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IntroductionIntroduction

Total knee arthroplasty (TKA) alleviates pain and 
restores physical functioning in arthritic knees. 
However, it can be associated with significant 
postoperative bleeding leading to increased morbidity. 
Blood loss after TKA often amounts to 800-1200 mL.[1,2] 
Blood transfusion is frequently required but there is 
always an increased concern about the risks of blood 
transfusion, which include the transmission of viral 
diseases, such as human immunodefi ciency virus, 
hepatitis and cytomegalovirus, as well as transfusion 
reactions.[1,3-11] 

Various surgical and anesthetic methods are 
described, but blood conservation can also be 
achieved by pharmacological means. After any 
surgery, the fibrinolytic system is transiently 
activated[1] and the use of a tourniquet also induces 
local fi brinolysis. In TKA, postoperative bleeding 
is attributed to diffuse microvascular bleeding as 
a result of increased fi brinolytic activity caused 
by releasing of the tourniquet, which is routinely 
applied to provide appropriate surgical fi eld during 
surgery.[1,3,6,8,10,11] Tranexamic acid (TEA) produces 
antifi brinolytic effects by competitively inhibiting 
the activation of plasminogen to plasmin.[12,13]

The objective of the proposed study was to 
determine the role of TEA, an antifi brinolytic agent, 
in intraoperative and postoperative blood loss and 
the need of blood transfusion after TKA in the Indian 
population.

Materials and MethodsMaterials and Methods

After Institutional Review Board approval, a 
double-blinded, prospective, randomized, controlled 
study was performed in 56 patients of Indian origin 
undergoing TKA for primary osteoarthritis of the 
knee joint between the years 2011 and 2012. Written 
informed consent was obtained from all the patients. 
Patients with tricompartmental osteoarthritis of 
the knee were included in the study. The exclusion 
criteria were allergy to TEA, rheumatoid arthritis, 
revision total knee arthroplasty, coagulopathy 
(preoperative platelet count ≤1,50,000/mm3, 
BT, PT, CT abnormality), previous history of 
thromboembolic disease (cerebrovascular accident, 
deep vein thrombosis, myocardial infarction), 
severe ischemic heart disease, NYHA class 3 and 
4, serum creatinine >1.5 mg/dL, severe pulmonary 
disease, e.g. FEV1 ≤50% normal, hepatic failure and 
preoperative anemia (Hb <10 g/dL). The patients 
were not controlled for intake of drugs that are 
known to prolong bleeding time.
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Abstract:

Introduction: For quite a few years, tranexamic acid (TEA) has been used during total knee arthroplasty (TKA) to reduce 
blood loss. However, no consensus exits regarding its timing and doses. Materials and Methods: We conducted a 
prospective, randomized double-blinded study of 56 patients in the Indian population undergoing TKA from 2011 to 
2012. A dose of 10 mg/kg body weight of TEA (three doses) was given in one group and normal saline was administered 
in the other. Results: The mean blood loss in the TEA unilateral group was 295 mL ± 218 mL and in the placebo group 
was 482 mL ± 186 mL (P < 0.005). In the bilateral TEA group, the mean blood loss was 596 mL ± 235 mL and in the 
placebo group was 1349 mL ± 41 mL (P < 0.005). Conclusion: The number of patients requiring blood transfusion reduced 
substantially. There was no increase in the risk of deep vein thrombosis (DVT) and pulmonary embolism. TEA reduces 
intraoperative and postoperative blood loss and thus reduces the need of allogenic blood transfusion.
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Randomization was computerized and a total of 56 patients 
were part of the study. They were further divided into the 
control unilateral group (CU), control bilateral group (CB), TEA 
unilateral group (TU) and TEA bilateral group (TB). Thus, there 
were 14 patients in each group. A clinical orthopedic nurse who 
otherwise was not part of the study carried out the doses schedule. 
Preoperative data were entered on an excel sheet. There were no 
differences between the groups preoperatively and the patients 
were age and sex matched. Patients in the study group received 
three intravenous administrations of TEA at a dose of 10 mg/kg of 
body weight. The fi rst dose was prior to infl ation of the tourniquet 
after induction, the second dose was 4 h after the fi rst dose either 
in the recovery room or in the ward and the third dose was after 
12 h of the fi rst dose. Patients in the control group received 
normal saline (NS) at the same time intervals, i.e. 0, 4 and 12 h. 
This was a prospective, randomized, controlled study where the 
surgeon and the patient were both blinded. Using a computer, 
with the anesthetist being aware of the selection, the patients were 
randomized into groups. The surgeon and the patient were both 
unaware to which group of the four the patient being operated 
belonged to. A clinical orthopedic nurse carried out the doses 
schedule and administration of the drugs; she was not part of the 
study in data recording or interpretation. 

Anesthesia was standardized and all the patients received general 
anesthesia with femoral nerve block. A bolus of 20 mL, 0.5% 
Bupivacaine was administered through the catheter at insertion 
followed by a continuous infusion started postoperatively. Femoral 
nerve block catheter was removed on the second postoperative 
day. A dose of 2 g Inj. Cefazolin was given intravenously shortly 
before the operation. A tourniquet was placed around the upper 
thigh and infl ated to 300 mmHg after exsanguinating with an 
esmarch bandage. The tourniquet was released before skin closure. 
Coagulation was achieved with a cautery. An anterior midline skin 
incision was used followed by the subvastus approach in all the 
cases. All patients were operated by a single orthopedic surgeon 
using fl exion — balancing instrumentation (Zimmer FBI — USA) 
and the same implants (Zimmer Nexgen — USA). Antibiotic-
impregnated Palacos cement was used in all the cases. The hole 
created for the intramedullary guide of the femur was occluded 
with bone before implantation of the femoral component. In each 
knee, one intraarticular drain (10-gauge) was used and connected 
to a vacuum drain bottle. For postoperative analgesia, intravenous 
patient-controlled analgesia (IVPCA) was administered using 
Fentanyl citrate. Postoperative analgesic techniques were used so 
as to keep the Visual Analogue Score (VAS) less than or equal to 
3 on a 10-point scale (0-no pain, 10-worst imaginable pain). All 
the knees were placed in compressive bandages. The patients were 
asked to perform a mechanical ankle pumping exercise regimen 
for DVT prophylaxis as soon as possible. Physiotherapy was started 
on the fi rst day after surgery, and all drains were removed 48 h 
postoperatively. 

Measuring the volume in the suction apparatus and estimating 
blood loss by weighing the sponges recorded the approximate blood 
loss at the end of surgery. Postoperative blood loss was recorded 
from the drain bottle at 24 h and on drain removal at 48 h. The 
blood Hb concentration was determined preoperatively on the 
morning of fi rst, second, fourth and seventh postoperative days. 
For both lower limbs, Venous Color Doppler was performed in all 
the patients on the fi fth postoperative day or earlier if the patient 
was symptomatic. All our patients received DVT prophylaxis in 
the form of inj. dalteparin sodium 5000 IU SC for 5 days or tablet 
rivaroxaban 10 mg for 10 days. Along with this, a mechanical DVT 
prophylaxis in the form of pump or DVT stockings was given.

The indication of blood transfusion in our department was not set 
at a specifi c value of Hb concentration or hematocrit levels. Each 
transfusion was prescribed with regard to patient’s cardiovascular 
history, present status and fall in Hb level, rate of blood loss and 
age. As a rule of thumb, we considered that blood transfusion 
was indicated at an Hb concentration below 8 g/dL. Also, the 
physicians who ordered blood transfusion were blinded in the 
study; they were not aware as to which group the patient being 
treated belonged to as the clinical orthopedic nurse who otherwise 
was not part of the study carried out the doses schedule and drug 
administration. Blood transfusions were recorded as the number 
of units of packed erythrocytes. We determined differences in the 
mean age, preoperative hemoglobin, volume of drained blood, 
decrease in hemoglobin postoperatively and the mean number of 
transfused units between the TEA and the control groups. 

All continuous data are expressed as mean and standard deviation 
(SD) and Chi square test was used for statistical analysis. P < 0.05 
was considered signifi cant.

ResultsResults

Mean age in the control unilateral group and the TEA unilateral 
group was 63.79 years and 66.79 years, respectively. Mean age in 
the control bilateral group and the TEA group was 61.25 years and 
64.66 years, respectively [Table 1].

The mean (±SD) postoperative volume of drained blood was 
lower (P < 0.005) in patients receiving TEA (295 ± 218 mL) 
in the unilateral group than in the control unilateral group 
(482 ± 186 mL). The mean (±SD) postoperative blood loss was lower 
in patients receiving TEA (596 ± 235 mL) in the bilateral group 
than in the control bilateral group (1349 ± 412 mL). But, there 
was no signifi cant difference in blood loss at 48 h in the unilateral 
TEA group and the unilateral control group. Also, intraoperative 
blood loss was lower (P < 0.005) in patients receiving TEA in the 
unilateral as well as bilateral groups compared with the control 
group [Table 2].

Table 1. Preoperative data: Values in mean (SD)
Factors Tranexamic acid 

unilateral (TU) n = 14 
Control unilateral 

(CU) n = 14
P value Tranexamic acid 

bilateral (TB) n = 14
Control bilateral 

(CB) n = 14
P value

Age 66.79 (6.12) 63.79 (8.85) 0.324 64.66 (7.68) 61.25 (8.28) 0.781
Sex F: M 11:3 6:1 0.622 11:3 5:2 0.918
Weight (Kg) 72.25 (10.05) 73.57 (10.37) 0.641 72.91 (18.90) 70 (9.50) 0.586
Tourniquet time (Min) 77.42 (15.32) 75.35 (9.01) 0.678 Rt75 (14.73)

Lt74.92 (13.06)
Rt70.35 (12.17)
Lt73.85 (13.61)

0.32

Pre op Hb 12.2 (0.87) 11.6 (1.04) 0.354 13 (0.97) 12.7 (0.91) 0.439
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The mean hemoglobin decrease 24 h postoperatively was lower 
(P < 0.005) in patients receiving TEA unilateral (1 ± 0.02 g/dL) 
than in the control unilateral group (2.15 ± 0.42 g/dL). The mean 
hemoglobin decrease 24 h postoperatively was lower (P < 0.005) 
in patients in the TEA (2 ± 0.16 g/dL) bilateral group than in the 
control bilateral group (3.89 ± 0.09 g/dL) [Figure 1].

Only one patient required blood transfusion in the TEA 
unilateral group compared with the control unilateral group, 
in which nine patients required blood transfusion (P < 0.005). 
In the bilateral group, two among the TEA group received 
blood transfusion as compare with the control group, in which 
all patients required blood transfusion (P < 0.005). The mean 
number of transfused units was lower (P < 0.001) in patients in 
the TEA unilateral group (0.07 units) and TEA bilateral group 
(0.23 units) than in the control unilateral group (1.07 units) 
and control bilateral group (2.42 units). During their stay in the 
hospital, the patients were monitored to record occurrences of 
any complications. Three patients among the TEA group had 
evidence of DVT; of them, two were in the unilateral group and 
one was in the bilateral group. Two patients from the control 
group also had evidence of DVT, and both of them were from 
the bilateral group. But, the difference was not signifi cant. Also, 
DVT was detected in the small vessels of the leg below the level of 
the popliteal vein. None of our patients had pulmonary embolism 
during their stay in the hospital.

DiscussionDiscussion

TKA is associated with considerable blood loss, at times 
accounting to 800-1200 mL, and may require postoperative 
transfusion.[2] Blood transfusion involves transfusion-associated 
risks, such as immunologic reactions, transmission of disease, 
coagulopathy, possible overtransfusion and volume overload. 
Additional cost is also a rising concern. 

Different strategies have been established to decrease the risk 
of allogenic blood transfusion in the postoperative patient;[14-17] 
however, they are expensive procedures with logistic problems 
in many hospitals. Multiple surgical variables affect postoperative 
blood loss. Techniques such as tourniquet release after wound 
closure and bandage proved blood loss decrease in many 
studies.[18-20] A meta analysis concluded that tourniquet release 
to perform surgical hemostasis before closure was related to 
an increased bleeding of 229 mL on average.[19] Plugging the 
intramedullary canal of the femur after introduction of the 
intramedullary instrumentation guide significantly reduced 
blood loss in TKA up to 17%.[21] Blood loss decreased in (all-
component cemented) TKA due to the hemostatic effect of 
cement polymerization on the exposed bone.[22] The use of 
drainage raised the transfusion rate in a meta analysis of 18 
prospective, randomized controlled trials.[23,24]

TEA is a synthetic antifi brinolytic drug that acts by competitively 
inhibiting the activation of plasminogen to plasmin used to prevent 
bleeding. There are various methods of administering TEA to 
reduce blood loss in TKA: Intramuscular, oral, intravenous and 
intraarticular.[25] The time taken for maximum plasma levels of 
TEA to reach ranges from 30 min for intramuscular to 5-15 min for 
intravenous administration. An intravenous injection for patients 
undergoing TKA is the best method for rapidly increasing and 
maintaining the therapeutic concentration of TEA. 

However, there is no consensus regarding the timing and dose of 
TEA. Also, few studies speak of its use in the Indian population.[26] 

Clinical studies report that TEA reduces blood loss or transfusion 
requirements when given on defl ation of the tourniquet and 
with a repeat dose postoperatively.[27,28] Some authors recommend 
two doses of TEA, one on induction and another dose shortly 
before release of the tourniquet.[29] Others recommend a dose of 
15 mg/kg TEA at the time of cementing of the prosthesis,[30] and 
yet others recommend a 10 mg/kg bolus dose followed by a dose of 
1 mg/kg/h.[31] Tanaka et al. described that TEA given preoperatively 
and on defl ation of the tourniquet reduced blood loss compared 
with when given only preoperatively or only on defl ation of 
the tourniquet without increasing the risk of thromboembolic 
complications.[25] They also thought that hemostatic control was 
better when TEA was administered before surgery rather than 
on defl ation of the tourniquet, and suggested that suppression 
of fi brinolysis from the beginning of the operation may be more 
effective than only later at the time of peak hyperfi brinolysis.[25] 

Pharmacokinetic studies[27,32] indicate that a dose of 20 mg/kg 
TEA is suitable for TKA. A therapeutic level can be maintained 
for approximately 8 h after surgery, and this covers the period 
of hyperfi brinolysis in cases of increased blood loss. It has been 

Table 2. Mean blood loss 
Mean blood loss (ml) TU CU P value TB CB P value
Intra op 142 (±80) 310 (±149) <0.005 282 (±64) 425 (±108) <0.005
At 24 hrs 176 (±116) 352 (±159) <0.005 Rt175 (±118)

Lt214 (±117)
Rt455 (±133)
Lt480 (±188)

<0.005

At 48 hrs 119 (±130) 130 (±49) 0.783 Rt88 (±41)
Lt119 (±62)

Rt200 (±75)
Lt213 (±111)

<0.005

Total post op blood loss 295 (±218) 482 (±186) <0.005 596 (±235) 1349 (±412) <0.005

Figure 1: Fall in the level of hemoglobin, X-axis: Value of Hb in gm%, Y-axis: Day 
of stay in hospital
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reported that 65% of drainage volume occurs in the fi rst 8 h 
postoperatively.[2,33] 

Numerous studies have reported that TEA reduces blood loss by 
30-50%. Our study confi rms that administration of TEA reduces 
blood loss in TKA by 50%. These differences in the amount of 
reduction of blood loss may be diffi cult to compare owing to 
differences in surgical techniques and the times for recording 
blood loss. 

In our study, TEA reduced the blood transfusion rates and number 
of blood units transfused to one-third when compared with the 
control group. We found that TEA reduced the amount of blood 
transfused from 1.07 units to 0.07 units in the unilateral group 
(P < 0.005) and 2.42 units to 0.23 units in the bilateral group in 
comparison with the control group (P < 0.005). All 14 patients of 
the bilateral control group required blood transfusion compared 
with only 23% (2/14) patients in the TEA group. More than half 
(9/14) of the patients from the unilateral control group required 
transfusion as compared with only 14% (1/14) patients in the TEA 
group. There was no signifi cant increase in risk of DVT in the TEA 
group. None of our patients had symptomatic pulmonary embolism.

Our study has few limitations; firstly, we did not monitor 
plasminogen levels, D-dimer and fi brin degradation products. 
This would have given us a direct evidence of fi brinolysis and 
antifi brinolytic activity. Secondly, we did not investigate our 
patients for pulmonary embolism. 

ConclusionConclusion

We conclude that three doses of IV TEA (10 mg/kg) — fi rst 
dose given before infl ation of tourniquet and subsequently 4 and 
12 h following the fi rst dose — is effective in reducing blood 
loss in TKA in both unilateral as well as bilateral cases in the 
Indian population. TEA reduces intraoperative blood loss and 
postoperative blood loss. It reduces the need of blood transfusion 
and therefore the associated risks of transfusion. In our study, 
we observed no increase in the risk of deep vein thrombosis and 
pulmonary embolism. 

However, larger prospective, randomized, double-blind trials are 
needed to further assess whether this promising strategy to reduce 
bleeding and the need for blood transfusion in patients undergoing 
TKA is safe with regard to thromboembolic complications.
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