ORIGINAL ARTICLE

Intra-operative local plus systemic tranexamic acid significantly
decreases post-operative bleeding and the need for allogeneic
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ABSTRACT

Aim To evaluate the efficacy of systemic plus local tranexamic
acid (TXA) in reducing post-operative bleeding, haemoglobin loss
and the need for allogeneic blood transfusion (ABT) in total knee
arthroplasty (TKA).

Methods All patients undergoing TKA between January 2017 and
September 2019 were retrospectively evaluated. Exclusion criteria
were cardiovascular comorbidities, diabetes and the assumption of
any anticoagulant/antiaggregant therapy in the pre-operative peri-
od. All patients received the same prosthesis with the same surgi-
cal technique and were operated on by the same surgeon. Twenty
patients were found (group A) that received intra-operative TXA
(20 mg/kg intravenous 10 minutes before deflating tourniquet and
1g intra-articular after capsular suture). A control group of 26 pati-
ents not receiving TXA was matched for demographics (group B).

Results Two (10%) patients in group A and 16 (61.5%) in group B
needed ABT in the post-operative period (p=0.0004). Each patient
in group A received 2 red blood cells (RBCs) units, while in group
B 2 patients received one RBCs unit and one patient 4 RBCs units,
for a total of 4 and 32 RBCs units in group A and B, respectively
(p=0.0006). The minimum haemoglobin level was observed at 48
hours post-operatively in both groups: mean decrease was 3.54
and 4.64 g/dL in group A and B, respectively (p=0.0126).

Conclusion The association of systemic and local TXA admini-
stration seems to significantly reduce post-operative bleeding and
the need for RBCs transfusions after TKA in patients not assuming
any anticoagulant / antiaggregant therapy and without cardiovas-
cular and diabetic morbidities.

Key words: bleeding, haemoglobin, orthopaedic surgery, post-
operative anaemia, red blood cells
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INTRODUCTION

Total knee arthroplasty (TKA) generally involves
significant post-operative anaemia, because of the
continuous bleeding from the cut bone surfaces (the
femur more than the tibia and the patella) not co-
vered by the prosthetic elements, from the opened
medullary canal (again, from the femur) and the
dissected periarticular soft tissues (especially po-
steriorly) (1). This may cause a reduction of about
20% in circulating blood volume resulting in major
cardiovascular complications and increased mor-
tality. A great number of patients (between 10 and
30%) require red blood cells (RBCs) allogeneic
transfusion (2) that may be accompanied by im-
portant risks such as allergic reaction, anaphylactic
shock, fever, infections (3). Also, allogeneic blood
transfusion (ABT) implies high costs, and ortho-
paedic surgery accounts for over 10% of all ABTs,
40% of which for joint replacement procedures
(4,5). In order to reduce blood loss in TKA pati-
ents, various methods have been proposed: autolo-
gous transfusions (6), hypotensive anaesthesia (7),
drainage clamping (8), application of fibrin tissue
adhesive (9), compression bandage and cryothe-
rapy (10). Furthermore, systemic or local admini-
stration of tranexamic acid (TXA) is a well-known
method to reduce bleeding and therefore the need
for ABTs after surgery (11,12). The use of antifibri-
nolytic agents is based on evidence that the surgical
trauma, as well as promoting the formation of clots
by activating the intrinsic and extrinsic coagulation
cascade, also leads to a concomitant activation of
the plasminogen which induces a hyperfibrinolytic
state that accelerates clot’s degeneration, thus incre-
asing bleeding from the surgical site (13).

The TXA is a synthetic derivative of the amino acid
lysine that acts as a competitive inhibitor of the ac-
tivation of plasminogen that interferes with fibri-
nolysis (14); its intravenous administration during
joint replacement reduces post-operative bleeding
(15). The theoretical risk of venous thromboembo-
lism (VTE) associated with the use of TXA has not
been proven clinically in several trials (16), even
with high dosages (17). In contrast, a tendency
towards a protective effect against pulmonary em-
bolism has been described, probably linked to the
reduced need for RBCs transfusion that is a throm-
bogenic intervention (16).

The aim of this study was to evaluate the efficacy
of systemic intravenous (IV) and local low-dose

intra-articular TXA administration in reducing
post-operative bleeding, haemoglobin loss and
the need for ABT in TKA.

PATIENTS AND METHODS

Patients and study design

Medical records of all patients who underwent
TKA between January 2017 and September 2019
at Azienda Ospedaliera Universitaria Senese
were retrospectively evaluated. Selection criteria
were primary osteoarthritis (OA) of the knee as
diagnosis, a single surgeon performing the pro-
cedure, same surgical access and technique and
same cemented prosthesis, surgery conducted
under spinal anaesthesia, non-resurfacing pa-
telloplasty to address the patella, and systemic
IV and local intra-articular TXA administration
at surgery. Exclusion criteria were cardiovascular
comorbidities, diabetes, ongoing anticoagulant/
antiaggregant therapy, history of previous VTE
or any other condition suggesting a pharmacolo-
gical prophylaxis other than our standard proto-
col with low molecular weight heparin (Enoxa-
parine 4000 IU subcutaneously every 24 hours,
starting 12 hours after surgery and going on up to
regular crutch-free walking).

Twenty patients were found (group A) that met
the selection criteria. A control group with same
inclusion and exclusion criteria, except that
for the administration of TXA at surgery, was
matched for age, gender and body mass index
(BMI), and 26 patients were recruited (group B).

All patients gave their written consent to the tre-
atment and anonymous use of data and images
for research and academic purposes. At our In-
stitutions, neither the Ethical Committee nor In-
stitutional Review Board approval are needed for
retrospective studies.

Methods

Surgery was performed with tourniquet at the
root of the high, inflated at 300 mmHg of pre-
ssure after the preparation of the sterile field and
limb exsanguination by elevation and elastic
compression with an Esmark bandage. A medial
parapatellar approach was performed in all cases.
The femur was prepared at first, with intrame-
dullary instrumentation. The entry point of the
femoral rod guide was closed by an autologous
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bone plug in all cases, to reduce post-operative
bleeding (18). The tibia was prepared with an
extramedullary guide.

The same cemented prosthesis was implanted
in all cases (Evolution Medial Pivot; Microport,
Shangai, China); the femoral component presents
an open intercondylar box which eventually does
not stop residual bleeding from the femoral ca-
nal. A non-resurfacing patelloplasty was perfor-
med in all cases (circumferential resection of the
osteophytes plus patellar reshaping with resec-
tion of the cartilage layer), aiming to improve
the congruency between the native patella and
the femoral trochlea (19). After cementation of
prosthetic components, tourniquet was released,
accurate haemostasis was performed, and an in-
tra-articular drainage was positioned.

Patients in group A intra-operatively received
TXA according to the proposed protocol: 20 mg/
kg in 100 mL of saline solution IV around 10 mi-
nutes before release of the pneumatic tourniquet
(to allow the drug to reach the plasma peak pla-
sma at the time of release) (15) plus intra-articular
application of TXA 1 g after suturing the capsule
(so to have a “topic” effect). Patients in-group B
did not receive TXA at all. Finally, a sterile wo-
und dressing and a bulky compression dressing (so
called modified Robert Jones bandages) (20) were
applied. No anti-bleeding adjuvant pharmacologi-
cal actions were undertaken in the post-operative
period, and post-operative rehabilitation protocol
was the same in both groups. Open suction draina-
ge was left in situ for 48 hours after surgery; inter-
mittent cryotherapy was used in the post-operative
period (20 minutes every 2 hours for the first 2
post-operative days and after physiotherapy sessi-
ons afterwards, ter in die), and continuous passive
motion was initiated from the first post-operative
day (2 hours bis in die).

Haemoglobin was measured pre-operatively
and at 1, 24, 48 and 72 hours after surgery. ABT
criteria for elective orthopaedic surgery were set
at our Institution, at haemoglobin level equal to
or less than 8 g/dL in healthy patients younger
than 80 and haemoglobin level equal to or less
than 9 g/dL in-patients with cardiovascular co-
morbidities (exclusion criterion in this study) or
age equal to or over 80 years.

Statistical analysis

Patients’ age, body mass index (BMI) and hae-
moglobin values at surgery were assessed for
normality (Anderson-Darling test) and compared
between groups using the Mann-Whitney U test.
The % test was used to compare gender distribu-
tion and the differences in the number of patients
requiring ABT. The Mann-Whitney U test was
also used to compare fall rates of haemoglobin
and the number of transfused RBCs units in the
post-operative period. The level of significance
was set at p<0.05.

RESULTS

Patients’ age at surgery was between 51 and 88
years, with an average of 72.8 years; there were
17 males and 29 females. Group A consisted of
20 patients (nine males, 11 females) aging betwe-
en 51 and 87 (mean 72.5) years old. Group B was
composed of 26 patients (eight males, 18 fema-
les) with a mean age of 73.1 (range 52 — 88) ye-
ars old. No significant differences were observed
between groups for demographics (age, gender,
BMI) and haemoglobin values at surgery.

Two (10%) patients in group A and 16 (61.5%) in
group B required ABT (p=0.0004). Each patient
in group A received 2 units of RBCs, while in
group B, two patients received 1 unit of RBCs
each and one patient received 4 units, for a total
number of transfused RBCs units of 4 in group A
and 32 in group B (p=0.0006).

The decrease in haemoglobin values observed at
48 hours after surgery represented the minimum
value recorded in the post-operative period for
both groups: in group A there was a decrease ran-
ging from 6.4 to 0.3 g/dL with a mean of 3.54 g/dL,
in group B the mean decrease was 4.64 g/dL with a
range from 7.2 g/dL to 1.8 g/dL (p=0.0126).

No major side effects or complications in the
immediate post-operative period regarding ana-
emia or ABTs were recorded.

DISCUSSION

The main finding of this study confirmed the
efficacy of a combined systemic and local TXA
administration to reduce post-operative bleeding
and haemoglobin post-operative loss, and su-
bsequent need for ABT, in TKA performed for
primary knee OA in patients without cardiovas-
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cular comorbidities. Several studies already exist
that described the efficacy of TXA administration
in joint replacement surgery with special regards
to TKAs (1,8,11,12,15,17, 21-25). Also, several
meta-analyses have been conducted (16, 26-34),
and all studies agreed about the efficacy of TXA
against bleeding and confirmed its safety, as well.
Unfortunately, their results cannot be easily com-
pared to each other as every single study presented
a different protocol of TXA administration with
respect to timing, route and/or dosage (Table 1).
In the pioneering studies of Hiippala et al. TXA
was administered IV towards the end of surgery,
after deflating tourniquet, and afterwards also in
the immediate post-operative hours, always in IV
route (11,12). Sepah et al. also compared I'V admi-
nistration of 2 doses of TXA versus no administra-
tion at all (1). Wong et al. found that “topic” TXA
administration left in sifu for 5 minutes at the end
of surgery was beneficial with respect to placebo;
also, a slightly statistical difference between low-
dose (1.5 g) and high-dose (3 g) TXA was present
with regards to ABT (21).

Also, different pharmacological VTE prophylaxis
were administered, different prostheses were im-
planted, and different post-operative protocols
were used. Ishida et al. compared intra-articular
injection of 2 g of TXA versus saline solution left
into the joint with a clamped drainage for 30 minu-
tes, but a miscellaneous cohort of prostheses were
implanted, some with a closed intercondylar box
(22). A great difference in the use of the draina-
ge was present, too: some authors did not use it at
all (21), some had the drainage clamped for some
period (8,22), some had it open, as in the present
study (17). Lastly, some confusion exists in the
terminology: which is the difference between “in-
tra-articular” and “topic” administration? These
terms can be interpreted as mutual but they are
intended in different meaning in different studies:
some authors injected the TXA through the drai-
nage (8,22), others poured the TXA into the joint
before capsular closure (21,23), others injected the
TXA into the joint after capsular closure as in the
present study (17,24,25,30) and others both soa-
ked the joint with TXA solution and injected the
same solution after capsular closure (15).

Nevertheless, all studies indicated that the admini-

stration of TXA is beneficial. Xu et al., in a recent
meta-analysis, found that the systemic I'V plus local

Table 1. Efficacy of tranexamic acid (TXA) against bleeding in
different studies™

Study
Hiippala et al. (1995) IV 15 mg/kg after deflating tourniquet

Protocol of TXA administration

Vs placebo (equal volume of 0.9% sodium

(RCT double-blinded) chloride solution)

IV 15 mg/kg after deflating tourniquet + 10

Hiippala tal. (1997) mg/kg x 2 (at 3- and 6-hours post-op)

Vs placebo (equal volume of normal saline

(RCT double-blinded) .
solution)

TA (topic) 1.5 g at the end of surgery for 5

Wong et al. (2010) minutes

Vs IA (topic) 3 g at the end of surgery for 5

(RCT double-blinded) .
minutes

Vs placebo (100 mL of normal saline soluti-
on) at the end of surgery for 5 minutes

IV 1 g before inflating tourniquet + 1 g after
deflating tourniquet

(RCT double-blinded) Vs nothing

Ishida et al. (2011)  IA (injected)2 g

(RCT) Vs placebo (saline)

Sepah et al. (2011)

IA (injected) 1 g + carbazochrome sodium sul-

Onodera et al. (2011) fonate hydrate 50 mg + amikacin sulfate 200 mg

(RCT) Vs saline + amikacin sulfate 200 mg
Seo et al. (2013) Visg
(RCT) Vs IA (topic) 1.5 g at suture

Vs saline both IV and TA

IV 1 g pre-operatively + A (injected) 3 g after
capsular closure

(RCT double-blinded) Vs IV 1 g pre-operatively + placebo (saline)
Wang et al. (2018

Nielsen et al. (2016)

IV 20 mg/kg before inflating tourniquet

Vs IA (topic) 1 g before cementation + TA

(RCT double-blinded) (injected) 1 g at suture

Vs Oral 2 g 2 hours before surgery
Yuan et al. (2018) (in IV 20 mg/kg 1 hour before surgery + IA
RTKA) (injected) 3 g at suture
(RCT double-blinded) Vs IA (injected) 3 g at suture
Zhang et al. (2019) IV 20 mg/kg pre-operatively
(RCT double-blinded) Vs IA (injected) 3 g after suture
Vs IV 20 mg/kg pre-operatively + IA (injec-
ted) 3 g after suture

IV 20 mg/kg 10 minutes before deflating

Present study tourniquet + IA (injected) 1 g at suture

(retrospective cohort
study)

* Different studies could not be compared with each other as study
designs are differed in TXA administration (dose, route, timing)
RCT, randomized clinical trial; IV, intravenous; Vs, versus; A, intra-
articular; RTKA, revision total knee arthroplasty

Vs nothing

topical administration of TXA showed the lowest
relative risk ratio for ABT when compared to “pla-
cebo”, to routine haemostasis and to other mode
of administration; also, no additional benefits were
found with increasing dose; the 15 mg/kg IV dose
together with 1 g topical dose seems to be sufficient
to significantly reduce the need for blood transfusi-
on, and no safety issue was underlined (32).

In conclusion, systemic IV and local topic in-
tra-articular administration of TXA is confirmed
as a safe, inexpensive and effective method to
reduce post-operative bleeding, drop in haemo-
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globin values and the subsequent need for ABT
after primary cemented TKA in patients without
cardiovascular comorbidities. The routine use of
TXA to reduce bleeding can be recommended in
joint replacement surgery. Routes of administra-
tion can be various, while systemic IV plus local
topical seem to be the most effective.
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