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Abstract
Background: Tranexamic acid (TXA) is effective in reduction of hemorrhage after major surgical procedures. In total
joint replacement it is commonly administered intravenously. Despite various studies regarding the safety of its
antifibrinolytic effect there are contraindications for systemic use. In total knee arthroplasty (TKA) TXA can also be
administered intraarticular. However, there is a lack of studies focusing on dosage, effectiveness and complications
of this local treatment. This study aimed to evaluate if blood loss and transfusion rate can be reduced in primary
TKA by local application of TXA.
Methods: We included a total of 202 consecutive primary, unilateral TKA patients, 101 without and 101 with
intraartricular application of 2 g TXA. Surgery was conducted after a standardized protocol. Blood loss, transfusion
and complication rates were evaluated until three months after surgery. Blood loss was estimated using the
hematocrit-value (Hk) prior and five days after surgery by Rosenecher’s and Mercuriali’s formula.
Results: By the use of TXA a significant reduction of blood loss (Rosencher average 1220 ml vs 1900 ml, Mercuriali
average 430 ml vs 700 ml p < 0,001) and transfusion rate (0% vs 24.75% of patients, p < 0,001) was observed. There
were no differences regarding complication rates. Due to the lower cost of TXA compared to applied erythrocyte
concentrates a side effect of the treatment was a cost reduction of € 1.609 within this cohort.
Conclusions: The intraarticular application of 2 g TXA resulted in a significant reduction of blood loss and
transfusion rate after primary TKA without increased complication rates. This method therefore seems to be a safe
and cost effective instrument to reduce perioperative blood loss. However, it has to be considered that this is an
off-label use.
Keywords: Primary total knee arthroplasty, Total joint arthroplasty, Endoprosthetics, Blood loss, Transfusion rate,
Tranexamic acid, Risk reduction, TXA, TKA

Background
With an increased life expectancy and a large incidence of
osteoarthritis (OA) in older people the demand for TKA
as ultimate treatment option for advanced knee OA will
rise within the next 25 years [1]. Total knee arthroplasty is
already one of the most frequent surgical procedures performed worldwide [2]. While the benefits of TKA are reduced pain and an improved function there are also risks,
such as hemorrhage, thromboembolic events, infection
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and the need for additional surgical procedures. Especially
older people with co-morbidities are at risk for complications. Due to hemorrhage up to one third receive blood
transfusions which are associated with additional risks and
costs [3–7]. Therefore, blood loss needs to be reduced.
Various approaches such as tourniquet, hypotensive
anesthesia and various medical treatments have been
evaluated to make TKA an even safer procedure. A very
recent approach is the use of tranexamic acid (TXA).
TXA is a hemostatic substance inhibiting the transformation of Plasminogen to Plasmin, therefore prohibiting
fibrinolysis and reducing blood loss. While many studies
have focused on the effectiveness of TXA reducing intra-
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and postoperative blood loss there is a need for further
studies focusing on intraarticular administration of the
substance and it’s dosage [8]. This study was performed
to assess the effects of intraarticular TXA on peri- and
postoperative blood loss and transfusion rate in unilateral, primary TKA. Within the current literature there
seems to be no difference in the efficacy between 1.5 g
and 3.0 g of intraarticular TXA in reducing perioperative
blood loss during TKA [1]. Since higher dosages might
increase the risk for adverse events, we chose a dosage
of 2.0 g of TXA [9].

Methods
After approval of the local ethics committee a total of 202
consecutive patients with knee OA scheduled for unilateral bicondylar TKA were included. No patients were excluded from analysis. The first 101 patients (control
group) had surgery between July 2013 and February 2014
without TXA treatment. The next 101 patients operated
on between March and October 2014 received 2 g (20 ml)
of TXA intraarticular using a standard syringe after closure of the articular capsule. Otherwise the standardized
procedure was not changed. In both groups a medial parapatellar approach, a tourniquet until implants were
cemented and two intraarticular drainages were used.
Tourniquets were inflated prior to the first skin incision
and deflated before suture of the capsule. Within the
treatment group these drainages were kept closed for a
period of 2 h after surgery to ensure the effect of TXA.
The groups were compared for age, sex, BMI, comorbidities (ASA-score), preoperative anticoagulant medicines, laboratory parameters (hemoglobin (Hb), hematocrit (Hk),
Quick, INR, aPTT), surgical parameters (duration of blood
arrest, surgeon’s experience, duration of procedure) and
adverse events (AE). AE’s were captured according to GCP
by a study nurse until three months after surgery and categorized into surgical adverse events (superficial and deep
infection, hematoma, nerve palsy, restricted range of motion, any re-operation), non-surgical adverse events
(thromboembolic events, myocardial infarction, stroke,
renal failure and all other adverse events which needed
medical treatment).
Surgeries were performed according to comorbidity
and preference of the patient under combined continuous peripheral nerve blocks with additional sedation,
general anesthesia or spinal anesthesia. The tourniquet
was inflated prior to the skin incision and deflated after
cementing before closure of the capsule. The patella was
not replaced. The experience of the surgeon was classified by the number of surgeries performed. A surgeon
performing more than 50 TKA per year was considered
experienced. A total of three experienced arthroplasty
surgeons were present at all operations, in most cases
leading the operation (Table 1). Postoperatively patients
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received an antithrombotic medication after a standardized protocol. The medication consisted of Rivaroxaban
10 mg once per day, a direct Anti-Xa-Antagonist (Xarelto) which was started 6-8 h after the surgical procedure. Patients with a preexisting anticoagulation received
bridging as suggested by the angiologist, usually lowweight molecular heparine twice daily using half of the
therapeutic dosage omitting the immediate preoperative
dose. In presence of clinical symptoms (swelling, pain,
positive Wells-Score) patients were further examined
using ultrasonography.
The primary endpoint of the study was the blood loss.
In order to estimate the total blood loss a mathematical
approach was used. After calculation of the blood volume using Nadler’s formula the approximate blood loss
was determined using Mercuriali’s and Rosechner’s formula [10–12]. This ensures that the total blood loss is
captured.
Formula 1 – calculation of total blood loss after Mercuriali et al. [10, 11]
blood loss ¼ blood volume x Hct preop −Hct 5d−postop
þ V TE ½ml



Hctpreop = preoperative Hematocrit, Hct5d-postop =
Hematocrit on day 5 after surgery, VTE = total
transfused erythrocyte volume [ml].
Table 1 Preoperative and surgical data of control group vs.
treatment group, given as mean (SD) and absolute (relative)
frequencies
Analyzed criterion

Control group

Treatment group

p-value

Gender (% female)

65 (64.4%)

56 (55.4%)

0.196

Age [years]

68.2 ± 10,19

69.4 ± 10,1

0.396

BMI [kg/m2]

31.8 ± 6,78

31.46 ± 6,8

0.764

ASA-Score 1

0.394

2 (2%)

1 (1%)

2

49 (48.5%)

40 (39.6%)

3

50 (49.5%)

59 (58.4%)

4

0 (0%)

1 (1%)

Cut-sew-time [min]

87.3 ± 16

87.9 ± 17

0.765

Tourniquet time [min]

68.1 ± 17

67.7 ± 21

0.890

Experienced surgeon

79 (%)

75 (%)

0.508

0.254

Diagnosis
primary

90 (89.1%)

86 (85.1%)

posttraumatic

5 (4.9%)

11 (10.9%)

inflammatory

6 (5.9%)

4 (3.9%)

Kellgren-Lawrence
°III

22 (21.8%)

6 (5.9%)

°IV

79 (78.2%)

95 (94.1%)

0.001
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Formula 2 – calculation following the OSTHEO forumla after Rosencher et al. [12]
V TL ¼

V TBL
0:35

V TBL ¼ V URL þ V CRL
V URL ¼ V initial −V final
V initial ¼ BV  Hct preop
V final ¼ BV  Hct postop
BV ¼ bs  cf
for females; cf ¼ 2430; for males; cf ¼ 2530
 
bs m2 ¼ 0:0235  heigth½cm0:42246
 body weigth ½kg0:51456
VTL = total blood loss [ml]; VTBL = total red blood cell
loss[ml], VURL = uncompensated red blood cell loss [ml];
VCRL = compensated red blood cell loss [ml] =
combination of all the red blood cell’s from transfusion;
Vinitial = the red blood cell volume before surgery [ml];
vfinal = the red blood cell volume after surgery [ml];
BV = Blood volume [ml]; bs = body surface [m2],
cf = regulating variable relating to sex; blood volume is
calculated after Nadler’s formula.
Secondary endpoints were transfusion rates, length of
hospital stay, cost effectiveness and complication rate.
Indications for blood transfusion based on a protocol of
Steininger et al. were constant throughout the entire
study period. Erythrocyte concentrates were administered if one of the following criteria was met [13, 14]:
– Hb < 7-8 g/dl, in patients with preexisting cardiac
disease
– Hb < 6 g/dl, in patients without cardiac conditions
– presence of clinical symptoms of inadequate oxygen
supply (i.e. dyspnea, tachypnea, reduced
consciousness, etc.)
All data was collected prospectively and evaluated
using the patient’s medical records, anesthesia protocols
and the digital hospital information system ORBIS
(AGFA Healthcare GmbH, Bonn, Germany).
To detect a clinically relevant difference of at least
200 ml blood loss between both groups with a power of
0.8 and significance level of 0.05 a minimum of 89 patients per group was necessary.
The software SPSS (release 23 for Windows, IBM,
Armonk, New York, USA) was used for data analysis.
Data description was based on means and standard
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deviation (SD) for continuous variables and absolute and
relative frequencies for categorical variables. In not normally distributed values medians were used. Groups
were compared using paired t-test for normally distributed continuous variables, Mann-Whitney-U-Test if not
normally distributed and chi-square test for categorical
variables. Significance level was set at p < 0.05.

Results
Both groups were not different for demographic data, preoperative medication and surgery related data (Table 1).
Analysis of the preoperative hemostasis parameter,
hemostasis influencing medication and calculated blood
volume did reveal no difference between the two groups
(Tables 2, 3). Only hemoglobin value was significantly
different, but with a difference of only 0.48 g/dl mmol/l
not clinically relevant.
There was a highly significant reduction in blood loss
in the TXA group calculated with Mercuriali’s (p < 0,
001) and Rosencher’s formula (p < 0,001, see Fig. 1 for
details).
In the control group 22 patients (21.78%) needed an
erythrocyte transfusion (21 patients 2 concentrates, 1 patient 4 concentrates) while none in the treatment group
needed a transfusion (p < 0,001). The average length of
the hospital stay was not different between both groups.
While patients of the control group spent an average of
8.3 days in the hospital, the mean hospital stay in the
treatment group was 8.8 days. It needs to be considered
that length of hospital stay in Germany depends mainly
on organizational aspects (e.g. availability of rehabilitation) and not primarily on discharge criteria.
Adverse events were not different between control and
treatment group. Overall seven deep vein thrombosis (3
vs 4) and one additional muscle vein thrombosis in the
TXA group were recorded. There has been one proximal
and three distal deep vein thrombosis within the treatment group. Within the control group three distal deep
vein thrombosis were observed. Also within the control
group we found one patient with a heart rhythm disorder (tachycardia) and one patient with a post-surgical
hemorrhage due to thrombocytopenia in context of liver
cirrhosis. Furthermore, manipulation under anesthesia
Table 2 Preoperative hemostasis parameters
Parameter

Control group
a

Treatment group

Significance (p)

blood volume[l]

4.98 ± 0.92

5.03 ± 0.88

0.730

Hematocrit (HKT)

0.4 ± 0.04

0.41 ± 0.03

0.149

Quick [%]

109.49 ± 89.16

94.42 ± 19.14

0.1

INR

1.01 ± 0.14

1.06 ± 0.21

0.052

apTT [s]

28.93 ± 3.86

28.92 ± 4.5

0.986

Hemoglobin [g/dl]

13.38 ± 1.34

13,86 ± 1,18

0.008

Given as mean (SD),ablood volume was calculated using Nadler’s formula [10]
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Table 3 Preoperative medication with influence on hemostasis
Substance

Control Group (n)

Treatment Group (n)

p - value

PAI

9

9

1,000

NSAR

40

51

0,120

LMWH

14

18

0,459

PAI platelet aggregation inhibitor, e.g. Aspirin, Clopidogrel; NSAID non-steroid
anti-inflammatory drugs, LMWH low molecular weight heparin

were necessary twice in the TXA group due to restricted
range of motion. No further adverse events were
observed.
The cost of 2 g TXA was € 17.50. This resulted in additional treatment costs of € 1`767.50 in the TXA group.
In the control group a total of 46 erythrocyte concentrates (each € 73.40) were administered, which resulted
in additional costs of € 3`376.30. This accounts for an
effective cost reduction of € 1`608.80 in the TXA group.

Discussion
In this study the intraarticular use of TXA in primary
TKA resulted in a significant reduction of blood loss
and blood transfusions without increased complication
rates.
Orthopedic surgeries in general are the procedures
with the highest demand for blood transfusions [15].
They are estimated to account for up to 10% of total
transfusions. Approximately 45% of patients with major
surgical procedures require a transfusion due to extensive perioperative blood loss [16]. 39% of these transfusions are associated with joint replacement surgery [17].
Complications of blood transfusions are rare but can
lead to severe consequences for the patient. Therefore, a
reduction of blood loss and consequently of transfusion
rates is desirable. Application of TXA seems to be an appropriate treatment to achieve this goal. Several studies
have shown that TXA can reduce hemorrhage rate in
orthopedic procedures [18].

TXA is usually given intravenously but this is contraindicated in patients with several comorbidities such as
a history of thrombosis, myocardial infarction or severe
renal dysfunction. Since patients undergoing TKA often
suffer of severe comorbidities (in this study 54% ASA
grade 3 and 4) not all patients can be treated with
prophylactic intravenous TXA. Alternatively, intraarticular application has been described. Seo et al. showed that
local administration is superior to intravenous treatment
[19]. Therefore, a local approach, minimizing systemic
side effects whilst reducing the risk of postoperative
bleeding, seems preferable. This is consistent with the
results of this study. Depending on the equation 2 g
TXA saved 270 ml (Mercuriali’s formula) or 680 ml
blood (Rosencher’s formula).
The results for blood loss calculated using Rosechner’s
and Mercuriali’s formulas tend to be much higher than
surgeons and anesthesiologists estimate. As Sehat et al.
have proven, there is a hidden blood loss that nearly
doubles the visible loss during and after surgery [7, 20].
This is due to blood loss into swabs und covers during
the surgery and hemorrhage into the tissue after surgery
has been finished. It is therefore necessary to favor formulas including also non-visible blood loss and observing a longer period of time and not only the surgery
itself [21]. In order to include this invisible blood loss
the equations of Mercuriali and Rosenecher have been
developed. Their advantage is that they take the preand postoperative hemoglobin level into account. In this
study an average reduction of blood loss by 40% accompanied by a reduction of blood transfusions within the
treatment group could be observed. Studies of Alshydra
et al. and Li R et al. have also investigated this issue and
displayed similar results demonstrating that intraarticular TXA application reduces the transfusion rate in TKA
and THA [3, 22].
Previous studies have demonstrated that drain clamping itself can result in a reduced blood loss. Cao et al.

Fig. 1 Perioperative blood loss calculated using Rosenchers and Merculiari’s formula. Blood loss in ml. Grey = control group, blue = treatment group
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described an approximately 100 ml higher blood loss in
the non-clamped group. Zan et al. observed an increase
in drainage volume of 120 ml if not-clamped. Within
our study only the drains in the treatment group were
clamped in order to allow the TXA to be effective. While
this may contribute to a lower blood loss within the
treatment group the overall reduction in blood loss after
application of TXA was much higher than the aforementioned approximately 100 ml [23, 24].
Prior study results, such as provided by Karam et al. or
Aguilera et al., showed a reduction of transfusion rate after
postoperative intravenous TXA application [25, 26]. However the safety of intravenous application of TXA, especially
regarding the development of thromboembolic events, is
still an issue [8]. In this study there was no difference in adverse events until 3 months after surgery especially focusing
on thromboembolic events. This is consistent with the
studies of Pinsornask et al. and Liu et al. which demonstrated that the local application of TXA does not lead to
an increased complication rate in comparison to the intravenous application [27, 28]. Overall, the majority of the
studies on the local use of TXA demonstrate no increase in
complication rates [3, 22, 29–31].
While some studies in the past have reported a slight
reduction in length of hospital time [3, 32] after TXA
application, other studies did not find a reduction as in
our study. [28, 33, 34]. Overall a comparison between
these study results is difficult, since differing healthcare
systems account for different overall conditions including the length of hospital stay.
As an additional effect, the use of TXA was cost saving. In a prior study Shander et al. have remarked the
noticeable effect of blood transfusion upon total hospital
cost ( [16]). Due to a high intraoperative and postoperative blood loss, orthopedic surgery does account for a
high percentage of these transfusions. Consequently the
use of TXA resulted in reduced hospital costs [35–37].
This study has some limitations. There was no
randomization of the participants. However, evaluation of
the demographic and preoperative data displayed no differences between the two groups. It can therefore be assumed that both groups are homogenous. The blood loss
could not be measured directly but was calculated using
two commonly used equations. Therefore, the real blood
loss might be different. However, this method was applied
to both groups and therefore the difference between both
groups should be reliable. Although there was an identical
standard for transfusions over the whole study period different physicians were involved and might have different
judgements for the indication to blood transfusion.

Conclusion
This study demonstrated that the intraarticular use of
tranexamic acid in primary unilateral TKA did
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significantly reduce postoperative blood loss and consequently reduced the need for blood transfusions without
an increase in adverse events, especially thromboembolic
events. However, it needs to be considered that TXA is
not approved for intraarticular use in some countries
and might be an off-label use. This needs to be discussed
with the patient.
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