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Abstract
Background Tranexamic acid (TXA) is widely used in the orthopedic field and particularly in total knee arthroplasty (TKA). 
Its efficacy and safety in reducing the blood loss in TKA have been well-documented in the current literature. Little data 
regarding TKA without tourniquet and TXA exist. Our aim is to compare three different dosages of intravenous (IV) TXA 
in TKA without tourniquet.
Materials and methods A total of 180 patients undergoing TKA for knee osteoarthritis were stratified in three equal groups. 
All surgeries were performed under spinal anesthesia, without tourniquet. Group A (60 patients) received 15 mg/kg of IV 
TXA given on induction, Group B (60 patients) received an additional dose of IV TXA (15 mg/kg) 3 h after incision and 
Group C (60 patients) received an additional (third) dose 3 h later (15 mg/kg). The measured outcomes were the change in 
hemoglobin (Hb) from pre-operatively to post-operatively, the amount of blood transfusion given (units), the functional and 
quality of life (QoL) and pain assessment based on their corresponding scoring system.
Results Calculated blood loss, Hb decrease and transfusion rate were significantly lower in Group C (p value < 0.05). Addi-
tionally, patients that had been included in the three-dosage group benefited much more in terms of faster rehabilitation, 
better QoL, decreased post-operative pain, with no increase in complications.
Conclusion According to our results, three doses of IV TXA have effectively and safely reduced blood loss and the need 
of allogeneic blood transfusion in patients undergoing TKA without tourniquet, with additional patients-related benefits.
Level of evidence II.
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Introduction

Osteoarthritis (OA) becomes increasingly widespread 
with an expected sixfold increase in the next few years 
[1]. Total knee arthroplasty (TKA) is an excellent proce-
dure for patients with end-stage knee arthritis and thus has 
been characterized as a “revolution” regarding the care of 

these patients. A successful TKA offers remarkable benefits 
that result in painless knee movement and allow patients 
to regain most of their daily activities [2]. The need for 
allogenic blood transfusion (ABT) is of great importance 
in terms of post-operative complications. Although nowa-
days many pre-, peri- and post-operative methods have been 
adopted to minimize blood loss and the subsequent anemia, 
serious ABT-related complications such as viral infections, 
immunological reactions, graft vs host disease (GvHD) and 
the economic impact are being reported in the literature [3, 
4].

Two commonly worldwide-used methods to reduce blood 
loss are the use of pneumatic tourniquet and the administra-
tion of tranexamic acid (TXA) [5, 6]. The safety and effec-
tiveness of the tourniquet are debated by many studies and 
reviews [7–10]. Several complications such as skin blister-
ing, increased muscle injury, nerve palsy, knee stiffness, 
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thigh pain, deep vein thrombosis (DVT) and pulmonary 
embolism (PE) are being associated with the use of tour-
niquet [7, 11]. Besides the fact that no obvious difference 
is being reported in terms of total blood loss, tourniquet’s 
application seems to enhance the hyperfibrinolysis and 
increase the perioperative/post-operative blood loss [7, 12]. 
On the other hand, TXA’s safety and efficacy in TKA have 
been well described.

TXA is a synthetic analog of the amino acid lysine that 
produces its antifibrinolytic effect by inhibiting the activa-
tion of plasminogen to plasmin [13]. Numerous systematic 
reviews and meta-analyses have highlighted the significant 
decrease of the total blood loss after TKA without apparent 
increased risk of DVT/PE [14–16]. In particular, a recent 
well-designed meta-analysis concluded that both 1.5 g intra-
articular TXA and 1 g IV TXA are effective in reducing 
total blood loss and post-operative hemoglobin drop without 
increasing complications of DVT or PE [17]. Nevertheless, 
the majority of the studies conclude that further research is 
required to find the ideal TXA dose.

In the current orthopedic department, TKA is routinely 
performed without tourniquet. We have previously reported 
the superior results of intravenous/topical TXA application 
in TKA without tourniquet [18]. Taking all these facts into 
account and based on the previous pharmacokinetic studies 
that highlight the half-life time of TXA in 2.5–3 h and the 
peak of fibrinolysis at 6 h post-operatively, we decided to 
take the next step and organize a prospective, randomized 
controlled study (RCT) to answer the following questions 
[19]: (1) are multiple doses of IV TXA able to further reduce 
the total blood loss/hemoglobin drop? (2) Are there any 
additional advantages of multiple IV TXA dosages in terms 
of function, quality of life and pain in the early and late post-
operative period? (3) Is there any increase in complication 
rates using this regimen of post-operative IV TXA?

Materials and methods

Study design and randomization method

This study is a prospective, randomized, double-blinded, 
controlled trial approved by our institutional review board. 
203 patients who underwent primary unilateral TKA (with-
out tourniquet) at our orthopedic department from Novem-
ber 2015 to March 2017 were enrolled.

Inclusion criteria were osteoarthritis, primary unilateral 
TKA without tourniquet, at least 12-week follow-up and 
normal coagulation profile. Furthermore, the pre-operative 
deformity criteria were: (i) varus deformity less than 10°, 
(ii) lack of extension not more than 10◦, and(iii) flexion of 
at least 90◦.

The exclusion criteria were: (1) uncontrolled medical 
diseases/comorbidities; (2) allergy and/or hypersensitivity 
to TXA; (3) a known history of thromboembolic disease, 
cardiovascular disease; (4) coronary or vascular stent placed 
within the past 12 months; (5) cerebral vascular disease (a 
history of stroke); (6) subarachnoid hemorrhage; (7) pre-
operative coagulopathy [a platelet (PLT) count < 150,000/
mm3 or an international normalized ratio greater than 1.5]; 
(8) pre-operative renal or hepatic dysfunction; (9) retinal 
vein or artery occlusion; (10) patients with anemia (< 12 g/
dL for female, < 13 g/dL for male) [20, 21]. According to 
these criteria, 23 patients were excluded, and the remaining 
180 patients were included in the analysis. Written informed 
consent was obtained before surgery from all participants.

The remaining 180 patients were randomized using the 
technique of stratified randomization by minimization. The 
randomization was based on three parameters: age, gender, 
and body mass index (BMI). Patients were allocated into 
one of three TXA groups (Fig. 1): (1) Group A: 1 dose of 
IV TXA (15 mg/kg) in 100-ml normal saline, 10 min before 
incision, administered during the induction of the anesthe-
sia, (2) Group B: 1 dose of IV TXA (15 mg/kg) in 100-ml 
normal saline, 10 min before incision and an additional dose 
of IV TXA (15 mg/kg) in 100-ml normal saline 3 h after 
skin incision, (3) Group C: 1 dose of IV TXA (15 mg/kg) 
in 100-ml normal saline, before incision and two additional 
doses of IV TXA (15 mg/kg) in 100-ml normal saline 3 
and 6 h after skin incision, respectively. Two nurses that 
were not involved in the trial handed out the medications 
and implemented the post-operative protocol. The patients, 
surgeons, and data collector/analyst were blinded. Many tri-
als and reviews/meta-analyses, further to our previous RCT, 
have proved the superiority/safety of a single IV TXA dose 
over the placebo control group and thus we did not recruit 
any control group [16, 18, 22–24]. Patients’ demographics, 
pre-operative lab tests and scoring results were comparable 
and are being demonstrated in Table 1.

Operative technique and post‑operative protocol

All operations were performed by the same senior surgeon 
KK, under spinal anesthesia and prophylactic IV antibi-
otics were administered prior to skin incision. Standard 
midline incision followed by medial parapatellar capsu-
lar incision to expose knee joint was used in all patients. 
All procedures were performed using the same posterior 
cruciate retaining hybrid TKA with a cemented tibial and 
a press fit femoral component, without patellar resurfac-
ing  (Evolis® Total Knee System, Medacta, Switzerland). 
Intramedullary guide was used for femoral preparation 
and extramedullary guide for tibial preparation. Femoral 
medullary canal was filled by an autologous bone to fur-
ther reduce the blood loss. Additionally, an intra-articular 
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injection of 20 ml ropivacaine (0.2%) was administered in 
all patients, following our post-operative pain management 
protocol. Closure was performed carefully and a negative 
suction drain was applied. Regardless the group, the drain 

was clamped for 1 h and was opened at the recovery room 
or orthopedic department.

Pre-operative blood tests such as hemoglobin (Hb), hema-
tocrit (Ht), platelet count (PLT) and biochemical analysis 

Fig. 1  Flow chart of patients’ 
selection

November 2015 to March 2017 
Eligible patients (N=203)

Excluded due to criteria (N=23)
Remained randomized patients 

(N=180)

Group A (N=60): 1 dose of 
TXA

12 weeks follow-up (N=60)

Group B (N=60): 2 doses of 
TXA

12 weeks follow-up (N=60)

Group C (N=60): 3 doses of 
TXA

12 weeks follow-up (N=60)

Table 1  Patients’ demographics 
and pre-op lab tests/scores

a ANOVA
b Chi-square test

Patient’s data 1 TXA dosage 
(Group A)

2 TXA dosages 
(Group B)

3 TXA dosages 
(Group C)

p value 
(between 
groups)

Number 60 60 60
Age (years) 68.8 ± 7.1 69.1 ± 9.1 69.7 ± 6.5 0.812a

Gender (female/male) 48/12 50/10 49/11 0.895b

BMI (kg/cm3) 31.7 ± 4.2 32.9 ± 4.4 32 ± 4 0.309a

ASA 1.8 ± 0.6 1.8 ± 0.6 1.8 ± 0.6 0.952a

Hb pre-op (mg/dl) 13.73 ± 0.98 13.57 ± 1.15 13.61 ± 1.35 0.759a

Ht pre-op (%) 40.9 ± 2.6 41.1 ± 3.3 40.8 ± 3.7 0.929a

PLT count pre-op (count × 
 103/mm3)

308 ± 49 295 ± 50 310 ± 49 0.189a

Surgery duration (min) 48.4 ± 11.5 49.1 ± 10.6 46 ± 7.8 0.207a

FKSS pre-op 45.6 ± 8.9 44.3 ± 8.8 46.4 ± 8.5 0.995a

KKSS pre-op 46.2 ± 8.1 44.3 ± 8.8 46.4 ± 8.5 0.338a

EQ-5D pre-op 0.54 ± 0.11 0.53 ± 0.12 0.56 ± 0.1 0.307a

VAS pain pre-op 5.01 ± 0.98 4.9 ± 1.1 4.85 ± 1.07 0.673a
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(sodium, potassium, glucose, urea, creatinine, SGOT, SGPT, 
ALP) were carried out. The same blood tests were per-
formed on the 1st, 2nd, and 4th post-operative days. Apart 
from the above tests, patients’ (pre-operative) knee function, 
quality of life and pain were assessed using the knee society 
score (KSS)/functional knee society score (FKSS), the Euro-
Qol (EQ-5D-5L) descriptive system and the visual analog 
scale (VAS) of pain, respectively [25–28]. KSS, FKSS, EQ-
5D-5L, VAS pain tests were repeated at 6th week and 12th 
week post-operatively in routine outpatient visits. VAS pain 
test was further assessed in 2nd and 4th post-operative day.

Patients’ age, BMI, gender, physical health status clas-
sification [based on American Society of Anaesthesiolo-
gists (ASA)], surgery duration, units of ABT, hospitaliza-
tion duration and complications were collected by a blinded 
data collector. In case of clinical suspicion (during their 
hospitalization and for 6 weeks post-operatively) of DVT 
or PE (according to Wells and Geneva score) patients were 
screened using Doppler ultrasound, d-dimers test and spiral 
computed tomography (CT) [29–31]. Last, on the 1st post-
operative day and two times daily thereafter until discharge, 
all patients followed the same supervised physical therapy 
protocol including quadriceps strengthening, active/passive 
range of motion (ROM) and gait training.

Regarding the ABTs’ protocol, the transfusion trigger was 
Hb < 10 g/dl or any anemic symptoms (fatigue, dizziness, 
tachycardia, shortness of breath, pale skin) or anemia-related 
organ dysfunction. Patients received transfusion up to 4th 
post-op day. The same post-operative protocol was followed 
in all patients in terms of analgesia, chemical prophylaxis 
and anticoagulation regime with a low molecular heparin to 
prevent venous thromboembolism. Negative pressure drain 
was removed in the 2nd post-operative day and all patients 
used compression stockings to reduce the risk of DVT.

Outcome measurements

Hb decrease, total blood loss (TBL), PLT count, transfu-
sion rate/quantity were assessed post-operatively during the 
inpatient hospital stay. Nadler’s formula was used to estimate 
patients’ blood volume and Bourke and Smith’s formula was 
used to calculate the change of blood volume [32, 33]. The 
TBL was calculated as the sum of the change in blood vol-
ume plus the volume of transfused blood. As post-operative 
level of Hb/Ht was considered the lowest measurement of 
Hb/Ht of the three post-operative lab tests on 1st, 2nd, and 
4th post-operative day. Based on these values and taking 
into account the correlation of transfusion volume to Hb 
and Ht’s change, as Elzik et al. have stated in their study, we 
managed to calculate the real Hb drop [34]. The used cal-
culation formulas are being described briefly in Fig. 2. Any 
complication and/or organ dysfunction was evaluated and 

measured directly in clinical follow-up for up to 12 weeks 
post-operatively.

KSS, FKSS, EuroQol and VAS pain were evaluated 
and compared between groups. Due to EQ-5D-5L scoring 
system’s peculiarity we managed to assess the changes in 
patient’s quality of life using the crosswalk index calculator 
provided by Euroqol group association [35, 36].

Statistical analysis

Sample size calculations were performed using PASS 2011 
(NCSS, LLC, Kaysville, UT, USA) software. Sample size 
was calculated on the outcome of total Hb loss and on our 
preliminary data. To detect a difference of 1 g/dl, 47 patients 
were needed per group with a power of 0.90 and an alpha 
of 0.05. After a 10% drop-out rate was considered, the 
patients required for each group was 52 (at least). To exclude 
unexpected protocol violations, 60 patients per group were 
enrolled in this study.

Statistical Package for the Social Sciences (SPSS), ver-
sion 23.0 (IBM) was used to analyze the data. The nor-
mality of quantitative variables was verified by Kolmogo-
rov–Smirnov test. Differences of demographic and clinical 
characteristics between the three groups were assessed by 
one-way analysis of variance [ANOVA; age, BMI, ASA, 
surgery duration, length of stay (LOS), Hb, Ht, PLT, KSS, 
FKSS, EQ-5D-5L, VAS pain] and the Chi-square test 
(gender) were used. Between-group differences of blood 
loss/KSS/FKSS/EQ-5D-5L/VAS, transfusion rates, and 
used number of units were assessed by ANOVA, the Chi-
square test, and Kruskal–Wallis test, respectively. Post hoc 
analysis was performed using Tukey’ test (blood loss) and 

Blood volume (BV) calculation:

BV(ml)= z1 x (height(m))
3  

+ z2 x (weight(kg)) + z3

z
1
=0.366, z

2
=0.032, z

3
=0.604 for men

z
1
=0.356, z

2
=0.033, z

3
=0.183 for women

Estimated blood loss (EBL): 
EBL= BV*(Ht0-Htl)*(3-Htmean)

Ht
0

= Pre-op Hematocrit

Ht
l
= Lowest Hematocrit (1

st
,2

nd
or 4

th
post-op day)

Ht
mean

= average between the initial and final hematocrits

Total Blood loss (TBL):
TBL = EBL + Tv

Tv = Transfusion volume (each packed red blood cell unit contains 300 ml)

Fig. 2  Formulas used to calculate the total blood loss
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Mann–Whitney U test (transfusion quantity). Odds ratios 
(ORs) with their 95% confidence intervals (CIs) were esti-
mated by means of logistic regression models as the measure 
of association between transfusion and different groups of 
patients. All tests were two tailed and a p value < 0.05 was 
considered statistically significant.

Results

Patients’ demographics (Table 1)

All of the 180 patients that were included in this study were 
followed up to the 12th week and none was lost to follow-
up. No statistically significant differences were noted in the 
demographic data and pre-operative blood tests between the 
three groups (Table 1). Additionally, all groups were com-
parable in terms of pre-operative functional test, quality of 
life and pain scale and not statistically significant (p > 0.05; 
Table 1).

Operation duration and LOS (Table 2)

The mean values of operative duration in TXA 1, TXA 2 and 
TXA 3 group were 48.48 ± 11.57 min, 49.13 ± 10.65 min and 
46 ± 7.87 min, respectively, with no significant intergroup 

difference (p value 0.207). Furthermore, no statistically sig-
nificant difference was noted in length of stay between the 
three groups (p value 0.207). Discharge day (based on our 
protocol) could not be earlier than the 5th post-operative 
day and consequently no difference was found in hospitali-
zation’s duration. Rapid discharge was not included in our 
goals, as we aimed at collecting the post-operative blood 
results and test scores determined by our protocol.

Blood loss (Table 2; Fig. 3)

In terms of blood loss, the outcome can be summarized in 
Table 2. The mean values of post-operative Hb (based on the 
lowest post-operative values) in TXA 1, TXA 2 and TXA 3 
groups were 11.02 ± 0.87, 11.18 ± 0.67, and 11.2 ± 0.86 mg/
dL, respectively, with no significant intergroup difference 
(p value 0.335). Likewise, the mean values of post-opera-
tive Ht were 32.67 ± 2.22, 33.63 ± 2.28, and 33.67 ± 2.54% 
with no significant difference between the three groups (p 
value 0.112).

To calculate the real Hb drop we took into consideration 
two variables: the drop of Hb (according to blood results) 
and the amount of transfused red blood cells. Significant 
difference was noticed between the three groups (TXA 1: 
3.83 mg/dl, TXA 2: 2.97 mg/dl and TXA 3: 2.33 mg/dl) with 
p value < 0.001. This statistically significant difference was 

1 TXA dosage 2 TXA dosages 3 TXA dosages
Total Blood Loss (ml) 1281 1181 971
Transfusion rate number ( %) 15% 13% 5%
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Fig. 3  Total blood loss (bars) and blood transfusion rates (stacked lines with markers) comparison between the three groups
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found between both TXA 1 vs TXA 2, TXA 2 vs TXA 3 and 
TXA 1 vs TXA 3. Similar results were extracted regarding 
the mean TBL (TXA 1: 1281 ml, TXA 2: 1181 ml and TXA 
3: 971 ml) with intergroup’s p value < 0.001 (Fig. 3). Pair-
wise comparisons and statistical analyses between the three 
groups also revealed significant differences.

Blood transfusions were required in 15%, 13% and 5% 
of TXA 1, TXA 2 and TXA 3 patients, respectively, with 
intergroup p value 0.002 (Fig. 3). Finally, Kruskal–Wallis 
test showed statistically significant differences in trans-
fusion quantity between the three groups of patients (p 
value < 0.001). Post hoc analysis using Mann–Whit-
ney test revealed that the number of units used in TXA 3 
group was significantly lower compared to TXA 1 group 
(p value 0.004). No significant difference was noticed in 
TXA 1 vs TXA 2 (p value 0.27) and TXA 2 vs TXA 3 (p 
value 0.211) group.

Functional, QoL and pain assessment (Table 2; 
Figs. 4, 5)

To assess the function, we used both FKSS and KKSS. In 
FKSS aspect of view, TXA 3 group showed a statistically 
significant difference in 6th post-operative week compared 
to TXA 1 and TXA 2 (p values: < 0.001 and 0.002, respec-
tively). Nevertheless, in 12th post-operative week, although 
TXA 3 group scored higher FKSS, there was no significant 
difference between the three groups (p value 0.106). The 

same results were obtained in terms of KKSS; in the 6th 
post-operative week, the TXA 3 vs TXA 1 and TXA 3 vs 
TXA 2 differences reached statistical significance (p value: 
0.027 and 0.048, respectively). On the contrary, in the 12th 
post-operative week no difference approached significantly 
between the groups (p value 0.379).

The EQ-5D-5L questionnaire was used to assess the qual-
ity of patients’ life both pre- and post-operatively. Although 
no significant difference was noticed between the three 
groups in 6th post-operative week (p value 0.205), this dif-
ference reached statistical significance in the 12th post-oper-
ative week (p value < 0.001). It is noteworthy mentioning 
that the TXA 3 group benefited the most, with the TXA 2 
group benefiting the second most.

According to our results, there were also favorable effects 
in decreasing post-operative pain in TXA 3 group com-
pared to the other two groups not only at the immediate 
post-operative period (2nd and 4th post-operative days, with 
p value < 0.001) but also at the later periods too (6th and 
12th post-operative weeks, with p value < 0.001 and 0.022, 
respectively).

Complications

Neither clinical DVT nor PE occurred in any patient. 
Additionally, no adverse effects such as pale skin, cardiac 
infraction, acute renal failure, nausea, unusual tiredness or 
weakness, vomiting, or hypersensitivity occurred during the 

FKSS pre-op
FKSS 6-

week post-
op

FKSS 12-
week post-

op
KKSS pre-op

KKSS 6-
week post-

op

KKSS 12-
week post-

op
1 TXA dosage 45.6 74 84 46.2 71 80
2 TXA dosages 44.3 78 86 44.3 70 78
3 TXA dosages 46.4 82 87 46.4 74 79
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FKSS and KKSS scores

1 TXA dosage 2 TXA dosages 3 TXA dosages

Fig. 4  FKSS and KKSS scores comparison between the three groups
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patients’ hospital stay and 12-week follow-up. No super-
ficial/deep wound infection was noticed during the post-
operative period.

Discussion

Blood loss and the subsequent complications in TKA have 
been well described in the literature. Therefore, reducing the 
total blood loss during and after a TKA, has always been an 
important goal [37]. In the current RCT, after taking into 
account the encouraging results of previous studies, the aim 
of this study was to define which is the most efficient and 
safe TXA regimen in TKA surgery without tourniquet and 
to analyze the results not only in terms of actual blood loss 
but also in a more detailed way.

The main finding in this study, is that multiple doses of 
TXA reduced significantly the Hb drop and the need for 
ABTs in comparison with the single dose. Particularly, the 
two-dosage scheme reduced Hb drop by 22% and the three-
dosage by 40%. As a result, a significant decrease in need 
for ABTs was noticed, which has been largely expressed in 
the three-dosage group. Moreover, the patients that had been 
included in the three-dosage group benefited in other aspects 
including decreased post-operative pain, faster rehabilitation 
and better quality of life without any increase of complica-
tions or adverse events.

The advantages of TXA have been well-documented in 
many RCTs and systematic reviews/meta-analyses [16, 38]. 
TXA is an antifibrinolytic drug, an analog of the amino 
acid lysine, and irrespective of intravenous, oral, topical or 
combined administration has proven its efficacy. When it 
comes to safety, the up-to-date literature failed to prove any 
increase in terms of venous thromboembolism in patients 
undergoing TKA [18, 39–42]. In addition, a large retrospec-
tive study (including 3490 knees/1745 bilateral TKAs), from 
Korea, concluded that TXA managed to reduce the transfu-
sion rate without increasing the prevalence of DVT/PE. In 
this study, mechanical compression devices were applied in 
all patients without any chemical thromboprophylaxis [43]. 
The findings of the current study are aligned with the above 
studies and reinforce the safety of TXA in TKA without 
tourniquet.

Debate exists regarding the optimal dosage and duration 
of IV TXA [44]. Recent literature revealed that only one 
RCT has been conducted on this topic [45]. Xie et al. con-
cluded that multiple IV TXA doses can effectively reduce 
TBL in TKA without tourniquet. In support of these find-
ings, in the current study, the three doses of IV TXA group 
(Group C) benefited more, gaining a smaller Hb decline, less 
pain, better knee function and quality of life. In contrast, a 
well-designed meta-analysis by Fillingham et al. investigated 
the effect of re-dosing TXA on the ability to reduce blood 
loss and the risk of transfusion. These authors concluded 
that regardless of whether IV TXA is administrated as a 

VAS pain
pre-op

VAS pain
2nd Day
post-op

VAS pain
4th Day
post-op

VAS pain
6-weeks
post-op

VAS pain
12-weeks
post-op

EQ-5d
pre-op

EQ-5d 6-
weeks

post-op

EQ-5d 12-
weeks

post-op
1 TXA dosage 5.01 4.31 2.83 2.5 1.71 0.54 0.641 0.725
2 TXA dosages 4.9 3.45 2.16 2 1.68 0.51 0.661 0.77
3 TXA dosages 4.85 2.7 1.55 1.56 1.46 0.56 0.662 0.789

0
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6

VAS pain & EQ-5d scores

1 TXA dosage 2 TXA dosages 3 TXA dosages

Fig. 5  VAS pain and EQ-5D scores comparison between the three groups
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single dose or multiple doses, no statistically significant dif-
ferences were noted in blood loss or transfusion rates [46]. 
Τhe current study, in contrast, supports that multiple doses 
of TXA resulted in additional decrease of blood loss/transfu-
sion rate compared with a single dose.

The use of tourniquet is still debatable. Although its 
advantages include better visualization of the surgical area 
and better control of blood loss, its potential complications 
such as thigh pain, compromised wound healing due to soft 
tissue hypoxia, DVT and nerve palsy outweigh the benefits. 
Additionally, many studies have highlighted the reduced 
post-operative ROM in patients who underwent TKA with 
tourniquet [7].

The current study clearly demonstrates the beneficial 
effects of a multiple dosing regimen of TXA. The most 
important aspect is the significant decrease in Hb drop 
and ABT. Interestingly, patients in Group C experienced 

significantly less pain during the immediate and late post-
operative period. Furthermore, the results also revealed that 
three doses of TXA helped patients score higher FKKS and 
KKSS. This resulted in improved motor performance and 
shorter recovery. Early ambulation is a validated predictor 
of favorable TKA outcomes. This might explain the higher, 
long-term EQ-5D score that Group C obtained in terms of 
quality of life.

There are some limitations in our study. The study 
lacked a control group. However, since the current litera-
ture, including our previous study and its results, has already 
established the efficacy and safety of TXA, we decided not 
to recruit patients in a placebo group. One more limitation 
might be the lack of longer follow-up (longer than 12th post-
operative week) and the addition of scores to the outcome 
measures. The strengths of the current study include the fact 
that it is a carefully and meticulously designed prospective 

Table 2  Post-operative results and their p values

p1 represents the p value between TXA 1 vs TXA 2
p2 represents the p value between TXA 2 vs TXA 3
p3 represents the p value between TXA 1 vs TXA 3
a ANOVA
b Chi-square test
c Kruskal–Wallis test

Data analyzed TXA 1 dosage—Group A TXA 2 dos-
ages—Group 
B

TXA 3 dos-
ages—Group 
B

p value 
(between 
groups)

Intergroup comparison

p1 p2 p3

Number 60 60 60 – – – –
Hospitalization duration (days) 6.06 ± 0.25 6.0 ± 0.21 6.033 ± 0 0.708a – – –
Operation duration (min) 48.48 ± 11.57 49.13 ± 10.65 46 ± 7.87 0.207a – – –
Hb post-op (g/dl) 11.02 ± 0.87 11.18 ± 0.67 11.2 ± 0.86 0.335a – – –
Ht post-op (%) 32.67 ± 2.22 33.63 ± 2.28 33.67 ± 2.54 0.112a – – –
PLT post-op (K/µl) 297 ± 52 300 ± 50 287 ± 47 0.312a – – –
Transfusion rate number (%) 9(15%) 8(13%) 3(5%) 0.002b – – –
Reason for transfusion (Hb/

anemic symptoms)
7/2 7/1 2/1 – – – –

Transfusion quantity
Median 0.0 (0.0–3.0) 0.0 (0.0–2.0) 0.0 (0.0–1.0) – – – –
Mean ± SD 0.53 ± 0.621 0.37 ± 0.482 0.13 ± 0.343 < 0.001c 0.27 0.211 0.004
Total blood loss (ml) 1281 ± 209 1181 ± 216 971 ± 221 < 0.001a 0.024 0.01 < 0.001
Real Hb decrease (g/dl) 3.83 ± 1.4 2.97 ± 1.1 2.33 ± 1 < 0.001a < 0.001 0.011 < 0.001
FKSS 6-week post-op 74 ± 6 78 ± 7 82 ± 7 < 0.001a 0.003 0.002 < 0.001
FKSS 12-week post-op 84 ± 8 86 ± 8 87 ± 7 0.106a – – –
KKSS 6-week post-op 71 ± 6 70 ± 7 74 ± 7 0.017a 0.973 0.027 0.048
KKSS 12-week post-op 80 ± 8 78 ± 8 79 ± 7 0.379a – – –
EQ-5D 6-weeks post-op 0.641 ± 0.073 0.661 ± 0.071 0.662 ± 0.069 0.205a – – –
EQ-5D 12-weeks post-op 0.725 ± 0.089 0.770 ± 0.1 0.789 ± 0.087 < 0.001a 0.022 0.87 0.007
VAS pain 2nd day post-op 4.31 ± 0.72 3.45 ± 0.56 2.7 ± 0.59 < 0.001a < 0.001 0.004 < 0.001
VAS pain 4th day post-op 2.83 ± 0.69 2.16 ± 0.74 1.55 ± 0.53 < 0.001a < 0.001 < 0.001 < 0.001
VAS pain 6-weeks post-op 2.5 ± 0.59 2 ± 0.58 1.56 ± 0.49 < 0.001a < 0.001 < 0.001 < 0.001
VAS pain 12-weeks post-op 1.71 ± 0.54 1.68 ± 0.50 1.46 ± 0.49 0.022a 0.937 0.069 0.029
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RCT. The baseline characteristics of our patients (Age, BMI, 
ASA, etc.) were comparable between the three groups. All 
TKAs were performed by the same surgeon without tourni-
quet. The transfusion protocol was implemented strictly in 
order not to extract biased results.

Conclusion

Multiple intravenous doses of tranexamic acid can effectively 
and safely reduce a drop in the hemoglobin and concomi-
tant blood transfusions after total knee arthroplasty without 
tourniquet. In addition, the three dose regimen of tranexamic 
acid resulted in an additional decrease in hemoglobin drop 
with concurrently less post-operative pain, higher function 
and QoL scores at 12 weeks post-operatively.
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