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ABSTRACT
Objectives: It is aimed to investigate the effect of tourniquet and tranexamic acid (TXA) on the amount of
perioperative bleeding in patients undergoing total knee arthroplasty. 
Methods: One hundred and ninety-three patients included in the study. The patients included in the study were
divided into 4 groups. Group 1 (n = 78) was determined as the patient group with long-term tourniquet
application, but without additional application and was accepted as the control group. Group 2 (n = 40) was
the long-term tourniquet and intravenous (IV) TXA applied group, Group 3 (n = 40) was the long-term
tourniquet and intra-articular TXA applied group, and Group 4 (n = 35) was the short-term tourniquet (only in
the cementing phase) and IV TXA applied group. The difference between groups according to use of a
tourniquet during the operation, the method and dose of TXA, the amount of postoperative blood transfusion,
the amount of drained blood, the length of hospital stay, and complications were investigated. 
Results: The largest Hemoglobin (Hb) and Hematocrit (Hct) decreases were found in Group 1 (3.39 ± 0.92
g/dl and 10.8%, respectively). Also the highest drainage (median 350 ml), transfusion (16.7%), length of
hospital stay (mean 4.51 ± 1.07 days) and estimated blood loss (median 1559.8 ml) were in Group 1 (p < 0.05).
The lowest Hb decrease (mean 2.95 ± 0.68 g/dl) and lowest drainage (median 150 ml) was seen in group 3 and
the lowest length of hospital stay (mean 3.89 ± 0.8 days) in group 4 (p < 0.05). 
Conclusions: The use of TXA was shown to lead to a reduction in Hb and Hct, the amount of blood drained
after surgery, and the length of hospital stay. The use of TXA may be a good option for bleeding control in
patients undergoing total knee arthroplasty.
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Total knee arthroplasty is among the current treat-
ment options for advanced-stage gonarthrosis [1-

3]. In the literature, it has been reported that the
average amount of bleeding in total knee arthroplasty
operations is between 800-1800 ml [4, 5]. Blood trans-
fusion applied due to bleeding prolongs both the reha-

bilitation period and the length of hospital stay [6]. It
also causes severe complications such as transfusion
reaction, infection, metabolite imbalances, hemolysis,
and immune system inhibition [7-9]. 
      In total knee arthroplasty, a tourniquet is used to
avoid complications related to blood transfusion. Stud-
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ies have shown that bleeding is less in cases where a
tourniquet was used during total knee arthroplasty [2,
3]. However, it has also been shown that tourniquet
use has complications such as quadriceps weakness,
postoperative hip pain, local inflammation, and muscle
damage [10-12]. Therefore, short-term use of a tourni-
quet (at the cementing stage) has been examined. Post-
operative pain, swelling, and limitation of movement
are less common in patients in whom short-term
tourniquets are applied [10, 13-16]. 
      Due to the complications seen in the use of a
tourniquet, the use of antifibrinolytic agents has been
given prominence in recent years to reduce bleeding
[17, 18]. Tranexamic acid (TXA) is one of these
agents. It shows antifibrinolytic activity by inactivat-
ing plasminogen [19]. Tranexamic acid can be admin-
istered in a number of different ways (oral,
intravenous, intra-articular). Although there are studies
showing that each method is effective in reducing
bleeding, which method and which dose are most ef-
fective in patients with total knee arthroplasty remain
controversial [1, 6]. 
      The present study aims to investigate the effect of
tourniquet and TXA on the amount of perioperative
bleeding in patients undergoing total knee arthroplasty,
in addition to which, the efficacy difference between
intravenous and intraarticular administrations of TXA
is evaluated.

METHODS

      In the university hospital where the study was con-
ducted, a total of 245 cases of patients, who had un-
dergone total knee arthroplasty between May 2014 and
June 2015, were retrospectively scanned from the hos-
pital archives. Patients with anemia (< 12 g/L for fe-
males, < 13 g/L for males) (n = 10), comorbid disease
(kidney dysfunction, cardiovascular disease, cere-
brovascular disease, thromboembolic disease) (n = 9),
body mass index (BMI) > 50 kg/m2 (n = 7), tranex-
amic acid allergy (TXA) (n = 1), advanced deformity
before surgery (flexion deformity > 30o, varus and/or
valgus deformity > 30o) (n = 12), and bilateral total
knee arthroplasty (n = 13) were excluded from the
study. 
      The information of 193 patients included in the
study such as age, gender, side, Body Mass Index

(BMI), American Society of Anesthesiologists (ASA)
category, preoperative and postoperative hemoglobin
(Hb), hematocrit (Hct) values, etiology of osteoarthro-
sis (osteoarthritis, rheumatoid arthritis, post-traumatic
arthritis or osteonecrosis) was obtained from the hos-
pital registry system. The use of a tourniquet during
the operation, the method and dose of TXA, the
amount of postoperative blood transfusion, the amount
of drained blood, the length of hospital stay, and com-
plications were also reviewed in the hospital registry
system. 
      All patients were operated in the same clinic by
two surgeons using the same surgical method. In the
group of patients in grouop 1, 2 and 4, the tourniquet
was inflated just before the incision to 100 mm Hg,
more than the systemic systolic blood pressure of the
patient. The tourniquet was deflated immediately after
the incision was closed. In group 3, the tourniquet was
inflated before the application of cement and removed
just before the wound was closed when the cement had
hardened. Intravenous (IV) TXA application was per-
formed just before the incision with 10-15 mg/kg in
100 cc saline solution, and intra-articular application
was performed by applying 2 g TXA into the joint
after the capsule was closed. None of the patients re-
ceived TXA after surgery. Electrocautery was used for
bleeding control, but no other local chemical agents
were used. While the knee was in the 90o flexion po-
sition and the incision was being closed, subcutaneous
suturing was applied with a monofilament suture ma-
terial, with a topical skin adhesive (Dermabond;
Ethicon) then used. In all cases, drains were routinely
applied. In patients undergoing intra-articular TXA,
the drain was clamped for two hours. All patients were
treated with 3×1 g IV cefazolin sodium until the drain
was removed after surgery. Celecoxib, ketorolac (max
2 doses), hydrocodone and acetaminophen were used
for pain control and tramadol after surgery. Quadriceps
strengthening, active and passive range of motion and
walking exercises began on the first day after surgery.
Hb and Hct control were performed on all patients un-
dergoing arthroplasty on day 0, day 1, and day 3.
Blood transfusion was applied to patients who were
Hb < 7 g/dl or Hb < 8 g/dl and symptomatic. 
      The patients included in the study were divided
into 4 groups according to the tourniquet duration and
TXA administration method. Group 1 (n = 78) was de-
termined as the patient group with long-term tourni-
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quet application, but without additional application
and was accepted as the control group. Group 2 (n =
40) was the long-term tourniquet and IV TXA appli-
cation just before the incision with 10-15 mg/kg in 100
cc saline solution, Group 3 (n = 40) was the long-term
tourniquet and intra-articular 2 g TXA into the joint
after the capsule was closed group, and Group 4 (n =
35) was the short-term tourniquet (only in the cement-
ing phase) and IV TXA application just before the in-
cision with 10-15 mg/kg in 100 cc saline solution. 
      All reported research involving “Human beings”
conducted in accordance with the principles set forth
in the Helsinki Declaration 2008. This study was car-
ried out with the permission of the ethics committee
of the hospital where it was conducted dated
16.06.2015; No. 10-420-15 of. The patients and/or
their families were informed that data would be sub-
mitted for publication, and gave their consent. 

Statistical Analysis 
      The analysis of the data was carried out using the
SPSS for Windows 25 package program. Descriptive
statistics were shown as mean ± standard deviation for

variables with normal distribution, and median (min -
max) for non-distributed variables, while nominal
variables were expressed as number of cases and (%).
While the variance analysis (ANOVA) test was used
for the significance of the difference between the
groups in terms of averages, the Fisher’s Least Signif-
icant Difference (LSD) was used for the significance
of the difference in terms of median values and the
Dunn’s Test was used for the post-hoc analysis. Nom-
inal variables were evaluated by the Pearson Chi-
Square test. The results were considered statistically
significant for p < 0.05.

RESULTS

      The mean age of 193 patients (163 females and 30
males) included in the study was 67.8 ± 7.9 years. One
hundred and one patients were operated on the right
knee and 92 patients on the left and the mean BMI of
the patients was 31.1 ± 4.7 kg/m2. Distribution of de-
mographic data by groups and osteoarthritis etiologies
are shown in Table 1. The brands and models of the
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implants applied to the patients are shown in Table 2. 
      The largest Hb and Hct decreases were found in
Group 1 (3.39 ± 0.92 g/dl and 10.8%, respectively).
Similarly, the highest drainage (median 350 ml), trans-
fusion (16.7%), length of hospital stay (mean 4.51 ±
1.07 days) and estimated blood loss (median 1559.8
ml) were in Group 1, and this difference was statisti-
cally significant (p < 0.05). The lowest Hb decrease
(mean 2.95 ± 0.68 g/dl) and the lowest drainage was
found in Group 3 (median 150 ml; range 50 to 500
ml), and the lowest length of hospital stay (mean 3.89
± 0.8 days) in group 4. This difference was statistically
significant (p < 0.05). The distribution of the evalua-
tion criteria by groups and comparison of the groups
with each other are shown in Table 3.

DISCUSSION

      A tourniquet is routinely used by many surgeons
in total knee arthroplasty surgery. The application of
tranexamic acid has become increasingly popular in
recent years [17, 18]. Many studies in the literature
show that it reduces bleeding in arthroplasty surgeries.
In a prospective randomized controlled study con-
ducted by Huang et al. [2] with 150 patients in 2017,
patients who received multiple doses of oral and IV
TXA were found to have fewer instances of hidden
blood loss, swelling and pain, and lower inflammatory
markers compared to patients in whom only a tourni-
quet was applied. In a prospective randomized study
by Santias et al. [20], 2 g TXA/50 ml topical admin-
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istration has been shown to reduce the amount of post-
operative bleeding without increasing thromboembolic
risks in primary cemented total knee arthroplasty
cases. Meng et al. [21] made an evaluation especially
for an obese patient group, where it was difficult to
use a tourniquet. They showed that the use of TXA re-
duced bleeding and concluded that obese patients ben-
efit more from TXA than individuals of normal body
weight [21]. In their study, which included 180 pa-
tients, Tzatzairis et al. showed that the administration
of 3 doses of IV TXA significantly reduced allogeneic
blood transfusion and blood loss in patients who un-
derwent arthroplasty without tourniquet [22]. In the
present study, less significant Hb and Hct reductions,
and less drainage were found in the groups that under-
went TXA (Group 2 and 3) compared to the group
where only a tourniquet was applied (Group 1), and
there was a statistically significant difference in all of
these evaluation criteria. Unlike other studies in the
literature, there was no patient group in this study
where the tourniquet was not applied. Therefore, it is
necessary to consider this difference when comparing
it with other studies. In the present study, the use of
TXA with tourniquets has been shown to reduce blood
loss and drainage amount. A patient group (Group 4),
in which the duration of the tourniquet application was
limited, was also taken into consideration. Although
there was a statistically significant difference between
Group 4 and Group 1 in terms of the maximum Hct
decrease and drainage amount, no difference was
found between other groups. It was seen that long-
term tourniquet use did not have a significant effect in
terms of reducing bleeding compared to short-term
use. However, it was found that tourniquet use of lim-
ited duration with TXA was more effective when com-
pared to cases where TXA was not used. 
      In addition to the effective use of tranexamic acid,
its form of application and dosage are also important
[23]. In a compilation study published by Brusalis et
al. [24] in 2018 in reference to the randomized con-
trolled prospective study of Huang et al. [2], it was
stated that for the use of TXA to be more effective and
in order to increase its routine application, it is neces-
sary to determine the optimum methods of adminis-
tration and doses. In a meta-analysis conducted in
2017, patients, who underwent total hip and total knee
arthroplasty, were evaluated. There was no difference

between topical and IV TXA administration in terms
of transfusion amount and safety. Given the maximum
decrease in hemoglobin level, IV administration was
shown to be more advantageous [25]. Oral TXA ad-
ministration was also shown to be effective in a sys-
tematic compilation and meta-analysis involving 608
patients [26]. In a prospective randomized clinical
study conducted in 2018, there was no difference be-
tween oral and IV administration in terms of Hb and
Hct decrease, blood loss, inflammatory, and fibri-
nolytic response [27]. In another meta-analysis con-
ducted in 2018, it was emphasized that there was no
difference between oral administration and IV admin-
istration, and oral use might be preferred due to ease
of administration and “cost-benefit superiority” [28].
In a randomized controlled study comparing intra-ar-
ticular, intravenous, and combined administration,
intra-articular, and IV-combined administration was
shown to be more effective than other methods in re-
ducing blood loss [29]. In the present study, there was
no difference between the group where TXA was ad-
ministered intraarticularly and the group where TXA
was applied intravenously in terms of Hb and Hct de-
creases, while the amount of drained blood was sig-
nificantly lower in the group where TXA was
administered intraarticularly compared to the group
where TXA was applied intravenously. The amount of
drainage in the intra-articular group was found to be
statistically significantly lower than all other groups.
This situation can be interpreted as the use of local in-
traarticular tranexamic acid in the knee limiting the
bleeding within the knee by forming a hematoma. This
may cause clogging of the drain and less drainage
compared to other groups. Also the hematoma-pre-
venting properties of the drains used should be taken
into consideration. 
      Discussions about the most appropriate dose as
well as the preferred method of administration for
TXA continue in the literature [23]. In a study con-
ducted in 2016, a single preoperative dose of 30 mg/kg
TXA (2.5g maximum) resulted in the need for less
transfusion in patients with elective primary hip and
knee arthroplasty compared to lower doses [22]. In a
study by Tzatzairis et al. [22], administration of 15
mg/kg IV TXA with 3 doses (during induction, at the
3rd and 6th hour) was shown to be more effective than
one or two doses. In a study conducted with 175 pa-
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tients in 2019, in addition to the patients in the placebo
group, there were those who were administered a pre-
operative single dose of IV 20 mg/kg, and those who
received IV TXA for a total of six times (a total of 6 g
maximum) within the first 24 hours after induction,
with the least loss found to be in the six-dose group
when these were evaluated in terms of latent blood
loss [22]. A dose comparison was not intended in the
present study. However, it was found that the best re-
sult in the study groups was to apply 2 g of TXA into
the joint immediately after the joint capsule was
closed. 
      In addition to the use of tranexamic acid, another
issue is the duration of tourniquet use in total knee
arthroplasty surgeries. There is no consensus in the lit-
erature on this subject. In a study by Li et al. [30], it
was shown that different tourniquet durations did not
create a difference in the amount of bleeding during
surgery and the need for postoperative transfusion
[30]. In another study published in 2020, it was found
that short-term tourniquet use with TXA application
led to a reduction in Hb and transfusion requirement,
and these patients had less thigh pain and a shorter
length of hospital stay compared to patients in whom
a long-term tourniquet was applied. 
      Similarly, in the present study, there was a differ-
ence in the amount of bleeding only in the group of
patients (Group 4), who had a tourniquet only during
the cement application with IV TXA compared to the
group that did not undergo TXA. However, no signif-
icant difference was seen between Group 2 and Group
4. Short term tourniquet application did not cause any
further bleeding. Besides, it was seen that the duration
of hospital stay was shortest in the patient group
(Group 4) undergoing short-term tourniquet applica-
tion. In conclusion, the present study shows that short-
term tourniquet application together with TXA is an
effective method. Studies to be conducted in large se-
ries and standard patient groups will be able to provide
more precise information on this subject. 

Limitations 
      This study has some limitations. The number of
patients was limited due to the retrospective nature of
the study and the breadth of the exclusion criteria used
in order to facilitate standardization of the patient
groups. Nevertheless, when the patients were divided
into groups, the number of patients was found to be

sufficient to make a statistically significant difference.
However, multicenter studies in large series, will result
in the availability of more comprehensive information.
Since there was no patient group in which a tourniquet
was not used in the current clinical practice, no such
control group could be created. Different application
methods were compared. However, different drug
dose effects should be evaluated using the data in this
study. The present study can serve as a basis for simi-
lar studies. 

CONCLUSION

      In conclusion, the use of TXA was shown to lead
to a reduction in Hb and Hct, the amount of blood
drained after surgery, and the length of hospital stay.
The lowest Hb decrease was seen in the group where
intra-articular TXA was applied and the lowest length
of hospital stay in the group where the short-term
tourniquet was applied. Prospective studies using dif-
ferent drug doses and larger series will provide clearer
inferences in this regard. 
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