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ABSTRACT

Obijective: To evaluate the profile of blood loss and blood transfu-
sions after the introduction of Tranexamic acid (TXA) in a tertiary
university hospital in Brazil. Methods: 173 patients were retrospec-
tively divided into two groups: the ones who received TXA and the
control group. Hemoglobin levels (Hb), drain output, transfusion
rates, and thromboembolic events were measured. Results: Among
the patients included in this study, 82 cases received TXA. Blood
transfusion occurred in 3 cases of the TXA group (3.7%), and in 27
control group cases (29.7%; p < 0.001). The average Hb decrease
was 2.7 g/dl (= 1.39) and the median drain output was 270 mL in the
TXA group. In the control group, the values were 3.41 g/dl (= 1.34;
p < 0.001) and 460 mL (p < 0.001), respectively. Thromboembolic
events occurred in 2 TXA group cases (2.4%) and in 3 control group
cases (3.3%; p > 0.999). Conclusion: TXA was effective in reducing
blood transfusion rates, Hb decrease, and drain output on the 1st
postoperative day without increasing thromboembolic events.
Level of evidence Ill, Retrospective comparative study.

Keywords: Tranexamic Acid. Blood Transfusion. Knee Replacement
Arthroplasty.

RESUMO

Objetivo: Avaliar o perfil de perda sanguinea e hemotransfusées
apos a introdugéo da pratica do uso de acido tranexamico (ATX) em
um servigo terciario universitario brasileiro. Métodos: 173 pacientes
foram separados retrospectivamente em dois grupos: uso do ATX e
controle. Foram analisados valores da hemoglobina (Hb), débito do
dreno, necessidade transfusional e complicagdes tromboembdli-
cas. Resultados: Dentre 0s pacientes admitidos no estudo, 82 fize-
ram uso do ATX. Hemotransfuséo ocorreu em 3 casos do grupo ATX
(3,7%) e em 27 controles (29,7%, p < 0,001). A queda de Hb teve
média de 2,7 g/dl (+ 1,39) e o débito do dreno, mediana de 270 mi
no grupo ATX. No grupo controle, os valores foram de 3,41 g/dl
(= 1,34, p < 0.001) e de 460 ml (p < 0.001), respectivamen-
te. Eventos tromboembdlicos ocorreram em 2 casos (2,4%) no
grupo ATX e em 3 no controle (3,3%, p > 0.999). Concluséo: o
uso do ATX foi efetivo em reduzir hemotransfusées, queda de
Hb e débito drenado no 1° dia pds-operatdrio, sem aumentar
eventos tromboembdlicos. Nivel de evidéncia lll, Estudo
retrospectivo comparativo.

Descritores: Acido Tranexémico. Transfusao de Sangue. Artroplastia
do Joelho.
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INTRODUCTION

Total knee arthroplasty (TKA) is currently one of the most cost-ef-
fective treatments in the management of osteoarthrosis in more
advanced stages.' Patients undergoing TKA are in risk for blood
losses over 1500 ml, being submitted to allogenic blood transfusion
in 10%-38% of the cases.? Allogenic blood transfusion is not a
benign procedure and is associated with complications, such as
transmission of infectious diseases, transfusion reactions, fluid
overload, and periprosthetic infection.® In addition, it can lead to

prolonged hospital stay, thromboembolic events, and increased
in-hospital mortality.* Different strategies have been used to reduce
blood loss after TKA, such as autologous transfusion, cell saver,
pneumatic tourniquet, and the use of tranexamic acid (TXA)."®

The fibrinolytic process is a major cause of intraoperative bleeding.®
By acting with the inhibition of hyperfibrinolysis, TXA stabilizes
the fibrin clot and reduces blood losses. Mechanistically, it is a
competitive inhibitor of plasminogen-activating enzymes, preventing
its proteolytic activity to avoid the formation of plasmin and the
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consequent degradation of fibrin."® Several systematic reviews and
meta-analyses have demonstrated the TXA role, in cases of TKA,
in reducing blood loss and transfusion needs, without increasing
the risk of thromboembolic events.58

TXA is usually indicated to prevent and treat different causes of
bleeding, including large surgical procedures, such as orthopedic,
cardiac, and liver transplantation surgeries. In this regard, TXA
reduces the need for blood transfusion improving the patient’s
outcome, therefore its use in polytraumatized patients may decrease
mortality by preventing the excessive bleeding.®

In recent years, the use of TXA has increased progressively in the
TKA worldwide centers . On the other hand, the impact of TXA
after TKA is still poorly documented in Brazil. Our service started
to use this medication in 2013, introducing the administration of
TXA routinely by the end of 2014. Therefore, we could gather a
significant amount of experience.

This study aims to evaluate the impact of the TXA routine use,
reducing blood loss related to the primary TKA procedure.
The study aims to evaluate the hematimetric parameters, the number
of transfusions, and the drain output in a retrospective cohort of
patients admitted in a tertiary university hospital in Brazil.

MATERIALS AND METHODS

The study was approved by our ethics committee (CAPPesg number
15754619.7.0000.0068). All patients signed an informed consent form.
A retrospective cohort study was carried out with patients under-
going TKA between 2013 and 2017 admitted in our service.
Patients were not included in the study if they had:
* any hematological diseases, renal insufficiency, hepatic insuffi-
ciency, previous cardiovascular and/or thromboembolic events;
* preoperative use of anticoagulant or other medications that
alter coagulation;
* alteration in coagulation exams prior to the surgical procedure;
* intraoperative fracture that required the use of intramedullary
nails and revision components.
Based on that, 220 patients were selected. Of those, 47 were
excluded due to the lack of medical records information. Totally,
173 cases were included in the study.
The cases were separated based on the TXA use. The clinical
protocol allowed the administration of the highest TXA dose between
1 g or 10 mg/kg during anesthetic induction, with or without a dose
replication just before the tourniquet deflation.
Demographic data were collected. In addition, information regarding
the administered TXA dose, the levels of preoperative hemoglobin
(Hb), the hemoglobin on the 3rd postoperative day, and the drain
output on the 1st postoperative day were evaluated. The need for
transfusion was indicated intraoperatively by the anesthesiologist
according to subjective criteria, or by the clinician postoperatively,
when Hb < 7 g/dl or Hb > 7 g/dl with clinical repercussions. Throm-
boembolic complications or hematoma formation requiring joint
aspiration, and the total hospital/ICU length of stay were analyzed.
As an exploratory analysis, this study also compared the patients’
subgroup that received or not blood transfusion, regarding the
need for hospitalization in the ICU, and the total hospital and ICU
length of stay.

Statistical analysis

Numerical variables were described as mean and standard deviation
when normal distribution in groups, or as median and interquartile
range (IR) when non-normal distribution, according to Shapiro-Wilk
test and Histogram analysis. Categorical variables were described by
the absolute number and percentage within the group. Inthe univariate
analyses, for numerical variables between groups, the Student’s t-test
or the Mann-Whitney U test was used, according to the variable’s
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normality. In the categorical variables the Fisher's test in the respective
contingency tables was used. To evaluate the determinants of the
need for transfusion with control of possible confounding variables,
multivariate binomial logistic regression was performed, including the
following variables: sex, age, use of tranexamic acid, and drain use.
Statistical significance was considered when p < 0.05.

RESULTS

Demographic characteristics

From 2013 to 2017, a total of 220 patients undergoing primary TKA
surgery in our service had their data adequately recorded. Of this
total, 173 patients were included based on the eligibility criteria
of this study. Demographic characteristics showed no significant
difference between groups (Table 1). Forty-seven (57.3%) patients
received two doses of TXA.

Table 1. Patient demographics. Age is shown in years =+ standard
deviation; sex and diagnosis are described as n (%).

TXA Group | Control group TOTAL .
(n=82) (n=91) (n=173) P

Age 66.5 11.4 65.4 10.4 659 10.9 0.525

Sex 0.318
Male 18 (22) 26 (28.6) 44 (25.4)
Female 64 (78) 65 (71.4) 129 (74.6)

Diagnosis 0.864

Primar

Osteoanh’;i " 64 (78) 72(79.1) 136 (78.6)
Others 18(22) 19(20.9) 37 (21.4)

*Fisher’s Test

Blood loss

Table 2 shows the parameters associated to blood loss, such as
Hb levels, drain output, and need for transfusion.

Table 2. Values related to blood loss. The values are shown as
mean = standard deviation or as median/IR. In the case of blood
transfusion, the values are expressed in n (%).

TXA group Control group p
Hb preoperative 1357 1.32 13.54 1.26 0.867"
Hb postoperative (PO) 10.87 1.66 10.13 1.42 0.002'
Hb decrease 2.70 1.39 341 134 <0.001'
1st PO drain output 270/290 460/575 <0.0012
Blood transfusion 3(10) 27 (90) <0.001"

1: Student’s t-test; 2: Mann-Whitney U test.

The mean preoperative Hb was 13.5 g/dl (= 1.32) in the TXA group
and 13.5 g/dl (= 1.26) in the control group (p = 0.867). On the 3rd
postoperative day, the Hb levels were significantly higher in the TXA
group in comparison with the control group (10.87 g/dl = 1.66 vs
10.13 g/dl = 1.42, respectively). TXA-treated patients had a
smaller Hb decrease than the control group (2.7 g/dl = 1.39 vs
3.41 g/dl = 1.34; p < 0.001). Moreover, the median drain output
on the 1st postoperative day was significantly reduced in the TXA
group when compared with the control group.

Hemotransfusion was performed in 30 patients. Most transfusion
cases were from the control group (90%), while a small proportion
of the TXA-treated patients (10%) needed transfusion.

Length of stays and need for ICU

The mean length of stay in hospital was 5.17 days for the TXA
group and 7.70 for the control one. Regarding the need for ICU,
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62 (35.8%) patients required intensive postoperative support,
28 (34.1%) in the TXA group and 34 (37.4%) in the control group.
The mean ICU length stay was 0.41 (= 0.68) days for the TXA group
and 1.86 (= 7.66) for the control group.

As an exploratory analysis, this study correlated blood transfu-
sion with the total hospital and ICU length of stay. For patients
undergoing transfusion, the mean total hospitalization stay was
13.83 days, compared with 4.97 days of non-transfused patients
(p = 0.002). Similarly, the mean ICU stay was 5.17 days for those
who received blood and 0.34 days for those who did not receive
blood transfusion (p < 0.001).

Moreover, the relationship between transfusion events and the
need for ICU admission also showed statistical significance.
Of the 30 patients receiving transfusion, 19 (63.3%) were referred to
the ICU, while 11 (36.7%) did not require intensive care (p = 0.001).

Complications

Thromboembolic events and hematoma formation were evaluated as
complications of TKA and accounted for 8.67% of the participants.
Thromboembolic events occurred in 5 cases and hematoma formation
that required joint aspiration occurred in 10 cases. No statistically
significant difference was found between the groups (Table 3).

Table 3. Complications. The values are shown in n (%).

Control
TXA group group TOTAL p*
Thromboembolic events 2(2.4) 3(3.3) 5(9) | >0.999
Hematoma 4(4.9) 6 (6.6) 10 (5.8) 0.750
*Fisher’s Test

The multivariate evaluation by logistic regression was performed
and included the following variables: sex, age, use of tranexamic
acid, and drain output. Among the variables, only the use of TXA
was correlated to the need for blood transfusion (odds ratio [OR],
0.097 {95% confidence interval [CI]}; 0.027-0.344, p = 0.001).
This suggests the TXA afforded a protection from the need for
transfusion of approximately 10 times.

DISCUSSION

In this study, we showed the effective use of TXA in decreasing the
perioperative transfusion requirement. In addition, it reduced the
hemoglobin decrease and the drain output on the 1st postopera-
tive day. These results are similar to those found in the literature.
Many studies show a favorable correlation between the use of
TXA and the decrease in intra and postoperative bleeding during
the TKA surgery.'%" Its efficacy and safety has been well studied
recently.”> A Cochrane review conducted by Henry et al. (2011)
showed that TXA efficiently decreased blood loss during and after
orthopedic procedures, reducing it in approximately 446.19 ml
(95%Cl 554.61-337.78 ml)."® In this regard, Yang et al.’, in a
meta-analysis study, showed a significantly lower value in blood
transfusion rates in patients who used TXA compared with
the placebo group (OR 0.16, 95%CI 0.10-0.25; p < 0.001) (7).
Similarly, the systematic review and meta-analysis conducted
by Alshryda et al. (2011) show the use of TXA significantly re-
duced perioperative blood loss in over 591 ml (95%Cl| 536-647;
p < 0.001) and the need for blood transfusion (RR 2.56, 95%
Cl 2.1-3.1; p < 0.001), without increasing the risk of adverse
events, regardless of the via of administration (oral, topical, or
intravenous).'

Besides the growing interest in TXA studies, there is no ab-
solute conclusion of the best administration via (intravenous,
intra-articular, topical, or oral)'®, dose, and the number of required

applications for the best results.® The review performed by Melvinet al.'®
indicates that the effective dose has ranged from 1 g to
10-20 mg/kg of TXA, applied intravenously or topical, without
significant different outcome. Although it is proposed that the
number of doses may influence the reduction of blood loss", there
is no consensus about the best administration regimen. In this
study, the TXA was administered intravenously using the highest
dose between 1 g or 10 mg/kg during anesthetic induction. Some
of the cases had the treatment replicated immediately before
the pneumatic tourniquet disinflation. Given the retrospective
analysis of this study, there was no dose standardization, which
is a limitation of the study.

Despite the good obtained results, the TXA also presents the-
oretical risks, such as deep vein thrombosis (DVT) and pulmo-
nary thromboembolism (PE). Based on its mechanism of action,
TXA might activate coagulation cascade and increase the tendency
of thrombus formation. However, Alshryda et al.'* showed no
increase in the risk of these complications after the use of the
TXA. Moreover, Sabbag et al.'® conducted a retrospective study
of patients with thromboembolic events history prior to TKA.
They concluded that the recurrence of these events is uncommon
after surgery, with no significant increase in incidence related to
the use of TXA compared with the placebo group (2.3% versus
1.9% respectively; p = 0599).'8

The incidence of DVT and pulmonary embolism after TKA surgery
without an adequate prophylaxis was estimated to be 41%-85%
and 1.5%-10%, respectively. Adequate prophylaxis reduces this
incidence to approximately 1% during hospitalization.' In this
study, prophylaxis was made with Enoxaparin 40 mg/day for
14 days. The study found 5 thromboembolism events, 2 (2.4%)
of those in TXA group and 3 (3.3%) in the control group, without
significant association regarding the use of TXA (p > 0999). The
perioperative blood transfusion itself could also increase the risk
of DVT after arthroplasty surgeries, by increasing blood viscosity,
causing erythrocytes and platelets aggregation with subsequent
thrombus formation.?® Thus, decreasing the number of blood
transfusions would improve the occurrence of these events.
As stated in this study with exploratory analysis, patients undergoing
blood transfusion have a greater need for postoperative intensive
care. Likewise, there was a positive correlation between the blood
transfusion and the hospital and ICU length of stay. The use of
TXA, by reducing the need for blood transfusion, would also be
beneficial in decreasing the need for postoperative ICU, and the
hospital and ICU length of stay. Randomized controlled trials are
required to improve the understanding of this correlation.

The study had several limitations. Because it is a retrospective
study, the patients may have different demographic character-
istics. Moreover, as mentioned before, there was no standard-
ization in the number of TXA applications (one or two doses).
It was not possible to define the dose influence that in fact
decreases perioperative bleeding. Additional studies would be
useful to clarify these variables. Another limitation is the lack
of real blood loss measurement, which was made by indirect
methods, such as drain output and Hb decrease. Of note, there
is a small difference in postoperative Hb between the groups,
despite the statistically significant result (averages of 2.7 g/dI
(= 1.39) in the TXA group and 3.41 g/dl (= 1.34) in the con-
trol group. This value refers to the 3rd postoperative day and,
therefore, after blood transfusions. Since the control group
was subjected to a more expressive number of transfusions,
the Hb could be underestimated in these cases.

In this study, the primary outcome was the reduction of blood
transfusions required after the TKA. The study considered this as one
of the most faithful clinical expressions of blood loss. It is important
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to emphasize that the indication for postoperative transfusion was
made by a clinical team, which was unaware of the TXA use.

Despite the limitations, this study is one of the few in the national
literature to compare the use of TXA with a control group. Fur-
thermore, the study shows the successful use of TXA in reducing
the transfusion requirement, the postoperative Hb decrease, and
the drain output in a pragmatic situation of an uncontrolled study.

CONCLUSION

In conclusion, the use of TXA had a positive role after TKA in our
service. It significantly reduced the blood transfusion rates, being
a potent tool in the therapeutic arsenal, aiming to improve the
clinical and surgical conditions related to the TKA procedure and
the perioperative period.
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