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Efficacy and safety of tranexamic
acid in reducing hidden blood
loss during unilateral total knee
arthroplasty: a retrospective study

Luo Liangliang, Huang Wei, Zhang Tao, Pan Pin and
Hu Lianying*

Department of Orthopedics, The Second People’s Hospital of Hefei, Hefei Hospital Affiliated to Anhui
Medical University, Hefei, Anhui, China

This retrospective study evaluates the efficacy and safety of tranexamic acid (TXA) in
reducing hidden blood loss during unilateral total knee arthroplasty (TKA) in patients
with osteoarthritis. As the aging population leads to a rise in degenerative knee joint
diseases, TKA has become a common surgical intervention. However, it is often
associated with significant hidden blood loss, accounting for 60-75% of total blood
loss, which can result in complications such as anemia and increased transfusion
needs. Our study included 123 patients who underwent TKA between June 2019
and June 2022, divided into an observation group receiving TXA and a control group
receiving saline. TXA was administered intravenously before surgery and locally
into the joint cavity post-incision. The study found that TXA significantly reduced
total blood loss by 37.4%, with a notable decrease in hidden blood loss (p < 0.05).
The TXA group also exhibited lower transfusion rates (27.4 vs. 45.9%, p = 0.033) and
reduced intraoperative blood loss (330.6 + 25.3 mL vs. 494.4 + 32.8 mL, p < 0.001).
Importantly, TXA did not increase the risk of thromboembolic complications,
with no significant differences in deep vein thrombosis or pulmonary embolism
between the groups. Coagulation parameters remained stable, supporting TXA's
safety profile. These findings suggest that TXA is a safe and effective strategy for
managing blood loss in TKA, potentially improving patient outcomes, reducing
healthcare costs, and optimizing resource utilization.
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tranexamic acid (TXA), total knee arthroplasty (TKA), hidden blood loss, osteoarthritis,
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1 Introduction

As the population ages, the incidence of degenerative knee joint disease is rising,
significantly impacting patients’ daily activities and increasing the socioeconomic burden (1).
Total knee arthroplasty (TKA) is now widely used to treat this condition, as it effectively
relieves pain, restores function, and improves patients’ quality of life (2, 3). However, TKA is
often associated with considerable blood loss (1000-1,500 mL) (4, 5). Although the visible
blood loss during surgery is minimal, the hidden blood loss—unmeasured perioperative blood
loss often caused by tissue infiltration or undetected bleeding—is significant, comprising
approximately 60-75% of the total blood loss (6-8). Hidden blood loss can lead to anemia,
hypoxemia, delirium, pulmonary embolism, and other complications, which can have severe
consequences, especially in the elderly population (7-10). To address anemia, blood
transfusions are often necessary, but large-volume transfusions increase surgical risks and can
lead to transfusion-related complications, such as viral infections, hemolytic reactions, and
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immune responses (11, 12). To reduce the volume and rate of
transfusions, methods such as autologous blood transfusion,
erythropoietin  administration, intraoperative hemodilution,
autologous blood salvage, and the use of anticoagulants are employed
(13). Among these, the intraoperative use of TXA has been proven to
reduce blood loss and lower transfusion rates in orthopedic surgeries
(7, 8, 14, 15). TXA is a synthetic derivative of the amino acid lysine
and functions as an antifibrinolytic drug. It works by competitively
inhibiting the lysine-binding sites on plasminogen molecules,
effectively preventing fibrinolysis (16). As a reversible blocker of these
binding sites, TXA plays a crucial role in stabilizing blood clots. TXA
has demonstrated effectiveness in various surgical settings, and its use
has been associated with decreased bleeding and lower rates of blood
transfusions, making it a valuable tool in managing surgical and
traumatic hemorrhage (17). However, there is currently no research
on whether TXA reduces hidden blood loss during the perioperative
period of TKA.

This article aims to study the efficacy and safety of intravenous
TXA treatment in patients with osteoarthritis undergoing unilateral
TKA, and it will also conduct a quantitative analysis of TXA's effect on

reducing hidden blood loss.

2 Materials and methods
2.1 General information

Our study was reviewed and approved by the Medical Ethical
Committee of our hospital. We examined 238 patients with
osteoarthritis who underwent surgical treatment at our hospital from
June 2019 to June 2022. The inclusion criteria were: (1) unilateral
TKA, (2) no use of anticoagulant medication in the past 6 months, and
(3) availability of complete clinical data with the ability to undergo at
least 1 year of follow-up. The exclusion criteria were: (1) simultaneous
bilateral knee replacement, (2) American Society of Anesthesiologists
(ASA) scores of IV or V, (3) severe hematologic disorders, and (4)
history of tumors. After informing patients and their families about
the efficacy and safety of TXA and obtaining their consent, a total of
123 patients were included in the analysis. Among these, 62 patients
received TXA treatment during surgery (observation group), while 61
patients received saline as a control (control group) (Figure 1).

2.2 Methods

2.2.1 Treatment methods

Both groups underwent unilateral TKA using an identical
surgical procedure, with all surgeries performed by the same surgeon.
General anesthesia was administered to all patients. After successful
induction of anesthesia, patients were positioned supine, disinfected,
and draped under sterile conditions. A tourniquet was inflated to
60 kPa. A midline longitudinal incision was made, extending
approximately 6 cm above the patella and continuing to about 20 cm
along the medial edge of the tibial tuberosity. The skin, subcutaneous
tissue, and fascia were incised sequentially. The patella was everted
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laterally, part of the fat pad was excised, and the joint capsule was
sharply dissected to fully expose the knee joint. The joint cavity was
thoroughly cleaned, and soft tissues were released. The femoral and
tibial bone ends were prepared, and trial implants were fitted. Bone
surfaces were processed, and bone cement was mixed to the
appropriate consistency. The prostheses were implanted with slight
pressure and maintained until the cement solidified, ensuring full
contact between the prosthesis, bone cement, and bone surface.
Excess bone cement was removed, and knee joint stability was
assessed. The incision was irrigated repeatedly with 5,000 mL of
saline and sterile irrigation solution. The tourniquet was then
released, and hemostasis was carefully achieved. After confirming the
correct count of instruments and gauzes, a drainage tube was placed,
and the incision was closed in layers and dressed with sterile materials.

Patients in the observation group received an intravenous infusion
of TXA injection (1.0 g/100 mL, Hunan Dongting Pharmaceutical
Co., Ltd., China) starting 30 min before surgery. After suturing the
incision, 1.0 g of tranexamic acid injection was administered locally
into the joint cavity (18). Patients in the control group received an
equal volume of normal saline at the same time points.

Both groups received the same postoperative treatment measures,
including blood transfusion, volume expansion, and maintenance of
electrolyte balance. Patients began oral rivaroxaban tablets 10 mg once
daily (Xarelto, Bayer Germany) for anticoagulation on the second day
after surgery, continuing for 2 weeks. Routine Doppler ultrasound was
used to check for deep vein thrombosis (DVT) in the lower
extremities. If pulmonary embolism (PE) symptoms were suspected,
enhanced CT scans of the lungs were performed for diagnosis. Blood
transfusions were administered when hemoglobin levels fell below
90 g/L or if anemia symptoms (such as poor mental state, palpitations,
or shortness of breath) were present.

2.2.2 Observation indicators

2.2.2.1 General conditions and surgery-related factors

For all patients, we recorded general information including age,
gender, height, and weight, as well as surgery-related factors such as
operation time, intraoperative blood loss, transfusion volume,
postoperative hospital stay, and follow-up duration. Hemoglobin
(Hb), hematocrit (Hct), and coagulation indicators (D-dimer, PT,
APTT, INR) were measured for each patient on the morning of the
surgery and again 72 h postoperatively (8). Visible blood loss (VBL)
refers to the total amount of blood loss during the perioperative
period, which includes intraoperative blood loss and postoperative
drainage volume. Intraoperative blood loss was calculated from the
blood collected in suction bottles and weighed swabs. The drainage
tube was removed 48 h after surgery, and the total drainage volume
was recorded as part of the visible blood loss.

2.2.2.2 Blood loss calculation

The Patient Blood Volume (PBV) was calculated using the Nadler
formula (19), while the Estimated Blood Volume (EBV) was
determined using the Gross formula (20). Hidden Blood Loss (HBL)
was assessed with the Sehat et al. (21) formula. Furthermore, Total
Blood Loss (TBL) was calculated, along with the percentage of Hidden
Blood Loss (HBL %) (Figure 2).
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FIGURE 1

TXA, tranexamic acid.

Patient selection flowchart. A total of 238 patients with osteoarthritis who underwent surgical treatment at our hospital between June 2019 and June
2022 were initially considered for the study. Following the exclusion process, 123 patients met the eligibility criteria. These patients were then divided
into two groups based on the use of TXA: the observation group (n = 62) and the control group (n = 61). ASA, American Society of Anesthesiologists;

2.3 Statistical methods

All statistical comparisons were conducted using SPSS version
26.0 (SPSS Inc., USA). Continuous variables were analyzed using
the Wilcoxon Mann-Whitney U test or the independent sample
t-test. For categorical variables, Pearson’s chi-square test or
Fisher’s exact test was employed. A p < 0.05 was considered
statistically significant.
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3 Results

3.1 Comparison of general characteristics
The preoperative general characteristics of patients in both

groups, including age, gender, height, weight, and ASA score, were

compared, revealing no statistically significant differences (p > 0.05).
This indicates that the two groups were comparable (Table 1).
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Blood Loss Calculation

1. Patient Blood Volume (PBV)
The Patient Blood Volume (PBV) is calculated using the Nadler formula:
« For Male Patients:
PBV/(L) = height m® x 0.367 + weight kg x 0.032 + 0.604

* For Female Patients:

PBV/(L) = height m * x 0.356 + weight kg x 0.033 + 0.183

2. Estimated Blood Volume (EBV)

The Estimated Blood Volume (EBV) is calculated using the Gross formula:

(H(‘txm» Hﬂ‘pu\l )

EBV (ml) Het
Clave

PBV (L) x %1000

3. Hidden Blood Loss (HBL)

Hidden Blood Loss (HBL) is calculated using the Sehat formula:

HBL(ml) = EBV (ml) + Transfusion Volume(ml)- VBL (ml)

4. Total Blood Loss (TBL)

Total Blood Loss (TBL) is calculated as follows:

TBL(ml) = VBL(ml)+ HBL(ml)

5. Percentage of Hidden Blood Loss (HBL%)

The percentage of Hidden Blood Loss (HBL%) is calculated using the following
formula:

_ (HBL )
HBL% = (TBL> X 100%

FIGURE 2

Blood loss calculation. Hctpre, Preoperative hematocrit; Hctpost,
Hematocrit at 72 h postoperatively; Hctave, Average of Hctpre and
Hctpost; VBL, Visible blood loss = Intraoperative blood loss +
Drainage volume.

3.2 Comparison of perioperative data

All surgeries were performed by the same surgeon. There were no
statistically significant differences between the two groups regarding
operation time, postoperative hospital stay, and follow-up duration
(p > 0.05). However, intraoperative blood loss in the observation
group (330.6 = 25.3 mL) was significantly lower than that in the
control group (494.4 + 32.8 mL) (p < 0.001) (Table 2).

3.3 Comparison of blood loss and
transfusion

The observation group exhibited lower intraoperative blood loss,
postoperative drainage volume, visible blood loss (VBL), hidden
blood loss (HBL), and total blood loss (TBL) compared to the control
group (p < 0.05). The transfusion volume in the observation group
(261.5 £ 135.6 mL) was significantly less than that in the control group
(345.3 + 152.1 mL) (p = 0.023). Additionally, the transfusion rate in
the observation group was 27.4%, which was lower than the control
group’s rate of 45.9% (p = 0.033) (Table 3).
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TABLE 1 Characteristics of the patients.

Observation Control p-value

group group
Age (years) 69.1+£9.9 68.7+9.2 0.81
Gender
Female, n (%) 48 (77.4) 45 (73.8)

0.64

Male, 1 (%) 14 (22.6) 16 (26.2)
Height (cm) 166.5+9.5 168.9 9.9 0.18
Weight (kg) 56.0 +12.1 57.8+10.7 0.69
BMI 21.5+3.0 20.4+3.8 0.47
ASA grade
Grade I, n (%) 16 (25.8) 14 (23.0)
Grade I, n

18 (29.0) 17 (27.8) 0.58
(%)
Grade IIL, n

28 (45.2) 30 (49.2)
(%)

No significant difference among the characteristics of the patients in the two groups was
observed (P > 0.05).

TABLE 2 Perioperative parameters of the patients.

Observation Control
group (n = 62) group
(n =61)
Operation time
93.1£10.0 90.7 £ 8.7 0.18
(min)
Intraoperative
330.6 £25.3 4944 +32.8 <0.001
blood loss (ml)
Post-operative
hospitalization 7.8+0.7 77+1.1 0.81
time (day)
Follow up period
23.1+7.1 21.1+6.4 0.10
(month)

3.4 Comparison of coagulation indicators

In the observation group, there were no statistically significant
differences in platelet count, PT, APTT, INR and values before and
after surgery. Comparisons between the two groups also showed no
statistically significant differences (p > 0.05). Both groups exhibited an
increase in D-dimer levels postoperatively (p < 0.05), with the control
group showing a more significant increase compared to the
observation group (p < 0.05) (Table 4).

3.5 Comparison of postoperative
complications

Complications during the follow-up period were recorded for
both groups. No statistically significant differences were observed
between the two groups regarding deep vein thrombosis (DVT),
pulmonary embolism (PE), wound complications, infections,
periprosthetic fractures, and prosthesis displacement (p >0.05)
(Table 5).
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TABLE 3 Perioperative parameters regarding hidden blood loss.

Observation group (n = 62)

Control group (n = 61)

10.3389/fmed.2025.1552893

Intraoperative blood loss (ml) 330.6 +25.3 494.4 +32.8 <0.001
Total volume of drains (ml) 192.8 £41.9 260.9 £ 50.5 <0.001
Preoperative Hb values (g/L) 122.6 £ 12.7 120.6 £ 13.5 0.40

Postoperative Hb values (g/L) 100.5 + 14.0 93.0£13.5 0.003
Preoperative Hct values (%) 36.6 +3.5 358 +4.0 0.80

Postoperative Hct values (%) 30.5+4.1 26.8+39 <0.001
PBV(ml) 3993.0 £ 590 4,094 + 675 0.38

EBV(ml) 730.75 £ 151.8 1199.3 +171.3 <0.001
VBL(ml) 522.3 +£128.8 754 + 144.9 <0.001
HBL(ml) 645.7 £ 228.9 1257.0 +170.7 <0.001
TBL(ml) 11439 £ 717.1 1825.1 £747.8 <0.001
HBL % 58.7+17.7 67.7 £22.9 0.003
Volume of transfusion (mL) 261.5+135.6 345.3 +152.1 0.023
Transfusion (1, 100%) 17 (27.4%) 28 (45.9%) 0.033

Hb, Hemoglobin; Hct, Hematocrit; PBV, patient blood volume; EBV, estimated blood loss volume; VBL, visible blood loss; HBL, hidden blood loss; TBL, total blood loss; HBL%, the percentage

of HBL.

TABLE 4 Comparison of coagulation indicators between the two groups.

Observation group

Control group

Before After Before
Platelet count (10°) 119.6 £77.3 122 +67.8 121.8 £ 66.7 120.5 £ 68.9
D-dimer (mg/L) 0.32+0.21 2.4 +1.9%* 0.28 £0.17 4.5+29°
PT (s) 12.7+0.8 13.8 +£0.6 12.1+09 14.1+0.6
APTT (s) 342+38 36.1+£4.3 34.1+4.1 358+3.2
INR (s) 1.2+£0.12 1.3+£0.11 1.1£0.22 1.3+£0.14
“Compared with before treatment, P < 0.05. *Compared with Control Group, P < 0.05.
TABLE 5 Postoperative complications of two groups.
Observation group Control group P-value
Deep venous thrombosis (1, 100%) 3(4.8) 4 (6.6) 0.69
Pulmonary embolism (1, 100%) 0(0) 0(0)
Wound complications (1, 100%) 2(3.2) 2(3.3) 0.62
Infection (1, 100%) 2(3.2) 3(4.9) 0.68
Periprosthetic fractures (1, 100%) 0(0) 0(0)
Dislocation (1, 100%) 0(0) 0(0)

4 Discussion

The rising prevalence of knee osteoarthritis has led to a significant
global increase in TKA procedures (1-3, 22). While TKA is effective
in treating end-stage knee osteoarthritis, providing pain relief and
improved functionality, it is also associated with substantial
perioperative blood loss (4-6). This blood loss can lead to various
complications, including anemia, increased need for transfusions, and
prolonged hospital stays, all of which may negatively impact patient
outcomes and drive up healthcare costs. As a result, effective blood
management strategies during TKA have become a crucial focus in
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orthopedic research and clinical practice. Our study demonstrates that
the use of TXA both intraoperatively and preoperatively can
significantly reduce total blood loss (TBL) by 37.4% compared to the
control group. This finding aligns with numerous meta-analyses and
randomized controlled trials that consistently support the efficacy of
TXA in reducing perioperative blood loss in TKA (5, 10, 23, 24). TXA
is an antifibrinolytic drug widely used in various types of surgeries,
including cardiac, liver, spine, and hip and knee replacement surgeries.
It has demonstrated good efficacy without increasing the incidence of
deep vein thrombosis (DVT) or other related complications. TXA
works by reducing the physiological process of fibrinolysis and
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preventing fibrin degradation while inhibiting platelet-activating
factors, thereby protecting platelets. In TKA, surgical trauma
stimulates the fibrinolytic process, and the use of a tourniquet can
expose the limb to anaerobic conditions, causing vascular endothelial
tissue to release plasminogen activators, which promote fibrinolysis
and increase postoperative blood loss (23-25). The application of TXA
can counteract this fibrinolytic response during TKA, thereby
reducing blood loss.

4.1 Reduction in hidden blood loss

Our study’s most significant finding is the substantial reduction
in hidden blood loss (HBL) achieved through the administration of
TXA. In the control group, HBL constituted 67.7% of the total blood
loss (TBL), underscoring the need to address this often-overlooked
component in TKA. The concept of hidden blood loss, first
introduced by Sehat et al. (6), has gained increasing attention in
orthopedic surgery because it represents a significant portion of TBL
that is not immediately apparent during or after surgery. Our
findings indicate that TXA treatment significantly reduced both the
volume and percentage of HBL (p < 0.05). This reduction is crucial,
as hidden blood loss can lead to postoperative anemia, delayed
rehabilitation, and increased risk of complications (7-10, 26). TXA
likely reduces HBL by stabilizing clots within tissue spaces and
decreasing immediate

ongoing  fibrinolysis in  the

postoperative period.

4.2 Reduction in visible blood loss and
transfusion requirements

Beyond its impact on hidden blood loss, TXA effectively reduced
intraoperative blood loss and postoperative drainage, which are
components of visible blood loss. This comprehensive reduction
resulted in significantly lower transfusion rates in the TXA group
compared to the control group (27.4 vs. 45.9%, p < 0.05). This outcome
aligns with other studies which reported similar reductions in
transfusion needs with TXA use (26, 27). Reducing transfusion rates
is particularly important due to the potential risks associated with
allogeneic blood transfusions, including allergic reactions,
transfusion-related acute lung injury, and the transmission of
infectious diseases. Additionally, reducing transfusion requirements
can lead to significant cost savings for healthcare systems and

improved resource allocation (14, 15, 28, 29).

4.3 Safety profile of tranexamic acid

A primary concern with using antifibrinolytic agents like TXA in
orthopedic surgery is the potential increase in thromboembolic
complications, such as deep vein thrombosis (DVT) and pulmonary
embolism (PE). Our study found no significant difference in DVT
incidence between the TXA and control groups (4.8 vs. 6.6%), and
notably, no cases of PE occurred in either group. These findings
support the growing body of evidence, including recent meta-analyses,
indicating that intravenous TXA administration in TKA does not
increase the risk of thromboembolic events (5, 14, 17, 28).

Frontiers in Medicine

10.3389/fmed.2025.1552893

The safety of TXA in TKA can be attributed to its mechanism of
action, which primarily affects the fibrinolytic system rather than the
coagulation cascade. TXA inhibits the activation of plasminogen to
plasmin, thereby preventing the breakdown of fibrin clots. This
mechanism allows for improved hemostasis without significantly
altering the balance of the coagulation system.

4 .4 Effects on coagulation parameters

Our study observed that both groups showed increased
D-dimer levels postoperatively, which is expected following major
orthopedic surgery. However, the increase was less pronounced in
the TXA group, suggesting TXAs inhibitory effect on
postoperative fibrinolysis. This finding is important as it
demonstrates that TXA effectively modulates the fibrinolytic
response without completely suppressing it, potentially
maintaining a balance between hemostasis and normal fibrinolytic
activity. Importantly, other coagulation parameters, including
platelet count, prothrombin time (PT), activated partial
thromboplastin time (APTT), and international normalized ratio
(INR), showed no significant changes or differences between the
groups. This further supports the safety profile of TXA, indicating
that its use does not adversely affect the overall coagulation status

of patients undergoing TKA.

4.5 Clinical implications

The findings of our study have several important clinical
implications. First, the significant reduction in total blood loss, hidden
blood loss, and transfusion requirements achieved with TXA use can
lead to improved patient outcomes, including faster recovery, reduced
risk of anemia-related complications, and potentially shorter hospital
stays. Second, the demonstrated safety profile of TXA in our study
supports its routine use in TKA for patients without specific
contraindications. Moreover, the reduction in transfusion rates
associated with TXA use has potential economic benefits for
healthcare systems. Allogeneic blood transfusions are costly, and
reducing their frequency can lead to significant cost savings.
Additionally, by reducing the need for transfusions, TXA use may help
alleviate pressure on blood bank resources, which is particularly
relevant in settings where blood products may be in limited supply.

4.6 Limitations and future directions

While our study offers valuable insights into the efficacy and
safety of TXA in TKA, several limitations warrant attention in future
research. Firstly, although we did not observe an increase in
thromboembolic complications with TXA use, longer-term follow-up
studies are necessary to evaluate any potential late-onset complications.
Secondly, future studies should examine the efficacy and safety of
TXA in high-risk patient populations, such as those with a history of
thromboembolic events or other comorbidities that might influence
bleeding or clotting risks. Thirdly, as a retrospective study, it is
inherently prone to biases such as recall, selection, observer, and
information bias, which may compromise the validity and
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generalizability of the findings. Lastly, investigating the potential
synergistic effects of TXA in combination with other blood
conservation strategies, such as autologous blood salvage techniques
or the use of erythropoiesis-stimulating agents, could offer a more
comprehensive approach to blood management in TKA.

5 Conclusion

Our study demonstrates that administering TXA twice—first
intravenously before surgery and then topically during TKA—
effectively reduces unilateral total perioperative blood loss, hidden
blood loss, and transfusion requirements without increasing the risk
of thromboembolic complications. These findings endorse TXA as a
safe and effective strategy for blood management in TKA.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/Supplementary material.

Ethics statement

The studies involving humans were approved by The Second
People’s Hospital of Hefei, Hefei Hospital Affiliated to Anhui Medical
University. The studies were conducted in accordance with the local
legislation and institutional requirements. The Ethics Committee/
Institutional Review Board waived the requirement of written
informed consent for participation from the participants or the
participants’ legal guardians/next of kin because this study is a
retrospective analysis; therefore, written informed consent is not
required. Written informed consent was not obtained from the
individual(s) for the publication of any potentially identifiable images
or data included in this article because this study is a
retrospective study.

Author contributions

LL: Conceptualization, Investigation, Validation, Visualization,
Writing - original draft. HW: Data curation, Methodology, Software,

References

1. Huang D, Liu YQ, Liang LS, Lin XW, Song T, Zhuang ZG, et al. The diagnosis
and therapy of degenerative knee joint disease: expert consensus from the Chinese
pain medicine panel. Pain Res Manag. (2018) 2018:2010129. doi: 10.1155/2018/
2010129

2. Carr AJ, Robertsson O, Graves S, Price AJ, Arden NK, Judge A, et al. Knee
replacement. Lancet. (2012) 379:1331-40. doi: 10.1016/S0140-6736(11)60752-6

3. Calkins FM, Pagani NR, Bragg J, Gauthier Z, Salzler M. Neighborhood
socioeconomic disadvantage does not predict need for manipulation under anesthesia
or range of motion following total knee arthroplasty. ] Orthop. (2024) 58:146-9. doi:
10.1016/j.jor.2024.06.013

4. Wilde JM, Copp SN, Ezzet KA, Rosen AS, Walker RH, McCauley JC, et al. No
difference in blood loss and risk of transfusion between patients treated with one or two
doses of intravenous tranexamic acid after simultaneous bilateral TKA. Clin Orthop
Relat Res. (2022) 480:702-11. doi: 10.1097/CORR.0000000000002037

Frontiers in Medicine

10.3389/fmed.2025.1552893

Writing - review & editing. ZT: Formal analysis, Methodology,
Software, Writing - review & editing. PP: Supervision, Validation,
Writing - review & editing. HL: Conceptualization, Funding
acquisition, Project administration, Resources, Supervision, Writing —
review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This study was supported
by Key project of natural science, Bengbu Medical University
(2023BYZD243).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Gen Al was used in the creation of
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fmed.2025.1552893/
full#supplementary-material

5. Yang YZ, Cheng QH, Zhang AR, Yang X, Zhang ZZ, Guo HZ. Efficacy and safety
of single- and double-dose intravenous tranexamic acid in hip and knee arthroplasty: a
systematic review and meta-analysis. ] Orthop Surg Res. (2023) 18:593. doi:
10.1186/s13018-023-03929-9

6. Sehat KR, Evans R, Newman JH. How much blood is really lost in total knee
arthroplasty?. Correct blood loss management should take hidden loss into account.
Knee. (2000) 7:151-5. doi: 10.1016/s0968-0160(00)00047-8

7. Jiang H, Sheng W, Yuan H, Xu J, Chen X, Gu X, et al. Hidden blood loss between
percutaneous pedicle screw fixation and the mini-open Wiltse approach with pedicle
screw fixation for neurologically intact thoracolumbar fractures: a retrospective study.
] Orthop Surg Res. (2023) 18:113. doi: 10.1186/s13018-023-03581-3

8. Xu K, Anwaier D, He R, Zhang X, Qin S, Wang G, et al. Hidden blood loss after hip

hemiarthroplasty using the super PATH approach: a retrospective study. Injury. (2019)
50:2282-6. doi: 10.1016/j.injury.2019.10.013

frontiersin.org


https://doi.org/10.3389/fmed.2025.1552893
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2025.1552893/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2025.1552893/full#supplementary-material
https://doi.org/10.1155/2018/2010129
https://doi.org/10.1155/2018/2010129
https://doi.org/10.1016/S0140-6736(11)60752-6
https://doi.org/10.1016/j.jor.2024.06.013
https://doi.org/10.1097/CORR.0000000000002037
https://doi.org/10.1186/s13018-023-03929-9
https://doi.org/10.1016/s0968-0160(00)00047-8
https://doi.org/10.1186/s13018-023-03581-3
https://doi.org/10.1016/j.injury.2019.10.013

Liangliang et al.

9. Sun Y, Miao H, Gong H, Zhang Y, Hong W. Risk factors analysis and nomogram
model establishment of hidden blood loss in overweight and obese elderly patients after
Total hip arthroplasty. Clin Interv Aging. (2024) 19:57-66. doi: 10.2147/CIA.S428307

10. Zhao Y, Sun W, Wang C, Xie X, Feng G. Comparison of clinical outcomes of
supercapsular percutaneously-assisted approach total hip arthroplasty versus
conventional posterior approach for total hip arthroplasty in adults: a systematic review
and meta-analysis. BMC  Musculoskelet — Disord.  (2024)  25:25. doi:
10.1186/5s12891-023-07126-x

11. Zhang BE Wang J, Wen PE, Wu YJ, Guo JB, Wang YK, et al. The association
between hemoglobin at admission and mortality of older patients with hip fracture: a
mean 3-year follow-up cohort study. Eur Geriatr Med. (2023) 14:275-84. doi:
10.1007/s41999-023-00759-0

12. D'Amore T, Loewen M, Gorczyca MT, Judd K, Ketz JP, Soles G, et al. Rethinking
strategies for blood transfusion in hip fracture patients. OTA Int. (2020) 3:e083. doi:
10.1097/019.0000000000000083

13.Gur S, Segal D, Tavdi A, Fuchs Y, Perl D, Fainzack A, et al. Are routine
postoperative hemoglobin tests justified in all patients who undergo Total hip
arthroplasty due to a displaced femoral neck fracture? J Clin Med. (2024) 13:4371. doi:
10.3390/jcm13154371

14. Poeran J, Rasul R, Suzuki S, Danninger T, Mazumdar M, Opperer M, et al.
Tranexamic acid use and postoperative outcomes in patients undergoing total hip or
knee arthroplasty in the United States: retrospective analysis of effectiveness and safety.
BM]J. (2014) 349:g4829. doi: 10.1136/bmj.g4829

15.LiY, Ge M, Tian ], Zhou J, Kang Y, Xia C, et al. Effect of tranexamic acid on hidden
blood loss in percutaneous endoscopic Transforaminal lumbar interbody fusion: a
retrospective study. Ther Clin Risk Manag. (2024) 20:325-34. doi: 10.2147/TCRM.S462784

16. Yu H, Liu M, Zhang X, Ma T, Yang J, Wu Y, et al. The effect of tranexamic acid on
intraoperative blood loss in patients undergoing brain meningioma resections: study
protocol for a randomized controlled trial. PLoS One. (2023) 18:€0290725. doi:
10.1371/journal.pone.0290725

17. Wang M, Zheng XF, Jiang LS. Efficacy and safety of Antifibrinolytic agents in
reducing perioperative blood loss and transfusion requirements in scoliosis surgery: a
systematic review and Meta-analysis. PLoS One. (2015) 10:e0137886. doi:
10.1371/journal.pone.0137886

18. Lei Y, Xie J, Xu B, Xie X, Huang Q, Pei F. The efficacy and safety of multiple-dose
intravenous tranexamic acid on blood loss following total knee arthroplasty: a

Frontiers in Medicine

08

10.3389/fmed.2025.1552893

randomized  controlled  trial.  Int (2017)  41:2053-9.  doi:

10.1007/500264-017-3519-x

19. Nadler SB, Hidalgo JH, Bloch T. Prediction of blood volume in normal human
adults. Surgery. (1962) 51:224-32.

Orthop.

20. Gross JB. Estimating allowable blood loss: corrected for dilution. Anesthesiology.
(1983) 58:277-80. doi: 10.1097/00000542-198303000-00016

21. Sehat KR, Evans RL, Newman JH. Hidden blood loss following hip and knee
arthroplasty. Correct management of blood loss should take hidden loss into account. J
Bone Joint Surg Br. (2004) 86-B:561-5. doi: 10.1302/0301-620X.86B4.14508

22. Yau LK, Henry FU, Man Hong C, Amy C, Wai Kwan Vincent C, Ping Keung C,
et al. Swelling assessment after total knee arthroplasty. J Orthop Surg. (2022)
30:10225536221127668. doi: 10.1177/10225536221127668

23. Reale D, Andriolo L, Gursoy S, Bozkurt M, Filardo G, Zaffagnini S. Complications
of tranexamic acid in orthopedic lower limb surgery: a meta-analysis of randomized
controlled trials. Biomed Res Int. (2021) 2021:6961540. doi: 10.1155/2021/6961540

24. Mi B, Liu G, Zhou W, Lv H, Liu Y, Zha K, et al. Intra-articular versus intravenous
tranexamic acid application in total knee arthroplasty: a meta-analysis of randomized
controlled trials. Arch Orthop Trauma Surg. (2017) 137:997-1009. doi:
10.1007/s00402-017-2683-1

25. Resch EDS, Lemos LS, Santos JSPD, Pozzi JFA, Konkevicz ER. Comparison of
blood loss with the use of intravenous and intraarticular tranexamic acid versus isolated
intraarticular in primary knee arthroplasty. Rev Bras Ortop. (2023) 58:320-5. doi:
10.1055/s-0042-1757958

26.Lu H, Sun H, Xiao Q, Xu H, Zhou Q, Li L, et al. Perioperative safety and efficacy
of robot-assisted total hip arthroplasty in ERAS-managed patients: a pilot study. ] Orthop
Surg Res. (2023) 18:696. doi: 10.1186/5s13018-023-04180-y

27.Wu J, Feng S, Chen X, Lv Z, Qu Z, Chen H, et al. Intra-articular injection of
tranexamic acid on perioperative blood loss during Unicompartmental knee
arthroplasty. Med Sci Monit. (2019) 25:5068-74. doi: 10.12659/MSM.914817

28. Wiktor £, Osadnik B, Damps M. Efficacy of tranexamic acid supplemented with local

infiltration analgesia in reducing blood loss in patients undergoing unicompartmental knee
arthroplasty. Sci Rep. (2023) 13:17304. doi: 10.1038/541598-023-44651-0

29. Gorlinger K, Pérez-Ferrer A, Dirkmann D, Saner E, Maegele M, Calatayud AAP,
et al. The role of evidence-based algorithms for rotational thromboelastometry-guided
bleeding management. Korean ] Anesthesiol. (2019) 72:297-322. doi: 10.4097/kja.19169

frontiersin.org


https://doi.org/10.3389/fmed.2025.1552893
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.2147/CIA.S428307
https://doi.org/10.1186/s12891-023-07126-x
https://doi.org/10.1007/s41999-023-00759-0
https://doi.org/10.1097/OI9.0000000000000083
https://doi.org/10.3390/jcm13154371
https://doi.org/10.1136/bmj.g4829
https://doi.org/10.2147/TCRM.S462784
https://doi.org/10.1371/journal.pone.0290725
https://doi.org/10.1371/journal.pone.0137886
https://doi.org/10.1007/s00264-017-3519-x
https://doi.org/10.1097/00000542-198303000-00016
https://doi.org/10.1302/0301-620X.86B4.14508
https://doi.org/10.1177/10225536221127668
https://doi.org/10.1155/2021/6961540
https://doi.org/10.1007/s00402-017-2683-1
https://doi.org/10.1055/s-0042-1757958
https://doi.org/10.1186/s13018-023-04180-y
https://doi.org/10.12659/MSM.914817
https://doi.org/10.1038/s41598-023-44651-0
https://doi.org/10.4097/kja.19169

	Efficacy and safety of tranexamic acid in reducing hidden blood loss during unilateral total knee arthroplasty: a retrospective study
	1 Introduction
	2 Materials and methods
	2.1 General information
	2.2 Methods
	2.2.1 Treatment methods
	2.2.2 Observation indicators
	2.2.2.1 General conditions and surgery-related factors
	2.2.2.2 Blood loss calculation
	2.3 Statistical methods

	3 Results
	3.1 Comparison of general characteristics
	3.2 Comparison of perioperative data
	3.3 Comparison of blood loss and transfusion
	3.4 Comparison of coagulation indicators
	3.5 Comparison of postoperative complications

	4 Discussion
	4.1 Reduction in hidden blood loss
	4.2 Reduction in visible blood loss and transfusion requirements
	4.3 Safety profile of tranexamic acid
	4.4 Effects on coagulation parameters
	4.5 Clinical implications
	4.6 Limitations and future directions

	5 Conclusion

	References

