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Purpose: To evaluate the efficacy and safety of intravenous tranexamic acid (TXA) in patients undergoing percutaneous kyphoplasty
(PKP), and identify the factors influencing hidden blood loss (HBL).

Methods: This randomized, placebo-controlled trial included 146 patients undergoing PKP surgery from September 2023 to July 2024.
Patients were randomly assigned into the TXA group (75 patients received 1.0 g/100mL TXA intravenously) and the placebo group (71
patients received 100mL of normal saline intravenously). Demographic and clinical characteristics were comparable between groups. HBL
was calculated and compared on postoperative days 1 (POD1) and 3 (POD3). Visual analog scale (VAS) scores were also recorded
preoperatively and during the follow-up. Multivariate logical regression analysis identified independent risk factors for HBL.

Results: The HBL in the TXA group was 183.78+115.48mL on POD 1 and 240.65+114.73mL on POD 3, which was significantly lower
than the placebo group at 251.30+235.58mL on POD1 (P=0.032) and 384.94+223.18mL on POD3 (P<0.001). The drop in hemoglobin in
the TXA group was generally lower than that of the placebo group on PODI1 (4.724+3.54 vs 7.62+8.38 g/L, P=0.007), but showed no
significant difference on POD 3. The drop in hematocrit in the TXA group was significantly lower than that in the placebo group on POD1
(1.91£1.21% vs 2.65+2.42%, P=0.023) and POD3 (2.49+1.23% vs 3.92+2.09%, P<0.001). Additionally, the VAS scores on PODI (2.28
+0.88 vs 2.82+0.98, P<0.001) and POD3 (1.95+0.75 vs 2.25+0.69, P=0.011) were lower in the TXA group than in the placebo group.
Multivariate logical regression analysis revealed that the use of TXA (P<0.001), injury time (P<0.001), number of punctures (P=0.004),
cement leakage (P=0.001), and restoration of vertebral height (P=0.002) were significantly correlated with HBL.

Conclusion: A single of 1g dose of intravenous TXA reduces HBL and early postoperative pain in PKP patients without increasing
the complication rate. The use of TXA, injury time, number of punctures, cement leakage, and restoration of vertebral height were risk
factors for HBL in PKP surgery. (ChiCTR2300075428).

Keywords: hidden blood loss, osteoporotic vertebral compression fractures, Percutaneous kyphoplasty, tranexamic acid, multiple
regression analysis

Introduction

Osteoporosis is a metabolic bone disease characterized by bone loss and changes in bone microarchitecture.’
Osteoporotic vertebral compression fractures (OVCFs) are common osteoporosis-related fractures in elderly patients,
and often leads to severe back pain, kyphosis, and decreased mobility, which affect patients’ quality of.? Percutaneous
kyphoplasty (PKP), described by Galibert in 1997, is a minimally invasive surgical method for treating OVCFs. Its
advantages include less trauma, kyphosis correction, rapid pain relief, and stabilization of the vertebral body.*” It is

widely accepted by spinal surgeons and has been reported to achieve good clinical results. However, we observed that the
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hemoglobin (Hb) loss in patients undergoing PKP did not correspond to the small amount of visible intraoperative blood
loss observed in clinical practice. The bleeding associated with this minimally invasive surgery is often overlooked,
especially hidden blood loss (HBL).

The concept of HBL was first proposed by Sehat et al® in 2000 and has received increasing attention in recent years. HBL
can occur due to hemolysis, residual blood in dead space or spreading to the tissue space, so the true blood loss during the
perioperative phase is always underestimated. HBL has been reported even in minimally invasive surgery with almost “zero”
surgical blood loss.” Wu et al® observed that larger amounts of HBL may occur after PKP surgery, with a mean volume of HBL
of 282+162mL and a mean Hb loss of 8.7+5.4g/L. Man et al’ found that HBL was as high as 341mL, accounting for nearly
80% of total blood loss (TBL) in percutaneous endoscopic transforaminal discectomy surgery. Excessive HBL is one of the
main causes of postoperative anemia, which may affect the recovery of function, increase the risk of infection, and prolong the
length of hospital stay, especially in elderly patients with poor physical condition and poor tolerance of blood loss.'®!!

Tranexamic acid (TXA), a synthetic derivative of the amino acid lysine, promotes hemostasis by competitively blocking the
lysine-binding site of plasminogen and is widely used as an antifibrinolytic agent to reduce blood loss and transfusion rate in
orthopedic surgery.'? Several studies have confirmed the efficacy and safety of TXA for controlling blood loss in patients
undergoing spinal surgery, and the application of TXA is expected to become an ideal bleeding prevention strategy.'”'*
Although TXA is widely used in surgical procedures, the influence of TXA in PKP surgery due to OVCFs has not been studied.

The objective of this prospective randomized controlled study was to evaluate the efficacy and safety of administering

TXA preoperatively to patients undergoing PKP, and identify the key factors causing HBL.

Materials and Methods

Study Design

This prospective, randomized, controlled trial was approved by the Institutional Review Board of our institution and
registered at www.chictr.org.cn (ChiCTR2300075428). All the patients were enrolled between September 2023 and July
2024 in the Department of Orthopedics, and eligible patients were randomly assigned to either the TXA group or the

control group using a computer-generated random number table, with an equal allocation ratio of 1:1. The procedures
used in this study adhere to the tenets of the Declaration of Helsinki, and informed consent was obtained from each
participant. All personnel involved in the operation and postoperative follow-up, including patients, evaluators and
surgeons, were blinded to the study protocols.

Inclusion criteria: 1) elderly patients (age >60 years old); 2) low back pain due to low-energy injury and with considerable
physical signs of local tenderness; 3) T score of bone mineral density (BMD)<-2.5; 4) X-ray, CT and MRI showed one or two
segment fresh vertebral compression fractures, 5) no symptoms of spinal cord or nerve root compression.

Exclusion criteria: 1) allergy to TXA; 2) bleeding disorders or coagulation dysfunction, and a history of thromboem-
bolism or antiplatelet therapy in the 3 months preceding the start of the study; 3) pathological vertebral fractures caused
by spinal infection, tuberculosis, or tumors and so on; 4) unstable spinal fracture or destruction of the posterior column;
5) patients with severe liver, kidney and cardiovascular disease; and 6) incomplete follow-up data.

Sample size: We performed a power analysis to determine the required sample size with the limit for type I error set at 5%
and the power set at 80%. According to the pretest results, the minimum required sample size was 64 in each group. Taking
into account a potential loss of 10% to follow-up, 140 patients were randomized and distributed equally into the two groups.

A total of 150 patients were included in this study and randomized into two groups: patients in the TXA groups (n=75)
received an intravenous infusion of 1g of TXA in 100mL of saline 15min prior to skin incision, while in the placebo group,
the same volume of normal saline was administered without TXA. The period between symptom onset and surgical
treatment ranged from 1 day to 6 weeks. The patients were placed in prone position, the fracture segments were identified by
X-ray, and all the operations were performed under local/general anesthesia by the same three surgeons.

Data Collection
Demographic and clinical characteristics were collected, including sex, age, weight, height, BMD, comorbidity (hyper-
tension, diabetes mellitus), injury time, operation duration, type of anesthesia, fracture site and level, and the length of
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hospital stay. Complete blood count, coagulation function, including hematocrit (Hct), hemoglobin (Hb), activated partial
thromboplastin time (APTT), prothrombin time (PT), and international normalized ratio (INR) were measured before the
operation and repeated on the first (POD1) and third days (POD3) postoperatively. Visual analog scale was administered
to all the participants pre-operation and during the follow-up, at POD1, POD3, and 1 month after surgery.

We measured muscle thickness and subcutaneous fat thickness of each patient (Figure 1), and calculated the loss and
restoration of vertebral height (VH).

Loss of vertebral height (%) =(VHaye — VHpre) /VHaye x 100%;

Restoration of vertebral height (%) =(VHaye — VHpre) /VHave X 100%;

Where VH,,. was the average of the heights of the two adjacent vertebrae of the fractured vertebra. VH,,. and VH,, o
were the preoperative and postoperative anterior or midline vertebral body heights, respectively.

There was little intraoperative blood loss during the PKP surgery and the visible blood loss was negligible, therefore the
HBL was approximated to the TBL. HBL was calculated at POD 1 and POD 3 using the Nadler'® and Gross formula.'®

PBV(L)= klxheight(m)3+k2xweight(kg)+k3, (male: k1=0.3669, k2=0.03219, k3=0.6041; female: k1=0.3561,
k2=0.03308, k3=0.1833).

Total blood loss=HBL=PBVx(Hct,.-Hct,.)/Hctaye, where Het,,.=the average of Hct,,. and Hete.

Patients were followed for 1 month postoperatively and complications such as cement leakage, wound infection,
hematoma, and thromboembolic events were recorded. Deep vein thrombosis (DVT) was detected by routine ultrasound
examination 1 week postoperatively and at 1 month of follow-up, or at any time during the onset of clinical symptoms.

Pulmonary embolism was diagnosed based on clinical symptoms and an enhanced chest CT scan.

Statistical Analysis

All statistical analyses were performed using SPSS version 22.0 (IBM, Armonk, NY, USA). Normally distributed data
were presented as mean +standard deviation and an independent sample ¢-test was used. Non-normally distributed data
were presented as M [P25; P75] and compared using Mann—Whitney’s U-test. Categorical variables were analyzed by
using the Pearson’s chi-squared test or Fisher’s exact test. Univariate linear regression analysis was used to assess the
potential risk factors, and multivariate logistic regression analysis was performed to identify risk factors associated with
HBL. The level of statistical significance was set at P<0.05.

Figure | Diagram of measuring muscle thickness and subcutaneous fat thickness. (a) muscle thickness; (b) subcutaneous fat thickness.
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Results

Between September 2023 and July 2024, a total of 146 patients were assessed for eligibility, four patients were dropped-out
owing to being lost to follow-up. The mean average age of the patients was 68.32+8.12 years, and 72.6% of the patients were
females. Out of the 146 patients, 75 patients with 82 segments of vertebra fractures were in the TXA group, while the placebo
group consisted of 71 patients with 88 segments of vertebra fractures (Figure 2). The fracture counts are presented in Figure 3,
there was no considerable difference between the groups in demographic characteristics as shown in Table 1. The operation
duration, type of anesthesia, number of punctures, bone cement volume, length of hospital stays and radiographic parameters
in the TXA group were similar to those in the placebo group. The details are presented in Table 2.

Preoperative Hb level were significantly lower in the TXA compared to the placebo group (125.45+15.56 vs 130.66
+13.28, P=0.032). However, the Hb levels between the two groups on POD1 and POD3 were similar. The Hb drop on
PODI1 (4.72+3.54 vs 7.6248.38, P=0.007) was significantly lower in the TXA group, but showed no significant
difference on POD3. Interestingly, the mean AHct in the TXA group was significantly lower than that in the placebo
group on POD1 (1.91£1.21 vs 2.654+2.42, P=0.023) and POD3 (2.49+1.23 vs 3.92+2.09, P<0.001). The TXA group had
significantly less HBL on POD1 (183.78+115.48mL VS 251.30+235.58mL, P=0.032) and POD3 (240.65+114.73mL VS
384.94 £223.18mL, P<0.001)) than the control group (Figure 4). None of the patients in the TXA or placebo group
required a postoperative blood transfusion. The VAS scores of both groups decreased significantly after the operation,

Enrollment
Assessed for eligibility (n=177)
Excluded (n=27)
Not meeting inclusion criteria (n=18)
Declined to participated (n=9)
Randomized (n=150)
[
Allocation
Allocated to TXA group (n=75) Allocated to placebo group (n=75)
Received 1g/100ml TXA Received 100ml normal saline
Follow-up
Lost to follow-up (n=0) Lost to follow-up (n=4)
Discontinued intervention (n=0) Discontinued intervention (n=0)
Analysis
Analyzed (n=75) Analyzed (n=71)

Figure 2 Patients flow chart.
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Figure 3 Distribution of fracture level for patients in the two groups.
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Table | Comparison of Baseline Characteristics

TXA Group Placebo Group | P value
(n=75) (n=71)

Sex (M/F) 26/49 14/57 0.063
Age (years) 68.36+8.34 68.27+7.88 0.945
BMI (kg/m?) 23.02+3.16 23.14+3.42 0.836
BMD (T-score) —2.85+1.21 —2.65%1.29 0.325
Hypertension (n, %) 21 (28%) 16 (22.5) 0.448
Diabetes (n, %) 13 (17.3%) Il (15.5) 0.764
Injury time (days) 9.17+5.06 8.30+7.86 0.425
Number of fractures

One-segment 68 60 0.258
Two-segments 7 Il

Note: Data are expressed as meantSD or N (%), *p<0.05.
Abbreviations: BMI, body mass index; BMD, bone mineral density.

Table 2 Comparison of Surgical and Radiologic Characteristics, Changes in Hb and Hct

Between the Groups

TXA Group Placebo Group P value
(n=75) (n=71)
Operation duration (min) 38.43+8.79 41.14+10.85 0.098
Anesthesia (local/general) 67/8 59/12 0.273
Number of punctures 3.31+0.98 3.38+1.07 0.693
Bone cement volume (mL) 4.86%1.41 5.12+1.40 0.265
Pre-VH (mm) 18.29+2.58 18.48+3.28 0.686
Post-VH (mm) 20.91+2.63 21.43%3.17 0.29
Loss of VH (mm) 18.17£6.9 20.20+7.47 0.09
Restoration of VH (mm) 11.71£5.2 12.83+5.63 0.21
Muscle thickness (mm) 36.93+4.787 38.21+6.06 0.157
Subcutaneous fat thickness (mm) 17.31+8.52 17.74+7.24 0.744
Hospital stays (days) 6.631£2.42 7.41+£3.31 0.108
Hb (g/L)
Pre-Op 125.45+15.56 130.66+13.28 0.032%*
PODI 120.73+14.38 123.04£12.75 0.307
POD3 116.48+15.48 120.14£12.16 0.115
APODI 4.72+3.54 7.62+8.38 0.007*
APOD3 8.97+5.17 10.52+7.03 0.130
Hct (%)
Pre-Op 37.70%+4.5 38.9+£3.68 0.083
PODI 35.80+4.15 36.25+3.64 0.484
POD3 35.22+4.16 34.98+3.53 0.710
APODI 1.91%1.21 2.65+2.42 0.023*
APOD3 2.49%1.23 3.92+2.09 <0.001*

Note: Data are expressed as mean+SD, *p<0.05.

Abbreviations: VH, vertebral height; Hb, hemoglobin; Hct, hematocrit; POD, postoperative days.

with VAS scores in the TXA group being obviously better than those in the placebo group on POD1 (2.28+0.88 vs 2.82
+0.98, P<0.001) and POD3 (1.95+0.75 vs 2.25+0.69, P=0.011). However, there was not significant difference between
the two groups at 1 month (1.32+0.72 vs 1.35+0.64, P=0.776) after surgery (Figure 5). There were no significant
differences in PT, APTT, INR, and FIB between the two groups preoperatively as well as on POD1 and POD3 (Figure 6).
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Figure 4 Hidden blood loss between the TXA and placebo groups. Asterisks indicate values that were significantly different between the two groups, P<0.05 indicates

statistical significance.
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Figure 5 VAS scores between the two groups. Asterisks indicate values that were significantly different between the two groups, P<0.05 indicates statistical significance.
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Figure 6 Changes in coagulation function on POD| and POD3 in both groups: (a) prothrombin time (PT); (b) activated partial thromboplastin time (APTT); (c) fibrinogen
(FIB); (d) international normalized ratio (INR).

There was no significant difference in complication rates between the two groups (Table 3). Two patients in the TXA
group and Three patients in the placebo group developed intramuscular venous thrombus confirmed by a routine Doppler
ultrasound examination during the follow-up period. One case of DVT (peroneal vein thrombosis) was observed in the

TXA group. Wound hematoma was observed in one patient in the TXA group.
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Table 3 Complications Following Percutaneous Kyphoplasty

Complications TXA Group | Placebo Group | P value
(n=75) (n=71)
Surgical site
Hematoma 0 | 0.302
Infection 0 0 -

Thromboembolic events

Intermuscular thrombus 2 3 0.605
Deep vein thrombosis | 0 0.329
Pulmonary embolism 0 0 -
Myocardial infarction 0 0 -
Ischemic cerebral infarction 0 0 -
Cement leakage 3 9 0.108

Table 4 Univariate Linear Regression Analysis on Potential Factors of HBL

Univariate Linear Regression Analysis
95% CI

B value Lower Upper | P value
Use of TXA —140.77 | —198.56 82.68 <0.001*
Age 3.84 0.0l 7.67 0.049*
BMI 3.24 —6.32 12.8 0.504
BMD —-13.75 —-38.77 11.28 0.279
Fracture segment 60.07 —63.3 183.43 0.337
Surgical duration 1.49 —1.67 4.65 0.352
Injury time —-14.16 —-18.28 10.03 <0.001*
Number of punctures 48.71 25.75 71.8 <0.001*
Cement leakage 190.43 81.02 299.84 0.001*
Muscle thickness 4.64 —1.05 10.33 0.109
Subcutaneous fat thickness 221 -1.74 6.17 0.271
Loss of VH 10.63 6.66 14.6 <0.001*
Restoration of VH 16.19 11.06 21.32 <0.001*

Note: *p<0.05.
Abbreviations: TXA, tranexamic acid; BMI, Body mass index; BMD, Bone mineral density;
VH, vertebral height.

The Univariate linear regression analysis found the following parameters may be the potential factors affect HBL as
shown in Table 4: the use of TXA (P<0.001), age (P=0.049), injury time (P<0.001), number of punctures (P<0.01),
cement leakage (P<0.001), loss of VH (P<0.011), and restoration of VH (p<0.001). Multiple logistic regression analysis
indicated that the use of TXA (P<0.001), injury time (P<0.001), number of punctures (P=0.004), cement leakage
(P=0.001), and restoration of VH (p=0.002) were independent risk factors for HBL (Table 5).

Discussion

Percutaneous kyphoplasty has been gradually recognized as an effective and safe surgical procedure for the treatment of
patients with osteoporotic vertebral compression fractures (OVCFs) due to its minimal invasiveness, short operation time, and
good postoperative function recovery. However, patients still show symptoms of anemia in the perioperative period, probably
due to HBL. TXA is an ideal drug expected to reduce blood loss and, consequently, the need for blood transfusion by blocking
the lysine-binding site of plasminogen and inhibiting its activation. Roman et al'” concluded that TXA significantly reduced
TBL (453mL vs 701mL, P=0.03) in posterior cervical decompression and fusion surgery. Li et al'® demonstrated that TXA
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Table 5 Multivariate Logistic Regression Analysis on Independent Risk Factors of

HBL
Multivariate Logistic Regression Analysis

B value | Standard Error B t P value
Use of TXA —106.39 22.485 —0.280 | —4.732 | <0.001*
Age 0.16 1.409 0.007 0.113 0910
Injury time —-10.37 1.770 —0.360 | —5.861 <0.001*
Number of punctures 26.22 8.926 0.177 2.937 0.004*
Cement leakage 134.87 40.722 0.195 3312 0.001*
Loss of VH 1.5 2212 0.057 0.679 0.498
Restoration of VH 9.26 2.970 0.264 3.118 0.002*

Note: *p<0.05.
Abbreviations: TXA, tranexamic acid; VH, vertebral height.

was effective in decreasing perioperative HBL (708.565+£307.985mL vs 844.366+£237.063mL, P<0.05) in percutaneous
endoscopic transforaminal lumbar interbody fusion surgery. However, although the use and investigation of TXA for spinal
surgeries has become widespread, there has been no evaluation of the effect of TXA on HBL in PKP surgery. To our
knowledge, this is the first randomized clinical trial of intravenous use of a single dose of TXA in patients undergoing
percutaneous kyphoplasty surgery.

There is no uniform standard for the optimal dose of TXA in spinal surgery. Several meta-analyses concluded that the
dose of TXA for single intravenous application ranged from 15 to 30 mg/kg or 1 to 2 g in spinal surgery.'*'? A dose of 1
g appeared to be sufficient for most adults, resulting in a simple, standardized, and relatively low-cost treatment, whereas
no evidence emerged to support the use of high doses of TXA, especially in elderly patients. Therefore, we chose to use 1
g of IV TXA prior to surgery as the dosing regimen protocol for this study.

In the present study, we found a notable association between OVCFs in patients undergoing PKP surgery and
perioperative HBL. Owing to the completion of hemodynamic stability on the second or third days postoperatively, we
calculated the HBL based on the Hct on PODI1 and POD3 as 251.30+235.58mL and 384.94 £223.18mL, respectively.
The final HBL is consistent with that reported by Chai et al*® but slightly higher than that reported by Wu et al.®> Our
results also showed that 1 g of TXA decreased HBL by 26.9% and 37.5% on POD1 and POD3, respectively, compared to
the placebo group. Excessive HBL will cause a serious decrease in HB, and increase the postoperative incidence of
anemia. Our results showed that IV TXA can significantly reduce the drop of Hb and Hct on POD1 and POD3. However,
despite the minimally invasive nature of PKP procedures, perioperative HBL remains a grave concern. Early patients
often have coexisting cardio-cerebral-vascular diseases and are particularly vulnerable to hemodynamic fluctuations.
TXA can be protective in these patients as it helps maintain hemodynamic stability by reducing HBL during PKP
surgery, and less perioperative HBL contributes to a safe surgery, quick recovery, and greater patient satisfaction.

Overall, patients in both groups showed significant improvements in VAS scores following PKP surgery. IV
administration of TXA was effective in controlling pain control after arthroscopic rotator cuff repair by reducing
hematoma formation.' In our patients receiving TXA, we observed significantly lower pain (VAS) scores on PODI
and week 1, but the difference in VAS scores between the two groups at 1 postoperative month was relatively minimal.
TXA acids in pain management when used in the early stages of PKP procedures because it reduces local soft tissue
swelling and hematoma at the operative site caused by HBL.

Although the hemostatic mechanism of TXA relies on inhibition of the fibrinolytic system rather than directly
affecting coagulation, in principle, it does not increase the risk of thrombosis.'* However, its potential to increase the risk
of thrombotic events remains the greatest concerns regarding the use of TXA. Wang et al*? found that postoperative
coagulation profiles including PT, APTT and INR were similar when different doses of TXA were used in patients with
thoracolumbar burst fracture. Similarly, the present study found that there was no significant difference in postoperative
coagulation between the two groups, indicating that the low dose of TXA used did not affect coagulation function. A
recently meta-analysis of 216 studies also concluded that IV TXA was not associated with increased risk of
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thromboembolism.?®> As continuous activation of the coagulation process after major orthopedic surgery can last up to 4
weeks,”* we performed routine ultrasound examination at 1 week postoperatively and at 1 month of follow-up. During
the follow-up, the incidence of thromboembolic events in the TXA and placebo groups were 4% and 4.2% respectively,
which was similar to the findings of Fan et al reported.>> Additionally, no patient presented with clinical signs of DVT
during the follow-up. We also compared the incidence of wound complication and cement leakage, and found no
significant difference. Intravenous administration of TXA in elderly patients undergoing PKP surgery did not signifi-
cantly increase the risk of thrombotic complications and other surgery-related complications.

There are many factors affecting HBL in minimally invasive surgery performed for the treatment of spinal diseases. Hu et al’
concluded that sex, disk degeneration grade, preoperative FIB, and preoperative platelets are independent risk factors for HBL in
percutaneous endoscopic transforaminal discectomy surgery. Guo et al*® determined that tissue thickness, PT, and diabetes
mellitus influence HBL during unilateral biportal endoscopic surgery. In this study, multiple linear regression analysis was
performed to determine the risk factors for HBL during PKP surgery. We found that the use of TXA and injury time of patients
before surgery were negatively correlated with HBL, while the number of punctures, cement leakage, and recovery of VH were
positively correlated with HBL. Our results were similar to those reported by Wu et al® and Cai et al.*® During surgery for PKP, if
the guide needle is not in the correct position, repeated adjustment is required. These high numbers of puncture cause damage to
paravertebral muscles and soft tissues, even causing the cortical breakdown of the affected vertebra, which may result in bleeding
from the paravertebral muscles and gathering blood in the tissue space, further increasing HBL. The pre-existing defect of
vertebrae cortical bone is the main reason for cement leakage and persistent vertebral hemorrhage.”” Intraoperative inflation of
the balloon could lead to widening of the pre-existing defect of the vertebrae, causing the intravertebral vacuum phenomenon,
thereby increasing HBL. In addition, bone cement is also toxic to cells and can increase erythrocyte destruction during injection.
The restoration of vertebral body height can reduce kyphosis in patients suffering from OVCFs, but the process may cause a
secondary injury to the fractured vertebrae. An enhancement of vertebral body height restoration implies the formation of a larger
cavity within the vertebrae, which leads to more hidden blood produced and remaining in the dead space. Several studies have
shown that muscle thickness is an independent risk factor for HBL in spinal surgery.”**’ However, in our study, muscle thickness
and subcutaneous fat thickness were not related to HBL, which was corroborated by Yue et al** with minimally invasive
percutaneous transpedicular screw fixation in thoracolumbar fracture. Overall, our observations are attributable to the minimally
invasive nature of PKP, which involves smaller incisions with less muscle or other soft tissue damage.

There are several limitations to this study. First, this was a single-center study with relatively small sample size, and
the findings might be somewhat biased. Second, the lack of longer follow-up might be a limitation as 1 postoperative
month may be too short to observe complications. Third, TXA was only administered intravenously at a single dose in
this study. Multi-center prospective randomized clinical trials with larger sample size will be needed to further investigate

the optimal timing and dose of preoperative TXA administration.

Conclusion

This double-blind, randomized, controlled trial concluded that intravenous TXA is effective in reducing HBL and early
postoperative pain in percutaneous kyphoplasty for OVCFs without increasing the risk of thrombotic events. Factors such
as use of TXA, injury time, number of punctures, cement leakage, and restoration of VH were closely related to the
occurrence of HBL.

Abbreviations
APTT, Activated partial thromboplastin time; DVT, Deep vein thrombosis; HBL, Hidden blood loss; INR, International
normalized ratio; OVCF, Osteoporotic vertebral compression fracture; PT, Prothrombin time; TBL, Total blood loss;
TXA, Vertebral height.
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