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Abstract

Total arthroplasty is one of the most frequent procedures in orthopedic surgery, proven to
be an effective treatment that significantly improves patients' quality of life. However, it is
associated with considerable perioperative blood loss which can lead to suboptimal outcomes
and systemic complications. The aim of this study is to assess the total blood loss after the
application of tranexamic acid in patients undergoing total hip arthroplasty surgery. A total of 64
patients were included, divided into two groups: a test group where tranexamic acid was
administered intravenously and a control group where tranexamic acid was not used. The values
for total blood loss and erythrocyte volume loss were statistically significantly lower in the test
group. Blood loss in the control group was higher by an average of 482.19 ml. Erythrocyte loss
in the control group was higher by an average of 256.28 ml. The use of tranexamic acid as a
standard protocol in total hip arthroplasty is a safe and effective method to reduce total blood
loss. Ultimately, this results in a reduced need for blood transfusion, a decrease in potential risks

and complications associated with it, and the achievement of pharmacoeconomic benefits.

Key words: total hip arthroplasty, tranexamic acid
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Introduction

Total hip arthroplasty (THA) is a major orthopedic surgery and the only definitive
treatment for advanced hip osteoarthritis. It is associated with significant perioperative blood
loss, which can lead to unsatisfactory outcomes and systemic complications, especially in older
individuals [1,2]. Due to the high incidence of hip osteoarthritis, THA is one of the most frequent
interventions in orthopedic surgery with proven effective results, significantly improving the
quality of life for patients [3]. In the 1960s, THA revolutionized the treatment of osteoarthritis.
Advances in bioengineering technology, prosthesis design, materials, fixation durability (both
cemented and cementless prostheses), and minimally invasive surgery have resulted in excellent
long-term outcomes. It is no coincidence that THA is considered the surgery of the century [4].

One of the most common problems in THA is excessive bleeding and the large need for
blood transfusion [5]. Blood loss ranges from 1188 mL to 2000 mL [6,7,8,9,10]. However, it is
difficult to compare these values as there are many different formulas for calculating blood loss.
The prevalence of allogeneic erythrocyte transfusion reported by various authors ranges from
21% to 70% [11,12,13,14]. Blood transfusion is sometimes life-saving but is associated with
numerous risks, including transfusion-related lung injury, immunomodulation, pathogen
transmission, and wound infection [15,16,17]. Several methods are used to reduce blood loss
and, consequently, the need for transfusion, such as blood salvage, improved surgical hemostasis
techniques, minimally invasive surgery, and erythropoiesis stimulation with epoetin alpha. These
methods have proven effective, but each incurs additional costs [18].

Recently, pharmacological substances known as antifibrinolytics have been tested to
minimize blood loss in THA. Particularly, tranexamic acid, which is 7 to 10 times more potent in
inhibiting fibrinolysis than epsilon-aminocaproic acid [19]. Tranexamic acid is a synthetic
analogue of the amino acid lysine, known for its inhibition of fibrinolysis by reversibly binding
to 4 to 5 lysine receptor sites on plasminogen. This reduces the conversion of plasminogen to

plasmin, preventing fibrin degradation and preserving the fibrin matrix structure. This slows
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down the process of fibrinolysis [20]. Tranexamic acid does not systemically affect coagulation,
does not alter platelet count or function, nor does it affect activated partial thromboplastin time
or prothrombin time. After an intravenous bolus dose of 1 gram, maximum plasma
concentrations are achieved within 5 to 15 minutes, and it quickly diffuses into synovial fluid
and synovial membranes. Therapeutic plasma concentrations required for an 80% reduction in
plasminogen activity are 10 ng/ml. The intravenous dose of tranexamic acid at 10 mg/kg of ideal
body weight maintains these concentrations in plasma for up to 3 hours. After intravenous
administration, the elimination of tranexamic acid follows a triphasic exponential phase, with
over 95% excreted unchanged in the urine. The total cumulative excretion of the drug after
intravenous dosing is about 90% within 24 hours. The drug crosses the blood-brain barrier and
rapidly penetrates the joint fluid and synovial membranes. Excretion into breast milk is low,
constituting only 1% of the plasma peak concentration. It also crosses the placental barrier.
Tranexamic acid is well-tolerated, and side effects are rare, usually manifesting as nausea or
diarrhea. There are no mutagenic effects or adverse consequences for the fetus. Retinal changes
that may occur with toxic doses do not appear with therapeutic doses. Color perception
disturbances may occur, and in such cases, therapy should be discontinued immediately. It can
be administered intravenously, orally, and locally [21,22]. Although there is growing interest in
the use of tranexamic acid to minimize blood loss, there is still no widely accepted protocol for
its use in total hip arthroplasty.

Materials and Methods

This study is a prospective, single-center, clinical trial. Informed consent for voluntary
participation in the study and the procedure itself was obtained from the patients who underwent
total cementless hip arthroplasty. The research was conducted at the University Clinic for
Orthopaedic Diseases in Skopje, over a period of 12 months, involving 64 patients over the age
of 18, in whom the diagnosis of hip osteoarthritis was clinically and radiographically confirmed,
with an indication for surgical treatment. Only patients with normal hematologic status and
hemostasis were included. Patients were excluded if they had: coagulopathy, rheumatoid

arthritis, chronic anticoagulant and corticosteroid therapy, infectious diseases, malignancies, the
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need for revision surgery, hypersensitivity to tranexamic acid, coronary or vascular stents placed
for less than 6 months, deep vein thrombosis, fixation of endoprosthesis components with bone
cement, or intravenous or oral tranexamic acid therapy during treatment.

Prior to surgery, all patients had their height and weight measured, a complete blood
count, hemostasis tests, and an evaluation by the anesthesiologist. All patients received antibiotic
and antithrombotic prophylaxis with low molecular weight heparin according to protocol. A
Watson-Jones anterior-lateral approach to the proximal femur was used. The patients were
randomly divided into two groups. The first group was the control group, while the second group
was the experimental group, each consisting of 32 patients. In the control group, the established
surgical protocol for total hip arthroplasty at the Orthopedic Clinic in Skopje was followed. In
the experimental group, tranexamic acid was administered before the skin incision, according to
the recommended dosage, i.e., 1 gram of tranexamic acid via slow intravenous infusion (=1
ml/min). The indication for intraoperative erythrocyte transfusion was determined by the
anesthesiologist. The indication for postoperative erythrocyte transfusion was set when the
hemoglobin level dropped below 9 g/dL or when the patient exhibited clinical signs of anemia,
such as fatigue, palpitations, pallor, tachycardia, tachypnea, and hypotension.

During the study, preoperative values of erythrocytes, hemoglobin, and hematocrit were
recorded. Postoperative values recorded included the volume of the drainage pump on the day of
surgery and the first postoperative drain, measured using a digital scale, as well as the values of
erythrocytes, hemoglobin, hematocrit on the second and fifth postoperative day and the number
of transfusions. The total blood loss (TBL) was calculated using the Mercuriali formula. The
total blood volume (TBV) was calculated using the Nadler formula in milliliters, multiplied by
the difference between the preoperative hematocrit and the hematocrit on the fifth postoperative
day. In case of a transfusion, the volume of erythrocyte transfusion in milliliters was added to the
calculation [23,24]. The total blood loss using the Mercuriali formula is expressed in milliliters
of erythrocytes. To convert milliliters of erythrocytes to milliliters of blood, the volume of lost
erythrocytes is divided by the average hematocrit and multiplied by 100 [25].

TBL = (TBV) X (Hctpreop. — HCtsth postop. day) + €rythrocyte transfusion in mi
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For the calculation of TBV, the following formulas were used:
For males:

TBV =kl xh*+k2 xw+k3

where k1 = 0.3669, k2 = 0.03219, k3 = 0.6041

For females:

TBV =kl xh®>+k2 xw+Kk3

where k1 = 0.3561, k2 = 0.03308, k3 = 0.1833

h = height in meters;

w = weight in kilograms.

Results

This study included 64 patients, of which 32 (50%) were male and 32 (50%) were
female. The patients involved in the study were aged from 43 to 76 years, with an average age of

62.23 years. The demographic data of the patients are presented in Table 1.

Table 1. Demographic data of the patients in the experimental and control groups
X+ SD

(The values are statistically significant at p < 0.05)

Group Experimental Control Significance
Age (years) 63.06£8.61 61.41+6.82 NO
Body Mass Index 29.720+3.28 30.035+4.45 NO
Gender (male/female) 16/16 16/16 NO

t- test, No — no statistically significant difference; Yes — statistically significant at p < 0.05

Patients in the experimental group are older and lighter, but without statistical significance. Men
and women are equally represented in both groups.
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As part of the preoperative preparation, a complete blood count was performed for all patients.
The preoperative values of erythrocytes, hemoglobin, and hematocrit in the groups are presented in
Table 2.

Table 2. Demographic data of the patients in the experimental and control groups

X+ SD
Group Experimental Control Significance
Erythrocytes 10"/L 4.5219+0.4326 4.7003+0.3761 NO
Hemoglobin g/L 134.03+12.10 139.72+12.21 NO
Hematocrit 0.40481+0.03460 0.41009+0.03831 NO

(The values are statistically significant at p < 0.05)

The average values of erythrocytes, hemoglobin, and hematocrit were higher in the
control group, but without a statistically significant difference.

In the study, the total blood loss expressed in milliliters of erythrocytes was calculated
using the Mercuriali formula, and then converted into milliliters of blood. Table 3 shows the
average blood loss in both groups and the statistical significance.

Table 3. Average blood loss

Group Experimental Control Significance
X SD X SD
Erythrocytes (ml) 47491 216.07 731.19 227.49 Yes
Blood (ml) 1331.31 486.74 1813.50 537.35 Yes

t- test, No — no statistically significant difference; Yes — statistically significant at p < 0.05

The values for total blood loss and erythrocyte loss volume were statistically significantly
lower in the patients in the experimental group. Blood loss in the control group was higher by an
average of 482.19 ml. Erythrocyte loss in the control group was higher by an average of 256.28

ml.
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During the study, the number and timing of blood transfusions were recorded. Table 4
shows the distribution of transfusions performed during the intraoperative and postoperative
periods.

Table 4. Distribution of intraoperative and postoperative blood transfusions

Group Experimental Control
Intraoperative transfusion
2 4
Postoperative transfusion
5 25
Total 7 29

During the intraoperative period, 4 blood transfusions were performed in the control
group, which is 2 more than the number of transfusions performed in the experimental group.
During the postoperative period, the number of transfusions was significantly higher in the
control group. In the control group, 25 blood transfusions were performed during the

postoperative period, while in the experimental group, 5 blood transfusions were administered.
Discussion

Tranexamic acid is a synthetic amino acid that acts as a competitive inhibitor of
plasminogen and reduces fibrinolysis. Surgical trauma promotes the release of tPA (tissue
plasminogen activator), which activates fibrinolysis. Fibrinolysis is a process that is normally
inhibited 24 hours after surgery. However, antifibrinolytics such as tranexamic acid can block
the conversion process of plasminogen to plasmin in the early stages, thereby reducing
postoperative blood loss. Tranexamic acid is an antifibrinolytic agent with the potential to
significantly change how blood loss is managed during total hip arthroplasty. Tranexamic acid
has been used in total hip arthroplasty since 2000, but a standardized protocol has not yet been
established due to the high variability in administration methodology, dosage, duration, and

timing of administration. Tranexamic acid is well tolerated, and adverse effects are rare, usually
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manifesting as nausea or diarrhea. It has no mutagenic effects or adverse consequences for the
fetus. Retinal changes that may occur with toxic doses do not appear when therapeutic doses are
used [26,27].

In this study, the results obtained from both groups show a significant difference. The
experimental group had less blood loss by an average of 482.19 ml and less erythrocyte loss by
an average of 256.28 ml.

According to the results, the use of tranexamic acid in total hip arthroplasty results in
significantly lower blood loss. This will lead to a reduced need for transfusions, and
consequently, reduce the adverse effects and risks associated with transfusions, thus achieving a
pharmacoeconomic benefit.

Conclusion

The use of tranexamic acid as a standard protocol in total hip arthroplasty is a safe and
effective way to reduce total blood loss. This would ultimately result in a reduced need for blood
transfusions, a decrease in potential risks and complications associated with transfusions, and the

achievement of a pharmacoeconomic benefit.
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