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Introduction
Osteoarthritis is one of the most common reasons for 
disability. Furthermore, treatment after such a diag-
nosis requires significant financial resources. Total 
knee arthroplasty (TKA), next to total hip arthroplasty 
(THA), is one of the most commonly performed elec-
tive orthopaedic surgeries. The main tasks are to reduce 
pain, restore knee function, and improve quality of life. 
Although knee replacement is an effective treatment for 
severe joint damage, postoperative complications, includ-
ing blood loss, thrombosis, infection, and loosening or 
malalignment of the prosthetic component, are known. 
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Abstract
Purpose The aim of this study was to investigate the efficacy of TXA supplemented with local infiltration analgesia 
(LIA) for reducing blood loss in patients undergoing total knee replacement.

Materials A retrospective study of 530 individuals with a mean age of 71.44 years was performed after posterior 
stabilized total knee arthroplasty. Patients were divided into three groups according to the method of bleeding 
control: I - patients without an additional bleeding protocol (control group); II - patients receiving IV TXA (TXA group); 
and III - patients receiving the exact TXA protocol plus intraoperative local infiltration analgesia (TXA + LIA group). 
Blood loss was measured according to the maximal decrease in Hb compared to the preoperative Hb level.

Results The mean hospitalization duration was 7.02 (SD 1.34) days in the control group, 6.08 (SD 1.06) days in the 
TXA group, and 5.56 (SD 0.79) in the TXA + LIA group. The most significant decrease in haemoglobin was found in the 
control group, which was an average of 30.08%. The average decrease in haemoglobin was 25.17% (p < 0.001) in the 
TXA group and 23.67% (p < 0.001) in the TXA + LIA group. A decrease in the rate of allogeneic blood transfusions was 
observed: 24.4% in the control group, 9.9% in the TXA group, and 8% in the TXA + LIA group (p < 0.01).

Conclusions Compared to the separate administration of tranexamic acid, the combination of perioperative 
administration with local infiltration analgesia significantly reduced blood loss in patients after total knee 
replacement.
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Due to the blood loss associated with TKA, which can 
range from 1500 to 2000 mL, the extent of perioperative 
bleeding has been debated for many years [1].

Blood loss can be evaluated either by an estimation of 
the loss or by measurements of the drop in haemoglo-
bin (Hb) and haematocrit (HTC) as a surrogate for blood 
loss [2, 3]. Different blood-sparing techniques for TKA, 
such as hypotensive anaesthesia, perioperative blood 
salvage, perioperative blood donation, and recombinant 
human erythropoietin, have been studied. Every 1000 
mL of blood loss decreases the haemoglobin concentra-
tion by approximately 3  g/dL [4]. Significant blood loss 
increases the risk of blood transfusion and may result in 
prolonged hospital stay and delayed rehabilitation. Post-
operative allogeneic blood transfusion is a considerable 
risk factor for haemolytic and nonhemolytic reactions. 
Moreover, the costs related to knee replacement increase 
[5, 6]. Enhancing the surgery with a tourniquet promotes 
activation of the fibrinolytic system, and hyperfibrinolysis 
is considered the primary cause of postoperative bleed-
ing after TKA surgery [7]. Tranexamic acid (TXA) is a 
fibrinolysis inhibitor that directly prevents plasminogen 
activation and inhibits activated plasmin from degrading 
fibrin clots. TXA promotes haemostasis and can reduce 
the duration of bleeding and the quantity of blood loss 
[8, 9]. Notably, TXA has been included in the List of 
Essential Medicines of the World Health Organization 
(WHO) and is currently utilized in many different fields 
of medicine [10]. Clinical trials, systematic reviews, and 
meta-analyses have confirmed that intravenous and topi-
cal TXA administration effectively reduces blood loss 
and transfusion risk. Intravenous infusion of TXA is the 
most common method, but many studies have shown 
that topical application of TXA has similar safety and 
efficacy in TKA patients [11, 12]. The analgesic effect 
associated with intraoperative topical use of TXA seems 
interesting and is most likely associated with decreased 
postoperative inflammation and surgical site swelling [11, 
13]. Several perioperative TXA management protocols, 
including a single dose and multiple administrations, 
have been discussed [14–16]. Recently, additional studies 
have focused on the administration of oral TXA [17, 18].

Local infiltration analgesia (LIA)
A technique including high-volume local infiltra-
tion analgesia (LIA) developed by Kerr and Kohan was 
used for analgesia after TKA and THA [19]. The ini-
tial assumption was to infuse ropivacaine, ketorolac, or 
adrenaline into the tissues around the surgical field and 
supplement with additional postoperative intra-articular 
injections. Despite limited data, nonsteroidal anti-inflam-
matory drug (NSAID) use is associated with improved 
management of postsurgical pain [19]. Currently, LIA 

has been used for pain relief for more than 15 years in 
patients who have undergone total knee replacement.

We investigated the efficacy of TXA supplemented 
with LIA for reducing blood loss in patients undergoing 
TKA.

Materials and methods
The STROBE protocol was designed for retrospective 
observational studies [20].

Patients diagnosed with osteoarthritis who under-
went unilateral primary cemented TKA at ZSM Hospi-
tal in Chorzów between January 2018 and July 2022 were 
enrolled in the study. The following inclusion criteria 
were established for further evaluation to assess homo-
geneity between the groups: (1) patients who under-
went posterior-stabilized (PS) TKA exclusively because 
this procedure requires the release of the posterior joint 
capsule and is at risk of more significant intraoperative 
blood loss; (2) patients who underwent spinal anaesthe-
sia (the vast majority of patients) because general anaes-
thesia may result in increased blood loss; and (3) patients 
who underwent surgery by one of the two surgeons (Ł. 
W; B.O.). Patients with (1) preexisting coagulopathy; (2) 
a history of long-term anticoagulant therapy before sur-
gery; (3) a history of other additional procedures, includ-
ing implant removal; and (4) any complications requiring 
extended surgery, e.g., intraoperative femoral condyle 
fracture, were excluded from the evaluation. After con-
sidering the above criteria, 530 individuals were included 
for further analysis. All the data have been anonymized. 
The authors had no access to information that could 
identify individual participants. Patients were divided 
into three groups corresponding to the method of bleed-
ing control: I - patients without an additional bleeding 
protocol (control group); II - patients receiving 1,0  g of 
TXA administered intravenously 30 min before the skin 
was incised and 3 h later (TXA group); and III - patients 
receiving an exact TXA protocol combined with intra-
operative local infiltration analgesia (200  mg of ropiva-
caine and 0.5  mg of epinephrine in 100  ml of solution) 
(TXA + LIA group). The difference in the number of indi-
viduals between groups resulted from restrictions related 
to COVID-19 during the study period.

Based on the Polish guidelines for preventing and treat-
ing venous thromboembolism, each patient received a 
dose of low-molecular-weight heparin (LMWH) 12  h 
before surgery (40 mg Clexane, Sanofi, Paris, France), and 
LMWH was continued postoperatively for 14 days. To 
assess blood loss, the haemoglobin (Hb-g/dl) level before 
surgery was compared with the lowest haemoglobin level 
during the hospital stay. As a standard, laboratory tests 
were performed on the day of hospital admission, the 
second postoperative day, and the day preceding dis-
charge. The rate of blood transfusions was assessed in 
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each group. According to local hospital regulations, the 
haemoglobin cut-off level for transfusion was 8.5  g/dl. 
However, for patients with anaemia-related symptoms, 
the threshold value indicating the need for transfusion 
was less than 9.0 g/dl.

The patients were followed up until one month after 
discharge to assess the early readmission rate.

Surgical technique
The two most experienced knee arthroplasty surgeons 
performed surgical procedures (Ł. W and B. O, each per-
forming more than 150 posterior stabilized knee arthro-
plasties annually). Only patients who underwent surgery 
under spinal anaesthesia were analysed. All patients in 
the study groups were anaesthetized by the same group 
of anaesthetists dedicated to the orthopaedic theatre. 
In accordance with the anaesthesia protocol for knee 
arthroplasty in our centre, the patients’ mean systolic 
blood pressure during surgery was controlled and main-
tained in the 100–110 mmHg range.

All patients underwent a standard medial parapatel-
lar approach through a straight midline incision of the 
quadriceps tendon. Surgical procedures were performed 
without a tourniquet, and sufficient haemostasis was 
achieved. The drain was used only in the control group 

and was obligatorily removed 24  h after the procedure, 
nonetheless because of the drainage amount. When TXA 
was included in the perioperative protocol, drains were 
not used. After standard bone cuts, reasonable efforts 
were taken to obtain a correct soft tissue balance to keep 
the joint aligned during flexion and extension. The bone 
surfaces of the patients receiving cement were cleaned 
by using a pulsed lavage system to remove fat residue, 
bone debris, marrow, and blood. The LIA solution con-
tained 200 mg of ropivacaine and 0.5 mg of epinephrine 
in a volume of 100 ml. The solution was sterile and pre-
pared in two 50 ml syringes. LIA was performed in two 
stages. The first dose (30 ml) was injected into the pos-
terior joint capsule directly after osteophyte resection on 
the posterior aspect of the femoral condyles, followed 
by the release of the tightened capsule (Fig.  1A and B). 
The midpoint of the posterior capsule was avoided due 
to the proximity of the neurovascular bundle. The second 
dose was injected into the remaining parts of the joint: 
the medial collateral ligament (10 ml; Fig. 1C), lateral col-
lateral ligament (10 ml; Fig. 1D), supracondylar soft tissue 
(20 ml; Fig. 1E), quadriceps tendon (10 ml; Fig. 1F), and 
subcutaneous tissue (20 ml). Each time, we ensured that 
LIA was administered in accordance with the accepted 

Fig. 1 Intraoperative images showing LIA administration: posterolateral (A) and posteromedial (B) joint capsule, medial collateral ligament (C), lateral 
collateral ligament (D), supracondylar soft tissue (E), and quadriceps tendon (F)
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standard, using the same step-by-step procedure for each 
patient.

For all patients, the joint capsule was tightly sutured 
using STRATAFIX Symmetric PDS Plus 1 − 0 (ETHI-
CON, Johnson & Johnson, Germany). After the surgery, 
a compression dressing was applied on the operated 
limb. On the first postoperative day, weight-bearing was 
allowed in accordance with a standard rehabilitation 
program.

The study was conducted according to the guide-
lines of the Declaration of Helsinki. For the study, ethi-
cal approval and participant consent were waived by the 
bioethics committee of the Silesian Medical Chamber in 
Katowice, Poland (ŚIL.KB.1011.2022) due to the retro-
spective nature of the study.

All the data were fully anonymized before analysis.

Results
Patients were divided into groups according to the inclu-
sion and exclusion criteria corresponding to the protocol 
for reducing blood loss and the need for a blood transfu-
sion. The TXA + LIA group had the most patients, with 
225 patients. There were fewer patients in the control 
group and TXA group, 164 and 141 patients, respectively. 
All the groups were homogeneous in terms of sex, with a 
female predominance (74.4% in the control group, 70.2% 
in the TXA group and 75.5% in the TXA + LIA group). 
The mean age of the patients was 71.44 years. Only the 
age of patients in the TXA group requiring blood trans-
fusion differed from this value, with a mean age of 75,93 
years. The mean BMI for all patients was 27.47  kg/m2. 
None of the 20 patients in the control group (12.2%), 
19 patients in the TXA group (13.5%), and 31 patients 
in the TXA + LIA group (13.7%) had comorbidities. The 
physical status of the patients was also analysed accord-
ing to the American Society of Anaesthesiologists (ASA) 
classification. We did not observe any significant differ-
ences between the individual study groups. The ASA 

classifications of each group are as follows: control group 
ASA I – 11, ASA II – 107, ASA III – 46; TXA group ASA 
I – 9, ASA II – 94, ASA III – 38; and TXA + LIA group 
ASA I – 14, ASA II – 149, ASA III – 62.

The mean hospitalization duration was 7.02 (SD 1.34) 
days in the control group, 6.08 (SD 1.06) days in the 
TXA group, and 5.56 (SD 0.79) in the TXA + LIA group. 
An overview of the study group is presented in Table 1. 
The most significant reduction in haemoglobin was 
found in the control group, which was an average of 
30.08%. The average decrease in haemoglobin was 25.17% 
(p < 0.001) in the TXA group and 23.67% (p < 0.001) in 
the TXA + LIA group. The difference between the TXA 
and TXA + LIA groups was statistically significant, with 
a mean difference of 0.05 (-0.28757; p = 0.02). Periop-
erative TXA administration significantly reduced blood 
loss (p < 0.01), as indicated by a 3.4% decrease in haemo-
globin compared to the preop haemoglobin value and a 
reduction of 4.8% in TXA + LIA patients not requiring a 
transfusion (P < 0.01). Perioperative TXA administration 
significantly reduced blood loss by 1.3%, and TXA + LIA 
did so by 2% for patients requiring blood transfusion. 
Figure  2 shows the percentage of blood loss compared 
to the initial haemoglobin value (separated by groups of 
patients who required and did not require blood transfu-
sion). Based on the interdependence statistics (chi-square 
test = 23.894; p < 0.01), there was a statistically significant 
relationship between the decrease in the rate of alloge-
neic blood transfusions, which was 24.4% in the control 
group, 9.9% in the TXA group and 8% in the TXA + LIA 
group.

Complications
In seven patients (5 in the control group and 2 in the 
TXA group), we observed persistent wound leakage last-
ing more than 72 h, requiring prolonged hospitalization 
and proper wound care. One patient from the control 
group was readmitted with symptoms of wound infection 

Table 1 Overview of the study group
No protocol group TXA group TXA + LIA group
blood transfusion 
/+/

blood transfu-
sion /-/

blood transfusion 
/+/

blood transfu-
sion /-/

blood transfusion 
/+/

blood trans-
fusion /-/

No 40 124 14 127 18 207
Age [mean] 70,82 68,98 75,93 69,77 72,61 70,57
Sex [M/F] 8 / 32 34 / 90 2 / 12 40 / 87 2 / 16 53 / 154
BMI 27,625

(SD 1,93)
27,04 (SD 1,99) 27,80 (SD 1,98) 26,97 (SD 2,03) 27,96 (SD 1,59) 27,46 (SD 2,3)

Hospital stay [day] 7,32 (SD 1,55) 6,92 (SD 1,26) 6,71 (SD 0,82) 6,01 (SD 1,06) 5,88 (SD 0,9) 5,54 (SD 0,78)
Preoperative Hb (g/dl) 13,36 (SD 0,95) 14,13 (SD 1,15) 12,83 (SD 0,74) 14,13 (SD 1,18) 12,37 (SD 1,19) 13,81 (SD 

1,15)
Lowest Hb (g/dl) 8,25 (SD 0,51) 10,24 (SD 1,09) 8,3 (SD 0,36) 10,71 (SD 1,14) 8,06 (SD 0,69) 10,67 (SD 

1,21)
Maximum Hb
loss (g/dl)

5,11 (SD 0,90) 3,89 (SD 0,82) 4,53 (SD 0,50) 3,41 (SD 0,98) 4,31 (SD 0,92) 3,14 (SD 0,90)



Page 5 of 11Wiktor et al. BMC Musculoskeletal Disorders          (2024) 25:333 

four weeks after the initial surgery. The patient under-
went irrigation and debridement (I & D) with polyethyl-
ene insert replacement, and the prosthesis was retained. 
No pathogens were cultured from the intraoperatively 
collected materials. After I & D, no symptoms of infec-
tion recurred. We documented two cases of deep venous 
thrombosis among 530 patients (one in the control group 
and one in the TXA + LIA group).

Statistical analysis
Two-factor ANOVA was used for analysis of the test 
results. This analysis verified whether the study groups 
differed significantly in terms of blood loss. This work 
used a multivariate analysis technique utilizing CHAID 
prediction trees with independent component analysis. 
BMI, age, and sex were assumed to be independent sec-
ondary variables. Pearson’s correlation coefficients were 
calculated to assess the associations between indepen-
dent secondary variables and blood loss. Tukey’s post hoc 
test for unequal samples was subsequently used to anal-
yse the detailed results. Before starting the analysis of dif-
ferences, descriptive statistics were calculated (Table 2).

The factorial ANOVA test and Tukey’s post hoc test 
for unequal samples were used to verify whether there 
were apparent differences between groups (Tables 3 and 
4; supplementary material). Figure 3 shows the statistical 
data for the mean decrease in Hb. The 95% confidence 
interval for the mean indicates a range of results that will 
favour 95% of the tested people from a given group.

Sex and age were not significantly related to periop-
erative blood loss in any of the groups. However, BMI is 
strongly related to blood loss. It can be concluded that 

the lower the BMI, the lower the blood loss after TXA 
administration (r = 0.737; p < 0.01). Blood loss was consis-
tently lower in the TXA + LIA group (r = 0.805; p < 0.01). 
Figure  4 shows a predictive model of the relationship 
between blood loss and BMI. The risk of blood loss in 
our study increased with increasing BMI by 20.1% for 
BMI < = 26.1, 23.7% for BMI 26.1–27.8, 27.7% for BMI 
27.8–29.2, and 29.2% for BMI > = 29.2.

Discussion
Several studies have proven that TXA administration in 
the perioperative setting is a safe and effective method 
for reducing blood loss [21, 22]. Numerous random-
ized controlled trials have confirmed the effectiveness 
of a dose of 1.0  g TXA, calculated according to a body 
weight cut-off of 20 mg/kg [23]. One dose of TXA should 
be administered, and two or more doses are typically 
administered. Iwai et al. showed that 2 doses of intrave-
nous TXA during the perioperative period resulted in a 
greater reduction in blood loss than a single dose [24]. 
Furthermore, many studies have revealed that topical 
tranexamic acid has comparable efficacy in TKA and 
does not induce a prothrombotic effect [11, 25–27]. The 
effectiveness of combining intravenous and topical TXA 
can be found in the literature. This protocol results in a 
lower average blood loss volume and a lower decrease in 
haemoglobin levels than a single intravenous administra-
tion [28]. Marra F et al., in a prospective study, compared 
intravenous, intraarticular, and a combination of the two 
methods of administering TXA and concluded that no 
protocol seems superior to the others in terms of blood 
loss and decrease in haemoglobin level [29].

Fig. 2 A bar chart showing the percentage of blood loss relative to the preoperative value for all study groups of patients requiring (blue) and not requir-
ing (orange) blood transfusion
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Table 2 Descriptive statistics. M - mean; SD - standard deviation; MD – median; MIN - minimum; MAX – maximum
blood transfusion /-/ blood transfusion /+/

hemoglobin (Hb-g/dl) decrease % hemoglobin (Hb-g/dl) decrease %

post-op pre-op decrease post-op pre-op decrease
Control group M 10,2 14,1 3,9 27,5% 8,3 13,4 5,1 38,0%

SD 1,1 1,2 0,8 5,2% 0,5 1 0,9 4,9%
MD 10,1 14 3,8 26,6% 8,5 13,5 5,1 37,0%
MIN 8,3 11,9 1,9 13,7% 7 10,3 2 19,4%
MAX 15,2 19 6,5 40,9% 8,9 15,4 7,3 49,3%
N 124 40

TXA M 10,7 14,1 3,4 24,1% 8,3 12,8 4,5 35,3%
SD 1,1 1,2 1 6,3% 0,4 0,7 0,5 2,2%
MD 10,7 14 3,5 24,6% 8,4 12,7 4,5 35,4%
MIN 8,8 10,9 0,4 3,4% 7,5 11,8 3,8 32,2%
MAX 13,5 17 5,6 36,2% 8,8 14,3 5,6 39,2%
N 127 14

TXA + LIA M 10,7 13,8 3,1 22,7% 8,1 12,4 4,3 34,6%
SD 1,2 1,2 0,9 6,4% 0,7 1,2 0,9 5,4%
MD 10,5 13,7 3,2 23,4% 8,3 12,7 4,6 36,5%
MIN 8,2 10,5 0,9 7,4% 5,9 9,9 2,5 23,9%
MAX 14,7 17,8 6,3 41,7% 8,8 14,1 5,8 41,7%
N 207 18

Overall M 10,6 14 3,4 24,4% 8,2 13 4,8 36,6%
SD 1,2 1,2 1 6,4% 0,5 1,1 0,9 4,9%
MD 10,4 13,9 3,4 24,8% 8,4 13,1 4,8 36,6%
MIN 8,2 10,5 0,4 3,4% 5,9 9,9 2 19,4%
MAX 15,2 19 6,5 41,7% 8,9 15,4 7,3 49,3%
N 458 72

Fig. 3 Mean plots with 95% confidence intervals (CIs) for the mean Hb decrease are presented separately for patients requiring (blue) and not requiring 
(orange) blood transfusion
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Fig. 4 CHAID prediction tree model. A model considering variables, i.e., a group of patients who received and did not receive blood, divided into sub-
groups: control group, TXA group, TXA + LIA group, BMI, age, and gender
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On the other hand, current evidence indicates a dose-
dependent toxic effect of TXA on cartilage, tendon, and 
synovial tissue. Concentrations of 20  mg/ml or less are 
expected to be safe. In light of these studies, caution with 
intraarticular administration of TXA is suggested [30]. 
However, there are still concerns about potential adverse 
events; the decision on the utilization of TXA therapy 
should always depend on the balance between the effi-
cacy and safety of the therapy.

Venous thromboembolic disease (VTED) is a known 
complication of TKA. Although patients undergoing 
knee replacement routinely receive anticoagulant pro-
phylaxis, VTED can still occur, accompanied by deep 
venous thrombosis (DVT) or pulmonary embolism (PE). 
The prevalence of VTED in TKA patients is estimated 
to be 0.8 to 1.8% [31, 32]. In our study, we adminis-
tered two doses of 1.0 g of TXA 30 min before the skin 
was incised and 3 h later. Like other authors, we did not 
notice an increased risk of VTED in our study group. 
We documented two cases of DVT and no cases of PE 
among 530 patients (0.4%). One patient with deep venous 
thrombosis was in the control group (66-year-old woman 
with a BMI of 29.7), and one was in the TXA + LIA group 
(75-year-old woman with a BMI of 29.8). Neither patient 
had additional risk factors for VTED, and both required 
blood transfusion due to a decrease in haemoglobin and 
systemic symptoms of anaemia. The low level of throm-
botic complications in our study could be explained by 
the fact that patients with preexisting coagulopathy were 
excluded to ensure the homogeneity of the compared 
groups. In all the study groups, surgical procedures were 
performed without a tourniquet, and adequate haemo-
stasis was achieved, thereby limiting intraoperative blood 
loss. In our centre, we decided to stop using a tourniquet 
because we wanted to avoid injuring the femoral muscles. 
Many studies have shown that TKA without a tourniquet 
can reduce early postoperative pain and improve rehabil-
itation without the risk of increasing side effects [33, 34].

One limitation of our study was the use of a drain in 
the control group. No drains were used in the TXA or 
TXA + LIA groups. Several studies have shown that using 
a drain in TKA increases blood loss [35, 36], while oth-
ers have reported that using a drain does not influence 
perioperative blood loss [37–39]. Although there is no 
agreement on the use of a drain or its impact on periop-
erative total blood loss, we believe this may have caused 
a more significant difference between the study groups 
in our survey. Local infiltration analgesia is adminis-
tered intraoperatively into the posterior capsule and soft 
tissues around the knee to reduce postoperative pain. 
There was heterogeneity in the studies on local analgesic 
drug combinations, infiltration sites, and volumes. Some 
LIA protocols rely on bupivacaine, while others rely on 
ropivacaine. The addition of steroids and nonsteroidal 

anti-inflammatory drugs has been questioned because 
of the potentially increased risk of periprosthetic infec-
tion and renal as well as gut toxicity [19, 40]. In close 
consultation with anaesthesiologists, we started rou-
tinely using LIA in TKA in January 2021. In contrast to 
most recommendations, we administered 100  ml of the 
LIA solution because high volumes of LIA solutions may 
increase the risk of prolonged wound drainage or leak-
age [19, 41]. Interestingly, our study showed no wound 
infection, delayed wound healing, or prolonged wound 
leakage in the TXA + LIA group. The patients in the 
LIA group had significantly lower scores on the visual 
analogue scale (VAS), especially in the first two postop-
erative days, than the other patients had. However, the 
detailed assessment was different from the purpose of 
this study. It is considered that although LIA is a recom-
mended analgesic option, it cannot improve functional 
outcomes after TKA. Based on our results, the combina-
tion of TXA with LIA reduces perioperative blood loss. 
In our study, the average decrease in haemoglobin in the 
control group was 30.08%. The average decrease in hae-
moglobin was 25.17% in the TXA group (p < 0.001) and 
23.67% (p < 0.001) in the TXA + LIA group. Moreover, 
reducing blood loss seems crucial for decreasing the rate 
of allogeneic blood transfusions because it could increase 
the risk of surgical site infection and periprosthetic joint 
infection [42]. For our patients, we noticed a statistically 
significant relationship (p < 0.01) between the decrease in 
the allogeneic blood transfusion rate, which was 24.4% in 
the control group, 9.9% in the TXA group, and 8% in the 
TXA + LIA group. Therefore, the combination of TXA 
and LIA might positively affect the final outcome of TKA. 
According to Başdelioğlu K, high BMI values adversely 
affect clinical and functional outcomes after TKA. Fur-
thermore, obesity is one of the most critical risk factors 
for prosthesis infection and aseptic prosthesis loosening 
[43]. After analysing the results, we did not find any cor-
relation between blood loss and sex or age. However, we 
found a strong relationship between blood loss and BMI. 
Our study revealed that the risk of blood loss increased 
with increasing BMI by 20.1% for BMI < = 26.1 kg/m2 and 
29.2% for BMI > = 29.2 kg/m2.

The current study revealed no complications associ-
ated with the combination of LIA and TXA. We did not 
experience any intricacies resulting from administering 
LIA into the large vessel, nerve damage or severe local 
complications. Moreover, we did not find any adverse 
interactions associated with the combination of TXA and 
adrenaline; in particular, there was no increased risk of 
local prothrombotic state, which could result from the 
haemostatic effect of TXA and the vasoconstrictive effect 
of adrenaline. Based on our observations, combining 
LIA and TXA is safe and reduces pain and perioperative 
blood loss.



Page 9 of 11Wiktor et al. BMC Musculoskeletal Disorders          (2024) 25:333 

We believe that the combination of TXA and LIA 
allows for the reduction of perioperative blood loss 
through two separate mechanisms. On the one hand, 
a systemic effect through the intravenous use of 
tranexamic acid promotes hemostasis and reduces bleed-
ing and blood loss by inhibiting activated plasmin from 
degrading fibrin clots [8, 9]. On the other hand, using 
epinephrine in LIA reduces perioperative (contraction 
of peripheral vessels through alpha-1 adrenoreceptors) 
and postoperative (platelet-stimulating hemostatic effect 
through alpha-2 adrenoreceptors) blood loss [44]. The 
key is to follow the LIA protocol to focus on the most 
richly vascularized knee structures. Intraoperative peri-
incisional and pericapsular local injection allows for the 
most effective constriction of small vessels and reduces 
blood loss [45, 46].

In the original LIA technique, the local tumescent 
effect of large bolus infiltration into soft tissues was 
responsible for the hemostatic effect. We did not use 
high volumes in our study to avoid the increased risk of 
prolonged wound drainage or leakage. Moreover, in our 
opinion, the techniques employed in our survey, includ-
ing thorough diathermy coagulation, tranexamic acid, 
and local infiltration, make it possible to avoid drain-
age, which additionally reduces the risk of postoperative 
allogenous blood transfusion, thus reducing the associ-
ated risks and costs [47].

The scheme of combining TXA with LIA that we have 
implemented in our study is consistent with Enhanced 
Recovery After Surgery (ERAS), which is a “fast-track,” 
perioperative, multi-disciplinary concept aimed at 
improving recovery time and reducing the length of hos-
pital stay as with consensus for perioperative care in total 
hip and knee arthroplasty [48–50].

However, further analysis is needed to determine the 
impact of the combination of tranexamic acid and local 
infiltration analgesia on reducing perioperative blood 
loss and the rate of blood transfusions after total knee 
replacement.

Study limitations
The main limitations of our study include its retrospec-
tive design. Another limitation of our study was the use 
of a drain in the control group, as a drain was not used 
in the TXA or TXA + LIA group, which could have influ-
enced intraoperative blood loss in the control group. 
Another limitation is that the volume of intraoperative 
blood loss was not evaluated. Estimating the rate of blood 
transfusions and the lack of strict transfusion guidelines 
is another essential facet. According to local hospital reg-
ulations, the hemoglobin cut-off level for transfusion was 
8.5  g/dl. However, the transfusion trigger was less than 
9.0 g/dl in patients with anemia-related symptoms. Based 
on the guidelines, it is worth mentioning that transfusion 

triggers are not static and, especially in the perioperative 
period, may be dynamic and only partially dependent on 
hemoglobin levels, which may result in estimation bias. 
Limitations of the current study include the lack of com-
parisons between local and intravenous injections of 
tranexamic acid and the short postoperative follow-up 
period.

Further longitudinal studies comparing different meth-
ods of TXA administration with LIA are recommended.

Conclusions
Compared to the separate administration of tranexamic 
acid, the combination of perioperative administration 
and local infiltration analgesia is a safe procedure that 
statistically significantly reduced blood loss in patients 
after total knee replacement. The combination of TXA 
and LIA reduces the rate of allogenic blood transfusion 
and shortens hospital stays.

Abbreviations
TKA  Total knee arthroplasty
THA  Total hip arthroplasty
TXA  Tranexamic acid
LIA  Local infiltration analgesia
NSAIDs  Non-steroidal anti-inflammatory drugs
STROBE  Strengthening the Reporting of Observational Studies in 

Epidemiology
LMWH  Low Molecular Weight Heparin
I&D  Irrigation & debridement procedure
VTED  Venous thromboembolic disease
DVT  Deep venous thrombosis
PE  Pulmonary embolism

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12891-024-07451-9.

Supplementary Material 1

Author contributions
Ł.W. designed the study and drafted the manuscript. Ł.W. collected data. Ł.W. 
B.O. and M.D. conducted the data analysis. Ł.W. prepared the final version 
of the manuscript. Ł.W. B.O. and M.D. critically reviewed and edited the 
manuscript. All authors have read and agreed to the published version of the 
manuscript.

Funding
This paper was not funded. No benefits in any form have been received or 
will be received from a commercial party related directly or indirectly to the 
subject of this article.

Data availability
The data generated and analyzed in the current study are available from the 
corresponding author on reasonable request.

Declarations

Ethical approval
The study was conducted according to the guidelines of the Declaration of 
Helsinki. For the study ethical approval and participant consent was waived by 
the bioethics committee of Silesian Medical Chamber in Katowice, Poland (ŚIL.

https://doi.org/10.1186/s12891-024-07451-9
https://doi.org/10.1186/s12891-024-07451-9


Page 10 of 11Wiktor et al. BMC Musculoskeletal Disorders          (2024) 25:333 

KB.1011.2022) due to the retrospective nature of the study. All data were fully 
anonymized before analysis.

Conflict of interest
The authors declare no conflict of interest.

Consent to participate
Not applicable.

Consent to publish
Not applicable.

Received: 25 September 2023 / Accepted: 17 April 2024

References
1. Park JH, Rasouli MR, Mortazavi SM, et al. Predictors of perioperative blood loss 

in total joint arthroplasty. J Bone Joint Surg AM. 2013;95:1777–83.
2. Schwab PE, Lavand’homme P, Yombi JC, Thienpont E. Lower blood loss after 

unicompartmental than total knee arthroplasty. Knee Surg Sports Traumatol 
Arthrosc. 2015;23(12):3494–500.

3. Spahn DR. Anemia and patient blood management in hip and knee surgery: 
a systematic review of the literature. Anesthesiology. 2010;113:482–95.

4. Banerjee S, Kapadia BH, Issa K, et al. Postoperative blood loss prevention in 
total knee arthroplasty. J Knee Surg. 2013;26:395–400.

5. Vamvakas EC, Blajchman MA. Transfusion-related mortality: the ongoing risks 
of allogeneic blood transfusion and the available strategies for. Their Prev 
Blood. 2009;113:3406–17.

6. Shander A, Hofmann A, Ozawa S, et al. Activity-based costs of blood transfu-
sions in surgical patients at four hospitals. Transfusion. 2010;50:753–65.

7. Grant AL, Letson HL, Morris JL, McEwen P, Hazratwala K, Wilkinson M, Dobson 
GP. Tranexamic acid is associated with selective increase in inflammatory 
markers following total knee arthroplasty (TKA): a pilot study. J Orthop Surg 
Res. 2018;18(1):149.

8. Tengborn L, Blomback M, Berntorp E. Tranexamic acid–an old drug still going 
strong and making a revival. Thromb Res. 2015;135(2):231–42.

9. Eubanks JD. Antifibrinolytics in major orthopaedic surgery. J Am Acad Orthop 
surg. 2010;18:132–8.

10. World Health Organization. Model list of essential Medicines: 21st list 2019. 
Geneva: World Health Organization; 2019.

11. Wei W, Dang S, Duan D, Wei L. Comparison of intravenous and topical 
tranexamic acid in total knee arthroplasty. BMC Musculoskelet Disord. 
2018;19(1):191.

12. Wang H, Shen B, Zeng Y. Comparison of topical versus intravenous 
tranexamic acid in primary total knee arthroplasty: a meta-analysis of ran-
domized controlled and prospective cohort trials. Knee. 2014;21(6):987–93.

13. Laoruengthana A, Rattanaprichavej P, Rasamimongkol S, Galassi M, Weerakul 
S, Pongpirul K. Intra-articular tranexamic acid mitigates blood loss and 
morphine use after total knee arthroplasty. A randomized controlled trial. J 
Arthroplasty. 2019;34(5):877–81.

14. Whiting DR, Sierra RJ. Efficacy of combined use of intraarticular and 
intravenous tranexamic acid in total knee arthroplasty. Ann Transl Med. 
2015;3(Suppl 1):S39.

15. Akgul T, Buget M, Salduz A, et al. Efficacy of preoperative admin- istration of 
single high dose intravenous tranexamic acid in reducing blood loss in total 
knee arthroplasty: a prospective clinical study. Acta Orthop Traumatol Turc. 
2016;50(4):429–31.

16. Lei Y, Xie J, Huang Q, Huang W, Pei F. Additional benefits of multiple-dose 
tranexamic acid to anti-fibrinolysis and antiinflammation in total knee 
arthroplasty: a randomized controlled trial. Arch Orthop Trauma Surg. 
2020;140(8):1087–95.

17. Yuan X, Li B, Wang Q, et al. Comparison of 3 routes of administration of 
tranexamic acid on primary unilateral total knee arthroplasty: a prospective, 
randomized, controlled study. J Arthroplasty. 2017;32:2738–43.

18. Lee QJ, Ching WY, Wong YC. Blood sparing efficacy of oral tranexamic acid 
in primary total knee arthroplasty: a randomized controlled trial. Knee Surg 
Relat Res. 2017;29:57–62.

19. Kerr DR, Kohan L. Local infiltration analgesia: a technique for the control of 
acute postoperative pain following knee and hip surgery: a case study of 325 
patients. Acta Orthop. 2008;79:174–8.

20. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP, 
STROBE Initiative. The strengthening the reporting of Observational studies 
in Epidemiology (STROBE) statement: guidelines for reporting observational 
studies. Lancet. 2007;370:1453–7.

21. Hourlier H, Reina n, Fennema P. Single dose intravenous tranexamic acid 
as effective as continuous infusion in primary total knee arthroplasty: a 
randomised clinical trial Arch. Orthop Trauma surg. 2015;135:465–71.

22. Lin sY, Chen CH, Fu YC, et al. The efficacy of combined use of intraarticular 
and intravenous tranexamic acid on reducing blood loss and transfusion rate 
in total knee arthroplasty. J Arthroplasty. 2015;30(5):776–80.

23. Levine BR, Haughom BD, Belkin, Mn, et al. Weighted versus uniform dose of 
tranexamic acid in patients undergoing pri- mary, elective knee arthro-
plasty: a prospective randomized controlled trial. J Arthroplasty. 2014;29(9 
suppl):186–8.

24. Iwai t, Tsuji S, Tomita T, et al. Repeat-dose intravenous tranexamic acid further 
decreases blood loss in total knee arthroplasty. Int Orthop. 2013;37:441–5.

25. Shen PF, Hou WL, Chen JB, et al. Effectiveness and safety of tranexamic acid 
for total knee arthroplasty: a prospective randomized controlled trial. Med sci 
Monit. 2015;21:576–81.

26. Karaaslan F, Karaoğlu s, Mermerkaya MU, et al. Reducing blood loss in simul-
taneous bilateral total knee arthroplasty: combined intravenous-intra-articu-
lar tranexamic acid admin- istration. Prospective Randomized Controlled Trial 
Knee. 2015;22:131–5.

27. Aguilera X, Martínez-Zapata MJ, Hinarejos P, et al. Topical and intravenous 
tranexamic acid reduce blood loss compared to routine hemostasis in total 
knee arthroplasty: a multicenter, randomized, controlled trial Arch. Orthop 
Trauma surg. 2015;135:1017–25.

28. Jain nP PP, shah nA. (2016) Combined administration of systemic and topical 
tranexamic acid for total knee arthroplasty: can it be a better regimen and 
yet safe? A randomized controlled trial J Arthroplasty 31:542–547.

29. Marra F, Rosso F, Bruzzone M, Bonasia DE, Dettoni F, Rossi R. (2017) Use of 
tranexamic acid in total knee arthroplasty joints 4(4):202–13.

30. Bolam SM, O’Regan-Brown A, Paul Monk A, Musson DS, Cornish J, Munro 
JT. Toxicity of tranexamic acid (TXA) to intra-articular tissue in ortho-
paedic surgery: a scoping review. Knee Surg Sports Traumatol Arthrosc. 
2021;29:1862–71.

31. Shahi A, Chen AF, Tan TL, Maltenfort MG, Kucukdurmaz F, Parvizi J. The inci-
dence and economic burden of in-hospital venous throm- boembolism in 
the United. States J Arthroplasty. 2017;32(04):1063–6.

32. Zhang ZH, Shen B, Yang J, Zhou ZK, Kang PD, Pei FX. Risk factors for venous 
thromboembolism of total hip arthroplasty and total knee arthroplasty: 
a systematic review of evidences in ten years. BMC Musculoskelet Disord. 
2015;16:24.

33. Wang HY, Yuan MC, Pei FX, Zhou ZK, Liao R. Finding the optimal control level 
of intraoperative blood pressure in no tourniquet primary total knee arthro-
plasty combine with tranexamic acid: a retrospective cohort study which 
supports the enhanced recovery strategy. J Orthop Surg Res. 2020;25(1):350.

34. Zhou K, Ling T, Wang H, Zhou Z, Shen B, Yang J, et al. Influence of tourni-
quet use in primary total knee arthroplasty with drainage: a prospective 
randomised controlled trial. J Orthop Surg Res. 2017;12(1):172.

35. Bjerke-Kroll BT, Sculco PK, McLawhorn AS, Christ AB, Gladnick BP, Mayman 
DJ. The increased total cost associated with post-operative drains in total hip 
and knee arthroplasty. J Arthroplasty. 2014;29:895–9.

36. Ovadia D, Luger E, Bickels J, Menachem A, Dekel S. Efficacy of closed wound 
drainage after total joint arthroplasty. A prospective randomized study. J 
Arthroplasty. 1997;12:317–21.

37. Kumar S, Penematsa S, Parekh S. Are drains required fol- lowing a routine 
primary total joint arthroplasty? Int Orthop. 2007;31:593–6.

38. Omonbude D, El Masry MA, O’Connor PJ, Grainger AJ, Allgar VL, Calder SJ. 
Measurement of joint effusion and haematoma formation by ultrasound in 
assessing the effectiveness of drains after total knee replacement: a prospec-
tive randomised study. J Bone Joint Surg (Br). 2010;92:51–5.

39. Sundaram RO, Parkinson RW. Closed suction drains do not increase the blood 
transfusion rates in patients undergoing total knee arthroplasty. Int Orthop. 
2007;31:613–6.

40. Desai A, Ramankutty S, Board T et al. (2009) Does intraarticular steroid infiltra-
tion increase the rate of infection in subsequent total knee replacements 
Knee 16: 262–264.

41. Fan L, Zhu C, Zan P, Yu X, Liu J, Sun Q, Li G. The comparison of local infiltration 
analgesia with peripheral nerve Block following total knee arthroplasty (TKA): 
a systematic review with Meta-analysis. J Arthroplasty. 2015;30(9):1664–71.



Page 11 of 11Wiktor et al. BMC Musculoskeletal Disorders          (2024) 25:333 

42. Innerhofer P, Klingler A, Klimmer C, Fries D, Nussbaumer W. Risk for postop-
erative infection after transfusion of white blood cell-filtered allogeneic or 
autologous blood components in orthopedic patients undergoing primary 
arthroplasty. Transfusion. 2005;45(1):103–10.

43. Başdelioğlu K. Effects of body mass index on outcomes of total knee arthro-
plasty. Eur J Orthop Surg Traumatol. 2021;31(3):595–600.

44. Gasparini G, Papaleo P, Pola P, Cerciello S, Pola E, Fabbriciani C. Local infusion 
of norepinephrine reduces blood losses and need of transfusion in total knee 
arthroplasty. Int Orthop. 2006;30(4):253–6.

45. Shim SS, Leung G. Blood supply of the knee joint. A microangiographic study 
in children and adults. Clin Orthop Relat Res. 1986;(208):119–25.

46. Anderson LA, Engel GM, Bruckner JD, Stoddard GJ, Peters CL. Reduced blood 
loss after total knee arthroplasty with local injection of bupivacaine and 
epinephrine. J Knee Surg. 2009;22(2):130–6.

47. Sun C, Zhang X, Chen L, Deng J, Ma Q, Cai X, Yang H. Comparison of oral ver-
sus intravenous tranexamic acid in total knee and hip arthroplasty: a GRADE 
analysis and meta-analysis. Med (Baltim). 2020;99(44):e22999.

48. Ng MSP, Low SSE, Tay WX, Lee P, Liau ZQG. Enhanced recovery after surgery 
protocol improves postoperative pain and shortens length of stay among 
patients undergoing primary total knee arthroplasty. J Orthop. 2023;47:63–6.

49. Wainwright TW, Gill M, McDonald DA, et al. Consensus statement for peri-
operative care in total hip replacement and total knee replacement surgery: 
enhanced recovery after surgery (ERAS®) Society recommendations. Acta 
Orthop. 2020;91(3):363.

50. Morrell AT, Layon DR, Scott MJ, Kates SL, Golladay GJ, Patel NK. Enhanced 
recovery after primary total hip and knee arthroplasty: a systematic review. J 
Bone Joint Surg Am. 2021;103(20):1938–47.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	﻿Can local infiltration analgesia supplemented with tranexamic acid reduce blood loss during total knee arthroplasty?
	﻿Abstract
	﻿Introduction
	﻿Local infiltration analgesia (LIA)

	﻿Materials and methods
	﻿Surgical technique

	﻿Results
	﻿Complications
	﻿Statistical analysis

	﻿Discussion
	﻿Study limitations

	﻿Conclusions
	﻿References


