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Does Multiple Intravenous Tranexamic Acid Doses in Patients
Undergoing Total Knee Arthroplasty using Kinematic Alignment
without Tourniquet Application show any Difference in Blood Loss,
Transfusion Requirements and Hospital Stays: A Randomized
Controlled Study

Farhan Ahmed', Gautam Chatterji’, Udit Agrawa13, AnkithaK S*, Sourav Shukla’

Learning Point of the Article:
The study concluded that while TXA is effective in minimizing blood loss in TKA with kinematic alignment, additional doses beyond a
single dose did not significantly improve outcomes.

Introduction: Total knee arthroplasty (TKA) is a highly effective treatment for patients with severe knee osteoarthritis, but it often results in
significant blood loss, which can lead to complications. Tranexamic acid (TXA) is widely used to reduce blood loss during surgeries, including
TKA. However, its effectiveness in the context of kinematic alignment without a tourniquet has not been well-studied, particularly within the
Indian population.

Objective: This study aimed to evaluate the impact of multiple intravenous doses of TXA on bloodloss, transfusion requirements, and hospital
stays in patients undergoing TKA with kinematic alignment without a tourniquet.

Materials and Methods: A randomized controlled trial was conducted with 60 patients aged 5075 years undergoing unilateral primary TKA.
Participants were randomly assigned to three groups: Group A (single dose of TXA and two doses of saline), Group B (single dose of TXA and
two doses of TXA ), and Group C (three doses of TXA). Blood loss, hemoglobin (Hb) levels, packed cell volume (PCV), and length of hospital
stay were measured preoperatively and on post-operative days 1 and 3.

Results: The results showed a significant reduction in blood loss across all groups, with Group C (multiple doses of TXA) showing the greatest
reductionin Hb and PCVlevels, though no significant differences were found between groups. The total blood loss and maximum Hb drop were
similar between groups. No patients required blood transfusions, and there were no major complications such as deep vein thrombosis or
pulmonary embolism. Length of hospital stay was not significantly different between groups.

Conclusion: Multiple intravenous doses of TXA in patients undergoing TKA with kinematic alignment and without a tourniquet reduced
bloodloss, but the reduction wasless than reported in studies involving conventional TKA with tourniquet use. Additional doses of TXA did not
significantly affect blood loss, transfusion requirements, or hospital stay. Further research with larger sample sizes is needed to confirm these
findings and explore optimal strategies for blood management in TKA.

Keywords: Tranexamicacid, totalknee arthroplasty, kinematic alignment, bloodloss, hospital stay.
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Table 1 : Basic characteristics (Mean + SE) of three groups

. Group A Group B Group C Fi P
Variable ) : ,
(n=20) (%) (n=20) (%) (n=20) (%) value | value
Age (yrs) 62.10 £ 1.63 6395+ 1.64 61.25+1.34 0.80 0.454
Sex:
Female 18 (90) 17 (85) 17 (85) 0.29 0.866
Male 2(10) 3 (15) 3(15)
Weight (kg) 71.40 +£2.63 70.70 £ 2.43 70.90 +2.76 0.02 0.981
Height (cm) 153.63 +1.72 153.65+1.21 151.90 + 1.91 0.37 0.690
BMI (kg/m’) 30.22 + 1.01 30.00+ 1.10 30.76 £ 1.11 0.13 0.877
Oxford knee score 16.85 £ 1.15 1545+ 1.46 17.55+1.18 0.71 0.498
Diagnosis:
OA left 10 (50) 8 (40) 9 (45) 1.48 0.830
OA right 9 (45) 11 (55) 11 (55)
RA left 1(5) 1(5) 0(0)
Introduction the fields of medicine and surgery since its discovery over six

In patients with severe osteoarthritis of the knee, total knee
replacement (TKR) has been demonstrated to be an
exceptionally effective intervention for pain management,
functional enhancement, and overall quality of life
improvement. The current research objectives regarding TKR
focus on minimizing post-operative complications while
optimizing patient function and satisfaction. One significant
area of concern is the blood loss associated with the procedure.
Patients undergoing TKR may experience blood loss ranging
from 800 mL to 1,724 mL, which can account for nearly one-
third of their total blood volume [1]. This considerable loss is
primarily attributed to extensive soft tissue release and bone
cuts during surgery. The risks associated with such blood loss
arebothlocal and systemic [2].

Tranexamic acid (TXA) has maintained significant interest in

decades ago [3]. A considerable number of studies have been
conducted in the past 20 years, investigating various
administration routes, including intravenous, intra-articular,
topical, periarticular, and oral methods [4-6]. These studies
have also examined a range of dosages — high doses exceeding 20
mg/kg and low doses below 20 mg/kg — as well as different
dosing regimens, including single and multiple doses, along
with combinations of these approaches [ 7, 8].

It is hypothesized that the fibrinolytic system is activated when
a tourniquet is inflated [9]. Furthermore, there is emerging
evidence that thelocalized enhancement of fibrinolysis induced
by the tourniquet may influence hemostasis for a duration that
extends well beyond the surgical procedure itself [10].
Consequently, it is posited that the continuation of
antifibrinolytic therapy during the recovery phase may provide

Table 2: Pre and post-hemoglobin Table 3: For each group, comparison of difference in

(Meanzstandard error, n=20) of three groups mean hemoglobin between the periods by Tukey test
Group Pre-op Day 1 Day 3 Comparison GroupA GroupB GroupC
Group A [12.44+0.26( 10.20+0.26[ 9.73+0.26 Pre-op versus day 1 <0.001 <0.001 <0.001
Group B |12.36+0.22| 9.98+0.30( 9.59+0.21 Pre-op versus day 3 <0.001 <0.001 <0.001

Group C |12.72+0.29/10.3140.26( 9.55+0.22 Day 1 versus day 3 0.672 0.857 0.088
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Table 4: For each period, comparison of difference in mean Table 5: Pre and post-packed cell volume
hemoglobin between the groups by Tukey test (Meantstandard error, n=20) of three groups
Comparison Pre-Op Day 1 Day 3 Group Pre-op Day 1 Day 3
Group A versus Group B 1 0.999 1 Group A 38.94+0.85| 31.82+0.841 29.82+0.90
Group A versus Group C 0.998 1 1 Group B 38.44+0.51] 30.18+0.79) 29.35+0.60
Group B versus Group C 0.985 0.991 1 Group C 40.19+0.79) 31.93+0.81] 29.55+0.68

Table 6: For each group, comparison of difference in mean
packed cell volume between the periods by Tukey test

Table 7: For each period, comparison of difference in mean
packed cell volume between the groups by Tukey test

additional benefits. This notion is supported by similar findings
in studies conducted by Tanaka et al. [9] and Jansen etal. [11].
Recently, the kinematic alignment technique for total knee
arthroplasty (TKA), utilizing patient-specific instrumentation,
has emerged. This approach minimizes soft tissue release,
reduces blood loss, promotes early rehabilitation, and shortens
operative time, as indicated by various studies [ 12, 13].

However, there exists a considerable dearth of literature
addressing this issue, particularly within the Indian population,
as no known studies have compared the impact of TXA on
controlling blood loss during TKR procedures performed using
kinematic alignment technique without the use of a tourniquet.
This study is initiated to address this gap in the existing
literature and to enhance our understanding of the effects of
TXA in this specific context.

Materials and Methods

This study was a single-center, double-blind, randomized
controlled trial conducted at the Department of Orthopaedic
Surgery, Vivekanand Polyclinic and Institute of Medical
Sciences in Lucknow, Uttar Pradesh, India, from September
2017 to May 2018. The institutional review board approved the
study protocol, and all participants provided written informed
consent before enrolment.

The inclusion criteria for the study were male and female
patients aged 50-7S5 years who underwent primary, unilateral
TKA due to osteoarthritis of the knee (primary or secondary to
RA), with an ASA status of 1-3 and who provided written
informed consent to participate. The exclusion criteria for this
study were as follows: Patients with anemia, defined as

Comparison Group A Group B Group C Comparison Pre-Op DEI Day 3
Pre-op versus Day1 <0.001 <0.001 <0.001 Group A versus Group B 1 0.844 1
Pre-op versus Day 3 <0.001 <0.001 <0.001 Group A versus Group C 0.965 1 1

Day 1 versus Day 3 0.256 0.983 0.089 Group B versus Group C 0.793 0.789 1

hemoglobin (Hb) levels <10 g/dL for femalesand <11 g/dL for
males, were excluded. Individuals with a history of
thromboembolic events, such as deep vein thrombosis (DVT)
or pulmonary embolism (PE), were not eligible for inclusion.
Those with a history of myocardial infarction within the past 6
months were also excluded, as were patients with known
clotting disorders or hypersensitivity to TXA or related
medications. In addition, patients with pathological or
congenital malformations of the spine or lower limbs, as well as
those with hepatic or renal impairments, and patients with
flexion deformity >30, varus and/or valgus deformity >30 were
also excluded from the study.

The sample size for this study was calculated based on
anticipated bloodloss, considering a minimum mean difference
of 1.0% (the effect size) between groups. A 5% margin of error
(Type L error: a = 0.05) and 80% power (Type I error: 1- =
0.80) were factored into the calculations, resulting in a
minimum sample size requirement of 48 participants overall or
16 participants in each group.

Eligible patients were randomized into three groups using a
computer-generated method, with allocation hidden in sealed
envelopes opened immediately before surgery. Patients
received TXA asfollows:

1. Group A: 20 mg/kg of intravenous (IV) TXA 5-10 min
before the skin incision, followed by 10 mg/kg of normal saline
at3-and 6-h post-administration.

2. Group B: 20 mg/kg of IV TXA 5-10 min before the incision,
followed by 10 mg/kg of TXA at 3 h and another 10 mg/kg of
normalsalineat6h.

3. Group C: 20 mg/kg of IV TXA 5-10 min before the skin
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Table 8: Comparison of mean values of patient blood volume, total blood loss, maximum hemoglobin drop, and
length of hospital stay among three groups

Group A (MeanzSE) Group B (MeanzSE) Group C (MeanzSE) F-value P-value

Patient blood volume (mL) 3129.10499.02 3125.79+85.53 3125.85+101.24 | 0.0004 1
Total blood loss (mL) 813.18492.83 834.32456.58 954.95+93.24 0.86 | 0.43
Maximum hemoglobin drop (g/dL) 2.71+0.31 2.77+0.22 3.17+0.31 0.79 0.46
Length of hospital stay (days) 4.45+0.17 4.30+0.19 4.40%0.26 0.13 | 0.876

SE: Standard error

incision, with 10 mg/kg of TXA givenatboth 3and 6 h.
All patientsreceived 2 g of topical TXA during surgery.

Before the procedure, each patient underwent a thorough pre-
anesthetic evaluation, including clinical assessments and
necessary investigations tailored to their individual health
status. TKAs were performed under either general or spinal
anesthesia, as deemed appropriate by the anesthesia team, with
all surgeries conducted by a single senior surgeon in the same
operating room. Prophylactic antibiotics (2 g of cefazolin) were
administered 30 min before incision, and a tourniquet was not
employed.

The surgical procedures included a midline incision, medial
parapatellar approach, and kinematic balancing techniques.
Electrocautery and hemostasis were routinely performed, with
minimal soft tissue releases while preserving collateral
ligaments and the posterior cruciate ligament. Intramedullary
guides were used for femoral preparation, and extramedullary
guides were used for tibial preparation, with an autologous bone
plug filling the femoral medullary canal before implant
cementation. Two grams of TXA were injected into the
intraarticular space, and compression bandaging was applied
after closure. The criteria for blood transfusion were set at a Hb
level of <7 g/dL with symptomatic anemia. All subjects
followed a standardized post-operative recovery and
rehabilitation program.

Perioperative hematocrit (Hct) and Hb levels, together with the
coagulation index and renal function, were assessed
preoperatively and on post-operative days 1 and 3. The Nadler
formula [14] was utilized to estimate patient blood volume
(PBV), while the Gross formula [ 15] was employed to calculate
blood loss based on the PBV and the reduction in Hct levels.
Intraoperative blood loss (IBL) was estimated by evaluating the
liquid volume in the negative pressure drainage bottle, adding
the volume of liquid absorbed by gauze, and subtracting the
amount of saline administered. It is important to note that a

saturated gauze typically contains approximately 20 mL of
liquid.

The formula for calculating PBV is expressed as follows: PBV =
K1 x height*3 (m?) + K2 x weight (kg) + K3, for male patients,
K1 = 0.3669, K2 = 0.03219, and K3 = 0.6041 and for female
patients, K1=0.3561,K2 =0.03308,and K3 =0.1833. The total
red blood cell loss (TBL) is calculated using the following
formula: TBL=PBV x (Hct_pre -Hct post)/Hct_avg, where
Hct_pre represents the initial preoperative Hct level, Hct _post
denotes the Hct level on the third postoperative day, and
Hct_avgsignifies the average of Hct_preand Het_post.

Patients were carefully monitored for adverse events, including
DVT, PE, wound complications, infections, and acute renal
failure. The transfusion rate and incidence of adverse events
were evaluated postoperatively during the inpatient hospital
stay.

Data were summarized as mean * standard error. Group
comparisons were conducted using one-way analysis of
variance (ANOVA) or repeated measures two-factor ANOVA.
The significance of mean differences both between and within
groups was assessed using the Tukey honestly significant
difference post hoc test, following verification of normality
through the Shapiro-Wilk test and assessment of homogeneity
of variance using Levene’s test. Categorical data were analyzed
through the Chi-square (}2) test. A two-tailed P < 0.05 was
deemed statistically significant. All statistical analyses were
performed utilizing SPSS software version 25.0.

Results

A total of 60 patients were included in this study and divided
into the study groups, 20 patients in each group. The analysis of
the basic demographic characteristics of the groups, as well as
the preoperative health status of the patients, indicates their
uniformity and excludes the influence of these parameters on
furtherresearch (Table 1).
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Outcome measures
Hb

The Hb levels among the three groups are presented in Table 2.
An analysis of the data indicates a progressive decrease in mean
Hb levels over time. Notably, Group C exhibited the most
substantial decline, while Group A demonstrated the least
reduction, with Group B falling in between. According to the
Tukey test, there was a statistically significant decrease in Hb (P
< 0.001) at both day 1 and day 3 when compared to pre-
operative (pre-op) levels across all three groups, as detailed in
Table 3. However, no significant differences (P > 0.05) were
found in Hb levels between day 1 and day 3 within any of the
groups. In addition, the comparison of mean Hb levels between
the groups revealed no significant differences (P > 0.05) at any
of the time points assessed, as shown in Table 4. At the final
evaluation, the mean decrease in Hb from pre-op to day 3 was
the highest in Group C at 24.9%, followed by Group B at 22.4%,
and theleast decrease was observed in Group A at21.8%.

Packed cell volume (PCV)

The PCV of the three groups is presented in Table S. Consistent
with the findings related to Hb, the mean PCV exhibited a
decline over time, with the most pronounced decrease
occurring in Group C, followed by Group B, and the least
reduction noted in Group A. A comparison of the mean PCV
within each group, as determined by the Tukey test, revealed a
statistically significant decrease (P < 0.001) at both day 1 and
day 3 when compared to the pre-operative values acrossall three
groups (Table 6). However, the analysis indicated no significant
differences (P > 0.05) in PCV between day 1 and day 3.
Furthermore, the comparison of mean PCV between the
groups demonstrated no significant differences (P > 0.05) at
any of the assessed time points, as shown in Table 7. At the final
evaluation, the reduction in mean PCV from pre-operative to
day 3 was greatest in Group C, at 26.5%, followed by Group B at
23.6%, with Group A exhibiting the least change at 23.4%.

The additional outcome measures that were recorded included
PBYV, total blood loss, maximum Hb drop, and length of hospital
stay, which have been summarized in Table 8. A comparison of
the means across all three groups, conducted through ANOVA,
indicated that the values were consistent among the groups and
did not differ significantly.

None of the patients included in the study required blood
transfusions, and there were no reported incidents of DVT or
PE among the participants. All patient groups received
prophylactic measures for DV'T, which consisted of sequential
compression devices, and chemoprophylaxis was employed to

mitigate the risk of venous thromboembolism. Furthermore,
during the 30-day follow-up period, no additional adverse
events were observed, including cardiac infarction, stroke, acute
renal failure, orwound-related complications.

Discussion

The rate of blood transfusions after conventional TKR is about
24%, primarily due to significant intraoperative and
postoperative bleeding [16]. Studies indicate that transfusions
increase the risk of infections, thrombosis, adverse
immunologicreactions, and higher procedure costs [17, 18]. To
reduce the need for transfusions, strategies such as pneumatic
above-the-knee tourniquets, post-operative blood salvage,
hypotensive anesthesia, and topical agents like TXA are
employed [19, 20]. However, the use of tourniquets is
controversial; while they can enhance visibility and manage
blood loss, they also carry risks such as DVT, thigh discomfort,
vascular damage, and nerve issues [21]. According to Guler et
al. [22], tourniquet use may decrease muscle volume and delay
knee function recovery. Conversely, Ejaz et al. [23] have
demonstrated that performing TKA without a tourniquet
yieldsbetter functional and clinical outcomes, such asimproved
range of motion and a fasterrecoveryrate.

TXA plays a role in reducing blood loss by inhibiting the
proteolytic activity of plasmin, thereby stabilizing clot
formation. Both systemic and topical administrations of TXA
have been shown to minimize blood loss during TKA, as
indicated in a review by Kim et al. [24]. Fibrinolysis around the
surgical site peaks within 6 h and is maintained for about 18 h.
The half-life of TXA in plasma is 2-3 h, and its antifibrinolytic
effects last for approximately 8 h. After intravenous
administration, about 90% of the drugis recoverable from urine
within 24 h [25, 26]. To maintain an adequate concentration of
TXA in the plasma, we repeated intravenous administration of
the drug twice postoperatively. Based on both in vivo and in
vitro data, the effective therapeutic plasma concentration of
TXA needed to inhibit fibrinolysis has been determined to be
between 5-10mg/Land 10-15mg/L [27,28].

Our study indicated that the administration of TXA resulted in
a reduction of blood loss by 26%-30%. This finding is lower
than the reductions reported in previous studies, which noted
reductions of 45%-52% in routine TKRs [11, 29]. The
observed difference may be attributable to the limited soft
tissue release technique or the application of kinematic
alignment. The primary function of TXA is to promote
hemostasis; however, the restricted soft tissue release, executed
through the kinematic balancing technique, limits the areas of
effectiveness for TXA, as it spares collateral ligaments, posterior
soft tissues, and retinacular ligaments. Moreover, the absence of
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a tourniquet during the procedure may have contributed to
increased fibrinolytic activity. Hemostasis was achieved
intraoperatively, from the skin incision through to minimal soft
tissue release. The raw surfaces of bone, which represent
potential sites of blood loss, were effectively plugged with
cement particles, thereby minimizing bleeding. In addition, the
femoral canal was routinely filled with bone. The watertight
closure of the compartment created a tamponade effect, and the

topical administration of TXA in all patients further reduced
bloodloss.

There is a significant amount of literature indicating that the use
of a tourniquet, along with multiple doses of TXA, can reduce
blood loss and shorten hospital stays for patients undergoing
TKA [28,30,31]. However, there is limited data regarding
similar studies conducted without the use of a tourniquet. To
the best of our knowledge, this is the first randomized
controlled study involving the Indian population that examines
the efficacy of multiple doses of TXA in patients undergoing
TKR surgery using the kinematic alignment technique without
employing a tourniquet. Our study concludes that additional
intravenous bolus doses of TXA do not lead to a significant
reduction in blood loss or a decrease in the length of hospital
stay for patients, which contrasts with the findings of the
previouslyavailable limited research data [32-34].

This study presents a few limitations that merit consideration.
First, it was a single-center investigation with a limited patient
sample size. Second, the study was underpowered to make
definitive conclusions regarding safety, as thromboembolic
complications were monitored solely through clinical
parameters, potentially allowing for the omission of some
instances. Third, the gravimetric method utilized to estimate
bloodloss is inherently subject to imprecision; nevertheless, no
entirely objective and clinically practical method for measuring
IBL is currently available. Fourth, the shorter follow-up period
excludes evaluating long-term outcomes such as functional
recovery, joint mobility, and patient-reported outcomes. Ethical

constraints also precluded using a placebo group, which would
have helped assess the actual effectiveness of TXA. Finally, the
study’s focus on a specific Indian population and the use of
kinematic alignment may limit the broader applicability of the
findings to different surgical practices or patient populations.

Conclusion

This randomized controlled study investigated the efficacy of
administering multiple doses of intravenous TXA to patients
undergoing TKA utilizing the kinematic alignment technique
without the application of a tourniquet. The findings revealed
that TXA effectively reduced blood loss by approximately
26%-30%. This reduction is notablyless than those reported in
earlier studies involving conventional TKA procedures with
tourniquet usage. Furthermore, the administration of
additional doses of TXA did not yield a statistically significant
decrease in blood loss or Hb reduction nor did it contribute to a
shortened length of hospital stay. This research underscores the
notion that, while TXA is beneficial in reducing blood loss, its
advantages may be constrained within the context of the
kinematic alignment technique and the absence of a tourniquet.
Therefore, additional research involving larger sample sizes and
multi-center studies is warranted to validate these findings and
to investigate further strategies for enhancing blood
management in TKA procedures.

Clinical Message

This randomized controlled study investigated the effects of
multiple intravenous doses of TXA on blood loss, transfusion needs,
and hospital stay in patients undergoing TKA with kinematic
alignment, without tourniquet use. Sixty patients were divided into
three groups receiving varying TXA doses. Results showed a
reduction in blood loss across all groups, with the highest reduction
in Group C (three doses of TXA). However, no significant
differences in blood loss, transfusion requirements, or hospital stays
were found between the groups. The study concluded that
additional TXA doses had minimal impact on these outcomes.
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