
National Orthopaedic Hospital, Dala – Kano, Nigeria. The patients 
were randomized into 3 groups using online random team generator; 
(1) Intravenous group, (2) Intraarticular group and (3) Control group. 
RESULTS: The postoperative blood loss was significantly greater in 
the control group than in intravenous and intraarticular groups (p = 
0.02). Also, the postoperative fall in Hb level and the need for blood 
transfusion were significantly higher in the control group than in 
intravenous and intraarticular groups (0.00). However, Intravenous 
and Intraarticular groups did not differ significantly in terms of the 
measured variables. There was no significant difference between the 
preoperative and postoperative platelet counts (p = 0.81), INR (p = 
0.21) and serum creatinine (p = 0.39) in all the three study groups.
CONCLUSION: Intravenous and intraarticular tranexamic acid 
were equally effective and safe for reducing blood loss after TKA.
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INTRODUCTION
Perioperative blood loss has been a problem in contemporary 
arthroplasty because up to 1000 mL to 1500 mL of blood is 
commonly lost and the consequences of such blood loss impact 
negatively on both the individual patient and the healthcare system in 
general, as it may be associated with symptomatic anaemia requiring 
blood transfusion[1,2]. Blood transfusion is a life-saving procedure 
in acute hemorrhage. However, it is expensive and associated with 
many hazards including risk of infections, immune suppression, 
anaphylaxis, volume overload, and transfusion - related lung injury, 
to mention just a few[3].
    Various methods have been tried to reduce perioperative blood loss; 
including tourniquet use, hypotensive anesthesia, intraoperative blood 
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ABSTRACT
Total knee arthroplasty (TKA) is associated with significant 
postoperative blood loss necessitating blood transfusion. Tranexamic 
acid is an antifibrinolytic drug that has shown good efficacy in 
reducing this postoperative morbidity. Although, the most commonly 
used route of administration is intravenous; the optimal route of 
administration has not been agreed upon.
AIM: The aim of this study was to evaluate and compare the efficacy 
and safety of intravenous and intra-articular administration of 
tranexamic acid in reducing blood loss following TKA. 
METHOD: The study was a prospective, interventional; randomized 
controlled study involving 63 patients who underwent unilateral 
uncomplicated TKA for severe osteoarthritis of the knee at the 
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salvage, and the use of diathermy[4]. Total knee arthroplasty (TKA), is 
often carried out using a tourniquet to minimize intraoperative blood 
loss. However, its application transiently activates fibrinolysis by 
enhancing the release of tissue plasminogen activator (t-PA) which 
is responsible for significant postoperative blood loss following 
total knee arthroplasty. The use of antifibrinolytic drugs such as 
tranexamic acid has been established to reduce this complication[5].
    There are many peer-reviewed studies published to evaluate the 
effectiveness of tranexamic acid in total hip and knee arthroplasties. 
Meta-analyses of these literatures have convincingly demonstrated 
that the use of tranexamic acid (intravenous and intraarticular) 
reduces blood transfusion rate, does not increase the prevalence of 
thromboembolic events and does not affect the clotting profile[6, 7].
    Plasma levels after topical application of tranexamic acid are 
approximately 70% less than intravenous administration of equivalent 
dose. Therefore, because tranexamic acid acts locally in the wound, 
its topical application may be superior to intravenous administration 
especially in patients with renal insufficiency and other systemic 
morbidities[6].

PATIENTS AND METHODS
The study was a prospective, interventional, randomized, controlled 
study involving 63 patients who underwent unilateral uncomplicated 
TKA for severe osteoarthritis of the knee at the National Orthopaedic 
Hospital, Dala - Kano, Nigeria between September 2016 and 
December 2018 and who consented to be part of the study. The 
patients were randomized into 3 study groups: (1) control, (2) 
intraarticular and (3) intravenous groups using online random team 
generator.
    The following category of patients were excluded: (1) History of 
allergy to tranexamic acid; (2) Preoperative anaemia of haemoglobin 
less than 10g/dL; (3) Bilateral TKA at the same sitting; (4) 
Preoperative use of anticoagulant; (5) Thrombocytopaenia < 100,000/
mL3; (6) Deranged clotting profile with INR > 1.4; (7) History of 
thromboembolic disease; (8) Renal insufficiency. The study was 
carried out after approval by the Hospital Research Ethic Committee. 
Data analysis was performed using Statistical package for social 
sciences (SPSS) version 20 for Windows (Microsoft Corporation, 
Redmond WA). Chi-square test was used to compare all categorical 
variables. Two-sided independent t-test and one-way ANOVA were 
used to compare all normally distributed continuous variables. 
Statistical significance was defined as p < 0.05.

RESULTS
During the study period, a total of 74 total knee arthroplasties were 
performed on 64 patients. Ten patients had simultaneous bilateral 
TKA and were excluded from the study. Another one patient was 
also excluded because of renal impairment with serum creatinine 
of 129μmol/L. Each of the remaining 63 patients recruited into the 
study were followed up for at least 1 year and the findings were as 
documented below.

    The table 1 below shows the demographic characteristics of all the 
three study groups. There were no significant differences in the mean 
age and sex distribution of the three study groups. 
    Table 2 below shows the patients’ preoperative baseline 
investigation results. The preoperative hemoglobin concentration, 
platelet count, serum creatinine and INR were not significantly 
different in the three study groups.
    In this study, as shown in the table 3 below, there was significant 
difference in postoperative blood loss between the control group and 
tranexamic acid groups (p < 0.05). However, there was no significant 
difference in blood loss between the intravenous and intraarticular 
tranexamic acid groups (p > 0.05). Similarly, the postoperative 
drop in Hb level was significantly higher in the control group, but 
there was no significant difference between the two tranexamic acid 
groups. 
    The need for blood transfusion was significantly higher in the 
control group where 16 (72.7%) patients were transfused with a total 
of 34 units of blood. However, there was no significant difference 
in the need for blood transfusion in both tranexamic acid groups 
where 3 patients (14.3%) were transfused with a total of 4 units in 
intraarticular group and 4 patients (20%) were transfused with 5 units 
in intravenous group (Figure 1).
    Table 4 below shows that there was no significant difference 
between the preoperative and postoperative platelet counts, INR and 
serum creatinine in all the three study groups (p > 0.05). 
    Figure 2 below illustrates the postoperative complications in 
the 3 study groups. Two (9.1%) patients in the control group, 2 
(9.1%) patients in intravenous group and one patient (4.5%) in the 
intraarticular group developed asymptomatic DVT detected from 
routine postoperative doppler ultrasonography. One (4.5%) patient 
in the control group had superficial surgical site infection which was 
managed by local wound care and a course of oral antibiotics based 
on sensitivity pattern. Another patient (4.5%) in the control group 
developed prosthetic joint infection which was managed successfully 
with exploration, joint irrigation and parenteral antibiotics therapy. 
One (4.5%) patient in IA group developed haematoma noticed 6 days 
postoperatively and was treated successfully by wound exploration 
and haematoma evacuation.

DISCUSSION
The incidence of transfusion requirement following unilateral TKA 
has been reported to range from 11% to 67%[4]. There have been 
numerous studies and meta‑analyses to evaluate tranexamic acid as 
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Table 1 Patients’ Demographic Characteristics.
Control 
(n = 22)

IA Group 
(n = 21)

IV Group 
(n = 20) P value

Mean Age ± SD (Years) 65.7 ± 5.1 66.3 ± 6.6 68.3 ± 8.7 0.48

Sex

M 9 8 8
0.25

F 13 13 12

n: Group size, IA: Intra-articular, IV: Intravenous

Table 2 Patients’ Baseline Laboratory Parameters.

Laboratory Parameters Control (n = 22) (Mean ± SD) IA Group (n = 21) (Mean ± SD) IV Group (n =20) (Mean ± SD) P value

Preoperative Hb (g/dl) 12.2 ± 1.0 12.5 ± 1.1 12.4 ± 1.0 > 0.05

Preoperative INR 0.99 ± 0.09 0.97 ± 0.05 0.96 ± 0.06 > 0.05

Preoperative Plat (x109/l) 226.59 ± 49.14 232.33 ± 51.24 217.45 ± 35.40 > 0.05

Preoperative Cr (μmol/L) 88.91 ± 9.64 89.38 ± 7.89 89.85 ± 5.05 > 0.05

IA: Intraarticular, IV: Intravenous, Hb: Haemoglobin, INR: International Normalized Ratio, Plat: Platelet, Cr: Creatinine.
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Figure 1 Frequency of blood transfusion in the three study groups.

Figure 2 Postoperative Complications.

Table 3 Comparing the blood loss, postoperative drop in Haemoglobin.
Control (n = 22) 
Mean ± SD

IA (n = 21) 
Mean ± SD

IV (n = 20) 
Mean ± SD

P 
value

Blood loss (mL) 733.41 ± 134.51 442.14 ± 93.87 477.50 ± 147.86 0.02

Fall in Hb (g/dL) 3.93 ± 0.92 2.47 ± 0.78 2.51 ± 0.73 0

Table 4 Comparing Preoperative & Postoperative Laboratory Parameters.

Control (n= 22) Mean ± SD IA Group (n = 21) Mean ± SD IV Group (n= 20) Mean ± SD

Preoperative Pl (x109/l) 226.59 ± 49.14 232.33 ± 51.24 217.45 ± 35.40

Postoperative Pl (x109/l) 230.23 ± 43.72 215.43 ± 33.53 214.65 ± 28.52

Preoperative Cr (μmol/L) 88.91 ± 9.64 89.38 ± 7.89 89.85 ± 5.05

Postoperative Cr (μmol/L) 89.50 ± 8.57 89.57 ± 8.93 88.85 ± 9.01

Preoperative INR 0.99 ± 0.09 0.97 ± 0.05 0.96 ± 0.06

Postoperative INR 0.97 ± 0.04 0.96 ± 0.03 0.99 ± 0.08

a means of reducing operative blood loss[8,9,10]. The current study was 
also able to demonstrate that tranexamic acid significantly reduces 
postoperative blood loss, hemoglobin drop, and the need for blood 
transfusion in patients who underwent primary uncomplicated 
unilateral TKA (p < 0.05). However, the study did not find any 
significant difference between intravenous and intraarticular 
tranexamic acid groups (p > 0.05). This is in conformity with what 
has been found by the previous researchers[2,11].
     It has been sufficiently shown that tranexamic acid administration is 
a useful tool to decrease postoperative blood loss in major orthopedic 
surgeries[12,13]. However, in spite of several studies performed, the 
most appropriate route of tranexamic acid administration remains 
controversial. In topical administration, the drug is directly applied 
to the bleeding vessels thereby induces microvascular hemostasis by 
preventing dissolution of the fibrin clot [14,15].
    Sohrab et al[11] reported a randomized controlled trial of 120 
patients who underwent unilateral total knee replacement and found 

similar results with the present study. Their methodology was similar 
to the present study except in the following respects: (1) only one 
surgeon performed all their surgeries as against 2 surgeons in the 
present study; (2) all their surgeries were performed routinely under 
general anaesthesia as against spinal anaesthesia in the present 
study; (3) Five hundred milligrams of tranexamic acid was used for 
intravenous group and 3g for intraarticular group as against 1g to 
both intraarticular and intravenous groups in the present study. 
    Patel et al[2], in a randomized controlled study of 100 patients who 
were given tranexamic acid to reduce blood loss after total knee 
arthroplasty demonstrated that topical (intraarticular) tranexamic 
acid has a similar efficacy to intravenous tranexamic acid in reducing 
perioperative blood loss following primary TKA. Their primary 
outcome measure, the drop in hemoglobin level was not statistically 
different between the two groups, resulting in a non-inferior 
therapeutic result for the use of topical tranexamic acid, compared to 
intravenous administration. Fall in haemoglobin was probably used 
as primary outcome measure in their study as against drain output 
in the present study because tourniquet was released before wound 
closure. This might have led to varying degree of intraoperative 
blood loss which their study did not account for. Similarly, Wang et 
al[16] in a meta-analysis showed that topical tranexamic acid is similar 
to intravenous tranexamic acid administration in reducing blood loss 
and rate of transfusion without compromising patient safety. The 
primary outcome measure of the present study was total drain output 
which is a better outcome measure than postoperative haemoglobin 
concentration in detecting postoperative blood loss. 
    On the contrary; Pispati et al[6] in India found that the average 
decrease in hemoglobin was significantly more for the intravenous 
group (average 1.6 g/dL, range 0.8‑2.8 g/dL) than the topical group 
(0.9 g/dL, range 0.4‑2.0 g/dL) (p < 0.05) but no significant difference 
in drain output, the need for blood transfusion and the number of 
blood units transfused in both study groups. The significant difference 
between intravenous & intraarticular groups noted by Pispati et al 
might be as a result of difference in methodology. They practiced 
deflation of tourniquet at the end of cementation, careful hemostasis, 
and wound closure followed by drug delivery by injection. They 
believe this leads to better hemostasis and importantly identification 
of any inadvertent large vessel leak. In this study however, the drug 
was given just before the tourniquet was released which was done 
after wound is closed and dressed. 
    Other researchers who found better outcome for intraarticular 
than intravenous administration include Hamlin et al[17] and Seo et 
al[18]. Hamlin et al. showed that topical (intraarticular) tranexamic 
acid diminished the rate of transfusion compared to intravenous 
tranexamic acid in patients who underwent primary TKA (0% versus 
2.4%). In that study, 1g of tranexamic acid was used for intravenous 
group while 3g of tranexamic acid was used for intraarticular group. 
This significant dosage disparity might be responsible for the favor of 
intraarticular over intravenous administration.
    Seo et al[18] also found that topical tranexamic acid was more 
effective in terms of reducing blood loss and the frequency of blood 
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transfusion in patients with TKA. Their study was done using 
extramedullary minimally invasive techniques; so it may be difficult 
to compare their results to the current study, which utilized more 
conventional TKA techniques with intramedullary instrumentation. 
    In a systematic review and meta-analysis which included 14 
randomized controlled trials (11 in knee replacement, two in hip 
replacement and one in both) which investigated the effect of topical 
tranexamic acid on blood loss and rates of transfusion; Alshryda et 
al[12] showed that the indirect comparison of topical and intravenous 
tranexamic acid indicated that topical administration is a more 
appropriate route. However, no study was found to demonstrate 
superiority of intravenous over intraarticular tranexamic acid 
administration for reducing blood loss.
    Tranexamic acid was associated with lower allogenic blood 
transfusion rates and blood loss in hip and knee arthroplasty patients. 
Avoidance of allogenic blood transfusions has economic benefits and 
minimizes the risk of related infections and other adverse reactions 
and is associated with reduced morbidity and shorter hospital 
stays[19,20]. 

    In this present study, there were no significant differences between 
preoperative and postoperative renal function (serum creatinine) 
and blood coagulation (INR) in all the 3 study groups. Most studies 
used clinical suspicion as a trigger point for further investigation of 
possible thromboembolic events. Therefore, the incidence of deep 
venous thrombosis observed in such studies may be lower than the true 
occurrence.[2] In this present study however, routine preoperative and 
postoperative doppler ultrasonography of the lower limb was done 
for all patients. This was to be able to detect even the asymptomatic 
cases of DVT but this study did not show any particular risk of deep 
venous thrombosis (DVT) following the use of tranexamic acid.
    Two (9.1%) patients in the control group, 2(9.1%) patients in 
intravenous group and one patient (4.5%) in the intraarticular group 
developed asymptomatic DVT detected from routine postoperative 
doppler ultrasonography. They were treated with Subcutaneous 
Clexane 1 mg/kg/day for 2 weeks followed by oral Pradaxa 
(Dabigatran) 220 mg daily for 1 month. None of the patients 
developed any symptom of venous thromboembolism.
    One (4.5%) patient in the control group had superficial surgical site 
infection which was managed by local wound care and a course of 
oral antibiotics based on sensitivity pattern. In a study of 86 patients 
by Pispati et al6 in which 40 of them received IV administration while 
46 received topical administration of tranexamic acid and all patients 
were given equal dose of 1 g of tranexamic acid; there was evidence 
of postoperative infection in two cases each of the intravenous group 
(0.5%) and topical (intra-articular) group (0.43%). Also, two cases 
each of DVT for topical (0.43%) and IV group (0.5%) were recorded 
and no cases of symptomatic pulmonary thromboembolism in either 
of the groups.
    Complications rate are similar for all the three groups in our 
study. This is also comparable to all other previous studies of 
tranexamic acid. Special emphasis was given to any increased risk of 
thromboembolic event since this is the greatest theoretical risk of this 
drug. But like most other studies, the present study also confirmed 
that tranexamic acid, even topically has no increased risks of venous 
thromboembolism when used within therapeutic dose.
    The infection rate is kept low by observing strict aseptic 
techniques, judicious use of prophylactic antibiotics, keeping 
operating room clean and keeping patients in the wards away from 
those for infected patients[21].
    One (4.5%) patient in IA group developed haematoma in the 
present study. The haematoma was noticed 6 days postoperatively 

and was treated successfully by wound exploration and haematoma 
evacuation. The cause of the haematoma was however not known as 
the protocol was not different from all other patients and the patient 
did not have clothing derangement. The Robert Jones dressing has 
enjoyed widespread popularity as a postoperative or post-traumatic 
bandage to prevent wound haematoma. It refers to a “pressure crepe 
bandage over copious wool dressing” which is applied to the knee of 
patient after trauma or surgery[22]. By supporting the soft tissues, the 
Robert Jones dressing relieves pain and may facilitate healing and 
when used properly, it diminishes oedema of the extremity and limit 
effusions and haematoma formation[22].
    The strengths of this study include: (1) the study is a prospective 
randomized controlled study, (2) routine preoperative and 
postoperative creatinine levels; clotting profile and doppler USS 
were done to objectively look for the risks of renal impairment, 
coagulopathy and deep venous thrombosis respectively; (3) Only two 
surgeons performed all the surgeries using the same protocol. The 
weakness of the study however is that the study is a hospital based.
    It is concluded that tranexamic acid use is effective and safe in 
reducing blood loss after total knee arthroplasty (TKA). However, 
there is no difference in the efficacy and safety of intra-articular 
versus intravenous administration of tranexamic acid in reducing 
blood loss after TKA.

Ethical approval
The study was carried out after approval from the hospital research 
ethics committee (HREC).

Informed consent
Informed consent was obtained from the patients using a standard 
informed consent format.
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