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Abstract
Background

Total hip arthroplasty (THA) is the most successful orthopedic elective surgical procedure for end-stage hip
arthritis. THA is linked with significant blood loss, ranging from 1,188 to 1,651 mL, and a transfusion rate of
16-37%, which frequently results in postoperative blood transfusions. Postoperative blood transfusions can
be avoided by using autologous blood transfusion, intraoperative blood saving, local anesthetic, hypotensive
anesthesia, and antifibrinolytic medications such as tranexamic acid (TXA) administration.

Methodology

A double-blinded, placebo-controlled, randomized, controlled study was conducted with three prospective
groups to investigate the efficacy of topical and systemic routes of a single intraoperative dose (1.5 g) of
TXA. Patients were recruited from our center between October 2021 to March 2022 who were undergoing
primary total hip replacement. Estimated blood loss was calculated and compared in groups, and a p-value
of <0.05 was taken as significant.

Results

A total of 60 patients were recruited in our study. Estimated blood loss was similar in both treatment groups,
816.8 £219.9 mL in the systemic TXA group and 775.5 * 107.2 mL in the topical TXA group. The placebo
group had 1,066.3 £ 150.4 mL estimated blood loss, which was significantly higher compared to the
treatment groups.

Conclusions

Administration of TXA (1.5 g) significantly lowers blood loss without increasing problems, which can
eliminate concerns about intravenous TXA use. TXA reduces blood loss by 270 mL on average.

Categories: Orthopedics
Keywords: total hip arthroplasty (tha), packed red blood cell transfusion, hip and knee replacement, postoperative
blood loss, intravenous tranexamic acid

Introduction

Total hip arthroplasty (THA) is one of the most successful orthopedic elective surgery for end-stage hip
arthritis [1]. THA has several advantages and greatly improves patients’ quality of life. Patients can perform
a wide range of daily activities due to painless hip motions, allowing them to live a normal life. THA is
associated with considerable blood loss of between 1,188 ml and 1,651 mL [2] and a transfusion rate as high
as 16-37%, as reported in the literature [3,4]. The risks and negative effects of perioperative transfusions
include the transmission of infectious organisms, hemolytic transfusion reactions, and short-term mortality
[5,6]. Postoperative blood transfusions can be avoided by using autologous blood transfusion, intraoperative
blood saving, local anesthetic, hypotensive anesthesia, and antifibrinolytic medications such as tranexamic
acid (TXA) administration [7]. TXA, a synthetic lysine derivative, lowers fibrinolysis activity by competitively
obstructing lysine binding sites on plasminogen molecules. The body’s capacity to hold onto blood clots is
enhanced by TXA. As a result, bleeding is reduced more effectively. The effectiveness of intravenous TXA
has been studied in several THA trials [8,9] and meta-analyses, which have shown it to be effective. TXA may
reduce transfusions and blood loss after THA without raising thromboembolic events [10,11]. Recently, total
knee arthroplasty has seen a rise in the local use of TXA, which has been shown to reduce blood loss. On the
other hand, the effectiveness of TXA in THA is still up for debate. While some studies found that TXA
reduced blood loss more effectively [12-21], others found no differences in the rates of transfusion between
the two groups [22-25]. This study aimed to determine whether local TXA reduced blood loss during hip
replacement surgery better than systemic TXA.

Materials And Methods
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Three prospective groups participated in the study to examine the effectiveness of topical and systemic
delivery of a single intraoperative dose (1.5 g) of TXA. For the systemic TXA, local TXA, and placebo groups,
the allocation ratios were 1:1:1. Patients receiving primary total hip replacements were included from our
center between October 2021 and March 2022. Patients were not included if they had a history of thrombosis
or a risk of developing it, refused blood transfusions, had a known allergy to TXA, had an active
thromboembolic disease, were pregnant or nursing, were on anticoagulant therapy within five days of
surgery, or had severe renal failure. Surgery was performed by a single surgeon using the modified Hardinge
approach. The study drug was administered intracapsular after the capsule was closed, followed by the usual
closure in layers. In addition to injecting the intracapsular study drug, the anesthesiologist also
administered the intravenous study drug, as mentioned in Table 1.

Group Intervention

Intracapsular: After placement of the implant and closure of the capsulotomy, 20 mL of normal saline is injected intracapsular,

A
followed by standard closure. Intravenous: 1.5 g TXA

B Intracapsular: After placement of the implant and closure of the capsulotomy, 1.5 g TXA in 20 mL is injected intracapsular,
followed by standard closure. Intravenous: 20 mL normal saline

c Intracapsular: After placement of the implant and closure of the capsulotomy, 20 mL of normal saline is injected intracapsular,

followed by standard closure. Intravenous: 20 mL normal saline

TABLE 1: Study groups.

TXA = tranexamic acid

Estimated blood loss was calculated using the difference between preoperative hemoglobin (Hb) and the
final Hb before discharge, or, at the latest, day three (EBL). The formula by Good et al. was used to calculate
the EBL [26]. The amount of Hb lost (in g) was determined using the following formula: Hbloss = BV x (Hbi -
Hbe) x 0.001 + Hbt, where Hbi (g/L) is the Hb levels before the surgery, Hbe (g/L) is the Hb levels on the third
day following the surgery, and Hbt (g) represents the total amount of allogeneic Hb transfused. Hbloss (g)
represents the amount of Hb lost. Using Nadler’s method, which takes into account the patient’s gender,
weight, and height [27], the estimated blood volume (mL) was computed. A blood bank unit was thought to
have at least 35 g of Hb: Estimated blood loss = 1,000 x Hbloss / Hbi.

A Hb of 80 g/L was considered to be an indication that blood products should be transfused.

Measurements included transfusion rates, the average length of stay, 30-day readmissions, and
complications. Deep vein thrombosis (DVT) with symptoms, pulmonary embolism (PE), and infection were
considered to be complications.

The sequences were obtained by a separate biostatistician. After that, pre-programmed group instructions
for the placebo, intracapsular, and systemic groups were each given the sequence in a 1:1:1 ratio. These were
then randomly split into three groups using computerized randomization.

The chi-square test, one-way analysis of variance (ANOVA), followed by Tukey post hoc test, and paired t-
test were used to analyze the variables.

Results

A total of 60 patients were recruited in our study. The demographic and clinical characteristics are presented
in Table 2. The most common indication for primary THA was avascular necrosis (AVN) of the head of the
femur. In total, 36 patients in our study had AVN, eight had infective arthritis of the hip joint, seven had
systemic arthritis (AS/RA) with secondary osteoarthritis (OA) of the hip joint, three had post-traumatic
arthritis, and six had failed fracture neck femur as the diagnosis. The most common cause of AVN of the
head of the femur was idiopathic in 18 patients, followed by steroid intake in seven, smoking/alcoholism in
eight, and post-traumatic (hip dislocation/fracture neck femur) in three.
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Patient characteristics A (n =20) B (n =20) C (n=20)
Age (years) 39.20+10.78 44.00 + 16.12 41.30+15.13
Gender (male:female) 14:6 10:10 12:8

TABLE 2: Demographics

Preoperative mean Hb level was 133.4 * 16.26 g/L in group A, 131.8 + 14.83 g/L in group B, and 129.9 + 14.85
g/L in group C. No significant difference was found in the mean Hb level among the groups (p = 0.771).

At postoperative day three, the mean Hb level was 111.0 + 13.70 g/L in group A, 111.5 = 12.18 g/L in group B,
and 100.20 % 7.67 g/L in group C. A significant difference was found in the mean Hb level among the groups
(p = 0.004). It was the maximum in group B and the minimum in group C (Figure I).
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FIGURE 1: Intergroup and intragroup comparison of hemoglobin (Hb)
levels.

Further intragroup comparisons showed significant changes in group A (p < 0.001), group B (p < 0.001), and
group C (p < 0.001) (Table 3).

Group A Group B Group C ANOVA
Group

Mean SD Mean SD Mean SD F-value P-value
Preoperative Hb (g/L) 133.40 16.26 131.80 14.83 129.90 14.85 0.26 0.771
Postoperative day three Hb 111.00 13.70 111.50 12.18 100.20 7.67 6.19 0.004
Intragroup t=14.713, p < 0.001 t=24.723, p <0.001 t=16.881, p <0.001

TABLE 3: Intergroup and intragroup comparison of hemoglobin levels.

ANOVA = analysis of variance; Hb = hemoglobin

Comparison of Hb levels on day three between pairs of groups showed that there was a significant difference
between group A and group C (p = 0.012) and between group B and group C (p = 0.008). However, no
significant difference was found between group A and group B (p = 0.990) (Table 4).
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Postoperative day three Hb

Group pair

Mean difference SE P-value
Group A Group B -0.50 3.63 0.990
Group A Group C 10.80 3.63 0.012
Group B Group C 11.30 3.63 0.008

TABLE 4: Pairwise comparison of hemoglobin levels on day three.

Hb = hemoglobin; SE = standard error

Analysis of outcomes and complications of study groups is presented in Table 5.

Outcomes and complications A (n=20) B (n = 20) C (n =20) P-value
Perioperative fluids (mL) 1,575.00 1,250.00 1,525.00 0.002
Blood transfused (yes:no) 4:16 4:16 10:10 -
Number of units transfused 1 1 1.4 0.143
Length of stay 7.20 7.90 8.70 0.563
DVT 0 0 0 -

PE 0 0 0 -
Superficial wound infection 4 5 4 -

TABLE 5: Secondary outcomes and complications.

DVT = deep vein thrombosis; PE = pulmonary embolism

Estimated blood loss was the maximum in group C and was found to be statistically significant when
compared with other groups (Table 6, Figure 2).

Estimated blood loss (mL) One-way ANOVA
Group

Mean SD F-value P-value
Group A 816.8 219.9
Group B 775.5 107.2 18.01 <0.001
Group C 1,066.3 150.4

TABLE 6: Intergroup comparison of estimated blood loss.

ANOVA = analysis of variance
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FIGURE 2: Intergroup comparison of estimated blood loss.

The post hoc comparison of estimated blood loss between pairs of groups showed that there was a
significant difference between group A and group C (p < 0.001) and between group B and group C (p <
0.001). However, no significant difference was found between group A and group C (p = 0.712) (Table 7).

Estimated blood loss

Group pair

Mean difference P-value
Group A Group B 41.30 0.712
Group A Group C -249.53 <0.001
Group B Group C -290.84 <0.001

TABLE 7: Paired comparisons of estimated blood loss.

Discussion

TXA in various studies has shown a reduction in postoperative blood loss and the need for blood
transfusions in hip and knee arthroplasty [10,20,25]. Interest has been aroused by recent studies assessing
the effectiveness of topical TXA administration in knee and hip arthroplasty [12,20]. In this study, we
compared the topical administration of TXA with the intravenous route and placebo in light of the evidence
for systemic TXA. TXA is a synthetic derivative of the amino acid lysine that inhibits the production of
plasmin by blocking the lysine binding sites on plasminogen molecules [28]. A thorough review and meta-
analysis have shown that intravenous TXA is effective in reducing transfusion rates and blood loss in THA
[10]. The potential for thromboembolism in high-risk patients undergoing arthroplasty and the safety of
systemic TXA administration remains a concern. After joint replacement, topical TXA therapy may be a safer
delivery technique with comparable efficacy but much reduced systemic absorption and, thus, a lower risk of
thromboembolic complications [29]. TXA was administered topically, which had the benefit of directly
targeting the surgical site with the maximum concentration of TXA in the joint without systemic side
effects. There is currently a dearth of information on the use of topical TXA in THA, despite recent meta-
analyses supporting the use of intravenous TXA to reduce postoperative blood loss in THA [20].

Estimated blood loss was our primary outcome [26]. Patients receiving TXA experienced roughly 270 mL less
blood loss on average regardless of the administration route than patients who did not receive TXA. There
were significant differences in blood loss between the topical TXA and placebo groups in this analysis and
between the systemic TXA and placebo groups. Apart from patients who are at high risk of cardiac and
thromboembolic problems, topical administration of TXA is a good alternative delivery method and might
even be superior for all patients undergoing hip replacement. In a double-blind, randomized controlled trial,
Alshryda et al. examined the impact of topical TXA on blood loss in 161 patients undergoing THA and
discovered that it was effective in reducing blood loss and the need for blood transfusions [20]. To assess the
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impact of topical TXA in THA, Yue et al. also conducted a randomized double-blind controlled experiment
[19]. Their findings revealed that 3 g of topical TXA may significantly lower blood loss, drain output,
transfusion rates, and Hb levels.

This study has several limitations. The success of topical TXA relies heavily on the watertight closure of the
capsulotomy wound. As a result, the blood loss seen in this study may be underestimated. Estimated blood
loss is calculated using an indirect method that involves preoperative Hb and serial postoperative Hb
readings.

Conclusions

This study found that topical administration of TXA (1.5 ) significantly lowers blood loss without increasing
problems, which can eliminate concerns about intravenous TXA use. TXA lowers blood loss by 270 mL on
average. We recommend the topical use of TXA in THA cases to decrease blood loss. Evidence also supports
the use of TXA to reduce blood loss and the risk of blood transfusion after primary THA.
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