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Abstract

Objectives: Tranexamic acid (TXA) effectively reduces blood loss in total knee arthroplasty (TKA)
without raising thromboembolism risk, though the best administration route is still debated. This study
aimed to classify patients based on bleeding risk factors and determine whether intravenous (1V) alone
or combined IV and intraarticular (IA) administration of TXA provides the greatest benefit.

Methods: This study included 200 patients who underwent TKA, with 100 patients with IV administration only and
100 with combined IV and IA administration. The bleeding risk stratification criteria were based on patient body mass
index, age, the use of increased anticoagulant doses in patients with atrial fibrillation, and cases where synovectomy
was performed. The primary outcomes measured were tube drainage volume, hemoglobin (Hb) and hematocrit (Ht)
levels, and blood transfusion rates. Secondary outcomes included wound complications, symptomatic deep vein
thrombosis (DVT), and symptomatic pulmonary embolism (PE).

Results: Combined IV and IA administration showed better outcomes in terms of Hb reduction (difference of 0.98
g/dl, 95%CI: 0.69 to 1.26, P<0.0001), Ht reduction (difference of 2.66%, 95% CI: 1.78 to 3.54, P<0.0001), tube
drainage (294 vs 358 ml, 95% CI: 11.58 to 115.93, P=0.0170) and shorter hospitalization stay (difference of 0.53
days, 95% CI: 0.16 to 0.90, P=0.0050) compared to only IV administration. Patients who underwent synovectomy
had lower tube drainage with combined TXA administration compared to IV only (355.42 + 161.68 ml vs. 429.79 +
268.48 ml). Neither group experienced any cases of symptomatic (i.e. DVT) or pulmonary embolism (PE).

Conclusion: The combined administration of TXA (IV and IA) in patients undergoing TKA was more effective than
IV-only administration.

Level of evidence: Il
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Introduction

K nee osteoarthritis (OA) is a progressive
degenerative condition that leads to chronic pain
and joint instability, severely affecting quality of life.
In advanced stages, total knee arthroplasty (TKA) is the
most effective treatment, and with longer life expectancy
and rising obesity rates, the demand for TKA is
increasing.1?
However, while TKA significantly improves joint
functionality, it often results in considerable blood loss,
which may necessitate allogenic blood transfusions. These
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transfusions carry various risks, including infections, fluid
overload, and even increased mortality, in addition to
raising medical costs.3* Transfusion rates for TKA can range
from 3.5% to 18.5%. To reduce blood loss, several
strategies are employed, such as tourniquets, drain
clamping, minimally invasive techniques, hypotensive
anesthesia, and pharmacological agents like anti-
fibrinolytics.56

Among these agents, Tranexamic acid (TXA), a synthetic
antifibrinolytic, has proven to be effective in preventing the
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breakdown of blood clots by inhibiting plasminogen's
conversion to plasmin. [t stabilizes blood clots and is widely
used to manage bleeding, significantly reducing mortality
with minimal side effects.5 In TKA, TXA is most commonly
administered intravenously, although intra-articular (IA)
administration, either through a topical wash or post-
surgical injection into the knee joint, has recently gained
popularity.”

Recent studies highlight that both IV and IA TXA
effectively reduce blood loss in TKA, with the combination
of both methods providing optimal results in minimizing
blood loss without increasing the risk of thromboembolic
complications. While the precise half-life of IA TXA
remains less understood, studies indicate that local
administration leads to extended retention in the joint
and slower systemic absorption, potentially lengthening
its local half-life.578 However, despite the abundant
evidence supporting TXA's effectiveness, there is a gap in
research regarding which patient subgroups, especially
those at higher bleeding risk, derive the greatest benefit
from its use.”.9-11

Stratifying patients into bleeding risk categories based
on factors such as age, BMI, anticoagulant use for atrial
fibrillation, and those who have undergone synovectomy
during TKA surgery is crucial for better understanding
the impact of TXA on outcomes. By identifying the most
effective method of TXA administration tailored to
specific subgroups, healthcare providers can maximize
the benefits while minimizing complications.

This study seeks to evaluate the efficacy of
administering TXA either intravenously alone or in
combination with intra-articular TXA in various patient
subgroups undergoing TKA, aiming to identify which
subgroup benefits most from TXA treatment.

Materials and Methods

Study Design

This cross-sectional retrospective study was carried out at
the "Foisor" Clinical Hospital of Orthopaedics,
Traumatology, and Osteoarticular Tuberculosis between
July 2023 and August 2024. Ethical approval was granted by
the Ethics Council of the "Foisor" Clinical Hospital of
Orthopaedics, Traumatology, and Osteoarticular
Tuberculosis, under the assigned registration number
11226/2024. Written informed consent was obtained from
all participants involved in the study. The research adhered
to the ethical principles outlined in the Declaration of
Helsinki (1964) and its subsequent amendments.

Study group

Between July 2023 and August 2024, a total 0f200 patients
meeting the inclusion criteria were enrolled in this study. An
updated surgical protocol including both IV and IA TXA
administration for patients and based on existing literature
evidence and protocols (AAOS/AAHKS/ASRA guides)
replaced the previous practice of using only IV TXA.
Participants were assigned into two groups (IV only group
and combined IV and IA group), each comprising 100
individuals (80 females, 20 males). The adequacy of the
sample size was determined using a propensity score
analysis. All participants received 1 gram of TXA 15 minutes
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prior to incision. In IV only group, an additional 1 gram of
TXA was administered intravenously 30 minutes before the
release of the drain clamp. In combined group, 1 gram of TXA
was administered intraarticularly through the drain tube
following wound closure.

Inclusion and exclusion criteria

The study included patients with symptomatic advanced
knee osteoarthritis, classified as Kellgren-Lawrence grade
three or four on radiological examination, who were
scheduled for TKA. To ensure uniformity of results, only
patients treated by the same surgeon and anesthesiologist
were included, with all receiving spinal anesthesia.
Additional inclusion criteria required participants to have
normal renal function and stable chronic diseases.

Exclusion criteria were as follows: (1) patients with
cerebrovascular conditions (e.g., prior stroke or vascular
surgery); (2) patients with a history of bleeding disorders;
(3) those with a previous history of myocardial infarction;
(4) patients with a history of deep vein thrombosis (DVT);
and (5) patients with known hypersensitivity to TXA.

Surgical technique and perioperative management

All patients enrolled in this study underwent TKA using
a minimally invasive subvastus approach under spinal
anesthesia. A posterior-stabilized cemented prosthesis
(NexGen® LPS; Zimmer Biomet, Warsaw, IN, USA) was
implanted without patellar resurfacing. Partial
synovectomy was performed selectively, based on clinical
necessity (e.g, in cases of synovial proliferation, synovial
chondromatosis, rheumatoid arthritis (RA) patients,
villonodular synovitis, or in patients with a history of
multiple intra-articular corticosteroid or viscoelastic
injections). A mechanical alignment technique was
utilized for all patients. A tourniquet was applied, inflated
prior to cementation, and deflated following wound
closure. All patients had active intra-articular drains, with
drain clamps released 90 minutes post-tourniquet
deflation and the drain removed 24 hours
postoperatively. This protocol was designed to reduce the
impact of drain management on tube drainage, which
could have affected the results.

For infection prophylaxis, a single dose of 1g
Vancomycin was administered alongside 1.5g Cefuroxime
in two doses. To prevent DVT, patients received
prophylactic treatment with low-molecular-weight
heparin (LMWH), specifically Clexane (4000 U.L).
Administration began 12 hours after spinal anesthesia
and was repeated every 24 hours. This regimen continued
until the patient was discharged and was maintained for
28 days post-discharge. In patients with atrial fibrillation,
LMWH (Clexane 1mg/kg) was administered every 12
hours, and these patients were transitioned to their
regular anticoagulation therapy on the third
postoperative day. After anesthesia wore off, all patients
began active physical therapy and continued with home-
based exercises for the following 6 weeks, with follow-up
to ensure adherence to the regimen. According to our
clinic's protocol, blood transfusion was indicated when
hemoglobin concentration fell below 9 mg/dL or when
anemia-related symptoms were observed.
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Outcome measure

The primary outcome measures included tube drainage
volume, pre- and postoperative Hb and Ht levels, and the
number of blood transfusion units required. Blood tests were
conducted one day prior to surgery and on the first
postoperative day for all patients. Secondary outcome
measures assessed the incidence of symptomatic
thromboembolic events, such as DVT and pulmonary
embolism, wound complications (infection, necrosis,
dehiscence) and the duration of hospitalization. In the
presence of clinical signs of DVT or PE, additional
investigations such as D-dimer tests, echodoppler
ultrasound, or Computed Tomography Pulmonary
Angiography (CTPA) were conducted to diagnose or rule out
the condition. The immediate follow-up period lasted for 90
days.

Data analysis

The statistical software used in this study were
SPSS® Statistics Version 26, 64-bit edition (IBM, Armonk, NY,
USA) and MedCalc® Version 14.8.1 (MedCalc Software bvba,
Ostend, Belgium). We estimated the sample size by
committing to a 0.05 probability of type I error and a 90%
statistical power with an equal enrolment between groups.
The Shapiro-Wilk test was used to confirm the normal
distribution in the study groups. Descriptive statistics were

Table 1. Baseline demographic characteristics of study population
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summarized as means and standard deviations or medians
with interquartile ranges for continuous variables and as
counts and percentages for categorical variables.
Comparison between continuous variables was performed
using student t, while the chi-squared test was used for
categorical variables. To assess the effects of TXA
administration type (intravenous only vs. combined
intravenous and intra-articular) on tube drainage while
accounting for covariates (e.g, sex, BMI, and synovectomy),
analysis of covariance (ANCOVA) was performed. A
multivariable linear regression model was applied to identify
independent predictors of primary outcomes. Pearson or
Spearman correlation coefficients were calculated for
associations  between  continuous variables. Data
visualization included boxplots and scatterplots to depict
group differences and associations. Individual results were
considered statistically significant for when p values were
lower or equal than 0.05.

Results

This study included 200 patients, with 100 patients
receiving IV only TXA, and 100 patients receiving
combined [V and IA tranexamic acid. An overview of the

study population demographic characteristics is available
below [Table 1].

Parameter IV only TXA
Age (years) 68.48 £ 6.38
Gender
Male 80
Female 20
BMI (kg/m2) 30.21 + 3.45
ASA score
2 90
3 10
Comorbidities
Atrial fibrillation 6
Diabetes mellitus 16
Laterality (left/right) 38/62
Kellgren Lawrence scale
3 8
4 92

Combined IV and IA TXA Significance of difference (P-value)

68.44 + 5.44 0.9620
80 0.8597

20
30.53 £ 4.19 0.5561
85 0.3924

15
12 0.2167
24 0.2159
47/53 0.2525
21 0.0160

79

Based on the distribution by groups, the duration of
surgery was longer in combined IV and IA group, with a
longer tourniquet time and higher intraoperative bleeding,
but with lower tube drainage compared to IV only group.
Biologically, there were no significant differences in
preoperative Hb or Ht values between the two groups;
however, statistically significant differences were
observed postoperatively. The amount of blood units
transfused in the study was three for the group that

received only [V treatment, while six units were
administered to the group that had both IA and IV
administration. Notably, three of the units in the combined
group were administered to a single patient. Hospital stay
was shorter in the combined group, with the difference
reaching statistical significance. A summary of the results
of the primary outcomes measures is available in [Table 2].
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‘ COMPARATIVE EFFICACY OF IV VS. COMBINED TXA IN TKA

‘ Table 2. Patient results in the study groups

PRBC - Packed red blood cells
Characteristic IV only TXA Combined IV and IA TXA Significance of difference (P-value)

Duration of surgery (mins) 77.50 £12.36 83.25 +15.23 0.0038
Tourniquet time (mins) 28.97 +5.42 31.79+7.20 0.0020
Hospitalization (days) 5.79 +1.14 5.26 + 1.47 0.0050
Hemoglobin (g/dl)

Preoperative 13.64 £ 0.98 13.43 +1.16 0.1756
Postoperative 11.36 £ 1.14 12.13+1.31 <0.0001
Pre-post (diff) 2.28 +1.04 1.31+0.98 <0.0001
Hematocrit (%)

Preoperative 41.28 £ 3.07 40.83 £ 3.26 0.3097
Postoperative 33.42 £3.35 35.62 +3.85 <0.0001
Pre-post (diff) 7.87 +3.26 5.21 +3.04 <0.0001
Intraoperative bleeding (ml) 244.50 +82.93 253.20+110.71 0.5284
Tube drainage (ml) 357.80 + 213.71 294.50 + 156.00 0.0170
Transfused patients (no. PRBC) 3D 3(1)and1 (3) 0.5203

When stratified by gender, female patients had lower
preoperative Hb and Ht levels compared to males. In both

groups; however, a significant difference in tube drainage
was noted in IV only group, where males had higher levels

groups, the differences between pre- and post-operative compared to females (P=0.0025) [Table 3].
Hb and Ht were insignificant for both males and females.

Intraoperative bleeding was relatively similar in both

Table 3. Patient results in the study groups by gender

Characteristic IV only TXA Combined IV and 1A TXA Sign ifica(l;(fsi:)lfl(éi]fference
Male Female diff Male Female diff M-M F-F

Hemoglobin (g/dl)

Preoperative 14.36 £ 0.90 13.46 £ 0.92 0.0002 14.26 +1.37 13.23+1.01 0.0003 0.7862 0.1294
Postoperative 12.10 +1.22 11.17 +1.04 0.0008 12.77 +1.51 1197 +1.22 0.0141 0.1338 <0.0001
Pre-post (diff) 2.26 +1.36 2.29 £0.95 0.9123 1.49+1.32 1.26 £ 0.88 0.4595 0.0787 <0.0001
Hematocrit (%)

Preoperative 43.42 £3.26 40.75 £ 2.80 0.0004 43.07 £ 4.05 40.27 £2.79 0.0073 0.7682 0.2748
Postoperative 35.60 + 3.66 32.87 +3.05 0.0009 37.55+4.42 35.14 +3.56 0.0115 0.1369 <0.0001
Pre-post (diff) 7.82 +4.30 7.88 +2.98 0.9516 5.52+3.86 5.13+2.82 0.6078 0.0837 <0.0001
Intraoperative bleeding (ml) 245.00 +77.63 244.38 + 8344 0.9758 265.00 + 122.58 250.25 +108.17 0.5966 0.5413 0.7010
Tube drainage (ml) 521.00 + 253.77 317.00 +182.53 0.0025 325.00 +213.78 286.32 +138.58 0.4492 0.0119 0.2330

When categorized by BMI, patients with a normal BMI
range demonstrated higher tube drainage compared to
other BMI groups. However, the combined administration
of TXA effectively reduced tube drainage in all BMI
categories [Chart 1].

We evaluated the reductions in Hb and Ht levels among
patients with and without synovectomy across the two
groups [Chart 2]. Patients receiving combined IV and 1A
TXA showed smaller differences in pre- and postoperative
Hb and Ht levels. In the IV-only group, patients who

underwent synovectomy had an average tube drainage of
429.79 * 26848 ml, compared to 335.07 = 189.73 ml in
those without synovectomy (P=0.058). In the combined IV
and IA group, tube drainage was 355.41 + 161.68 ml for
synovectomy patients and 274.67 = 150.08 ml for those
without synovectomy (P=0.026).

Further, we implemented a multivariable linear
regression to assess whether any of the patient-specific
parameters or procedure-related factors had an influence
on the primary outcome, more specifically Hb or Ht drop
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intraoperative bleeding or tube drainage. As expected from
the results reported above, we found that the
administration of TXA influenced tube drainage
(P=0.0338), as well as the decreases in Hb (P<0.0001) and
Ht (P<0.0001). However, we found that tube drainage was
also significantly influenced by patient sex (P=0.0024) and
the performing of synovectomy (P=0.0157), while bleeding

COMPARATIVE EFFICACY OF IV VS. COMBINED TXA IN TKA

was affected by total surgical time (P=0.0313). BMI was
marginally influential in determining tube drainage
(P=0.0852). The severity of osteoarthritis, as determined
by the Kellgren Lawrence classification, had no impact on
the primary outcomes evaluated in the study.

600 —
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Chart 1. Tube drainage volume (ml) grouped by BMI classification for both groups
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Chart 2. Hemoglobin and hematocrit pre-postoperative differences alongside the tube drainage in patients with and without synovectomy in the

two groups
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We conducted an ANCOVA to examine the effect of TXA
administration on tube drainage while controlling for
demographic and clinical covariates (sex, BMI, diabetes,
atrial fibrillation, synovectomy). The model was
statistically significant, F(6,193) = 4.975, P<0.001, with an
adjusted R?0f 0.107, indicating that the covariates and TXA
administration type accounted for approximately 10.7% of
the variance in tube drainage. Pairwise comparisons
revealed that intravenous TXA was associated with
significantly higher tube drainage compared to combined
TXA administration (mean difference = 62.93 mL, p =
0.015). Significant covariates included gender (P=0.003)
and synovectomy (P=0.014). However, BMI (P=0.069) and
atrial fibrillation (AFib) (P=0.089) did not significantly
impact tube drainage albeit having values <0.1. Although
Levene's test indicated unequal variances (P=0.001), the
homogeneity of regression slopes assumption was met
(P=0.167). These results highlight the impact of TXA
administration type and select patient-specific factors on
postoperative tube drainage.

Secondary Outcomes

No complications, including symptomatic thromboembolic
events or wound issues, were observed in either group
during our study.

Discussion

TXA is a synthetic antifibrinolytic agent commonly utilized
in major surgical procedures, including total hip arthroplasty
(THA) and TKA, due to its cost-effectiveness and clinical
benefits.1213 Numerous studies have demonstrated that TXA
effectively reduces intraoperative blood loss and the
necessity for blood transfusions without increasing the risk
of thromboembolic events, thereby minimizing risks
associated with bleeding and transfusions. Various
administration routes for TXA in arthroplasty have been
explored, IV, 1A, and oral being the most frequently
employed.!*1¢ This study was evaluated in the context of
previous research, including randomized controlled trials
and meta-analyses, which reported similar outcomes.
However, to our knowledge, no analysis has been conducted
specifically on the benefits in relation to bleeding
stratification risks.17-20

While IV administration is traditionally the most commonly
utilized method in clinical practice, IA administration has
gained increasing attention in recent literature.2%22 When
combined, the IV TXA provides systemic control of bleeding,
while the IA TXA provides targeted action at the surgical site,
resulting in enhanced hemostasis. This dual approach is
particularly effective in patients with high bleeding risks, as
it provides both broad and localized anti-fibrinolytic
effects.1623-25 The primary objective of this study was to
evaluate whether there are significant differences in
outcomes based on the route of TXA administration (IV
versus combined IV and IA), with a particular focus on
patient subgroups stratified by bleeding risk. Our results
indicate that combined IV + IA administration of TXA is
associated with significantly reduced blood loss, as reflected
by Hb and Htlevels, tube drainage and shorter hospital stays
(P<0.05) when compared to only IV administration. These
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findings are consistent with those reported in previous
research_5,7,9-11,15—20

In our study population, mean age of patients undergoing
TKA was 6846 + 589 years with a male to female
distribution of 4:1 which aligns with data reported last year
by Romanian Arthroplasty Register.26

Oberweis etal. identified female sex as an independent risk
factor for major bleeding after orthopedic surgery, with
females experiencing more bleeding than males.2” However,
in our study, no significant differences were observed in pre-
and post-operative Hb and Ht levels between males and
females. Intraoperative bleeding was comparable between
both groups; however, males exhibited significantly higher
tube drainage, particularly in the IV-only group (P=0.025).
This contrasts with existing literature and could be explained
by the higher BMI in females in IV only group (30.4 kg/m?)
compared to males (29 kg/m?), with overweight patients
showing more bleeding risk than those with obesity class
12829 The effect of TXA remains consistent across both
genders regardless of the mode of administration, with no
significant differences observed in either group. Therefore, in
a clinical context, the route of TXA administration may not
influence outcomes.

Obesity has been linked to increased levels of certain
procoagulant factors, such as VII, VIII, IX, XII, and von
Willebrand factor, which suggests that obese patients may be
less susceptible to bleeding during or after surgery, while
individuals with a lower BMI might be at a higher risk of
bleeding.2829 Research by Guorui et al. demonstrated that
obesity class [ and Il does not elevate the risks of blood loss,
transfusion, or postoperative complications in patients
undergoing TKA, while the transfusion rate was higher in the
normal-weight group (BMI 18.0-24.9 kg/m?) compared to
the overweight group (BMI 25.0-29.9 kg/m?), with
significant statistical difference (36.0% vs 27.6%, p =
0.007).3° Additionally, a study by Braekkan et al. explored the
relationship between BMI and bleeding risk.2° The study
found that patients with a lower BMI were more prone to
bleeding, while there was no further reduction in bleeding
risk for those with a BMI above 26.3 kg/m?, indicating that
higher BMI does not continue to reduce bleeding risk beyond
a certain point. In our study, we found similar results, with
patients in the normal BMI range reporting higher tube
drainage and intraoperative bleeding compared to those
with higher BMI. Furthermore, patients who received
combined IV and IA TXA reported reduced tube drainage
across all BMI categories. These findings are clinically
significant, as patients with lower or normal BMI benefit
most from TXA administration, while those with higher BMI
naturally exhibit a procoagulant profile. Therefore, careful
use of TXA is essential to avoid increasing the risk of
thromboembolic events.

Synovial proliferation is frequently observed during surgery
in patients with knee OA and RA, and it is thought to be a
significant contributor to pain.3! Although synovectomy has
been shown to potentially reduce pain, decrease
inflammation, and enhance joint function, its efficacy
remains controversial3234 A meta-analysis conducted by
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Zhao et al. found that synovectomy, when combined with
TKA for primary OA, does not offer additional clinical
benefits.35 Furthermore, patients undergoing this procedure
experienced increased blood loss and longer operating times.
In our study, among IV only group, patients who underwent
synovectomy had an average postoperative drainage of
429.79 +268.48 ml compared to 335.07 + 189.73 ml in those
who did not. In combined IV and IA group, the drainage for
synovectomy patients was 272.92 + 117.01 ml, while it was
253.40 + 108.70 ml for those without synovectomy. These
findings are consistent with previous studies, indicating that
synovectomy increases bleeding. The use of TXA proves
especially beneficial in such cases, particularly with the
combined IA and IV administration, where patients
demonstrated reduced tube drainage and smaller
differences between pre-and postoperative Hb and Htlevels.
The prolonged action of TXA in the joint, combined with
reduced systemic absorption, is likely the key mechanism
responsible for its effectiveness. This has important clinical
implications for patients undergoing synovectomy. Instead
ofadministering the same quantity of TXAIV only, combining
IV and IA administration achieves optimal results. This
approach not only provides patients with the highest safety
profile butalso ensures a more efficient use of resources.

Anemia in patients with cardiac conditions following
orthopedic surgery can have significant implications,
particularly due to the increased cardiovascular load.
Therefore, enhanced recovery after surgery protocols with
effective blood management strategies, including minimizing
intraoperative and postoperative blood loss, are crucial.3637
Even TXA effectively reduces blood loss during joint
arthroplasty surgeries, patients with cardiovascular issues,
such as myocardial infarction, AFib, and angina, were often
excluded from these studies due to concerns that TXA might
raise the risk of cardiac and thromboembolic events in these
patients.”-103839 Despite these concerns, orthopedic research,
including studies by Porter et al. and Enayatollahi et al, has
strongly supported the safety of TXA in high-risk orthopedic
patients.®04! In our study, TXA was administered even to
AFib patients without any complications reported in this
group. No significant differences were observed between
pre- and postoperative Hb or Ht levels in AFib patients
compared to those without AFib, regardless of how TXA was
administered. Nevertheless, AFib patients from combined IV
and IA group experienced lower tube drainage compared to
those with IV only TXA (302.50 *+ 224.99 ml vs 383.33 +
315.70 ml), although this difference was not statistically
significant.

In synovectomy patients, the results strongly support the 1A
administration of TXA due to its effectiveness in reducing
blood loss. However, the same conclusion cannot be drawn
for patients with AFib. The findings raise important
questions about whether the mode of TXA administration—
systemic or local—interacts differently with bleeding risk
factors in these patient groups. It is still uncertain whether
local or systemic bleeding risks affect the mechanism of
action and outcomes of TXA. Further research is needed to
clarify and document these relationships. Additionally,
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future studies could focus on determining the optimal dosing
strategy and dosage based on a patient's specific local or
systemic bleeding risk.

A meta-analysis by Li et al. reviewed 34 randomized
controlled trials comparing IA and IV administration of TXA
in patients undergoing primary TKA.'1 Across 33 studies
with 3,807 patients, the complication rate was similar:
77/1,946 (4.0%) in the IV group and 77/1,861 (4.1%) in the
IA group. In 10 studies, there were 23 DVT events, while PE
occurred in both groups (four events reported in three
studies). In our study, no complications were observed in
either cohort. In the same meta-analysis, 28 studies involving
3,270 patients provided data on blood transfusions.!!
Transfusion rates were reported as 109/1,664 (6.6%) in the
IV group and 99/1,606 (6.2%) in the 1A group. In our study,
three blood units were used in IV only group and six units in
combined IV and IA group, with one patient in this cohort
receiving three units. This case involved a patient with a
history of medullary aplasia, AFib, age over 70 years, and a
normal BMI—factors that, according to our study, were
associated with an increased risk of bleeding. Another
potential contributor to the higher transfusion rates in the
combined group could be the greater proportion of patients
with AFib, as these individuals typically require higher doses
of anticoagulants, which may further elevate the risk of
bleeding and, consequently, the need for transfusions.

Our study had several limitations. The small sample size in
each group and the fact that the study was conducted at a
single center may have affected the results. While this study
was adequately powered to detect differences in primary
outcomes, subgroup analyses may be underpowered due to
smaller sample sizes within each subgroup. Also, we did not
include a control group with IV and IA saline administration
and DVT and PE were assessed clinically, so asymptomatic
cases or those with mild symptoms may have been missed.
Additionally, we routinely collected blood samples one day
before and one day after surgery, but more frequent
sampling could provide more precise data. Although our
ANCOVA model accounted for several demographic and
clinical covariates, we acknowledge that additional factors,
such as intraoperative blood loss, surgeon experience, and
patient adherence to rehabilitation protocols, could also
influence postoperative tube drainage. Since all procedures
were performed at a single institution following a
standardized protocol, variability due to surgical technique
and perioperative management was minimized. However,
we recognize that intraoperative blood loss and
rehabilitation adherence could not be fully controlled for in
this analysis. Future studies incorporating these additional
parameters may provide a more comprehensive
understanding of the determinants of postoperative
drainage after TKA with TXA administration. Also, studies
with larger cohorts or targeted subgroup analyses are
warranted to further validate these findings.

Conclusion
The combined use of TXA (1g IV before incision and 1g 1A
after wound closure) in TKA improved outcomes
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compared to [V TXA alone. Itreduced tube drainage (294.5
mL vs. 357.8 mL) and shortened hospital stays (5.26 days
vs. 5.79 days), without increasing thromboembolic risks.
The study's limitations include a small sample size, single-
center design, and the lack of a control group with saline,
which may affect the generalizability and detection of
asymptomatic complications. Overall, the combined TXA
approach offers a promising strategy for better patient
recovery and resource efficiency in TKA.
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