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Abstract

Background: Administration of tranexamic acid (TXA) peri-operatively is a well-recognised strategy used by orthopaedic surgeons to 
reduce blood loss during total knee arthroplasty (TKA). Furthermore, not using a drain has been advocated to be a safe and effective 
way to further reduce blood loss. The main aim of this study is to assess the effect of a combination of these two strategies on total 
blood loss associated with TKA.

Methods: This is a retrospective study conducted on a single surgeon’s data gathered over a two-year period. This study compares 
the blood loss in two groups of patients. The control group received no antifibrinolytic agents and a drain was inserted, while the study 
group received TXA and the drain was omitted.

Results: A total of 109 patients were included in the analysis, with 86 patients in the study group and 23 patients in the control group. 
The two groups were compared in terms of pre-operative haemoglobin, American Society of Anesthesiologists (ASA) score and body 
mass index (BMI). The mean age of the study group was lower than that of the control group (64±8 years vs 68±9 years; p=0.03). The 
mean total blood loss was lower in the study group compared to the control group (mean difference 171.8 ml; 95% CI 31.2–312.2; 
p=0.01). Duration of hospital stay was also reduced in the study group (2.4 days vs 3.1 days; p=0.003). There was, however, no 
difference in the functional outcome according to the Knee injury and Osteoarthritis Outcome Score (KOOS). 

Conclusion: These findings are in accordance with previous studies, indicating that intra-articular administration of TXA and omission 
of negative pressure drainage may be associated with a reduction in blood loss following TKA. Larger, well-designed studies are 
required to determine the optimal TXA administration strategy. 

Level of evidence: Level 4
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Introduction

Blood loss is a common and challenging complication in total 
knee arthroplasty (TKA), which has been reported as ranging 
from 700 ml to 1 700 ml.1,2 Substantial blood loss could lead to 
allogeneic blood transfusion, which in itself may be associated 
with complications and risks to the patient. Disease transmission, 
immunological reaction and increased risk of peri-prosthetic joint 
infection are some of the unwanted consequences that have been 
described.3-5 Blood loss could also lead to an increase in duration 
of hospital stay, delayed rehabilitation, an increase in morbidity and 
increased overall cost per patient.3

Blood loss can be attributed to numerous intra-operative, but 
also post-operative factors. Some of the intra-operative factors are 
the actual surgical intervention itself, the surgical technique and the 
specific haemostatic measures that were taken during surgery. Post-
operative blood loss mainly involves a disproportional fibrinolytic 
activity. The increase in fibrinolytic activity relates to tissue damage 
caused by surgery, but may also be associated with the use of a 
pneumatic tourniquet which causes release of tissue plasminogen 
activator from the vascular endothelium.5,6 Furthermore, the use of 
a drain contributes to increased post-operative blood loss, and it 
is postulated that it could be due to the loss of tamponade effect.7

Multiple strategies have been proposed to reduce blood loss 
following TKA, which can be divided into pre-, intra- and post-
operative strategies.8 Administration of tranexamic acid (TXA) 
peri-operatively is one of the strategies used to reduce blood loss 
during TKA. This approach has been researched extensively, and 
numerous studies on the topic have recently been published.4-6 
Furthermore, not using a drain has been advocated to be a safe 
and effective way to further reduce blood loss.1,9,10 

The main aim of this study is to assess the effect of the combination 
of these two strategies, namely, injecting TXA intra-articularly and 
omitting negative pressure draining post-operatively, on total blood 
loss associated with TKA.

Patients and methods 

A retrospective cohort study was conducted on a single surgeon’s 
data gathered over a two-year period, from January 2016 to 
December 2017. All patients who had primary cemented unilateral 
TKA (posterior-cruciate substituting) were included in the study. 
Procedure-related exclusion criteria were: primary complex or 
revision TKA, simultaneous bilateral TKA, and TKA combined 
with other surgical procedure in the same setting. Patient-related 
exclusion criteria were: patients allergic to TXA, inflammatory 
arthritis as the primary reason for TKA, pre-operative anaemia 
that required pre-op transfusion, history of thromboembolic event, 
and inability to cease all anticoagulants with exception of low-dose 
aspirin before surgery.

A total of 109 patients were included in the study after the 
exclusion criteria were met. The surgeon changed his blood loss 
management protocol within the month of May 2016 from not using 
antifibrinolytic agents and inserting a drain, to the use of intra-
articular TXA and omitting a drain. This study compares the two 
groups of patients. The study group contained 86 patients who 
received percutaneous intra-articular TXA and no suction drain, 
and the control group included 23 patients who received no TXA 
but had suction drains inserted. 

Data was extracted from patient records. Patients’ demographic 
profiles and general medical health data were collected, which 
included: age, sex, weight, height, body mass index (BMI), on 
which side the replacement was done, pre-operative haemoglobin 
(Hb) levels and ASA class (American Society of Anesthesiologists 

Classification).11 Furthermore, surgical time, duration of hospital 
stay and Knee injury and Osteoarthritis Outcome Score (KOOS)12 
scores were collected. KOOS scores were calculated pre-
operatively and six weeks post-operatively. However, not all KOOS 
scores were complete in all patient records. Only 65 out 86 patient 
records in the study group had pre-operative and post-operative 
KOOS scores, and 18 out of 23 patient records in the control group 
had pre-operative and post-operative KOOS scores. Complications 
during the hospital stay, wound and soft tissue condition, and 
thromboembolism events were also monitored. 

Patients were given either general anaesthesia with a femoral 
nerve block or a spinal according to anaesthetist recommendation 
or patient request. All patients received intravenous prophylactic 
antibiotics prior to surgery and two further doses post-operatively. 
A first-generation cephalosporin was used unless contraindicated. 
A standard midline skin incision with medial para-patellar approach 
was used with tourniquet inflation only prior to cementing. 
Tourniquet inflation continued for the remaining duration of the 
surgery until a compressive dressing was applied. The patella was 
not resurfaced and only debrided from osteophytes if needed. Axial 
alignment was achieved with an extramedullary guide for the tibia 
and an intramedullary rod guide for the femur. Once bony cuts 
were made, standard soft tissue balancing was used to achieve 
sagittal and coronal balancing. The posterior cruciate ligament was 
resected in all patients and a posterior-cruciate substituting (PS) 
implant was used. All components were fixed with cement. In the 
study group 2 g (two ampules of 10 ml each, 1  000 mg/10 ml) 
TXA was injected percutaneously and intra-articularly immediately 
after skin closure prior to tourniquet deflation. This was similar to 
the method used by Wang et al.1 although a higher dose of TXA 
was used in this study. In the control group, a 3 mm closed-circuit 
portable vacuum drain was inserted and no TXA was given to the 
patient. The drain was removed the next day.

The implants used were either the Persona® (PS) or the Vanguard® 
(PS) knee system, both from Zimmer Biomet (Warsaw, Indiana, 
USA). The only variation to implants used was one patient from the 
study group that received a Unity kneeTM (Corin Cirencetser, USA). 
Forty-six patients received a Persona® implant, 39 patients received 
the Vanguard® implant and one patient received a UnityTM implant 
in the study group. One patient received the Persona® implant and 
22 patients received the Vanguard® implant in the control group. 

Post-operatively all patients in the two study groups were given 
the same thrombo-prophylactic regimen. A low molecular weight 
heparin (LMWH) was given post-operatively and continued until 
discharge. Thereafter the LMWH was discontinued and a low-dose 
aspirin (Ecotrin® 81 mg; Mercury Pharma) was given for a month at 
home. The LMWH used was 40 mg enoxaparin sodium (Clexane® 

injection; Sanofi-Aventis, South Africa [Pty] Ltd) subcutaneously as 
a single dose in the morning. 

Rehabilitation started on the first post-operative day and 
discharge criteria were: patient could mobilise independently to 
the bathroom and back, could climb stairs with assistance, could 
achieve knee flexion of at least 90 degrees, and pain was well 
controlled. Once discharged, patients were followed up after two 
weeks to assess the wound and range of movement. Further follow-
up was at six weeks for assessment of mobility, range of movement 
and radiological evaluation. Thereafter patients were assessed at 
6- to 12-month intervals, at the surgeon’s discretion.

The measurements indicating degree of blood loss included: 
pre-operative Hb levels, post-operative Hb levels on day 1 post-
operatively and total blood volume loss. The latter was calculated 
with the formula described by Nader et al.13 and Sehat et al.14 It is 
based on the Hb decrease adjusted for the weight, height and sex 
of the patient. 
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Formula:

 Total blood loss (ml) = 100 × Hbloss/Hbi

 Hbloss = BV × 10 × (Hbi − Hbe) 
 BV (L) = estimated total body blood volume in litres 
  = 0.3669 × H3 + 0.03219 × W + 0.6041 (men)
  = 0.3561 × H3 + 0.03308 × W + 0.1833 (women)

where H is the patient’s height (m); W is the body mass (kg); Hbi 
is haemoglobin concentration prior to surgery (g/dL), and Hbe is 
haemoglobin concentration post-operatively (g/dL).

Statistical analyses were performed using STATA Statistics/Data 
Analysis software, version 15.0 (StataCorp LLC. 4905 Lakeway 
Drive, College Station, Texas, 77845, USA). Continuous variables 
were reported as mean (±SD) or median (with interquartile range) 
and categorical variables as number and percentages, unless 
otherwise stated. The two-sided t-test with equal variances was 
used to analyse parametric data. The two-sample Wilcox rank-
sum (Mann-Whitney) test was used for non-parametric data. 
The Fisher’s exact or chi-squared test was used for categorical 
data comparisons. A difference of p≤0.05 was considered to be 
significant.

Results

The baseline characteristics of the two groups are depicted in 
Table I. The mean age of the study (TXA) group was lower than that 
of the control group (64±8 years vs 68±9 years; 95% confidence 
interval [CI] 60.4–67.4 vs 66.7–70.7; p=0.03). 

The comparison between the outcome measures in the study 
group and the control group is summarised in Table II. The mean 
blood loss in the TXA group was 776.8±308.9 ml. The mean total 
blood loss was lower in the study group in comparison to the 
control group (mean difference 171.8 ml; 95% CI 31.2–312.2; 
p=0.01). Duration of hospital stay was also shorter in the study 
group compared to the control group (2.42 days vs 3.13 days, 
p<0.01). There was no significant difference in the pre-operative 
and post-operative (at six weeks post-operatively) KOOS scores of 
the study group and control group (24.8±2.2 vs 24.5±4.7). 

Two patients in the study group had minor post-operative 
swelling of the knee which resolved uneventfully, two patients had 

minor oozing of the wound necessitating dressing change on post-
operative day 1 and two patients had decreased range of movement, 
of which one had to receive manipulation under anaesthesia later. 
One patient from the control group had swelling of the knee. This 
patient’s swelling was more significant and Doppler ultrasound was 
done to exclude thrombosis. 

Discussion 

This study aimed to investigate the impact of the use of intra-
articular TXA injection without the use of negative drainage on 
peri-operative blood loss following uncomplicated unilateral knee 
replacement. Our findings suggest that intra-articular TXA may 
reduce total blood loss.

TXA is a synthetic antifibrinolytic, preventing the formation of 
plasmin by blocking the conversion of plasminogen to plasmin.15 
At higher concentration, TXA acts directly to inhibit plasminogen 
and binding of plasmin to fibrin.6 The end result is the inhibition of 
fibrin degradation and breakdown of clots. Benoni et al. was first 
to describe the benefit of using TXA in TKA in 1995.16 Numerous 
randomised controlled trials1,5,17,18 and meta-analyses19,20 have since 
been published; however, there is no consensus on the method of 
administration and dose required for optimal effect with the least 
number of possible side effects and complications. 

There are five methods of TXA administration described in 
TKA to reduce blood loss which can be used either individually 
or in combination, namely: oral,20,21 topical,18,22 intravenous,3,22 
intra-capsular3 and intra-articular.1,22-24 Earlier studies focused on 
intravenous injections, although there were some concerns about 
thromboembolic complications.23,25 It is also generally accepted that 
only a small percentage of TXA reaches the target location.1,26 Chen 
et al. compared intra-articular with intravenous administration of 
TXA in TKA and found no difference in blood loss.17 Similar studies 
have been conducted comparing the other different methods of 
TXA administration with similar results.3,22,23 The preferred method 
of TXA administration remains controversial and has not yet been 
defined. However, topical intra-articular TXA may have a theoretical 
advantage in that it is applied directly when and where it is needed 
to control bleeding.27

Different methods of intra-articular administration of TXA have 
also been described. Some authors inject the TXA once after 

Table I: Summary of patients’ profiles 

Variable Study group (n=86) Control group (n=23) p-value

Age 64.0±8.2 68.7±9.3 0.0303

Sex (male/female) 26/60 7/16

BMI 31.3±7.1 31.6±1.33 0.8334

Pre-op Hb (g/dl) 13.56±1.26 13.92±1.46 0.5113

ASA score 2.14±0.61 2.22±0.95 0.6360

TKA side (Rt/Lt) 13/10 46/40

Table II: Summary of results

Variable Study group (n=86) Control group (n=23) p-value

Post-op Hb (g/dl) 11.38±0.14 11.16±0.31 0.2376

BV loss ml 776.84±33.31 948.60±56.90 0.0170

Days in hospital 2.42 3.13 0.0037

Study group (n=65) Control group (n=18)

KOOS pre-op 35.27±1.51 31.94±14.23 0.3264

Koos post-op 68.08±1.79 63.33±3.72 0.3264

Diff in KOOS 24.80±2.20 24.56±4.72 0.9621
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completion of fascial closure to prevent leakage.24 Injecting the TXA 
percutaneously immediately after the skin has been closed has also 
been described.1 Other studies described injecting TXA through 
the drain and clamping the drain for some period afterwards.4 In 
this study, TXA was administered percutaneously following skin 
closure as per the surgeon’s discretion.

The use of a drain in TKA has also come into question in 
numerous studies;8,9,10 it is postulated that the tamponade effect is 
lost with a drain and this could lead to post-operative blood loss.7 
Wang et al. confirmed the efficacy of TKA without using drainage in 
terms of blood loss.1 Other studies also reported the safety of non-
drainage in TKA.9,10 The method we used was injecting the TXA 
percutaneously immediately after the skin was closed and before 
deflation of the tourniquet. 

Wang et al. published a double-blind, randomised, placebo-
controlled trial; comparing 30 patients who had a 500 mg TXA intra-
articular injection immediately after skin closure without drainage, 
and 30 patients with saline intra-articular injections immediately 
after skin closure. Findings showed a significant reduction of mean 
blood loss of 560.55 ml (999.22 ml vs 1 559.77 ml; p<0.01) between 
the groups at day 5 post-operatively.1 An earlier study by Wong et 
al. (2010), which was one of the first publications to evaluate the 
benefit of topical TXA administration without the use of a drain, also 
showed reduction of blood loss (1 208 ml TXA 3 g vs 1 295 ml TXA 
1.5 g vs 1 610 ml placebo).18 Craik et al. and Yang et al. also used 
intra-articular TXA without a surgical drain and they had similar 
results.24,28 The findings in our study were similar to previously 
mentioned studies.1,18,24,28 We noted a significant reduction in blood 
loss of 171.76 ml (776.8 ml vs 948.60 ml; p<0.01). The duration of 
hospital stay was also reduced (2.42 days vs 3.13 days; p=0.003). 
There was, however, no difference in the functional outcome 
according to the KOOS scores.

There are several shortcomings to this study. It was a 
retrospective study and selection bias could not be excluded. 
The difference in age between the two groups is notable. The 
study did not identify which one of the two changes in treatment, 
namely administrating TXA or omitting a drain, were responsible 
for the reduction of blood loss, nor did it identify the degree of 
independent contribution each one of the treatments made. The 
use of LMWH as thromboprophylaxis deserves mention as it may 
have contributed to an increased blood loss in both groups.29 
The sample size was small, especially in the control group, and 
it was not sufficiently powered to assess thromboembolic events 
and wound complications. Similarly, the low event rate prevents 
drawing any conclusions in terms of allogenic blood transfusion 
rates. Furthermore, post-operative blood tests were done the 
next day and not at a fixed time interval, and no further blood test 
comparisons were conducted after that. Follow-up of the patients 
was insufficient, as can be seen in the incomplete KOOS scores: 
only 65 out 86 in the study and 18 out of 23 control group were 
complete. 

Despite the large number of publications on the topic of TXA 
in arthroplasty, it appears that some controversy remains in terms 
of the optimal strategy. Future research including randomised 
controlled studies and meta-analysis are needed to assess the 
most appropriate dose, route and most effective method for TXA 
administration. 

Conclusion

These findings are in accordance with other studies, indicating 
that intra-articular administration of TXA and omission of negative 
pressure drainage may be associated with a reduction in blood 
loss following TKA. Larger, well-designed studies are required to 
determine the optimal TXA administration strategy. 
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