL and HBL in PLIF with intravenous unit-dose TXA.

There are various schemes for perioperative application of TXA, such as single preoperative intravenous 
administration, continuous intravenous infusion, topical administration, and intravenous combined topical 
administration16,17. The advantage of intravenous TXA, not interfering with other intraoperative intravenous 
drugs, is that it acts on the whole body to inhibit the fibrinolytic system activated by surgery to effectively reduce 
VBL and HBL18. With the activation of the coagulation system, the fibrinolytic system is also activated, and 
surgery results in a transient cascade of activation of fibrinolysis19. Studies have shown that preoperative intra-
venous TXA is far more effective in inhibiting blood clot breakdown than after fibrinolytic system activation20. 
Therefore, preoperative administration of antifibrinolytic drugs such as TXA is the key to reduce intraopera-
tive bleeding21. Studies have found that about 15 min after intravenous of TXA could pass through the body’s 
physiological barrier, enter and accumulate in surgical and trauma areas22. Therefore, intravenous application of 
TXA 15 min before surgery can make TXA play a role in inhibiting fibrinolysis and reduce bleeding23. Therefore, 
intravenous TXA 15 min before skin incision after general anesthesia was one of the main recommendation in 
the 2019 Chinese Expert Consensus24. Therefore, this randomized clinical trail aims to analyze the application 
effect of unit-dose TXA on VBL and HBL in PLIF.

Materials and methods
General information.  This was a double blind randomized placebo control study and was approved by 
the Ethics Committee of the General Hospital of Pingmei Shenma Medical Group, and the reference number 
is 2021004. The study performed in the Department of Spine of General Hospital of Pingmei Shenma Medical 
Group from 2020.11 to 2022.3. The initial plan of the study was to include 100 patients who were equally ran-
domly assigned to been given either TXA as the observation group or 0.9% normal saline as the control group 
using odd and even numbers table. The identical drug information of TXA and placebo was covered, and the 
surgeon and anesthesiologist did not know the contents of the drug bags before data statistical analyzed. The 
inclusion criteria of the study included: those who were diagnosed with lumbar disc herniation, lumbar spinal 
stenosis and lumbar spondylolisthesis and required PLIF; those who underwent surgery for the first time; those 
who could tolerate general anesthesia. The exclusion criteria of the study included: patients with fracture injury; 
patients with preoperative DVT of lower extremities; patients with intraoperative cerebrospinal fluid leakage or 
dural damage. 88 patients out of the initial 100 patients were eligible for inclusion in the study: 46 patients were 
in the observation group, with three patients excluded due to failure to comply with the study and one patient 
excluded due to non-conplicance with the study25, while 42 patients were in the control group with eight patients 
excluded due to failure to comply with the study (Fig. 1).

The total 88 cases included 46 males and 42 females, aged 34–88 years, with an average age of (59.35 ± 10.52) 
years. The gender, age, body mass index (BMI), disease type, surgical fusion segment, and preoperative activated 
partial prothrombin time (APTT), prothrombin time (PT), thrombin time (TT), fibrinogen (FIB), platelets (PLT), 
red blood cells (RBC), hemoglobin (HB), hematocrit (HCT), C-reactive protein (CRP), erythrocyte sedimenta-
tion rate (ESR) were served as general data (Table 1).

Treatment methods.  88 patients were all under general anesthesia, prone position. The observation group 
received a unit-dose of TXA (Containing 100 mL normal saline and 1 g TXA, Drug batch No. H20031101; 
Chongqing Lummy Pharmaceutical Co., Ltd) intravenously 15 min before skin incision after general anesthe-
sia. The control group was given 100 mL of 0.9% normal saline in the same way. The two groups had the same 
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operation, that was, the standard PLIF, including bilateral fenestration and subtraction. A longitudinal incision 
was made centered on the diseased vertebral segment. The skin was separated layer by layer, subcutaneously to 
the spinous process, the bilateral paraspinal muscles were stripped, the spinous process, lamina, and articular 
process were exposed, and then the pedicle screw was placed, fenestration decompression, intervertebral dis-
cectomy, and bone graft fusion were performed. The incision was sutured layer by layer, and two negative pres-
sure drainage tubes were placed. When the patients returned to the ward, they were given bed rest, routine use 
of antibiotics to prevent infection, and application of hormones, dehydration, anticoagulation and pain relief. 
Perioperative blood transfusion was red blood cell, and the standard of blood transfusion was that the hemo-
globin level was lower than 70 g/L. The vital signs, surgical incision, sensation and movement of both lower 
extremities were observed. The condition for removing the drainage tube was when the drainage volume was 
less than 50 mL/24 h. When a patient suddenly presented with lower extremity pain, bilateral skin temperature, 
or unequal circumference, urgent ultrasonography was performed to determine whether there was DVT of the 
lower extremity.

Observation indicators.  The operation time, intraoperative blood loss, postoperative drainage, VBL, HBL, 
blood transfusion rate, and adverse events were recorded in the two groups. APTT, PT, TT, FIB, PLT, RBC, HB, 
HCT, CRP, ESR on the 1st postoperative day; and RBC, HB, HCT, CRP, ESR on the 4th postoperative day were 
also recorded. Adverse events included poor postoperative wound healing and postoperative DVT.

The measurement of intraoperative blood loss was as follows. It included the amount of drainage in the intra-
operative drainage bottle minus the amount of saline used to flush the incision during the operation, plus the net 
added weight of the cotton used for hemostasis during the operation. The postoperative drainage was calculated 
as the total drainage volume in the postoperative drainage tubes. The calculation of HBL was obtained according 

Figure 1.   Disposition of the study participants.
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to the literature method26: VBL = intraoperative blood loss + postoperative drainage volume; HBL = calculated 
total blood loss + blood transfusion volume − VBL. According to Gross formula27 and Nadel formula28, calculated 
total blood loss (L) = patient′s blood volume (PBV) * (preoperative HCT − postoperative HCT)/mean HCT, where 
mean HCT = (preoperative HCT + postoperative HCT)/2, PBV (L) = k1 × height (m)3 + k2 × weight (kg) + k3 (male 
k1 = 0.366 9, k2 = 0.032 19, k3 = 0.604 1; female k1 = 0.356 1, k2 = 0.033 08, k3 = 0.183 3).

Statistical methods.  Data analysis was performed using SPSS 22.0 statistical software. Measurement data 
conforming to normal distribution were expressed as mean ± standard deviation, and t-test was used for com-
parison between groups. Non-normally distributed measurement data were represented by M[P25; P75], and 
the comparison between groups was performed using the Mann–Whitney U nonparametric test. The enumera-
tion data were described in the form of the number of cases (percentage), and the chi-square test was used for 
comparison between groups. P < 0.05 was considered statistically significant.

Ethics approval and consent to participate.  This study had been performed in accordance with the 
Declaration of Helsinki, and was approved by the Ethics Committee of the General Hospital of Pingmei Shenma 
Medical Group, and the reference number is 2021004. All authors confirmed that informed consent was obtained 
from all subjects.

Results
There was no significant difference in the general data of two groups before surgery (p > 0.05) (Table 1).

All 88 patients successfully completed the operation, and no adverse events occurred after operation. There 
was no significant difference in operation time between the two groups (p > 0.05). The intraoperative blood loss, 
postoperative drainage, VBL, HBL, and blood transfusion rate in the observation group were lower than those in 
the control group, and the differences were statistically significant (p < 0.05). There was no significant difference in 
postoperative APTT, PT, TT, FIB, PLT, RBC, HB, HCT, CRP and ESR between the two groups (p > 0.05) (Table 2).

Discussion
The main links of bleeding caused by PLIF include these steps, such as bleeding from the paraspinal muscle tis-
sue during exposure, bleeding from the cancellous bone surface during laminectomy and decompression, and 
bleeding from the spinal venous plexus during intraspinal operation and posterior incision drainage results in 
blood loss18. Under normal circumstances, there is a dynamic balance between coagulation and anticoagulation, 
fibrinolysis and antifibrinolysis in the human body20. When the blood vessels in the tissue are injured during 
surgery, the coagulation system and fibrinolysis are activated almost simultaneously29. The coagulation system 

Table 1.   The general data of the two groups. n number, HB hemoglobin, PLT platelet, APTT activated partial 
thromboplastin time, PT prothrombin time, TT thrombin time, FIB fibrinogen, BMI body mass index, LSS 
lumbar spinal stenosis, LDH lumbar disc herniation, LS lumbar spondylolisthesis.

Observation group (n = 46) Control group (n = 42) t/z/χ2 P

Sex, n (%) 1.119 0.290

Male 20 (43) 23 (55)

Female 26 (57) 19 (45)

BMI, kg/m2 24.15 ± 2.59 25.34 ± 3.15 −1.949 0.055

Age, year 60.09 ± 10.05 58.55 ± 11.07 0.684 0.496

PT, s 11.2 [11.0; 11.7] 11.0 [10.6; 11.5] −1.865 0.062

APTT, s 30.90 ± 2.54 30.94 ± 3.36 −0.056 0.956

FIB, g/L 2.83 [2.48; 3.07] 2.64 [2.43; 3.02] −0.940 0.347

TT, s 14.50 [13.90; 15.30] 14.98 [14.23; 15.81] −1.471 0.141

RBC, 1012/L 4.29 ± 0.45 4.42 ± 0.40 −1.488 0.140

HB, g/L 136.52 ± 14.29 137.62 ± 14.14 −0.362 0.719

HCT, L/L 0.40 ± 0.04 0.41 ± 0.04 −0.878 0.382

PLT, 109/L 213.5 [187.0; 244.0] 205.5 [175.0; 261.0] −0.409 0.682

CRP, mg/L 0.00 [0.00; 0.99] 0.11 [0.00; 1.99] −0.946 0.344

ESR, mm/h 16.0 [8.0; 26.0] 12.0 [6.0; 21.0] −0.995 0.320

Disease type, n (%) 1.885 0.390

LDH 5 (11) 8 (19)

LSS 28 (61) 20 (48)

LS 13 (28) 14 (33)

Surgical fusion segment, n (%) 1.761 0.415

One 20 (43) 24 (57)

Two 20 (43) 13 (31)

Three 6 (14) 5 (12)
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is activated to generate blood clots, and fibrin in the blood clots can adsorb plasminogen and activators to form 
a large amount of plasmin, which dissolves the clots and causes further bleeding30. Antifibrinolytic drugs such 
as TXA can reversibly combine with plasminogen, preventing the activation of plasminogen to plasmin, thereby 
producing hemostasis29.

VBL generally refers to intraoperative bleeding and postoperative drainage. The results of our study showed 
that the intraoperative blood loss, postoperative drainage, and VBL of the observation group were significantly 
smaller than those of the control group. It shows that the intravenous unit-dose of TXA can effectively reduce 
the VBL of PLIF. Theoretically, intraoperative hemorrhage will directly affect the clarity of the surgical field, 
which may prolong the operation time. However, our study found no significant difference in operative time 
between the two groups. We think there are two possible reasons for this result. First, our sample size is relatively 
small, which may affect the results. Second, it is possible that the surgeon’s skill is good, so that the influence of 
intraoperative bleeding becomes less obvious.

The HBL phenomenon was first discovered by Sehat et al.31. They studied patients with rheumatoid arthritis 
who underwent total knee arthroplasty and found that the patients had varying degrees of decreased HB after sur-
gery. HBL refers to a special form of blood loss that cannot be seen clinically and is difficult to directly estimate, 
but it is very easy to ignore32. Up to now, the specific mechanisms and causes of HBL are not fully understood. 
The possible explanations are as follows: the trauma leads to the infiltration of blood into the interstitial space8; 
the increased permeability of the cell membrane of some tissues in the trauma environment leads to hemolysis 
after the swelling and rupture33–35; the increase in the fibrinolytic system during stress tissue plasminogen activa-
tor, which increases the potential for bleeding36. Especially for elderly patients with PLIF, the loose back muscle 
space provides a larger space for HBL, and the existence of an internal fixation system provides a potential space 
for HBL32. In addition, organ dysfunction, coupled with the under-recognized seriousness of HBL, makes this 
problem a major threat to patients’ perioperative life safety37. Our study showed that intravenous unit-dose of 
TXA can significantly reduce HBL in PLIF. We believe that its mechanism may be as follows: TXA can reduce 
the small blood vessel bleeding and muscle tissue oozing that are difficult to find during surgery30; promote 
coagulation and maintain vascular permeability to reduce blood entering the interstitial space37.

Generally speaking, the application of TXA reduces the intraoperative blood loss and postoperative drainage 
of patients, and also reduces the incidence of postoperative anemia23. However, our study did not yield similar 
results. Our study suggested that the related anemia indexes (including RBC, HB, HCT) were similar between 
the two groups. For this result, we believe that the possible reason is related to blood transfusion. Because the 
transfusion rate in the control group was greater than that in the observation group, postoperative anemia 
was improved. Meanwhile, we also observed changes in CRP and ESR. They are indicators that reflect the 

Table 2.   The observation indicators of the two groups. n number, HB hemoglobin, PLT platelet, APTT 
activated partial thromboplastin time, PT prothrombin time, TT thrombin time, FIB fibrinogen, post-1d the 1st 
day after surgery, post-4d the 4th day after surgery.

Observation group (n = 46) Control group (n = 42) t/z/χ2 P

Operation time, min 175.0 [150.0; 215.0] 180.0 [160.0; 215.0] −0.435 0.664

Intraoperative blood loss, mL 300.0 [300.0; 500.0] 425.0 [300.0; 600.0] −2.274 0.023

Postoperative drainage, mL 220.0 [200.0; 270.0] 330.0 [310.0; 400.0] −6.357  < 0.001

VBL, mL 580.0 [500.0; 770.0] 810.0 [620.0; 1040.0] −4.011  < 0.001

HBL, mL 353.12 [235.71; 474.10] 524.37 [387.60; 640.55] −3.141 0.002

Blood transfusion rate, n (%) 12.623  < 0.001

Received 8 (17) 12 (29)

Not received 38 (83) 30 (71)

PT(post-1d), s 12.3[11.6; 12.9] 12.2 [11.8; 12.9] −0.268 0.789

APTT(post-1d), s 28.32 ± 2.02 28.57 ± 2.61 −0.512 0.610

FIB(post-1d), g/L 2.93[2.62; 3.15] 2.76 [2.56; 3.12] −1.14 0.254

TT(post-1d), s 14.28 ± 0.97 14.40 ± 0.91 −0.602 0.549

RBC(post-1d), 1012/L 3.72 ± 0.43 3.66 ± 0.34 0.651 0.517

HB(post-1d), g/L 117.39 ± 14.42 115.24 ± 12.18 0.753 0.453

HCT(post-1d), L/L 0.34 ± 0.04 0.34 ± 0.03 0.865 0.389

PLT(post-1d), 109/L 181.0 [154.0; 230.0] 181.0 [146.0; 214.0] −0.693 0.488

CRP(post-1d), mg/L 17.56 [10.22; 31.16] 17.08 [12.93; 27.82] −0.159 0.874

ESR(post-1d), mm/h 7.5 [3.0; 14.0] 4.0 [2.0; 10.0] −1.876 0.061

RBC(post-4d), 1012/L 3.54 ± 0.48 3.43 ± 0.38 1.112 0.269

HB(post-4d), g/L 112.15 ± 15.54 108.60 ± 13.06 1.156 0.251

HCT(post-4d), L/L 0.33 ± 0.05 0.31 ± 0.04 1.772 0.080

PLT(post-4d), 109/L 194.0 [156.0; 227.0] 187.0 [140.0; 236.0] −0.898 0.369

CRP(post-4d), mg/L 7.37 [3.66; 16.01] 14.81 [3.35; 33.92] −1.429 0.153

ESR(post-4d), mm/h 31.0 [13.0; 43.0] 26.5 [11.0; 39.0] −0.405 0.685
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inflammatory response after PLIF, which may show the body’s inflammatory response to some extent. However, 
there are few observations and inconsistent conclusions23,30. As there is a certain correlation between fibrinolysis 
system and body inflammation, TXA may play an indirect role in inhibiting inflammatory response by inhibiting 
fibrinolysis38. At present, the research on the anti-inflammatory effect of TXA mainly focuses on the field of joint 
replacement39–41. For example, TXA could reduce perioperative inflammatory indicators in knee replacement42. 
Our study suggests that intravenous unit-dose of TXA has no significant effect on CRP and ESR of PLIF. This 
also indicates that TXA may not interfere significantly with the inflammatory response to PLIF.

Although, the hemostatic mechanism of TXA relies on inhibition of the fibrinolytic system rather than pro-
motion of coagulation, and theoretically does not increase the risk of thrombosis. The potential thrombosis risk 
of TXA is also a concern of clinicians while using TXA for hemostasis43. Seol et al.44 reported that periopera-
tive use of TXA was not associated with thrombosis, and that the site of action of TXA was mainly in surgical 
wounds rather than peripheral veins. However, patients still have a high risk of thrombosis after PLIF, because 
they need to stay in bed for a long time and their activities are significantly reduced. Therefore, the safety of 
intravenous unit-dose of TXA in PLIF must be considered. Our study showed that the operations in both 
groups were completed safely, with good postoperative healing and no adverse events. Meanwhile, there was no 
significant difference in the related coagulation indexes (including APTT, PT, TT, FIB, and PLT) between the 
two groups. It shows that the intravenous application of unit-dose TXA has good safety in PLIF. However, it is 
worth noting that there are currently no high-quality studies demonstrating the safety of TXA in patients with 
a history of thromboembolism45. Therefore, patients with a history of thromboembolism should be vigilant and 
not recommended.

The most commonly used method of TXA in spinal surgery is intravenous12. Currently, there are no guidelines 
to clarify the dose of TXA used in spinal surgery13. There are often two extreme cases in the process of apply-
ing TXA13. On the one hand, the dose is insufficient, resulting in no significant reduction in bleeding. Farrokhi 
et al.46 believed that prophylactic low-dose TXA had no significant effect on intraoperative blood loss and blood 
transfusion demand of patients undergoing spinal fixation surgery. On the other hand, the use of excessive doses 
may increase the risk of related complications. Our study used a preoperative intravenous unit-dose of TXA, 
which is a safe and effective method. Moreover, it also has some advantages. On the one hand, compared with the 
method of preoperative application and intraoperative continuous infusion of TXA, the application of a unit-dose 
of TXA is not only easier to operate47, but also has no interference with intraoperative fluid, such as avoiding 
drug interactions30. On the other hand, compared with the method of topical application of TXA, the applica-
tion of a unit-dose of TXA can not only avoid the unmaintained local TXA concentration due to postoperative 
drainage, but also avoid the risk of Staphylococcus aureus infection48 and Epilepsy risk in case of dural rupture49.

In conclusion, intravenous unit-dose of TXA is safe and feasible in PLIF, it can reduce perioperative VBL 
and HBL, and it does not affect coagulation function and inflammatory response. However, this study also has 
shortcomings. This study is a small sample, single centre randomized clinical study.

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