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Effect of peroperative local tranexamic acid admistration on bleeding in 
total knee arthroplasty performed with general or spinal anesthesia

 Genel veya spinal anestezi ile yapılan total diz artroplastisinde peroperatif lokal 
traneksamik asit uygulamasının kanamaya etkisi

Bahadır Balkanlı, İsmail Tüter, Enver İpek

Abstract
Purpose: This retrospective study aimed to compare the effects of local tranexamic use on postoperative 
bleeding in total knee arthroplasty performed under general or spinal anesthesia.
Materials and methods: This study analyzed the amount of postoperative bleeding in 95 primary osteoarthritis 
knees that underwent total knee arthroplasty between 2017 and 2023. Patients who underwent general or spinal 
anesthesia were divided into four groups according to whether or not local tranexamic acid was administered 
perioperatively. Tranexamic acid was administered locally to the surrounding soft tissues after arthroplasty as 1 
g. Postoperative hemogram changes, drain amounts, and transfusion needs were evaluated in the study.
Results: In Group 4, a significant decrease in hemoglobin levels was observed within the first 24 hours 
postoperatively (p1:0.001; p2:0.000; p3:0.001). There was no statistically significant difference in hemoglobin 
values on the third day between Groups 1-4 (p:0.117). Postoperative hemoglobin values in Group 3 were 
statistically higher than the other groups (p1:0.019; p2:0.003). Significantly higher drain volumes were seen 
in Group 4 compared to Groups 1-3 (p=0.000). The amount coming from the drain in Group 1 was statistically 
significantly lower (p1:0.001; p2:0.032). When the replacement amount of 2 units (6.1%) was evaluated, blood 
replacement rates in Group 3 (6.1%) were lower than in the other groups (p1:0.002; p2:0.000).
Discussion: The study found that locally applied tranexamic acid in total knee arthroplasty reduced postoperative 
bleeding, maintained hemoglobin levels, and reduced drainage volumes and transfusion requirements. It may 
contribute to reducing potential bleeding-related complications and costs.
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Öz
Amaç: Bu retrospektif çalışmada, genel veya spinal anestezi altında yapılan total diz artroplastisinde lokal 
traneksamik kullanımının postoperatif kanama üzerine etkisinin karşılaştırması amaçlandı.
Gereç ve yöntem: Bu çalışmada 2017-2023 tarihleri arasında total diz artroplastisi uygulanan primer osteoartritli 
95 dizdeki postoperatif kanama miktarları analiz edildi. Genel veya spinal anestezi uygulanan hastalar 
perioperatif lokal traneksamik asit verilip verilmemesine göre dört gruba ayrıldı. Traneksamik asit uygulaması 1 
gr olarak artroplastisi sonrası çevre yumuşak dokulara lokal olarak yapıldı. Çalışmada postoperatif hemogram 
değişiklikleri, dren miktarları ve transfüzyon ihtiyaçları değerlendirildi.
Bulgular: Grup 4'te, postoperatif ilk 24 saat içinde hemoglobin düzeylerinde anlamlı düzeyde bir düşüş görüldü 
(p1:0,001; p2:0,000; p3:0,001). Üçüncü gün hemoglobin değerlerinde Grup 1-4 arasında istatistiksel farklılık 
yoktu (p:0,117). Grup 3'te postoperatif hemoglobin değerleri diğer gruplara göre istatistiksel olarak yüksekti 
(p1:0,019; p2:0,003). Grup 4'te Grup 1-3'e göre anlamlı derecede yüksek dren hacimleri görüldü (p=0,000). 
Grup 1'deki drenden gelen miktar istatistiksel olarak anlamlı derecede düşüktü (p1:0,001; p2:0,032). 2 ünite 
(%6,1) replasman miktarı değerlendirildiğinde, Grup 3'te kan replasman oranları (%6.1) diğer gruplara göre 
düşüktü (p1:0,002; p2:0,000).
Sonuç: Çalışma, total diz artroplastisinde lokal olarak uygulanan traneksamik asidin postoperatif kanamayı 
azalttığını, hemoglobin seviyelerini koruduğunu ve drenaj hacimlerini ve transfüzyon gereksinimlerini azalttığını 
buldu. Potansiyel kanama ile ilişkili komplikasyonları ve maliyetleri azaltmaya katkıda bulunabilir.

Anahtar kelimeler: Traneksamik asit, diz artroplastisi, kan transfüzyonu, anestezi, cerrahi dren.
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Introduction

One of the orthopaedic surgical procedures 
that is most frequently carried out is total knee 
arthroplasty (TKA). The necessity of TKA 
increases throughout various nations as the 
population ages. TKA is performed to increase 
function and decrease pain in patients with 
end-stage gonarthrosis. Blood loss during 
and after this surgical procedure is a serious 
problem. In total knee arthroplastic surgery, the 
percentage of transfusions ranged from 18% to 
68% [1]. Allogenic blood product transfusions 
increase the risk of morbidity. Several studies 
have identified causes that increase the risk 
of transfusion-related morbidities, such as 
allergic reactions, hemolytic reactions, disease 
transmission, surgical area infection, and venous 
thromboembolism [1-4]. Various strategies 
have been developed to limit peroperative and 
postoperative blood loss. The use of tourniquets, 
autologous blood transfusion, surgical 
clamping of the drain, controlled hypotensive 
anaesthesia, and the use of various drugs 
such as tranexamic acid can be examples of 
these strategies [5, 6]. Tranexamic acid (TXA) 
is an amino acid derivative of synthetic lysine 
that has been found in numerous studies to 
minimise bleeding and blood transfusions after 
total knee arthroplasty [7, 8]. The use of spinal 
anaesthesia in total knee arthroplasty has 
been associated with lower complication rates 
[9]. However, the relationship between these 
benefits and the type of anaesthetic should be 
studied further. The purpose of this study is to 
determine whether the local use of TXA during 
total knee arthroplasty (TKA) under various 
forms of anaesthesia leads to significantly 
different outcomes in terms of bleeding volume 
and transfusion requirements.

Materials and methods

The patient information from the hospital’s 
data system is for patients who underwent 
total knee arthroplasty due to gonarthrosis 
between January 2017 and January 2023.  
Permission was received for the study from the 
Health Sciences University Şişli Hamidiye Etfal 
Training and Research Hospital SUAM Clinical 
Research Ethics Committee (permission date: 
13/06/2023, and permission number: 3971). 
The investigation was conducted at a single 
location and followed a retrospective technique. 

The demographic characteristics of patients 
will be reviewed retrospectively. The study 
comprised individuals aged 60 to 90 who 
received total knee arthroplasty for primary 
gonarthrosis. During surgery, patients were 
separated into two groups: general anaesthesia 
and spinal anaesthesia. In addition, patients 
were separated into two subgroups: those 
who got 1 g of local tranexamic acid during 
surgery and those who did not. Tranexamic 
acid administration was performed locally as 
1 g injection into the surrounding soft tissues 
after cemented total knee arthroplasty. The 
incision site was then sutured according to 
the anatomical plan by applying a surgical 
drain. Intravenous tranexamic acid was 
not administered to the patients. Patients 
under 60 and over 90 who had received total 
knee arthroplasty were eliminated from the 
research. Patients who underwent revision 
arthroplasty due to reasons such as infection, 
trauma, and aseptic loosening were eliminated 
from the research. Additionally, patients with 
rheumatologic and systemic diseases involving 
joint issues were also dismissed from the 
research. The preoperative and postoperative 
hemogram results, the amount of bleeding 
from drains, the drain durations, and the blood 
transfusion requirements of patients who had 
total knee arthroplasty surgery in our clinic 
will be compared. In total knee arthroplasty, 
the effect of local tranexamic acid on bleeding 
and the requirement for transfusions in 
the postoperative phase will be studied in 
connection with the present anaesthesia type. 
Patients undergoing total knee arthroplasty had 
their hemograms taken preoperatively and on 
the first, third, and fifth days following surgery.

A tourniquet was applied to all patients during 
the surgery. Surgical drains were applied to all 
patients, and the volumes of drainage were 
recorded from medical records. The surgical 
drains were extracted at the 24th postoperative 
hour. Bleeding volumes from the drain and 
transfusion amounts were obtained from patient 
records. Two methods were evaluated in the 
study. Group 1: 1 g of tranexamic acid was 
applied locally to the knee joint after cemented 
TKA with general anesthesia. Group 2: local 
tranexamic acid was not applied to the knee joint 
after cemented TKA with general anesthesia. 
Group 3: 1 g of tranexamic acid was applied 
locally to the knee joint after cemented TKA with 
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spinal anesthesia. Group 4: Local tranexamic 
acid was not applied to the knee joint after 
cemented TKA with spinal anaesthesia.

Statistical analysis

The study’s findings were analysed using the 
IBM SPSS Statistics 22 (IBM SPSS, Türkiye) 
statistical analysis programme. The Shapiro-
Wilk test was used to determine whether the 
parameters had a normal distribution. A One-
Way ANOVA test was employed to compare 
statistical methods such as mean, standard 
deviation, and frequency, as well as groups 
with normally distributed parameters, in the 
study data evaluation. For comparisons 
between groups with non-normally distributed 
parameters, the Kruskal-Wallis test and 
Dunn’s test were utilised to identify the group 
responsible for the differences. The Wilcoxon 
signed-rank test was used to analyse non-
normally divided parameters within groups. 
To analyse qualitative data, we employed the 
Fisher-Freeman-Halton and Chi-square tests. A 
p-value of <0.05 indicated the significance level.

Results

The research included 95 patients who 
underwent TKA between January 2017 and 

January 2023. The patients were between 
50 and 89 years of age, with an average of 
67.78±8.23. 17.9% of cases were male, and 
82.1% were female. 51.57% of patients have 
been operated on with gonarthrosis on the right 
and 48.42% on the left (Table 1). In the study, 
they were examined in 4 groups: 15 patients 
(15.8%) in Group 1, 11 patients (11.6%) in 
Group 2, 33 patients (34.7%) in Group 3, and 36 
patients (37.9%) in Group 4. The first 24 hours 
of haemoglobin (HG) decrease (the change in 
HG1 compared to HG0) ranges from -0.1 to 4.8 
g/dl, with an average of 1.69±1.13 g/dl and a 
median of 1.5 g/dl. Total HG decrease (variation 
in HG4 compared to HG0) ranges from 0 to 5.7 
g/dl, with an average of 2.81±1.33 g/dl and a 
median of 2.9 g/dl. (Table 2). The blood loss 
from the drain ranges from 40 to 220 ml, with an 
average of 95.11±32.55 ml and a median of 90 
ml. 50.5% of patients were given peroperative 
local tranexamic acid, while 49.5% were not 
given tranexamic acid. 27.4% of the patients 
received general anaesthesia, and 72.6% test 
spinal anaesthesia. In 54.7% of patients, no 
blood replacement was performed; in 22.1%, 1 
unit; in 21.1%, 2 units; and in 2.1%, 3 units (Table 
3). There were no statistically notable variations 
between the groups in terms of average age or 
gender distribution (p:0.678; p:0.150)

Table 1.Distribution of general features

Min-Max Mean±Sd

Age 50-89 68.78±8.23

n %

Gender
Male 17 17.9

Female 78 82.1

Side
Right 49 51.57

Left 46 48.42

SD: Standard deviation

Table 2. Information on HG levels

Min-Max Mean±Sd (median)

HG0 10-15.8 13.11±1.18 (13.1)

HG1 8.6-15.2 11.42±1.3 (11.4)

HG3 (n=94) 8.2-14.3 10.5±1.38 (10.2)

HG5 (n=90) 7.6-14.2 10.25±1.27 (10.1)

HG decreases in the first 24 hours (-0.1)-4.8 1.69±1.13 (1.5)

Total HG decrease 0-5.7 2.81±1.33 (2.9)

SD: Standard deviation
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Table 3. Distribution of operating parameters

Min-Max Mean±Sd (median)

The amount of the drain (ml) 40-220 95.11±32.55 (90)

n %

Tranexanic acid usage
TXA unused 47 49.5

TXA used 48 50.5

Type of Anesthesia
General 26 27.4

Spinal 69 72.6

Blood replacement

0 52 54.7

1 21 22.1

2 20 21.1

3 2 2.1

SD: Standard deviation

Furthermore, there was little change in the 
distribution of operated sides across Groups 
1-3, and 4 (p:0.770) (Table 4).

There were substantial distinctions 
between groups in terms of HG1 (haemoglobin 
control value at 24 hours) (p=0.002). Binary 
comparisons revealed that Group 4 had 
significantly lower HG1 values compared to 
Groups 1-3 (p1:0.018; p2:0.046; p3:0.000*). 
Nevertheless, there were not any significant 
differences in HG1 values between the other 
groups (p1:0.144; p2:0.713; p3:0.671, p>0.05) 
(Table 5, Table 5.1). There was no statistically 
important difference between Groups 1-4 in 
terms of HG3 (haemoglobin control value on day 
3) (p:0.117). There were important distinctions 
comparing each group in terms of HG5 (the 
5th day haemoglobin control value) (p=0.010). 
Binary comparisons revealed that Group 3 
had considerably higher HG5 values than 
Groups 1, 2, and 4 (p1:0.019, p2:0.003). There 
is not a significant variation in HG5 readings 
between the other groups (p1:0.224; p2:0.195; 
p3:0.329; p4:0.536 p>0.05) (Table 5.1). After 
the Bonferroni correction, the significance level 
for pairwise comparisons within the groups was 
set at p=0.0167 (Table 5). In Groups 1, 3, and 
4, the decreases observed in HG1, HG3, and 
HG5 levels compared to the HG0 values were 
found to be statistically significant (Group 1: 
HG0-HG1 p:0.001*, HG0-HG3 p:0.001*, HG0-
HG5 p:0.001*; Group 3: HG0-HG1 p:0.001*, 

HG0-HG3 p:0.001*, HG0-HG5 p:0.001*; Group 
4: HG0-HG1 p:0.001*, HG0-HG3 p:0.001*, 
HG0-HG5 p:0.001*; p=0.0167). In Group 2, the 
decreases observed in HG1, HG3, and HG5 
levels compared to HG0 values were statistically 
significant (p1:0.004*; p2:0.009*; p=0.0167). 
However, the decrease observed at the HG5 
level compared to HG0 was not statistically 
significant (p:0.018; p=0.0167) (Table 5, Figures 
1 and 2).

The first 24-hour decreases in haemoglobin 
(HG) levels differed significantly between 
groups (p=0.000). Comparisons were made 
to determine from which group the differences 
stem. In group 4, the first 24 hours of HG 
decreases were statistically significantly higher 
compared to Groups 1-3 (p1:0.001; p2:0.000; 
p3:0.001). The first 24-hour haemoglobin (HG) 
declines did not differ significantly from the other 
groups (p1:0.632; p2:0.567; p3:0.290; p>0.05) 
(Table 6, Table 6.1).

There are numerically significant 
variations between the groups in terms of 
total haemoglobin (HG) reductions (p=0.007). 
Pairwise comparisons revealed that Group 4 
experienced a substantially larger total HG drop 
than Groups 1-3 (p1:0.002; p2:0.014). Although 
no statistically significant difference in overall 
HG reduction values was seen between the 
groups (p1:0.144; p2:0.776; p3:0.103; p4:0.158 
p>0.05) (Table 6.1).

Pamukkale Medical Journal 2025;18(2):256-269 Balkanli et al.



Tranexamic acid in knee arthroplasty: anaesthetic impact

260

Ta
bl

e 
4.

 E
va

lu
at

io
n 

of
 g

en
er

al
 c

ha
ra

ct
er

is
tic

s 
be

tw
ee

n 
gr

ou
ps

G
en

er
al

 a
ne

st
he

si
a 

Tx
a 

us
ed

G
ro

up
 1

G
en

er
al

 a
ne

st
he

si
a 

Tx
a 

un
us

ed
G

ro
up

 2
Sp

in
al

 a
ne

st
he

si
a 

Tx
a 

us
ed

G
ro

up
 3

Sp
in

al
 a

ne
st

he
si

a 
Tx

a 
un

us
ed

G
ro

up
 4

Te
st

 
N

am
e

Te
st

p

(M
in

-M
ax

)-(
M

ed
ia

n±
SD

)
(M

in
-M

ax
)-(

M
ed

ia
n±

SD
)

(M
in

-M
ax

)-(
M

ed
ia

n±
SD

)
(M

in
-M

ax
)-(

M
ed

ia
n±

SD
)

A
ge

(5
7-

84
)-(

68
.8

7±
7.

36
)

(5
7-

76
)-(

66
.3

6±
6.

34
)

(5
5-

89
)-(

69
.8

5±
9.

06
)

(5
0-

86
)-(

68
.5

±8
.4

3)
F

0.
50

7
a 0

.6
78

n 
(%

)
n 

(%
)

n 
(%

)
n 

(%
)

G
en

de
r

M
al

e
1 

(6
.7

%
)

0 
(0

%
)

9 
(2

7.
3%

)
7 

(1
9.

4%
)

ꭓ2
5.

15
8

b 0
.1

50

Fe
m

al
e

14
 (9

3.
3%

)
11

 (1
00

%
)

24
 (7

2.
7%

)
29

 (8
0.

6%
)

Si
de

R
ig

ht
11

 (7
3.

33
%

)
5 

(4
5.

45
%

)
16

 (4
8.

48
%

)
17

 (4
7.

22
%

)
ꭓ2

4.
10

8
c 0

.7
70

Le
ft 

 
4 

(2
6.

66
%

)
6 

(5
4.

54
%

)
17

 (5
1.

51
%

)
19

 (5
2.

77
%

)

a O
ne

-W
ay

 A
no

va
 T

es
t,	

b F
is

he
r F

re
em

an
 H

al
to

n 
Te

st
, c C

hi
-S

qu
ar

e 
an

al
ys

is
 te

st
, *

p<
0.

05



261

Ta
bl

e 
5.

 E
va

lu
at

io
n 

of
 H

ae
m

og
lo

bi
n 

le
ve

ls
 b

et
w

ee
n 

gr
ou

ps

G
en

er
al

 a
ne

st
he

si
a 

 T
xa

 u
se

d
G

ro
up

 1
G

en
er

al
 a

ne
st

he
si

a 
Tx

a 
un

us
ed

G
ro

up
 2

Sp
in

al
 a

ne
st

he
si

a 
Tx

a 
us

ed
G

ro
up

 3
Sp

in
al

 a
ne

st
he

si
a 

Tx
a 

un
us

ed
G

ro
up

 4
ꭓ2 (K

ru
sk

al
-

W
al

lis
 H

)
p a

(M
in

-M
ax

)-(
M

ed
ia

n±
SD

 
(m

ed
ia

n)
)

(M
in

-M
ax

)-(
M

ed
ia

n±
SD

 
(m

ed
ia

n)
)

(M
in

-M
ax

)-(
M

ed
ia

n±
SD

 
(m

ed
ia

n)
)

(M
in

-M
ax

)-(
M

ed
ia

n±
SD

 
(m

ed
ia

n)
)

H
G

0
(1

0.
9-

14
.9

)-(
12

.9
±1

.1
 (1

2.
9)

)
(1

0.
5-

13
.3

)-(
12

.0
8±

1.
02

 (1
2)

)
(1

0.
9-

15
.8

)-(
13

.3
6±

1.
18

 (1
3.

4)
)

(1
0-

15
.6

)-(
13

.2
9±

1.
11

 (1
3.

2)
)

10
.3

55
0.

01
6*

H
G

1
(1

0-
13

.3
)-(

11
.7

2±
0.

88
 (1

1.
9)

)
(9

.4
-1

2.
7)

-(1
1.

01
±1

.1
4 

(1
1)

)
(8

.6
-1

5.
2)

-(1
1.

95
±1

.2
9 

(1
2)

)
(8

.9
-1

4.
3)

-(1
0.

95
±1

.3
1 

(1
0.

8)
)

14
.4

05
0.

00
2*

H
G

3
(8

.6
-1

3.
2)

-(1
0.

74
±1

.4
4 

(1
0.

5)
)

(8
.8

-1
2.

8)
-(1

0.
48

±1
.5

1 
(9

.9
))

(9
.2

-1
4.

3)
-(1

0.
79

±1
.3

1 
(1

0.
3)

)
(8

.2
-1

3.
5)

-(1
0.

16
±1

.3
7 

(9
.9

))
5.

88
8

0.
11

7

H
G

5
(8

.8
-1

2.
2)

-(1
0.

19
±1

 (1
0.

3)
)

(7
.7

-1
2.

2)
-(9

.6
3±

1.
47

 (9
.6

))
(9

.5
-1

4.
2)

-(1
0.

8±
1.

2 
(1

0.
5)

)
(7

.6
-1

3.
4)

-(9
.9

±1
.2

5 
(1

0)
)

11
.2

50
0.

01
0*

H
G

0-
H

G
1 

pb
0.

00
1*

0.
00

4*
0.

00
0*

0.
00

0*

H
G

0-
H

G
3 

pb
0.

00
1*

0.
00

9*
0.

00
0*

0.
00

0*

H
G

0-
H

G
5 

pb
0.

00
1*

0.
01

8*
 +

0.
00

0*
0.

00
0*

a K
ru

sk
al

-W
al

lis
 T

es
t, 

b W
ilc

ox
on

 S
ig

ne
d 

R
an

ks
 T

es
t, 

*p
<0

.0
5

+ 
Th

e 
si

gn
ifi

ca
nc

e 
le

ve
l f

or
 p

ai
rw

is
e 

co
m

pa
ris

on
s 

w
ith

in
 th

e 
gr

ou
p 

w
as

 s
et

 a
t p

<0
.0

16
7 

af
te

r B
on

fe
rro

ni
 c

or
re

ct
io

n.
 

Af
te

r B
on

fe
rro

ni
 c

or
re

ct
io

n,
 th

e 
de

cr
ea

se
 o

bs
er

ve
d 

at
 th

e 
H

G
5 

le
ve

l c
om

pa
re

d 
to

 H
G

0 
w

as
 n

ot
 s

ta
tis

tic
al

ly
 s

ig
ni

fic
an

t i
n 

th
e 

G
en

er
al

 A
ne

st
he

si
a 

Tx
a 

un
us

ed
 (G

ro
up

 2
), 

(p
=0

.0
18

; p
>0

.0
16

7)

Pamukkale Medical Journal 2025;18(2):256-269 Balkanli et al.



Tranexamic acid in knee arthroplasty: anaesthetic impact

262

±

    

 
 

±

HG decrease in the first 24 hours Total HG decrease

Figure 1. Comparison of haemoglobin amounts in the preoperative and postoperative periods 
between groups

Figure 2. Comparison of the first 24 hours and total haemoglobin decrease between groups

Table 5.1. Post-Hoc Table

Post-Hoc
HG0 HG1 HG5

Dunn Testi p Dunn Testi p Dunn Testi p
Group 1-Group 2 18.524 0.090 15.970 0.144 14.679 0.224
Group 1-Group 3 -10.885 0.204 -3.152 0.713 -10.789 0.195
Group 1-Group 4 -7.733 0.361 20.000 0.018* 8.018 0.329
Group 2-Group 3 -29.409 0.002* -19.121 0.046* -25.468 0.019*
Group 2-Group 4 -26.258 0.006* 4.030 0.671 -6.661 0.536
Group 3-Group 4 3.152 0.635 23.152 0.000* 18.807 0.003*

*p<0.05
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Table 6.1. Post-Hoc table

Post-Hoc

First 24-hour HG decrease Total HG decrease

Dunn Test p Dunn Test p

Group 1 - Group 2 5.242 0.632 15.967 0.144

Group 1 - Group 3 -4.909 0.567 2.436 0.776

Group 1 - Group 4 -27.889 0.001* -13.530 0.103

Group 2 - Group 3 -10.152 0.290 -13.797 0.158

Group 2 - Group 4 -33.131 0.000* -29.764 0.002*

Group 3 - Group 4 -22.980 0.001* -16.234 0.014*

*p<0.05

Drain values differed significantly between 
groups (p=0.000*). Pairwise comparisons were 
used to identify the source of these differences. 
Drain values in group 4 were substantially higher 
compared to Groups 1-3 (p=0.000*). Conversely, 
in group 1, the drain values were statistically 
significantly lower than in Groups 2-4 (p1:0.001; 
p2:0.032; p3:0,000*). Drain values did not differ 
significantly across the other groups (p1:0.060; 
p2:0.135; p>0.05) (Table 7, Table 7.1).

There were substantial differences in 
blood replacement distribution rates between 
the groups (p=0.002). Pairwise comparisons 
were used to identify the source of these 
differences. Group 3 had significantly lower 
blood replacement rates compared to Group 1 
(26.7%), Group 2 (45.5%), and Group 4 (25%) at 
a replacement level of 2 units (6.1%) (p1:0.002; 
p2:0.000). There were insufficiently significant 
variations in blood replacement distribution rates 
among the other groups (p1:0.128; p2:0.143; 
p3:0.166; p4:0.682  p>0.05) (Table 7.1).
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Discussion

The results of our study showed a significant 
decrease in haemoglobin levels in the first 
twenty-four hours after surgery in the group 
that underwent total knee arthroplasty with 
spinal anaesthesia and did not receive local 
tranexamic acid (Group 4). There was no 
significant difference between the groups in 
haemoglobin control values on the third day. 
Postoperative haemoglobin values in the group 
that underwent total knee arthroplasty with 
spinal anaesthesia and local tranexamic acid 
was not administered (group 3) were statistically 
significantly higher than the other groups. 
Group 4, in which total knee arthroplasty was 
performed with spinal anaesthesia and local 
tranexamic acid was not administered, had 
significantly higher drain volumes compared to 
Groups 1-3. The drain volumes in group 1 were 
statistically significantly lower than the other 
groups. When the 2 units (6.1%) replacement 
amount was evaluated, blood replacement 
rates in group 3 were significantly lower than 
the other groups.

Total knee arthroplasty (TKA) serves as 
an effective solution for restoring function 
and alleviating pain in patients with advanced 
arthritis. It is estimated that approximately 
700,000 cases are documented annually in the 
United States [10]. As the number of total knee 
arthroplasty procedures increases, various 
strategies are being explored to mitigate 
bleeding-related complications. Among these 
strategies, studying the relationship between 
the use of tranexamic acid and the type of 

anaesthesia is likely to help progress these 
approaches.

Studies in the literature have revealed that 
women have a higher incidence and that the 
prevalence increases with age [11-13]. In our 
study, 82.1% of the patients were female, which 
aligns with findings in the literature indicating 
a higher prevalence of total knee arthroplasty 
among women. Pierson et al. [14] reported that 
patients who underwent TKA had an average 
decrease in haemoglobin levels of 3.8 g/dL. In 
our study, changes in the patients’ haemoglobin 
values ​​on the 1st, 3rd, and 5th days were 
evaluated. The average haemoglobin (HG) 
decrease in the first 24 hours is 1.69±1.13 g/dl. 
The average total HG reduction was 2.81±1.33 
g/dl. We examined the dynamics of haemoglobin 
decline and postoperative bleeding following 
total knee arthroplasty (TKA). The data 
demonstrated that a significant amount of total 
haemoglobin drop occurred within the first 24 
hours after surgery, highlighting the importance 
of early postoperative blood loss. This finding 
is consistent with prior studies, which found a 
considerable drop in haemoglobin levels within 
the first three days after TKA [15, 16].

In our study, haemoglobin levels dropped 
dramatically in the first few days, and the 
average haemoglobin values on the fifth day 
were comparable to those on the third day. In 
our study, the haemoglobin decrease in the early 
period (first day) after total knee arthroplasty 
was highest in Group 4. In our opinion, the 
main explanation for this could be a lack of local 
tranexamic acid administration.

Table 7.1. Post-Hoc table

Post-Hoc p- value

Amount of drain Amount of blood replacement

Dunn Test p x2 p

Group 1 - Group 2 -36.336 0.001* 4.217 0.128

Group 1 - Group 3 -18.321 0.032* 3.727 0.143

Group 1 - Group 4 -50.478 0.000* 6.546 0.066

Group 2 - Group 3 18.015 0.060 11.867 0.002*

Group 2 - Group 4 -14.141 0.135 1.741 0.682

Group 3 - Group 4 -32.157 0.000* 16.392 0.000*

*p<0.05
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Another possibility is that spinal anaesthesia 
may have a longer-term effect on peripheral 
vascular dilatation. Sympathetic nervous system 
blockade after spinal anaesthesia application It 
causes hypotension by reducing venous return 
and systemic vascular resistance [17]. Venous 
dilatation is more effective than arterial dilatation 
in the formation of hypotension [18]. However, 
no significant difference in hemoglobin decline 
was observed between the groups by the 3rd 
postoperative day. Interestingly, haemoglobin 
values were notably higher in Group 3 by the 
5th postoperative day, suggesting reduced 
blood loss compared to other groups in the 
late postoperative phase. In group 1, TKA was 
administered under general anaesthesia, while 
Group 3 had spinal anaesthesia. Tranexamic 
acid was administered to both groups. However, 
the amount of bleeding in Group 3 on the 5th 

postoperative day was significantly lower than in 
Group 1, suggesting that spinal anesthesia may 
have an effect on bleeding in the late period. 
A definitive judgement cannot be reached. 
However, the effect of anaesthesia type on late 
bleeding in total knee arthroplasty needs to be 
investigated with further studies. Additionally, 
when the preoperative haemoglobin amounts 
were compared with the postoperative 1st, 3rd, 
and 5th days in each group, the haemoglobin 
amounts decreased significantly. There 
are studies in the literature supporting that 
haemoglobin values ​​decrease for more than 3 
days after total knee arthroplasty [19].

Blood loss from the drain ranged between 40 
and 220 ml, with a mean of 95.11±32.55 ml. The 
quantity of blood emanating from the drain was 
observed to be consistent with what is reported 
in the literature [20]. Our study compared the 
amount of bleeding from the drain. There were 
statistically significant variations between 
the groups in the drain values. The amount 
of bleeding from the drain in group 4 was 
statistically significantly higher compared to 
Groups 1-3. In Group 1, the amount of bleeding 
from the drain was statistically significantly 
lower than in Groups 2, 3, and 4. The literature 
supports that the admission of tranexamic in 
total knee arthroplasty reduces the amount 
of bleeding [7, 21-23]. The amounts of blood 
coming from the drain between Groups 1 and 3, 
where tranexamic acid was applied, and Groups 
2 and 4, where tranexamic acid was not applied, 

are significantly different. It shows that the type 
of anaesthesia is also effective, as is the effect 
of tranexamic acid.

In one of the oldest systematic reviews, 
Rodgers et al.  [24] study evaluating complications 
related to general anesthesia and regional 
anaesthesia found that regional anaesthesia 
had a lower transfusion requirement. Our study 
also evaluated the amount of blood transfusion 
between groups. The rate of 2 units of blood 
transfusion was significantly lower in Group 3, 
where spinal anaesthesia and local tranexamic 
acid were administered.

This significant value suggests that 
tranexamic acid and spinal anaesthesia have 
a bleeding-reducing effect. In a meta-analysis 
comprising 12 studies with 1189 patients, Yue 
et al. [25]. They found that local tranexamic acid 
(TXA) decreased blood loss by an average of 
280.65 mL, leading to a decrease in the need 
for blood transfusion. In the study by Wei et al. 
[26], regional anaesthesia was associated with 
a decreased likelihood of perioperative blood 
transfusion compared to combined anaesthesia 
and general anaesthesia. However In the study 
of Lee et al. [27], they did not find any difference 
in transfusion rates between patients receiving 
general and spinal anaesthesia during total 
knee arthroplasty.

In our study, the transfusion rates in group 
4, where spinal anaesthesia was administered 
without local tranexamic acid, were found to 
be comparable to the other groups where 
general anaesthesia was utilised. Our study’s 
weaknesses include its limited sample size and 
retrospective nature. The study’s strength is that 
it examines the effect of local tranexamic acid 
usage on bleeding in total knee arthroplasty 
against general or spinal anaesthesia.

The findings of this study hold potential 
significance for clinical practice. They are 
consistent with prior studies demonstrating 
the usefulness of local tranexamic acid 
administration in minimising bleeding and 
the need for blood transfusions in total knee 
arthroplasty. However, more research is needed 
to determine the effect of anaesthesia types in 
relation to local TXA on bleeding in total knee 
arthroplasty.

Pamukkale Medical Journal 2025;18(2):256-269 Balkanli et al.



Tranexamic acid in knee arthroplasty: anaesthetic impact

268

In conclusion, our study emphasises 
the importance of local tranexamic acid 
administration in managing blood loss during 
TKA, particularly in mitigating early postoperative 
decreases in haemoglobin and reducing the 
need for blood transfusions. Understanding the 
interplay of anaesthesia types and tranexamic 
acid application contributes valuable insights to 
optimising perioperative care in TKA procedures.

Funding: None.

Authors contributions: B.B. created the main 
idea and hypothesis of the study. B.B. and E.I. 
developed the theory and edited the materials 
and methods section. I.T. evaluated the data in 
the results section. Discussion section of the 
article was written by B.B. Reviewed, edited 
and approved by E.I. Additionally, all authors 
discussed the entire study and approved the 
final version.

Conflict of interest: No conflict of interest was 
declared by the authors.

References
1.	 Hart A, Khalil JA, Carli A, Huk O, Zukor D, Antoniou 

J. Blood transfusion in primary total hip and knee 
arthroplasty. Incidence, risk factors, and thirty-
day complication rates.  J Bone Joint Surg Am. 
2014;96(23):1945-1951. doi:10.2106/JBJS.N.00077

2.	 Kato H, Nakayama T, Uruma M, et al. A retrospective 
observational study to assess adverse transfusion 
reactions of patients with and without prior transfusion 
history.  Vox Sang. 2015;108(3):243-250. doi:10.1111/
vox.12208

3.	 Bernard AC, Davenport DL, Chang PK, Vaughan TB, 
Zwischenberger JB. Intraoperative transfusion of 1 
U to 2 U packed red blood cells is associated with 
increased 30-day mortality, surgical-site infection, 
pneumonia, and sepsis in general surgery patients. J 
Am Coll Surg. 2009;208(5):931-939. doi:10.1016/j.
jamcollsurg.2008.11.019

4.	 Browne JA, Adib F, Brown TE, Novicoff WM. Transfusion 
rates are increasing following total hip arthroplasty: 
risk factors and outcomes.  J Arthroplasty. 2013;28(8 
Suppl):34-37. doi:10.1016/j.arth.2013.03.035

5.	 Banerjee S, Issa K, Kapadia BH, et al. Intraoperative 
nonpharmacotherapeutic blood management 
strategies in total knee arthroplasty.  J Knee Surg. 
2013;26(6):387-393. doi:10.1055/s-0033-1353993

6.	 Chareancholvanich K, Siriwattanasakul P, Narkbunnam 
R, Pornrattanamaneewong C. Temporary clamping of 
drain combined with tranexamic acid reduce blood loss 
after total knee arthroplasty: a prospective randomized 
controlled trial.  BMC Musculoskelet Disord. 
2012;13:124. Published 2012 Jul 20. doi:10.1186/1471-
2474-13-124

7.	 Fillingham YA, Ramkumar DB, Jevsevar DS, et 
al. The Efficacy of Tranexamic Acid in Total Knee 
Arthroplasty: A Network Meta-Analysis. J Arthroplasty. 
2018;33(10):3090-3098.e1. doi:10.1016/j.
arth.2018.04.043

8.	 Cam N, Balkanli B, Altuntas Y, Kanar M, Ozdemir HM. 
The Effect of Local Tranexamic Acid Administration 
on Blood Loss and Transfusion in Total Knee 
Arthroplasty: A Retrospective Study. Sisli Etfal Hastan 
Tip Bul. 2023;57(2):245-249. Published 2023 Jun 20. 
doi:10.14744/SEMB.2023.42800

9.	 Heckmann ND, De A, Porter KR, Stambough JB. 
Spinal Versus General Anesthesia in Total Knee 
Arthroplasty: Are There Differences in Complication and 
Readmission Rates?.  J Arthroplasty. 2023;38(4):673-
679.e1. doi:10.1016/j.arth.2022.10.036

10.	 Good L, Peterson E, Lisander B. Tranexamic acid 
decreases external blood loss but not hidden blood loss 
in total knee replacement. Br J Anaesth. 2003;90:596-
599. https://doi.org/10.1093/bja/aeg111

11.	 Felson DT, Naimark A, Anderson J, Kazis L, Castelli 
W, Meenan RF. The prevalence of knee osteoarthritis 
in the elderly. The Framingham Osteoarthritis 
Study.  Arthritis Rheum. 1987;30(8):914-918. 
doi:10.1002/art.1780300811

12.	 Driban JB, Bannuru RR, Eaton CB, et al. The incidence 
and characteristics of accelerated knee osteoarthritis 
among women: the Chingford cohort.  BMC 
Musculoskelet Disord. 2020;21(1):60. Published 2020 
Jan 31. doi:10.1186/s12891-020-3073-3

13.	 Hong JW, Noh JH, Kim DJ. The prevalence of and 
demographic factors associated with radiographic 
knee osteoarthritis in Korean adults aged ≥ 50 years: 
The 2010-2013 Korea National Health and Nutrition 
Examination Survey. PLoS One. 2020;15(3):e0230613. 
Published 2020 Mar 20. doi:10.1371/journal.
pone.0230613

14.	 Pierson JL, Hannon TJ, Earles DR. A blood-
conservation algorithm to reduce blood transfusions 
after total hip and knee arthroplasty. J Bone Joint Surg 
Am. 2004;86(7):1512-1518. doi:10.2106/00004623-
200407000-00022

15.	 Kwon JB, Choi JH, Che SH, Choi WK. The natural 
course of hemoglobin levels after allogenic blood 
transfusion in total knee arthroplasty.  Medicine 
(Baltimore). 2023;102(12):e33387. doi:10.1097/
MD.0000000000033387



269

16.	 Cho MR, Jun CM, Song SK, Choi WK. Natural course 
of hemoglobin level after total knee arthroplasty 
and the benefit of tranexamic acid injection in the 
joint.  Medicine (Baltimore). 2021;100(35):e27097. 
doi:10.1097/MD.0000000000027097

17.	 Hartmann B, Junger A, Klasen J, et al. The 
incidence and risk factors for hypotension after 
spinal anesthesia induction: an analysis with 
automated data collection. Anesth Analg. 2002;94(6):. 
doi:10.1097/00000539-200206000-00027

18.	 Collins VJ.  Principles of Anesthesiology: General 
and Regional Anesthesia. 3rd ed. Lea & Febiger; 
1993:1445-1497, 1498-1512. 

19.	 Schatz C, Plötz W, Beckmann J, Bredow K, Leidl R, 
Buschner P. Associations of preoperative anemia and 
postoperative hemoglobin values with hospital costs 
in total knee arthroplasty (TKA). Arch Orthop Trauma 
Surg. 2023;143(11):6741-6751. doi:10.1007/s00402-
023-04929-4

20.	 Zhang Y, Zhang JW, Wang BH. Efficacy of tranexamic 
acid plus drain-clamping to reduce blood loss in 
total knee arthroplasty: A meta-analysis.  Medicine 
(Baltimore). 2017;96(26):e7363. doi:10.1097/
MD.0000000000007363

21.	 Bemelmans Y, Van Haaren E, Boonen B, Hendrickx 
R, Schotanus M. Low blood transfusion rate after 
implementation of tranexamic acid for fast- track hip- 
and knee arthroplasty. An observational study of 5205 
patients. Acta Orthop Belg. 2021;87(1):9-16. 

22.	 Franchini M, Mengoli C, Marietta M, et al. Safety of 
intravenous tranexamic acid in patients undergoing 
majororthopaedic surgery: a meta-analysis of 
randomised controlled trials.  Blood Transfus. 
2018;16(1):36-43. doi:10.2450//2017.0219-17

23.	 Poeran J, Rasul R, Suzuki S, et al. Tranexamic 
acid use and postoperative outcomes in patients 
undergoing total hip or knee arthroplasty in the United 
States: retrospective analysis of effectiveness and 
safety. BMJ. 2014;349:g4829. Published 2014 Aug 12. 
doi:10.1136/bmj.g4829

24.	 Rodgers A, Walker N, Schug S, et al. Reduction of 
postoperative mortality and morbidity with epidural 
or spinal anaesthesia: results from overview of 
randomised trials.  BMJ. 2000;321(7275):1493. 
doi:10.1136/bmj.321.7275.1493

25.	 Yue C, Pei F, Yang P, Xie J, Kang P. Effect of 
Topical Tranexamic Acid in Reducing Bleeding and 
Transfusions in TKA.  Orthopedics. 2015;38(5):315-
324. doi:10.3928/01477447-20150504-06

26.	 Wei C, Muthiah A, Gu A, et al. Association of 
Anesthesia Type with Postoperative Outcome and 
Complications in Patients Undergoing Revision Total 
Knee Arthroplasty. J Knee Surg. 2022;35(4):345-354. 
doi:10.1055/s-0040-1713776

27.	 Lee S, Kim MK, Ahn E, Jung Y. Comparison of general 
and regional anesthesia on short-term complications 
in patients undergoing total knee arthroplasty: 
A retrospective study using national health 
insurance service-national sample cohort.  Medicine 
(Baltimore). 2023;102(8):e33032. doi:10.1097/
MD.0000000000033032

Pamukkale Medical Journal 2025;18(2):256-269 Balkanli et al.


