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INFORMACE O CLANKU ABSTRACT

Historie clanku: The article deals with the issue of topical use of tranexamic acid in cardiac surgery. Four randomized, double-
Dosel do redakce: 24. 8. 2012 -blind trials comparing tranexamic acid vs. placebo were identified in the available literature (371 patients
Pfepracovan: 19. 10. 2012 in total). In all of these studies the topical application of tranexamic acid significantly reduced postoperative
Pfijat: 20. 10. 2012 blood loss, whereas a significant reduction of transfusion requirements was only described in one of these
Dostupny online: 5. 11. 2012 studies. A meta-analytic approach confirmed a significant reduction in blood loss (in 24 hours) by 321.6
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mL on average (95% confidence interval -530.3 mL, -112.9 mL; p = 0.003). Another trial was performed to
examine a possible augmentation of systemic administration of tranexamic acid by the additional topical
application. Despite an evident tendency towards lower blood loss in the group treated also topically, the
differences between groups in this study did not reach statistical significance. There is an apparent need for
further controlled trials with larger groups of patients.

SOUHRN

Clanek se zabyva problematikou topického uziti kyseliny tranexamové v kardiochirurgii. V dostupné
literatufe byly nalezeny ¢tyfi randomizované, dvojité zaslepené studie porovnavajici kyselinu tranexamo-
vou s placebem (celkem 371 pacientt). Ve vsech téchto studiich topickd aplikace kyseliny tranexamové
signifikantné snizila pooperacni krevni ztraty, avsak statisticky vyznamna redukce transfuznich narokd byla
popséna pouze v jedné z téchto studii. Metaanalyticky pfistup potvrdil signifikantni redukci krevnich ztrat
(za 24 hodin) v priméru o 321,6 ml (95% interval spolehlivosti -530,3 ml, —112,9 ml; p = 0,003). Dalsi studie
byla provedena s cilem ovéfit moznou augmentaci systémového podani kyseliny tranexamové pfidavnym
topickym podanim. PrestoZe skupina lé¢end rovnéz topickym podanim vykazovala zjevnou tendenci
k mensim krevnim ztratam, rozdily mezi skupinami nedoséhly v této studii statistické vyznamnosti. Je zde
zfejma potreba dalSich kontrolovanych studii provedenych na vétsich souborech pacientd.
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Fig. 1 - Antifibrinolytic action of tranexamic acid. (A) activation of fibrinolysis; (B) inhibition of fibrinolysis.

t-PA - tissue plasminogen activator.

Reproduced from C.J. Dunn, K.L. Goa, Tranexamic acid: a review of its use in surgery and other indications, Drugs 57 (1999) 1005-1032,
with permission from Springer International AG (© 1999. All rights reserved).

Introduction

A history of preventive application of fibrinolytic inhibi-
tors in cardiac surgery is older than 30 years. This phar-
macological strategy is frequently used to reduce post-
operative blood loss, transfusion requirements and the
frequency of early surgical revisions for bleeding. In
2007/2008, based on the results of Karkouti et al. [1],
Mangano et al. [2] and Fergusson et al. [3], the most ef-
fective antifibrinolytic agent — aprotinin — was suspended
from the global pharmaceutical market and it is not cur-
rently used at all (with the exception of re-authorization
for the use in coronary artery bypass grafting in Canada,
September 2011). Lysine analogues (tranexamic acid,
g-aminocaproic acid) are an important part of blood sav-
ing programs in many cardiac surgery centers [4] but the
efficacy and safety profile of these drugs are broadly in-
vestigated and discussed. While e-aminocaproic acid is of-
ten applied in the U.S., the use of tranexamic acid is more
common in Canada and Europe [5]. E-aminocaproic acid
is not presently registered by the State Institute for Drug
Control and permitted for use in the Czech Republic.

Tranexamic acid overview

Tranexamic acid — 4-(aminomethyl)cyclohexane-1-carbo-
xylic acid — is a synthetic derivative of the amino acid ly-
sine. The antifibrinolytic activity is a result of reversible
binding to plasminogen which prevents its interaction
with fibrin (Fig. 1). Normally, plasminogen binds to fibrin
at a lysine binding site and is converted in the presence
of tissue plasminogen activator to plasmin. Tranexamic
acid blocks the lysine binding site and prevents access of
plasminogen to fibrin molecules [6,7].

Tranexamic acid is used in a variety of surgical proce-
dures, including cardiac surgery (both on-pump/off-pump),
orthopedic surgery, liver transplantation, prostatectomy,
dental surgery and gynecology. A large, randomized, dou-
ble-blind multicenter CRASH-2 trial proved that tranexamic
acid reduced all-cause mortality at 4 weeks and the death
rate due to bleeding in trauma patients [8].

Tranexamic acid is generally well tolerated but some
adverse events were reported, as well and it is necessary
to take them into consideration in everyday clinical prac-
tice. Theoretically, due to the antifibrinolytic mechanism,
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Fig. 2 - Structural formulas and space-filling models of tranexamic acid (TA) and y-aminobutyric acid (GABA).

there is a possibility of an increased risk of thromboem-
bolic events (e.g. early graft closure in coronary artery
bypass grafting, deep vein thrombosis, pulmonary embo-
lism, myocardial and cerebral infarctions), but in practice
these adverse events were reported quite rarely [9]. An-
other serious adverse event recently discussed in cardiac
surgery seems to be a risk of postoperative convulsive
seizures, associated particularly with high-dose regimens
[10,11]. This epileptogenic effect of tranexamic acid may
be explained by a similarity between its molecules and
the molecules of y-aminobutyric acid (Fig. 2), which leads
to the occupancy of y-aminobutyric, brain receptors [12].

Systemic use of tranexamic acid

The systemic application of tranexamic acid is the most
common approach in cardiac surgery. According to the

available literature, recommended dosages vary across
countries and cardiac centers (loading intravenous dose
1-10 g, addition to the content of the cardiopulmonary
bypass circuit prime 500-2500 mg, continuous infusion
200-1000 mg/h) [13].

Topical application of tranexamic acid

The topical/local application of tranexamic acid into the
pericardial cavity is not so frequent in comparison with its
systemic use. The rationale for the topical application is
based on Tabuchi et al. [14] and Khalil et al. [15] findings
that the local fibrinolytic activity in the pericardial cavity
exceeds that in the systemic circulation. A human pericar-
dium contains high levels of tissue plasminogen activator,
which under normal/physiological conditions prevents
the formation of adhesions and maintains the fluidity of

Table 1 - Characteristics of trials comparing topical tranexamic acid vs. placebo.

No. of treated No. of control

Significant difference in 2 2 LG 2

Study patients patients Drug dose cumulative blood loss (24 h) x:lt‘-isep;rea::\sl?:;ncs)fusion
De Bonis et al. [17] 20 20 1gTA/100 mLsaline  +** NS

Abul-Azmet al. [18] 50 50 2 gTA/100 mL saline ~ 4%*** REE

Baric et al. [19] 97 96 2.5 g TA/250 mL saline  +**#**a NS2

Fawzy et al. [20] 19 19 1gTA/100 mLsaline  +* NS

PRBC - packed red blood cells; TA - tranexamic acid.
*p=0.04, ** p=0.01, *** p < 0.01, **** p < 0.001.

2 Comparison of three groups (aprotinin, n = 100; tranexamic acid, n = 97; placebo, n = 96).
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Weighted mean Tranexamic acid Placebo
Study difference (95% ClI) N, mean (SD) N, mean (SD) Weight (%)
|
De Bonis [17] : —— —156.00 (-264.61, —47.39) 20, 485 (166) 20, 641 (184) 29.64
|
Abul-Azm [18] = : —475.00 (-517.30, —432.70) 50,733 (93) 50, 1208 (121) 31.81
|
Baric [19] — —270.00 —431.74, —108.26) 97, 633 (343) 96, 903 (733) 27.00
|
|
Fawzy [20] i —445.00 (-936.67, 46.67) 19,791 (483) 19, 1236 (981) 11.55
|
Overall <> —321.63 (-530.30, =112.97) 186 185 100.00
|
|
| Heterogeneity: p < 0.001; I-squared = 90.8% Overall effect: p=0.003
|
T

T T T T
-750 =500 -250 0 250 500
Favors tranexamic acid Favors placebo

Fig. 3 - Meta-analysis of the studies on topical application of tranexamic acid vs. placebo. Outcomes: the 24-h postoperative chest tube

drainage (mL).
Cl - confidence interval; SD - standard deviation.

the pericardial cavity. Surgical tissue manipulations may
enhance this local fibrinolytic activity.

We searched MEDLINE from 1995 to 2012 with the fol-
lowing keywords: “Cardiac surgical procedures”, “Post-
operative bleeding”, “Antifibrinolytic agents”, “Tranexamic
acid” and “Topical administration”. The studies were as-
sessed independently by both authors according to the
methodology proposed in the literature [16]. The crite-
ria were as follows: randomization, double-blinding and
allocation concealment. We identified four randomized,
double-blind, controlled trials written in English compar-
ing the topical application of tranexamic acid vs. placebo
(Table 1) [17-20]. One study written in the Turkish lan-
guage [21] was not included in the review and the sub-
sequent meta-analysis because of not fulfilling the above
mentioned inclusion criteria. Additionally, we found
a meta-analysis evaluating the efficacy and safety of the
topical application of fibrinolytic inhibitors (aprotinin,
tranexamic acid) in cardiac surgery [22].

According to the trial protocols, a dose of tranexamic
acid varying from 1 g to 2.5 g in 100-250 mL of normal sa-
line (or just normal saline solution as a placebo) was poured
into the pericardial cavity and spread over mediastinal
tissues at the end of procedures prior to sternal closure.
In all of these trials the topical application of tranexamic
acid significantly reduced postoperative blood loss (in 24
hours), but the tendency towards reduced transfusion re-
quirements (packed red blood cells) reached statistical sig-
nificance in only one study with the highest concentration
of tranexamic acid in the study solution [18].

In our original research we tested a possible augmen-
tation of systemic administration of tranexamic acid (1 g

before skin incision and subsequently 400 mg/h, 0.5 g as
a supplement to the content of crystalloid pump prime)
by the additional topical application (group A: 250 mL of
normal saline + tranexamic acid 2.5 g, placebo group B:
250 mL of normal saline) during heart valve surgery [23].
Although a continuous tendency towards lower blood
loss in group A was evident (Table 2), no statistical sig-
nificance was reached at any time points (4, 8, 24 h post-
operatively). Table 2 also suggests that in placebo group
B there was greater variability in blood loss at all time
points (leading to a statistically significant difference of
variances 24 h postoperatively). No significant difference
in postoperative transfusion of packed red blood cells
was found, but the proportion of patients requiring fresh
frozen plasma after the surgery was bigger in placebo
group B (group A: n =21, group B: n =36, p = 0.008).

Meta-analysis of the trials comparing
the topical application of tranexamic acid
vs. placebo

Methods and statistical analysis

The meta-analysis included the four above mentioned tri-
als, comparing the topical application of tranexamic acid
vs. placebo (n = 371 patients in total) [17-20]. Our study
[23] investigating a possible augmentation of systemic
administration of tranexamic acid by the additional to-
pical application was not included because of a different
way of drug administration (systemic application of tra-
nexamic acid in both - treated and control — groups).
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Favors tranexamic acid

Tranexamic acid Placebo
Study Risk ratio (95% Cl) Events Total Events Total Weight (%)
|
|
De Bonis [17] : 0.75(0.19, 2.93) 3 20 4 20 3.68
!
Baric [19] T 0.99 (0.76, 1.29) 51 a7 51 96 96.32
I
Qverall <> 0.98 (0.75, 1.27) 54 117 55 116 100.00
|
|
: Heterogeneity: p = 0.693; |-squared = 0.0% Overall effect: p= 0.877
]
T T T T
0.2 05 1 2 5

Favors placebo

Fig. 4 - Meta-analysis of the studies on topical application of tranexamic acid vs. placebo. Outcomes: the incidence of postoperative

transfusion requirements (red blood cells).
Cl - confidence interval; SD - standard deviation.

The meta-analysis focused on two primary outcomes: 24
hours postoperative chest tube drainage and the incidence
of postoperative transfusion requirements (red blood cells).
The random-effect model was used to estimate pooled treat-
ment effects. The results are presented in the form of weight-
ed mean differences (in case of blood loss) and risk ratios (in
case of transfusion needs) with corresponding 95% confi-
dence intervals (95% Cl). The heterogeneity was quantified
by the F statistics [24]. The chi-squared test for heterogeneity
was used to assess whether observed differences in the study
results are compatible with the chance variation alone. In
one study [20], chest tube drainage was reported as median
and minimum and maximum. To estimate the missing mean
and standard deviation, the log-normal model was fitted
via maximum likelihood based on the three available order
statistics. Since the characteristics of variability (ranges) were
only reported for the total blood loss (not for 24-hour), the
calculation was based on the total postoperative chest tube
drainage, which did not differ much from that for 24 hours.

A statistical analysis was performed by statistical soft-
ware Stata, release 9.2 (Stata Corporation, College Sta-
tion, TX). p-Values less than 0.05 indicated a statistically
significant result.

In two studies the number of patients requiring transfu-
sion of red blood cells was not reported [18,20] and the au-
thors were contacted for more information, but no response
was obtained. These two studies were therefore excluded
from the part of meta-analysis concerning transfusion needs.

Results
A substantial reduction in 24-hour blood loss was confir-
med in groups with topical application of tranexamic acid

(Fig. 3). The overall weighted mean difference of -321.6
mL (95% ClI -530.3, -112.9) significantly differed from
zero (p = 0.003). Heterogeneity was found among the tri-
als (P =90.8%, p < 0.001).

The proportion of patients requiring red blood cells
transfusion was not significantly different (p = 0.887) be-
tween the treated and placebo groups (Fig. 4). A varia-
tion attributable to heterogeneity was very low.

Discussion

This review and the subsequent meta-analysis suggest
that topical application of tranexamic acid in cardiac sur-
gery can significantly reduce postoperative bleeding. Ho-
wever, its influence on a statistically significant reduction
of transfusion requirements (packed red blood cells) could
not be proven, probably due to unduly strict transfusion
criteria in the trials (not corresponding with routine eve-
ryday practice), a limited number of study patients and
a diversity in the concentrations of study solutions.

The anticipated benefit of this way of drug delivery is
that the method seems to be both “target-directed” and
“potentially safe” [22]. The tranexamic acid blood levels
were measured in only one of the above mentioned tri-
als (in a part of topically medicated patients, n = 13) and
none of these patients had detectable tranexamic acid
levels in their blood samples [17]. The hypothesis that
the pericardium acts as a natural barrier that minimizes
the rate of systemic absorption is supported by animal
experimental studies with different pharmacological
agents [25,26]. In the majority of studies the effect on
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Table 2 - Cumulative blood loss (mL) 4 hours, 8 hours and 24 hours postoperatively (LOST study).

Postoperative time Group A (n = 49) Group B (n = 51) p-Value? p-Value®
4 hours 86.1(56.1, 132.2) 135.4 (94.3, 194.4) 0.107 0.059
8 hours 199.4 (153.4, 259.2) 261.7 (205.1, 334.0) 0.130 0.050
24 hours 504.2 (436.0, 583.0) 569.7 (476.0, 681.7) 0.293 0.014

Data are presented as geometric means and 95% confidence intervals.

Reproduced from J. Spegar, T. Vanek, J. Snircova, et al., Local and systemic application of tranexamic acid in heart valve surgery:
a prospective, randomized, double blind LOST study, Journal of Thrombosis and Thrombolysis 32 (2011) 303-310, with kind permission

from Springer Science+Business Media B.V.
2 Test for equality of geometric means.
b Test for equality of variances.

the reduction of blood loss was most pronounced in the
first hours after the surgery, which is consistent with
a short half-life of tranexamic acid (3 hours). Twenty-
-four hours postoperatively chest tube drainage is often
serosanguinous and theoretically there should be an
anti-inflammatory rather than a hemostatic effect of
tranexamic acid [27], as fibrinolytic and inflammatory
systems are interlinked in the generation of pro-inflam-
matory cytokines [7].

Conclusion

In conclusion, topical use of tranexamic acid is a promi-
sing, interesting and effective method for a significant
reduction of postoperative blood loss in patients under-
going cardiac surgery, probably without increasing any
additional risks to the patients. There is an apparent need
for additional randomized, double-blind, controlled tri-
als with large samples of patients focused on the issue of
right dosing of topically applied tranexamic acid (volume
and concentration), its influence on transfusion require-
ments and further investigation of the drug safety.
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