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Total knee replacement (TKR) is an effective treatment
option for advanced osteoarthritis (OA) of the knee,
which decreases pain and improves function.[1]
Nevertheless, some patients achieve poor results after
surgery or the implant fails and a revision surgery is
required.
The main cause of TKR revisions in the first
three years after primary surgery is periprosthetic
joint infection (PJI).[2,3] Periprosthetic joint infection
is classified according to when symptoms start after
TKR as early, delayed and late.[4] Early infections
occur within three months of TKR, delayed between
3 and 24 months and late from 24 months after TKR.
Because of the severe morbidity and costs associated
with TKR revisions for PJI, we need to focus on
preventing PJIs.
Tranexamic acid (TA) is a synthetic antifibrinolytic
substance that inhibits proteolytic degradation
of fibrin by blocking the lysine binding sites of
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ABSTRACT
Objectives: This study aims to analyze the effect of intravenous
administration of tranexamic acid (TA) on reducing the risk of
revision for acute and delayed periprosthetic joint infection (PJI)
after primary total knee replacement (TKR).
Patients and methods: This prospective observational cohort
study included 1,529 TKRs (396 males, 1,133 females; mean age
67.8 years; range, 44 to 85.1 years) performed between January
2003 and October 2017. We analyzed the revision rate for acute
and delayed PJI in a group of 787 TKRs with preoperatively
intravenously administered TA (TA group) in comparison with
a group of 742 TKRs without administration of TA (non-TA
group). Multiple logistic regression analysis was used to evaluate
significant predictors of TKR revision for acute and delayed PJI.
Results: Revision surgery due to PJI was recorded in one patient in
the TA group and eight patients in the non-TA group. Cumulative
revision rate of TKR was significantly lower in the TA group
(0.13% vs. 1.08%, hazard ratio 0.113; 95% confidence interval [CI]
0.0147-0.937; p=0.043). Multivariate logistic regression analysis
confirmed two predictors of revision: being aged over 75 years
at the time of primary surgery (odds ratio [OR] 8.464; 95%
CI: 2.016-35.54; p=0.004) and male gender (OR: 7.9; 95% CI:
1.879-33.26; p=0.005). The use of TA was shown as the significant
protective factor (OR: 0.109; 95% CI: 0.0128-0.929; p=0.043).
Conclusion: We have found a lower cumulative revision rate of
TKR for acute and delayed PJI when TA was used. We think that
the preoperative intravenous use of TA may be an effective, safe
and inexpensive method for the prevention of PJI.

Keywords: Knee replacement, periprosthetic joint infection, revision,
tranexamic acid.

plasminogen, thereby preventing plasminogen
activation and binding of plasmin to fibrin.
Intravenous or topical administration of TA seems
to be an effective method in the reduction of blood
loss and blood transfusions following TKR.[5] The
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allogenic blood transfusion causes alteration in
immune system which can result in higher risk of
surgical site infection.[6-8] Thus TA may reduce the
rate of early and delayed PJI. In this study, we aimed
to analyze the effect of intravenous administration
of TA on reducing the risk of revision for acute and
delayed PJI after primary TKR.

PATIENTS AND METHODS
This prospective observational cohort single-center
study identified 1,571 cemented cruciate retaining
TKRs without patellar resurfacing performed at
Department of Orthopedics and Traumatology of
Locomotors Apparatus, Medical Faculty of P. J. Safarik
University and University Hospital of L. Pasteur,
Kosice, Slovakia, between January 2003 and October
2017. We included in the analysis 1,529 primary TKRs
(396 males, 1,133 females; mean age 67.8 years; range,
44 to 85.1 years) with a minimal follow-up duration
of 24 months. Due to insufficient follow-up clinical
data, we excluded 42 patients. Subsequent revision
surgery for acute or delayed PJI was recorded in nine
patients. The study protocol was approved by the
University Hospital of L. Pasteur in Kosice Ethics
Committee (EK22022018). A written informed consent
was obtained from each patient. The study was
conducted in accordance with the principles of the
Declaration of Helsinki.
The selected set of primary TKRs was divided into
analysis groups as the TA group and non-TA group
according to whether TA was administered during
implantation surgery. Patients of TA-group received
one dose of 10 mg/kg TA 20 minutes prior to skin
incision.
We have been using TA in TKR since 2012. The
rationale for using TA was based on a published result
of a meta-analysis which confirmed the efficacy and
safety of TA in reducing the blood loss involved in
TKR.[9] We indicated usage of TA regardless of the age
and concomitant diseases of patients.
We summarized and analyzed all revisions of
TKRs due to PJI in a period of 24 months after
primary surgery. The revision of TKR was defined
as the reoperation of knee arthroplasty with the
replacement, removal or addition of one or more
components or any reoperation. Periprosthetic
joint infection was defined by the Musculoskeletal
Infection Society criteria.[10] Acute PJI was defined if
infection was diagnosed within three months, while
delayed PJI was defined if symptoms of infection
occurred between 3 and 24 months after primary
replacement.
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The age, gender and body mass index (BMI) of
patients, the etiology of OA of the operated knee
(primary OA, posttraumatic OA, rheumatoid arthritis
[RA]), the presence of diabetes mellitus (DM), the
number of blood transfusion units used during
primary TKR and the time to revision surgery were
recorded.
The cumulative percent revision for acute or
delayed PJI was compared between the groups over
the same time period. Multiple logistic regression
analysis was used to evaluate significant predictors
of TKR revision for acute and delayed PJI. The
effect of individual independent variables (use of
TA; being aged lower than 55 years at the time of
primary surgery; being aged higher than 75 years
at the time of primary surgery; male gender; BMI
higher than 40 kg/m 2; post-traumatic OA; RA; DM) on
the observed event, i.e. dependent variable-revision
surgery of TKR was analyzed.
The data for analysis were collected from the
individual search of patients’ medical documentation
and verified with reports from national arthroplasty
register, which additionally identified one revision
performed at an institution outside the study
hospital.
All operations were performed using the same
surgical technique (midline skin incision, medial
parapatellar capsulotomy, intramedullary aiming for
femoral resection and extramedullary aiming for
tibial resection). The cemented posterior cruciate
ligament retaining knee replacement was used in
all patients. Evacuation drainage was left on for
48 hours. Antibiotic prevention (second-generation
cephalosporin, or clindamycin if the patient had
an allergy to beta-lactamases) and prevention of
thromboembolism (low-molecular-weight heparin)
were the same in all patients.
Statistical analysis
Student’s t-test was used for statistical analysis
of continuous variables. If the files had an abnormal
distribution, the Mann-Whitney U test was used for
the analysis. Frequency of data was judged using the
chi-squared test.
The unadjusted cumulative percent revision at
the end of the first two years after the primary
arthroplasty, with an accompanying 95% confidence
interval (CI), was calculated with use of unadjusted
pointwise Greenwood estimates. The hazard ratio (HR)
was calculated with use of Cox proportional hazards
model and used to make statistical comparisons of
the revision rates between the groups. The results of
multivariate logistic regression analysis were reported
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TABLE I
Univariate analysis
TA group (n=787)
n

%

Min-Max

68.1±6.6

44-84.6

Mean age (year)
Age categories
<55 years
55-75 years
>75 years

39
609
139

5
77
18

Body mass index (kg/m2)

31.3

3.9

Gender
Female
Male

581
206

Osteoarthritis
Primary
Post-traumatic
Rheumatic
Diabetes mellitus

Non-TA group (n=742)

Mean±SD

n

%

Mean±SD

Min-Max

p*

67.4±7.2

44-85.1

0.09

44
545
153

6
73
21

30.9

4.9

74
26

552
190

75
25

0.64
0.65

697
38
52

88
5
7

659
47
36

89
6
5

0.54
0.39
0.1

51

7

47

6

0.43

Blood transfusion (units)

20.4-44

0.52-0.65

0.39
0.07
0.14
21.4-43.5

0-4

1.41-1.03

0-6

0.45

<0.001

TA: Tranexamic acid; SD: Standard deviation; Min: Minimum; Max: Maximum; * P values were calculated using Mann-Whitney U test for continuous variables and chisquare test for categorical variables.

as odds ratio (OR) for revision, with a 95% CI and
a corresponding significance level (p). The level for
statistical significance was set at p<0.05 for all tests.
SigmaPlot version 12.5 (Systat Software, Inc., San Jose,
CA, USA) was used for statistical analyses.

RESULTS
The TA group consisted of 787 primary TKRs. A total
of 742 TKRs were performed without administration
of TA. No statistically significant differences were

found between the analyzed groups with respect
to the average age, gender and patients’ BMI or the
occurrence of post-traumatic and rheumatic OA and
DM. Significantly higher amount of blood transfusion
units was used in non-TA group (1.41 vs. 0.52 unit;
p<0.001). Results of univariate analysis are shown in
Table I.
In the TA group, we recorded one revision surgery
due to delayed PJI. In the non-TA group, overall eight
revisions were performed: one revision for acute PJI

TABLE II
List of cases of primary total knee replacement with revision for acute or delayed periprosthetic joint infection
Case
number

Age
(year)

Gender

BMI
(kg/m2)

Indication
diagnosis

Diabetes
mellitus

Use of
tranexamic
acid

Blood transfusion
used (units)

Type of
PJI

Time to
revision
(month)

1

75.5

2

79.4

Female

33.7

Primary OA

Yes

No

2

Delayed

21.8

Male

22.3

Primary OA

No

No

3

Acute

2.7

3

74.8

4

60.2

Female

31.1

Primary OA

No

No

1

Delayed

20.6

Male

28.1

Primary OA

No

No

0

Delayed

20.8

5
6

81.4

Male

34.3

Primary OA

No

No

2

Delayed

18.2

83.2

Male

30.1

Primary OA

No

No

1

Delayed

19.8

7

69.2

8

75.1

Male

22.6

Primary OA

No

Yes

2

Delayed

10.3

Male

33.2

Primary OA

No

No

2

Delayed

18.2

9

67.2

Female

25.1

Rheumatoid
arthritis

No

No

2

Delayed

11.9

BMI: Body mass index; PJI: Periprosthetic joint infection; OA: Osteoarthritis.
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Cummulative revision rate (%)

2.0

DISCUSSION

TA group= 0.13% vs. non-TA group= 1.08%
HR 0.113 (95% CI: 0.0147-0.937; p=0.043)

During the entire observation period (2003-2017), we
found a statistically significantly higher revision rate
for acute and delayed PJI after TKR when TA was
not administered. We confirmed in the multivariate
analysis that use of TA was the protective factor for
revision due to acute and delayed PJI.
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FIGURE 1. Cumulative percent revision for acute and
delayed periprosthetic joint infection of primary total knee
arthroplasty by tranexamic acid usage. There was a higher
rate of revision when tranexamic acid was not used (1.08%
vs. 0.13%; p<0.05).
TA: Tranexamic acid; HR: Hazard ratio; CI: Confidence interval.

and seven revisions for delayed PJI (Table II). All
cases of infected TKRs were treated with two-stage
reimplantation surgery.
Cumulative revision rate of TKR was significantly
lower in the TA group (0.13% vs. 1.08%; HR 0.113; 95%
CI: 0.0147-0.937; p=0.043; Figure 1).
Multivariate logistic regression analysis
confirmed two negative predictors of revision: being
aged over 75 years at the time of primary surgery
(OR: 8.464; 95% CI: 2.016-35.54; p=0.004) and male
gender (OR: 7.9; 95% CI: 1.879-33.26; p=0.005). The use
of TA was shown as the significant protective factor
(OR: 0.109; 95% CI: 0.0128-0.929; p=0.043; Table 3).

Total knee replacement is an effective treatment
option for advanced OA of the knee. Revision rates are
generally low: the revision risk at 10 years as reported
in the national arthroplasty registries is about 5%.[11-13]
Half of these revisions occur within three years of
the index primary TKR. The number of revisions
is growing due to a growing number of overall
TKRs, a shift towards younger patients and technical
developments in revision implants.
The PJI is the main reason of failure and revision
in TKR, with a PJI incidence of 1.0% at two years and
2.0% at 15 years after primary surgery.[2,3] The PJI in
the first two years after arthroplasty is usually related
to surgical procedure; therefore, can be considered as
a hospital-acquired infection.
Since PJI is the most challenging complication
after TKR, orthopedic research should focus on
prevention of infection. There is a large volume
of research dedicated towards lowering the
infection risk factors such as patient’s optimization,
efficient surgical technique, maintaining optimal
intraoperative
conditions
and
decreasing
postoperative complications.[14] Intravenous or topical
administration of TA seems to be an effective and
safe method for reduction of blood loss after TKR.[5]

TABLE III
Multivariate logistic regression analysis
Individual variable

p

Odds ratio

5% confidence lower

95% confidence upper

Constant

<0.001

0.00202

0.000389

0.0105

Age (<55 years)

0.997

3.44E-07

0

(+inf)

Age (>75 years)

0.004

8.464

2.016

35.54

0.005

7.906

1.879

33.26

Body mass index (>40 kg/kg/m )

0.998

2.07E-07

0

(+inf)

Posttraumatic osteoarthritis

0.996

1.01E-07

0

(+inf)

Rheumatoid arthritis

0.243

3.72

0.41

33.724

Diabetes mellitus

0.547

0.521

0.0623

4.357

Tranexamic acid

0.043

0.109

0.0128

0.929

Gender
Male
2

Use of tranexamic acid has been shown as a protective factor. Being aged over 75 years at time of primary surgery and male gender were predictors of
revision for acute and delayed periprosthetic joint infection.
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In our study, we found that use of TA in primary
TKR was associated with lower revision rate for
acute and delayed PJI. To our knowledge, there is
one other study that investigated the effect of TA on
the incidence of PJI after TKR. In that retrospective
study, Yazdi et al.[15] concluded that TA could help to
reduce the rate of PJI after primary TKR.
The advantage of TA administration on reducing
the risk of revision for PJI is probably related to the
reduction of blood loss. Decreasing perioperative
blood loss can help to decrease postoperative
hematoma formation and allogenic blood transfusion
requirements. Several authors also confirmed the
direct positive effect of TA on wound healing and skin
regeneration.[16,17] They showed that antifibrinolytic
agents increase collagen synthesis and tensile strength
within granulation tissue, presumably by preserving
the fibrin matrix. Allogeneic blood transfusion is
associated with an increased risk of surgical site
infection and PJI.[6-8] This has been hypothesized
to be related to the immunomodulatory effects of
transfusion. The results of our study confirm this
hypothesis.[18]
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Analysis of other patient-related risk factors failed to
reach the level of statistical significance.
This study has some limitations. Firstly, this
study, which was based on the analysis of performed
revisions of TKR, may not necessarily reflect the
real number of infected joint replacements. Some
cases of PJI may have been misdiagnosed as aseptic
loosening of TKR or may never have surgical
revision for various reasons. Moreover, there is no
information on the completeness and correctness of
our national arthroplasty register, thus some revised
cases of PJI can be missed. Another limitation may
be certain “inhomogeneity” of the evaluated group
of TKRs. They included several models of prostheses
that were implanted by several orthopedic surgeons
with different levels of experience. However,
cemented total knee prostheses were used in
all cases preserving posterior cruciate ligament
without primary patellar resurfacing divided into
the evaluated groups with almost equal number
of TKRs. All TKRs were performed by the similar
surgical technique, with the same postoperative
protocol.

On the other hand, our findings contradict
with results of several studies describing the
role of fibrinolysis in the biofilm formation. In
an experimental animal study, Kwiecinski
et al.[19] found that precoating of the surface of
indwelling medical devices with plasminogen
activators resulted in less fibrin deposition on the
implant surface which reduced the attachment
of free-floating bacteria with subsequent biofilm
formation. Similarly, Jørgensen et al.[20] and Hogan
et al.[21] detected that biofilm dispersal fibrinolytic
agents increase the penetration and effect of
antibiotics in biofilm-related infections. Since TA
has an anti-fibrinolytic effect, in the context of
previously mentioned studies, TA administration
should be associated with a higher risk of biofilm
formation and subsequent acute and delayed PJI.
This was not confirmed in our study. Biofilm
formation is a complex process, so it is possible that
there are other unknown interactions between TA
and biofilm pathogenesis. Further research should
be conducted on this subject to clarify the exact
mechanism of the action of TA in relation to PJI.

In conclusion, PJI remains one of the major
concerns in the field of knee arthroplasty. We have
found a lower cumulative revision rate of TKR for
acute and delayed PJI when TA was used. We think
that the preoperative intravenous use of TA may be
an effective, safe and in-expensive method for the
prevention of PJI after TKR. Further randomized
controlled studies should be set up to corroborate
these findings.

There are other risk factors associated with PJI.
The male gender, higher age, RA, post-traumatic OA
and DM are patient-related risk factors of PJI.[22,23]
In the multivariate analysis, which included these
factors and the use of TA as independent variables,
we also identified the male gender and higher age
as predictors of revision for acute and delayed PJI.
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