
Introduction
Total knee arthroplasty (TKA) is a commonly performed 
elective surgical procedure for patients with debilitating arthritis. 

The prevalence of TKA procedure is increasing, as it can reduce 
joint pain and improve joint function and quality of life in 
arthritis patients [1-3]. However, it is often associated with a 
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Introduction: Tranexamic acid (TXA) is an antifibrinolytic agent, thatagent that reduces substantial blood loss in total knee arthroplasty 
(TKA) surgeries without increasing the risk of thromboembolic complications. The purpose of our study was to assess the effectiveness and 
safety of the combined use of intravenousIV and topical TXAtranexamic acid in uncomplicated primary Total knee Arthroplasty (TKA) without 
complications.
Materials and Methods: In this prospective study, we enrolled 61 patients who underwent unilateral primary TKR and were randomly divided 
into two groups: Group I received intravenous (IV) TXA and Group II received both IV and intraarticular (IA) TXA. Patients assigned to Group 
I received IV TXA preoperatively 30 mins before surgery and postoperatively at 3 and 6 hours after surgery, whereas in the combined group, in 
addition to IV doses, topical TXA was applied as mop 2 g of TXA diluted in 30 mL of isotonic sodium chloride solution)  intraarticularly for 
about 5 minutes before closing the arthrotomy. We measured total blood loss (TBL), ) and mean reduction in haemoglobin (Hb) levels as 
primary outcomes. Transfusion rates, incidence of thromboembolic events (TE), and other adverse effects as secondary outcomes. Total blood 
loss TBL and Hb drops was were noted on the 3rd post-operative day. All the patients were followed-up for 6 months to note the incidence of 
deep venous thrombosisDVT and Thromboembolic Events (TE). An Iindependent t-test was used to evaluate between--group differences. P < 
0.05 as is the cut-off for statistically significant differences.
Results: The Total blood loss (TBL) in Group I was 780.05 ± 158.05 mL, compared to 660.80 ± 156.45 mL in Group II. (P < 0.001). The Hb 
drop was significantly lower in IV TXA group (2.3 ± 0.37) than the combined TXA group (1.40 ± 0.32). Furthermore, both groups required no 
transfusions. No thromboembolic complications was were noted postoperatively and at 6 6-month follow-up.
Conclusion: TXATranexamic acid in total knee replacement surgery effectively decreases blood loss and significantly reduces the need for 
blood transfusions. Based on our study, the combined use of intravenous (IV) and IAintraarticular TXA in total knee replacement was found to 
be superior in reducing blood loss and significantly reducing the need for blood transfusions in TKA.
Keywords: Total knee arthroplasty, blood loss, tranexamic acid, intraarticular route, intravenous route.

Abstract

Learning Point of the Article:
The efficacy and safety of intravenous alone with combined intravenous and intraarticular tranexamic acid.

Evaluating the Efficacy and Safety of Combined Administration of 
Systemic and Topical Tranexamic Acid in Total Knee Arthroplasty
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significant risk of blood loss which can lead to anemia, an 
increase in the rate of allogenic blood transfusions, and 
prolonged hospital stays. Blood transfusions lead to serious 
complications such as transfusion reactions, surgical wound 
infections, and immunological reactions. Furthermore, increases 
the length of stay in the hospital, thereby increasing the cost of 
treatment [4]. A prior comprehensive study revealed that TKR 
stands among the top 10 procedures in the USA that often 
necessitate blood transfusions. Moreover, there were blood 
transfusion-associated serious complications, such as wound 
infection, an increase in hospital stay, allogeneic blood reaction, 
in-hospital mortality [5-7], and deep venous thromboembolism. 
Hence, perioperative blood management strategies focus on 
minimizing blood loss and the need for blood transfusions. 
Preventing bleeding around the knee reduces post-operative 
pain, hemarthroses, limb swelling, and facilitates better post-
operative functional outcomes. The use of a tourniquet was a 
common practice in TKA surgeries to provide a bloodless field 
and to enhance visualization [8]. However, many studies have 
reported complications such as thigh pain, limb swelling, 
paralysis, delayed nerve recovery, and injury to soft tissue, 
muscles, calcified vessels, and nerves, related to tourniquet use 
[9-12]. Even the tourniquet use increases the risk of venous 
emboli and ischemic reperfusion injury [13].
Tranexamic acid (TXA) is a synthetic derivative of the amino 

acid lysine, known for its hemostatic properties [14, 15]. Its 
mechanism of action revolves around its ability to inhibit 
fibrinolysis, the process by which blood clots dissolves, thereby 
promoting clot stability and reducing bleeding. Hence, TXA has 
found widespread application in various medical specialties, 
including orthopedic surgery, trauma care, dentistry, and 
obstetrics [16, 17]. In orthopedic procedures such as TKA, TXA 
is frequently utilized to minimize intraoperative and post-
operative blood loss, thereby decreasing the need for blood 
transfusions and associated complications. Various studies 
confirmed the perioperative use of TXA provides a bloodless 
surgical field, reduces surgical drains, and thus prevents the need 
for allogeneic blood transfusion, and surgical drain [18-20].
Many studies have shown the different routes of administration 
of TXA including intravenous (IV), oral, and topical. IV 
administration is commonly employed for systemic delivery, 
providing widespread antifibrinolytic effects throughout the 
body. Topical application, on the other hand, involves direct 
placement of TXA at the surgical site, enabling targeted action 
and minimizing systemic ex posure.  W hi le  systemic 
administration of TXA has shown promising results in TKA, 
concerns regarding potential thromboembolic events (TE) have 
prompted interest in exploring alternative administration routes 
and dosages. Combining systemic and topical administration of 
TXA presents a novel approach that aims to increase its 

hemostatic effects while 
m i n i m i z i n g  s y s t e m i c 
exposure and associated 
r i s k s .  H e n c e ,  t h i s 
prospective study is aimed to 
ana l y ze  t h e  s a f e t y  an d 
efficacy of TXA in patients 
undergoing TKA.
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Table 1: Basic demographic data of patients.

Table 2: Analysis of blood loss data.
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Materials and Methods
This prospective, open-label, comparative clinical study was 
designed and conducted in the departments of orthopedics 
outpatient department (OPD). This is a single-blinded study 
where the participants are blinded. All patients attending 
orthopedic OPD with primary osteoarthritis of knee joints were 
assessed in the OPD and those willing for surgery were 
scheduled for elective surgery. All the consecutive unilateral 
TKA were randomly assigned to two groups in 1:1 ratio by 
simple randomization.

Inclusion Criteria
All adult patients aged between 50 and 80 years with Grade III 
and IV (Kellgren–Lawrence) osteoarthritis who were 
undergoing elective unilateral primary TKA were included in the 
study.
Exclusion criteria
The patients with,
1. Revision knee
2. Bilateral TKA
3. Post-traumatic arthritis
4. Inflammatory arthritis
5. Any additional procedure other than TKA 
6. A history of venous thromboembolic disease
7. Known allergy to TXA
8. Patients on anticoagulants or antiplatelet drugs,
9. Any underlying diseases such as cirrhosis, chronic renal 
failure, hemostasis, and
10. Pre-operative hemoglobin (Hb) <10 g/dL.
The study was conducted after the clearance from the 
Institutional Ethics Committee. This study was conducted in 
accordance with the principles of good clinical practice and the 
declaration of Helsinki for biomedical research involving human 
subjects. All the patients had provided written informed consent. 

R o u t i n e  l a b o r a t o r y  i n v e s t i g a t i o n s ,  c h e s t  X - r a y s , 
echocardiograms, and electrocardiograms (ECGs) were done. 
Before surgery, cardiologists and anesthetists evaluated the 
patient’s fitness status for surgery. Two units of packed cells were 
arranged in all cases before surgery. Based on the study by 
Pinsornsak and Chumchuen [21], the sample size was 
calculated.

TXA  administration
All the patients in both groups received a calculated dose of IV 
TXA (preoperatively 15 mg/kg 5–10 min before skin incision 
and 10 mg/kg postoperatively at 3 and 6 h after the first dose). 
Patients in Group II received both IV TXA and intraarticular 
(IA) TXA, along with IV TXA, a mop soaked in TXA solution 
(prepared by mixing 2g TXA in 100 mL of isotonic sodium 
chloride solution) was applied intraarticularly for 5 min before 
the closure of the incision.

Surgical procedure and perioperative management
All surgical procedures were done by the same surgeon through a 
minimally invasive sub-vastus approach under regional 
anesthesia. No tourniquet and no drain were applied in our study. 
All patients received antibiotic prophylaxis with IV cefuroxime 
1.5 g preoperatively followed by a post-operative oral dose of 750 
mg 8 hourly for the next 2 days. To reduce post-operative pain 
control and for early recovery, continuous femoral nerve block 
was given for 24 h. Then IV diclofenac sodium75 mg infusion 
was given in case of normal serum creatinine level, otherwise, 
injection of paracetamol 1000 mg infusion was given 8 hourly in 
raised creatinine level. As deep venous thrombosis (DVT) 
p ro phy la x i s ,  an  i njec t i o n  o f  en ox apar i n  wa s  g i ven 
postoperatively. Followed by factor Xa inhibitor rivaroxaban 10 
mg for 2 weeks along with tablet aspirin 75 mg for 4 weeks was 
given. Early mobilization and strengthening exercises were 
encouraged. For both lower limbs, below-knee stockings were 
advised for 6 weeks. 

Table 3: Comorbidities in patients of both groups.
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Outcome assessment
The primary outcomes were a reduction in total blood loss 
(TBL) and post-operative Hb drop. Hb was recorded on 3rd 
post-operative day. The post-operative Hb drop was determined 
from the difference between the pre-operative Hb and the post-
operative Hb level (3rd post-operative day before the patient was 
routinely discharged from the hospital). The TBL was calculated 
using Hb balance method based on patient blood volume (PBV), 
Hb loss, and the formula described in previous studies [14, 15]. 
The secondary outcomes were the blood transfusion rate and the 
i n c i d en ces  o f  s y m p to mat i c  DV T  an d  T E .  R o u t i n e 
ultrasonography for screening of DVT and TEs was not 
performed in all patients; instead, it was advised only in patients 
having symptoms of DVT such as pain, swelling, or presence of 
Hooman’s sign. All patients were followed up for 6 months to 
monitor the incidence of DVT and TE. The PBV can be 
calculated using the formula of Nadler formula [22]. HB loss was 
calculated from the difference between the pre-operative Hb and 
the post-operative Hb level on the 3rd post-operative day before 
the patient was discharged. Peri-operative blood loss was 
calculated by the Hb balance method indirectly.

Statistical analysis
The statistical analysis was performed using SPSS software 19. 
The continuous data with normal distribution were expressed as 
means±standard deviation. Independent t-test was used to 
evaluate between-group differences. P < 0.05 is the cutoff for 
statistically significant differences.

Results
A total of 67 patients were assessed in the ortho OPD and three 
patients with inflammatory arthritis, two patients with bilateral 
TKA, and one patient with post-traumatic arthritis were 
excluded from the study. At the end of the study, 61 patients 
underwent unilateral TKA and completed the study.
Their ages ranged from 50 to 80 years including 18 men and 43 
women with the mean age of in Group I was 67.10 ± 7.49 and 
67.41 ± 7.45 in Group II) (Table 1). There were no significant 
differences in pre-operative body mass index, Hb, between the 
two groups (Table 1). The TBL in Group I (IV TXA alone) was 
780.05 ± 158.05 mL, compared to 660.80 ± 156.45 mL in Group 
II (P < 0.001) (Table 2). The Hb drop was significantly lower in 
IV TXA group (2.3 ± 0.37) than the combined TXA group (1.40 
± 0.32) (Table 2). Blood transfusion was not needed in any group 
and no thromboembol ic  complicat ions  were  noted 
postoperatively. Table 3 shows the comorbidities of the patients. 
The results demonstrated a significant reduction in TBL, HBL, 
and maximum Hb drop in the combined IV and topical TXA 

group compared to IV alone group. No thromboembolic 
complications were noted postoperatively and at 6-month 
fol low-up.  None of  the pat ients  had post-operat ive 
complications such as nerve palsies, surgical wound infections, 
hemarthrosis, or skin necrosis.

Discussion
The present study had the following findings (1) TXA has 
demonstrated a significant reduction in TBL, maximum Hb 
drop, and transfusion rates (2) TXA reduces blood loss without 
an increase in thromboembolic complications. (3) Combined IV 
and topical TXA use has better efficacy and safety compared to 
IV alone group. A recent study [22] has reported the better 
efficacy of combined IV and topical TXA compared with topical 
TXA use alone. We conducted this study to evaluate the efficacy 
and safety of IV administration of TXA alone versus combined 
use of IV and IA TXA. We did not use a tourniquet in our study 
[9-12]. Because many studies have reported tourniquet-related 
adverse events, the current evidence does not support the use of 
tourniquets. A study has reported tourniquet-induced ischemic 
reperfusion injury resulting in atrophy [23]. The commonly 
used strategies in perioperative blood management include 
treating pre-operative anemia with IV iron preparations, 
perioperative TXA, and by restricting transfusion protocol 
postoperatively [24]. TXA can be administrated orally, through 
IV infusion, and by topical application. Literature supports TXA 
through any route can effectively reduce blood loss and 
transfusion rates in TKA [25-28]. Many literatures have reported 
that oral TXA as better regimen for reducing blood loss in TKA 
[29-31]. However, TXA is mainly administrated by IV infusion 
and topical application. In the present study, sub-vastus approach 
was employed and 15 mg/kg of TXA was administered IV, 5–10 
min before  sk in  inc i s ion,  and 10 mg/kg was  g iven 
postoperatively at 3- and 6- h after the first dose. For topical 
administration, a mop soaked in TXA solution (prepared by 
mixing 2g TXA in 100 mL of isotonic sodium chloride solution) 
was applied intraarticularly for 5 min before the closure of the 
incision. The dosing regimen in this study was based on previous 
studies [32-34] A two-dose regimen with a pre-operative dose 
and intraoperative dose is considered the least necessary regimen 
for effective reduction in drain loss and TBL [35]. A meta-
analysis which included 15 randomized controlled trials 
reported that IV TXA significantly reduced blood loss and blood 
transfusion units, without increasing the risk of DVT or 
pulmonary embolism [30].
A study by Gomez-Barrena et al. showed that topical application 
of TXA reduces blood loss in TKA. This study showed that 3 g of 
topical TXA is as effective as IV TXA (15 mg/kg TXA before 
releasing tourniquet and 3 h postoperatively) [25]. Previous 
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studies have shown that TXA has reduced drainage volume by 
about 50% [36-38]. About 10–15 mg/kg of TXA was given 
before the release of the tourniquet and in one study, the TXA 
was given before application of the tourniquet [39]. Venous 
thromboembolism (VTE) consists of pulmonary embolism 
(PE) and DVT, and it has been recognized as a significant issue in 
public health [40, 41]. The mortality rates associated with VTE 
after lower limb arthroplasty are minimal. Before 1980, the 
prevalence rate of VTE without prophylaxis was approximately 
15–30%. However, after the use of contemporary preventive 
techniques in 2001, this rate has been decreased to 1–2% [42]. 
The risk of VTE is greatly increased when undergoing total hip 
arthroplasty and TKA. Without proper prophylaxis, the 
estimated prevalence rate of VTE is 60% [43]. A meta-analysis 
compared combined IV and topical TXA and IV TXA and 
topical TXA. There was reduced TBL, hidden blood loss, 
drainage volume, a lower transfusion rate, and a lower HB drop 
(P < 0.05), and was not associated with a higher risk such as 
wound infection and DVT (P > 0.05) [44]. TXA did not have 
fibrinolytic activity in veins [37-39], that explains the reason for 
not increasing the incidence of DVT. Even in the present study, 
there was no TE in the 6-month follow-up period. This study has 

certain limitations. The sample size was small so we were 
underpowered to detect uncommon events such as VTEs. 
Moreover, routine Doppler to rule out DVT or any TEs was not 
done, instead guided by symptoms and signs of DVT or TEs. 
Hence further study in multicenter with larger samples is needed 
to draw conclusions.

Conclusion
We conclude that TXA in total knee replacement surgery 
effectively decreases blood loss and significantly reduces the 
need for blood transfusions. Based on our study, the combined 
use of IV and IA TXA in total knee replacement was found to be 
superior in reducing blood loss in TKA.

Clinical Message

Findings from our study underscore the positive functional 
outcomes achieved through surgical intervention utilizing posterior 
stabilization and fusion for spondylolisthesis, highlighting its 
potential as an effective treatment approach to enhance patient 
quality of life and alleviate symptoms.
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