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Abstract: The most prevalent type of arthritis and a major contributor to disability is osteoarthritis. One of the most successful
surgical treatments is total knee arthroplasty (TKA), which improves function and relieves pain in most patients. Objectives: The
aim of this study is to evaluate the effects of intra-articular tranexamic acid and multimodal cocktail on postoperative blood loss
and pain in patients undergoing total knee replacement. Methods: Enrolled were ninety-six male or female individuals with knee
osteoarthritis who intended to have a total knee replacement. Group A received conventional anaesthetic medications only;
tranexamic acid was not administered. Patients in Group B received an intraarticular injection of tranexamic acid weighing three
grammes. Patients in Group C received a multimodal cocktail consisting of bupivacaine, tramadol, and ketorolac. Following TKA,
patients had a 72-hour follow-up period. For 72 hours, blood loss and a pain score were recorded every 24 hours. Results: Patients
in the cocktail group were 50.22+9.63 years old, those in the TXA group were 52.31+14.69 years old, and those in the control
group were 48.92+13.22 years old. In three groups, the male-to-female ratios were, respectively, 11:21, 14:18, and 10:22. Within
the first 72 hours, the control group lost 1030.1+£177.27ml of blood, the TXA group lost 453.7+80.4ml, and the cocktail group lost
607.7+122.5ml. There was a significant difference (p<0.05) between TXA and cocktail groups and in all three groups. In the
control group, the mean postoperative pain score was 4.4+2.3, in the TXA group it was 2.4+1.5, and in the cocktail group, it was
1.8+1.0 over the first 72 hours. The TXA and cocktail groups showed negligible differences (p>0.05), whereas the three groups
showed substantial differences (p<0.05). Conclusion: Compared to the control group, the use of an intraarticular TXA injection
was found to be effective in lowering blood loss. Although the multimodal cocktail allowed for better pain management than the
other two groups.
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Introduction
The production of suitable interposition materials, clinical

Because pain is the main symptom of osteoarthritis, it is the
most prevalent kind of arthritis and a major global source of
disability. Osteoarthritis in the knee causes pain that
gradually changes from sporadic weight-bearing pain to a
more chronic, ongoing pain. 1 In the entire sample, the
overall prevalence of self-reported osteoarthritis was
14.8%, with 10.5% of people reporting knee osteoarthritis
and 8.5 per cent reporting hip osteoarthritis. There were
differences in the prevalence of hip and knee osteoarthritis
between males and females in different age groups. 2

The articular cartilage softens, ulcerates, and focally
disintegrates in the late stage of osteoarthritis (OA).
Although non-inflammatory arthritis is the term used to
describe it, synovial inflammation can also exist in chronic
cases. Clinical symptoms often consist of discomfort,
especially after extended exertion and weight-bearing, and
stiffness following inactivity. It is sometimes referred to as
degenerative arthritis, and it typically affects the spine,
hands, feet, and big weight-bearing joints like the knees and
hips. 3

One of the most successful surgical treatments is total knee
arthroplasty (TKA), which improves function and relieves
pain in most patients.

4

application of knee biomechanics, and utilisation of
dependable and safe component fixation techniques are the
hallmarks of TKA advancement.  Considerable
advancements and noteworthy inventions have been made
since the advent of polycentric and geometric knees, as well
as resection and interposition arthroplasty techniques. 5Soft
tissue balance is essential to TKA effectiveness. To produce
a rectangular flexion joint gap, the femoral component must
rotate. 6 When a patient is significantly bleeding and needs
extensive transfusion protocols, or when hyper-fibrinolysis
is evident, intravenous tranexamic acid is frequently
employed. When given within three hours of the injury,
tranexamic acid was proven to increase survival in a patient
population experiencing substantial haemorrhage. Note that
tranexamic acid is not a pro-coagulant; rather, it is an anti-
fibrinolytic. 7, 8: In orthopaedic, spinal, and cardiac
surgery, tranexamic acid has been utilised to lessen blood
loss and the ensuing requirement for transfusion. Although
orthopaedic surgery can cause severe bleeding, it is unclear
if it is effective in this situation. 9

TXA is a synthetic, reversible competitive inhibitor that
works with the plasminogen's Lysine receptor. When this
receptor binds, plasmin—the plasminogen that has been
activated—is unable to attach to the fibrin matrix and
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eventually becomes stabilised. When TXA is used to treat
hereditary angioedema, complement activation is indirectly
decreased. It decreases the amount of C1 esterase inhibitor
consumed by decreasing plasmin activity. 10

Therefore, the goal of this research is to determine the best
treatment plan for minimising blood loss and postoperative
pain following total knee arthroplasty. There hasn't been
much research on this topic, either domestically or
internationally, and no study comparing TXA to a
combination of ketorolac, tramadol, and bupivacaine has
been found. Thus, this study may provide more information
about the effectiveness of various regimens.

OBJECTIVE: To compare postoperative blood loss and
pain with or without Intra-articular tranexamic acid and a
multimodal cocktail in patients undergoing total knee
replacement.

Methodology

This randomized controlled trial was conducted in the
Department of Orthopedic Surgery at Mayo Hospital,
Lahore, over two years, from June 2022 to June 2024.

The primary objective was to evaluate the effectiveness of
different treatments in reducing blood loss and pain in
patients undergoing total knee replacement (TKR) for knee
osteoarthritis.

A total of 96 patients were included in the study, divided
equally into three groups, each comprising 32 subjects. The
sample size was determined based on a 95% confidence
level and 80% power of the study, referencing mean blood
loss volumes of 1131x336ml without tranexamic acid
(TXA) and 921+252ml with TXA in similar patients.
Patients were selected using a non-probability consecutive
sampling technique.

Participants aged 30-70 years, of any gender, with an
American Society of Anesthesiologists (ASA) status of | or
Il and diagnosed with knee osteoarthritis, scheduled for
TKR, were included. Exclusion criteria were extensive,
ruling out patients with previous TKR on the same side, an
INR>2 or PT>15sec, bleeding disorders, statin or aspirin
usage, cardiac diseases, Systemic lupus erythematosus,
anaemia (hb<10g/dl), ASA 3 & 4 status, history of IV drug
or alcohol use, conditions like thalassemia or leukaemia,
thrombocytopenia, idiopathic thrombocytopenic purpura,
any local or systemic infection, or those undergoing
radiotherapy, chemotherapy, or immunosuppression.
Eligible patients from the Department of Orthopedic
Surgery, Mayo Hospital, Lahore, were enrolled after
obtaining informed consent. They were randomly divided
into three groups. Group A received standard anaesthesia
drugs; Group B was administered a 3gm intra-articular
injection of TXA; Group C received an intra-articular
cocktail comprising ketorolac, tramadol, and bupivacaine.
All surgeries were performed under general anesthesia by
the same surgical team, with the assistance of a blinded
researcher. Post-surgery, patients were transferred to the
post-surgical care unit for a 72-hour follow-up. Blood loss
and Visual Analogue Scale (VAS) pain scores were

Table 1: Demographics of patients

Control
N 32
Age (years) 48.92+13.22

recorded every 24 hours by a blinded member of the
research team.

The collected data were analyzed using SPSS Version 25.
The mean and standard deviation were calculated for age,
blood loss, and pain. Gender, diabetes, and hypertension
were presented as frequencies and percentages. An Analysis
of Variance (ANOVA) test was used to compare mean
blood loss and pain scores across the three groups, with a p-
value of <0.05 considered statistically significant.

Results

Patients in the cocktail group were 50.22+9.63 years old,
those in the TXA group were 52.31+14.69 years old, and
those in the control group were 48.92+13.22 years old. In
three groups, the male-to-female ratios were, respectively,
11:21, 14:18, and 10:22. The patients' mean BMIs were
30.25+12.36 kg/m2, 28.56+9.41 kg/m2, and 27.44+5.69
kg/m2, in that order. In the control group, there were 27
(84.4%) hypertension patients, 24 (75.0%) in the TXA
group, and 29 (90.6%) in the cocktail group. Twenty-four
(75.0%) diabetic patients were in the control group, twenty-
one (65.6%) were in the TXA group, and twenty-five
(78.1%) were in the cocktail group. (Table 1)

In the control group, the mean blood loss over the first 24
hours was 320.1+25.97ml; in the TXA group, it was
147.2423.2ml; and in the cocktail group, it was
203.6+33.6ml. There was a significant difference (p<0.05)
between TXA and cocktail groups and in all three groups.
489.7+88.4 ml of blood were lost on average in the control
group, 210.9449.6 ml in the TXA group, and 296.3+79.1 ml
in the cocktail group within the first 48 hours. There was a
significant difference (p<0.05) between TXA and cocktail
groups and in all three groups. The control group saw a
mean blood loss of 220.3+62.9ml, the TXA group
95.6+7.6ml, and the cocktail group 107.8+9.8ml within the
first 72 hours. There was a significant difference (p<0.05)
between TXA and cocktail groups and in all three groups.
In the control group, the mean total blood loss over the first
72 hours was 1030.1+177.27ml; in the TXA group, it was
453.7£80.4ml; and in the cocktail group, it was
607.7+122.5ml. There was a significant difference (p<0.05)
between TXA and cocktail groups and in all three groups.
In the control group, the mean postoperative pain score was
1.9+0.4, in the TXA group, 0.6+0.2, and in the cocktail
group, 0.5+0.1 within the first 24 hours. There was a
significant difference (p<0.05) between TXA and cocktail
groups and in all three groups. After 48 hours, the control
group's mean postoperative pain score was 3.2+1.4, the
TXA group's was 2.1+1.1, and the cocktail group's was
1.7+0.8. The TXA and cocktail groups showed negligible
differences (p>0.05), whereas the three groups showed
substantial differences (p<0.05). In the control group, the
mean postoperative pain score was 4.4+2.3, in the TXA
group it was 2.4+1.5, and in the cocktail group, it was
1.8+1.0 after 72 hours. The TXA and cocktail groups
showed negligible differences (p>0.05), whereas the three
groups showed substantial differences (p<0.05). (Table 2)

TXA Cocktail
32 32
52.31+14.69 50.22+9.63
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Male 11 (34.4%) 14 (43.8%) 10 (%)

Female 21 (65.6%) 18 (56.2%) 22 (%)

BMI 30.25+12.36 28.56+9.41 27.44+5.69

Hypertension 27 (84.4%) 24 (75.0%) 29 (90.6%)

Diabetes 24 (75.0%) 21 (65.6%) 25 (78.1%)
Table 2: Comparison of outcomes in groups

Outcome Control TXA Cocktail p-value

N 32 32 32

Blood loss (ml)

24 hour 320.1+25.97 147.2423.2* 203.6+33.6 <0.0001

48 hour 489.7+£88.4 210.9+49.6* 296.3+79.1 <0.0001

72 hour 220.3+62.9 95.6+7.6* 107.8+9.8 <0.0001

Total blood loss (ml) 1030.1+177.27 453.7+80.4* 607.7+£122.5 <0.0001

Pain score (VAS)

24 hour 1.9+0.4 0.6+0.2* 0.5+0.1 <0.0001

48 hour 3.2+1.4 2.1+1.1! 1.7+0.8 <0.0001

72 hour 4.4+2.3 2.4+1.5] 1.8+1.0 <0.0001

Discussion

One of the most popular orthopaedic surgeries is TKA. The
number of people undergoing joint replacement surgery has
been rising over the last few decades, and this trend is
expected to continue into the foreseeable future due to
factors such as population ageing, longer life expectancies,
and our improved ability to manage comorbidities during
the perioperative period. It is projected that by 2030, there
will be about 3.5 million complete knee arthroplasties
performed annually, only in the US. 11

Patients undergoing TKA have been treated with intrathecal
morphine, epidural or femoral nerve block, intraarticular
drug infusion, and periarticular multimodal drug injection,
among other analgesic treatments (anaesthetic cocktail).
The use of periarticular multimodal medication injection is
increasing, as evidenced by multiple studies that
demonstrate its potential to minimise narcotic use, diminish
adverse effects connected to narcotic usage, and offer
postoperative pain control. 12

There have been several "cocktails" proposed for the local
injections. Most contain a long-acting local anaesthetic in
addition to corticosteroids, different antibiotics, opioids or
ketorolac, and other ingredients. 13-15 Prior studies with
minimally invasive total knee arthroplasty (TKA) patients
demonstrated a 15% blood conservation level following
intravenous TXA delivery. 16 It is yet unknown,
nevertheless, how well topical TXA administration can
reduce blood loss in patients undergoing minimally invasive
total knee arthroplasty. Furthermore, the majority of the
patients in the studies that examined the impact of topical
TXA treatment on blood conservation in TKA did not have
access to contemporary oral anticoagulants for
thromboprophylaxis.17

Ten per cent of packed red blood cell transfusions are
administered following orthopaedic surgery; however, the
frequency of utilisation varies greatly throughout
institutions and surgeons. Systemic problems from
transfusions can include infections, graft-versus-host
disease, allergic reactions, acute lung injury related to
transfusions, and circulatory overload associated with

transfusions. TXA is a revolutionary, reasonably priced
blood management technique that lowers the need for
transfusions and blood loss during total joint arthroplasty.
Transfusions are not warranted for haemoglobin levels
greater than 8 g/dL in the absence of symptoms, according
to current clinical data. Research has additionally validated
the application of this trigger in individuals with a history
or potential for cardiovascular disease. 18

In our study, the average blood loss in the first 24 hours was
320.1+£25.97 millilitres for the control group, 147.2+23.2
millilitres for the TXA group, and 203.6+33.6 millilitres for
the cocktail group. There was a significant difference
(p<0.05) between TXA and cocktail groups and in all three
groups. 489.7+88.4 ml of blood were lost on average in the
control group, 210.9+49.6 ml in the TXA group, and
296.3x79.1 ml in the cocktail group within the first 48
hours. There was a significant difference (p<0.05) between
TXA and cocktail groups and in all three groups. The
control group saw a mean blood loss of 220.3+62.9ml, the
TXA group 95.6+7.6ml, and the cocktail group
107.8£9.8ml within the first 72 hours. There was a
significant difference (p<0.05) between TXA and cocktail
groups and in all three groups. In the control group, the
mean total blood loss over the first 72 hours was
1030.1£177.27ml; in the TXA group, it was 453.7+£80.4ml;
and in the cocktail group, it was 607.7+122.5ml. There was
a significant difference (p<0.05) between TXA and cocktail
groups and in all three groups.

In the placebo group, the mean blood loss was 1131+336
ml; for intravenous TXA, it was 921+252 ml; and for topical
TXA, it was 795+231 ml (Yen et al., 2014). There was a
significant difference (p<0.01). The authors conclude that in
minimally invasive TKA patients receiving rivaroxaban for
thromboprophylaxis, TXA is as effective in conserving
blood either applied topically or intravenously. 17

In the first 24 hours following surgery, the control group's
mean postoperative pain score was 1.9+0.4, the TXA
group's was 0.6+0.2, and the cocktail group's was 0.5+0.1.
There was a significant difference (p<0.05) between TXA
and cocktail groups and in all three groups. After 48 hours,
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the control group's mean postoperative pain score was
3.2+1.4, the TXA group's was 2.1+1.1, and the cocktail
group's was 1.7+0.8. The TXA and cocktail groups showed
negligible differences (p>0.05), whereas the three groups
showed substantial differences (p<0.05). After seventy-two
hours, the average postoperative pain score for the control
group was 4.4+2.3, 2.4+1.5 for the TXA group, and 1.8+1.0
for the cocktail group. The TXA and cocktail groups
showed negligible differences (p>0.05), whereas the three
groups showed substantial differences (p<0.05).

Systemic TXA therapy has not been associated with an
increased risk of thromboembolic events or renal failure,
according to recent reviews and meta-analyses.

19 Poeran et al. have published the largest analysis of this
kind in orthopaedic patients. Perioperative intravenous
TXA administration was not linked to an increased risk of
complications, including a composite of thromboembolic
complications, acute renal failure, cerebrovascular events,
myocardial infarction, and in-hospital mortality, in a
retrospective cohort study that included over 870,000 cases
of elective total knee or hip arthroplasty in 510 US hospitals.
This study is noteworthy not only for providing more proof
of the safety of TXA use in orthopaedic patients, but also
for grouping patients receiving intravenous TXA based on
dose categories (none, <1,000, 2,000, and >3,000 mg). The
use of TXA was dramatically linked to a lower need for
autologous or allogeneic blood transfusions [odds ratio
(OR) varying from 0.31-0.38 by dose category], as well as
an allogeneic blood transfusion requirement (OR, 0.29-
0.37). There was also no significantly higher risk of
thromboembolic complications (OR, 0.85-1.02), acute renal
failure (OR, 0.70-1.11), combined complications (OR, 0.75-
0.98), and admission to an intensive care unit (OR, 0.73-
1.01). According to the authors' findings, 2,000 mg of TXA
appeared to have the best safety and efficacy profile. 20
The effect of TXA on blood loss was examined in a recently
published meta-analysis of 14 randomised controlled trials.
It was found that, when indirect comparisons of placebo-
controlled trials of topical and intravenous TXA are made,
topical administration is even better than the intravenous
route, with no discernible difference in complication rates.
21

A single topical dose of TXA proved to be more effective
than a single systemic dose, according to Maniar and
colleagues' findings from a prospective randomised
controlled research that looked into several TXA dosage
regimens and modes of administration. The most effective
TXA dosing regimen, according to the same study, is two
intravenous doses—one administered before surgery and
one administered during it. 22

A further RCT was conducted in 2013 by Kim et al. to
examine the effectiveness of TXA in lowering blood loss
and transfusion rates following unilateral and bilateral
TKA. Among them were 146 patients who had bilateral
TKA and 180 patients who had unilateral TKA. The
transfusion rate dropped when TXA was used during
bilateral TKA, but there was no effect during unilateral
TKA, according to the results, which also showed that TXA
use reduced overall blood loss. However, its effects on the
transfusion rate may differ. 23

Similar to Kim et alstudy, 's Kakar et alstudy .'s involved 26
patients who had bilateral TKA and 24 patients who had
unilateral TKA. This is different from Kim et alconclusion,
's which only showed this decrease in patients who had the

bilateral operation. The sample size may have an impact on
this discrepancy. There were notable variations in the TXA
application and dose protocols throughout the studies. 24
A study by Shi et al. compared the effects of TXA by itself
to a combination of 3g TXA and 0.25mg diluted
epinephrine; 1:200,000. It was shown that applying cocktail
wine topically considerably decreased both overall blood
loss (P = 0.007) and blood loss (P = 0.000). As a result,
topical TXA + diluted epinephrine had a superior
hemostatic effect than TXA alone. Combining them can be
a useful strategy to lessen blood loss following TKA
because it does not result in serious side effectss. 25.

Conclusion

The administration of intraarticular TXA injection was
found to be more advantageous in minimising blood loss
than the control group. A combination of tramadol,
bupivacaine, and ketorolac helped regulate pain better. In
the future, the TXA can be used in conjunction with a
cocktail (ketorolac, tramadol, and bupivacaine) to
effectively relieve post-operative pain and reduce blood loss
per procedure as well as in draining after surgery.
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