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Abstract

Purpose This systematic review aimed to evaluate the
efficacy and safety of topical application of antifibrinolytic
drugs to reduce postoperative bleeding and transfusion
requirements in patients undergoing on-pump cardiac
surgery.

Methods We searched The Cochrane Library, MED-
LINE, EMBASE and SCI-EXPANDED for all randomized
controlled trials on the topic. Trial inclusion, quality
assessment, and data extraction were performed indepen-
dently by two authors. Standard meta-analytic techniques
were applied.

Results FEight trials (n = 622 patients) met our inclusion
criteria. The medication/placebo was applied into the
pericardial cavity and/or mediastinum at the end of car-
diac surgery. Seven trials compared antifibrinolytic agents
(aprotinin or tranexamic acid) versus placebo. They
showed that, on average, topical use of antifibrinolytic
agents reduced the amount of 24-h postoperative chest tube
(blood) loss by 220 ml (95% confidence interval: —318 to
—126, P < 0.00001, P = 93%) and resulted in a saving of
I unit of allogeneic red blood cells per patient (95%
confidence interval: —154 to —0.53, P <0.0001,
PP = 55%). The incidence of blood transfusion was not
significantly changed following topical application of the
medications. One study comparing topical versus intrave-
nous administration of aprotinin found comparable results
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between the two methods of administration for the above-
mentioned outcomes. No adverse effects were reported
following topical use of the medications.

Conclusion This review suggests that topical application
of antifibrinolytics can reduce postoperative bleeding and
transfusion requirements in patients undergoing on-pump
cardiac surgery. These promising findings need to be
confirmed by more trials with large sample size using
patient-related outcomes and more assessments regarding
the systemic absorption of the medications.

Résumé

Objectif Le but de cette etude methodique etait d’evaluer
Uefficacite’ et I'innocuite’ de ’application topique d’agents
anti-fibrinolytiques afin de reduire les saignements et les
besoins transfusionnels postoperatoires chez les patients
subissant une chirurgie cardiaque avec circulation extra-
corporelle.

Méthode Nous avons fouille les bases de données sui-
vantes afin d’extraire toutes les etudes randomisees
controlées traitant de cette question : The Cochrane
Library, MEDLINE, EMBASE et SCI-EXPANDED.
L’inclusion des etudes, [l’eévaluation de la qualite’ et
Uextraction des donnees ont ete realisees de facon inde-
pendante par deux auteurs. Des techniques de meta-
analyse standard ont ete utilisees.

Résultats Huit etudes (n = 622 patients) ont satisfait d
nos criteres d’inclusion. Le medicament/placebo a ete
applique’ dans la cavite pericardique et/ou dans le media-
stin a la fin de la chirurgie cardiaque. Sept etudes ont
compare des agents anti-fibrinolytiques (aprotinine ou
acide tranexamique) da un placebo. Ces etudes ont
montre que, en moyenne, l'application topique d’agents
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anti-fibrinolytiques a reduit les pertes sanguines des drains
thoraciques durant les premieres 24 h postoperatoires de
220 ml (intervalle de confiance 95% : —318 a —126,
P < 0,00001, P =93 %) et a permis de sauver un culot
globulaire allogenique par patient (intervalle de confiance
95% : —1,54 a -0,53, P < 0,0001, P =55 %). L’incidence
de transfusion n’a pas subi de modification significative a
la suite de ['application topique des medicaments. Une
etude comparant ’application topique a I’administration
intraveineuse d’aprotinine a donnée des resultats compa-
rables entre les deux methodes d’administration pour les
devenirs mentionnes ci-dessus. Aucun effet secondaire n’a
ete’ rapporte en relation avec ['application topique des
medicaments.

Conclusion Notre etude suggere que ’application topi-
que d’agents anti-fibrinolytiques peut reduire les
saignements et les besoins transfusionnels postoperatoires
chez les patients subissant une chirurgie cardiaque avec
circulation extra-corporelle. Ces réesultats prometteurs
devraient cependant étre confirmes par d’autres etudes
presentant une taille d’echantillon plus importante exam-
inant les devenirs associes aux patients et comprenant
d’autres evaluations concernant 1’absorption systemique
des medicaments.

Introduction

On-pump cardiac surgery can be associated with excessive
bleeding due to several factors such as increased fibrino-
lysis induced by extracorporeal circulation and surgical
trauma.' As a result, 23.8-51.9% of patients require blood
transfusion, and re-exploration is performed in 2—6% of the
cases to control bleeding.”

In spite of the recent advances in surgical techniques
and the perioperative care, the amount of bleeding remains
as high as 600-1200 ml. Hence, in most centres, a median
of 2 to 3 units of red blood cells (RBCs) per patient is
required.’ Patients undergoing cardiac surgery are vulner-
able to the consequences of blood loss which can lead to
increased mortality, morbidity, and poor quality of life.*
Issues such as the cost of blood, limited availability, and
the potentially harmful effects of transfusion necessitate
developing more effective methods to minimize surgical
blood loss. Antifibrinolytic agents (aprotinin, tranexamic
acid, and g-aminocaproic acid) have been shown to inhibit
fibrinolysis and, thus, reduce bleeding in cardiac surgery.’
However, recent studies on large numbers of patients have
raised growing concerns about the serious adverse effects
observed following systemic administration of antifibrino-
lytic agents. These complications include increased
mortality,® renal toxicity,””"* anaphylactic reactions,’ graft

vessel occlusion,10 the risk of myocardial infarction (in
high-risk cardiac surgery) following aprotinin use,'' and,
because of its mechanism of action, the potential risk of
thromboembolic events after tranexamic acid administra-
tion.'> Due to the natural barrier properties of the
pericardium, which prevents free diffusion of substances,
recent experimental studies have shown that local appli-
cation of different medications into the pericardial cavity
can lead to desirable therapeutic efficacy without signifi-
cant systemic absorption.'*™'> In light of these findings,
topical application of antifibrinolytics may be an effective
and safe pharmacological strategy to minimize blood loss
in cardiac surgery.'®?' This systematic review aims to
evaluate the best available evidence about the safety and
efficacy of the topical use of antifibrinolytic drugs to
reduce postoperative blood loss and transfusion require-
ments in adult patients having on-pump cardiac surgery.

Methods
Search strategy

We searched The Cochrane Central Register of Controlled
Trials (CENTRAL) in The Cochrane Library (Issue 2,
2008), MEDLINE from January 1966 to July 2008, EM-
BASE from January 1980 to July 2008, and Science
Citation Index Expanded from 1945 to July 2008. We used
the following keywords: aprotinin, trasylol, tranexamic,
transamin, cyklokapron, epsilon-aminocaproic acid, car-
diac surgery, open heart surgery, coronary artery by pass,
topical, local, and intrapericardial. We exploded the fol-
lowing index-word terms: ‘Antifibrinolytic agents’,
‘Aprotinin’, ‘Tranexamic acid’, ‘Aminocaproic acids’,
‘Administration, Topical’, ‘Anesthesia’, ‘Cardiac surgical
procedures’, ‘Cardiopulmonary bypass/adverse effects’.
We also searched the on-line archives of the recent inter-
national annual meetings on the topic, i.e., American
Society of Anesthesiologists, Canadian Anesthesiologists’
Society, and European Society of Anesthesiologist (all
since 2000), American Association for Thoracic Surgery,
European Society of Thoracic Surgeons (since 2006). We
hand-searched reference lists from the already retrieved
articles to identify further trials. In addition, we made
contact with the principal authors as well as experts in the
field to identify additional published or unpublished data
relevant to the review.

Study selection criteria
Two reviewers (AA and JW) independently assessed titles,

abstracts, and/or the full text paper of the hits retrieved
from the electronic database and the hand searches for
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possible inclusion according to the pre-defined selection
criteria. Disagreements between the authors were resolved
by the third author (FC). Studies were eligible for inclu-
sion, regardless of the publication language, if they were
randomized parallel group trials and if they evaluated
topical administration of antifibrinolytic agents in adult
patients undergoing elective on-pump cardiac surgery.

Assessment of the methodological quality of studies

The studies were assessed for their methodological quality
by two independent raters (AA and JW) using the criteria
proposed by Schulz et al.”> These criteria specify four
items of assessment: double-blinding, allocation conceal-
ment, follow-up completeness, and methods used to
achieve randomization. Disagreements were resolved by
the third author (FC). Between assessor agreement was not
measured, due to the limited numbers of included trials.

Statistical analysis

The primary outcomes of the review included the 24-h
postoperative chest tube output and the incidence and the
amount of allogeneic red blood cell (RBC) transfusion. The
24-h chest tube output was considered as a surrogate
measure of blood loss, because the output is mainly due to
bleeding during this period. Since the amount of allogeneic
RBC transfusion was reported in units in a majority of the
included trials, we analyzed and reported this outcome in
units. If the amount of transfusion was reported in ml, it
was converted to units according to the information pro-
vided by the authors following correspondence with the
authors of the included studies. We also considered listing
the complications reported among the studies. The sec-
ondary outcomes were the rate of re-operation due to
bleeding and the incidence of complications. In the first
comparison, we analyzed the data for any antifibrinolytic
agents versus placebo, regardless of the type of medication.
Then we assessed the efficacy and safety of each individual
antifibrinolytic agent versus placebo (e.g. aprotinin vs.
placebo) or one antifibrinolytic agent compared to another
(e.g. aprotinin vs. tranexamic acid). In addition, the results
of the direct comparison between topical versus systemic
application of antifibrinolytics, which was carried out in
one trial,'® were presented in this review. All analyses were
performed using Review Manager 4.2.9 software (Review
Manager, version 4.2, The Nordic Cochrane Centre, The
Cochrane Collaboration, Copenhagen, Denmark). Pooled
treatment effects were estimated using random-effect
models, since statistical heterogeneity exists in all the
analyses. Relative risks (RR) and weighted mean differ-
ences (WMD) with the corresponding 95% confidence
intervals (95% ClIs) were calculated for dichotomous and
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continuous variables, respectively. The presence of heter-
ogeneity of treatment effect was assessed using the Q
statistic, which has an approximate chi-square distribution
with degrees of freedom equal to the number of studies
minus one. A P-value less than or equal to 0.10 indicated
statistically significant heterogeneity. To quantify statisti-
cal heterogeneity, we used the I* statistic given by the
formula [(Q — df)/Q] x 100%, where Q is the chi-squared
statistic and df is its degrees of freedom. A value greater
than 50% would be considered substantial heterogeneity.*’
We also planned subgroup analyses, where possible, to
determine whether effect sizes vary according to factors
such as type of surgery, use of transfusion protocols, dose
regimen, and the quality of study methods. Funnel plots
were planned to be inspected for evidence of publication
bias. Asymmetry of the funnel plot was assessed according
to the Egger regression test** and the Begg and Mazumdar
adjusted rank correlation tests.*’

Results
Literature search and study characteristics

We screened 71 reports yielded by our search strategy;
26 were considered for inclusion, but 18 were subse-
quently excluded for reasons that are given in detail in
Fig. 1."%2°2% We eventually included 8 trials involving a
total number of 622 patients. Trials came from 7 countries
(Croatia, Czech Republic, Egypt, England, Germany, Italy,
and Turkey) and were published between 1992 and 2007.
Seven trials were published in English and one was pub-
lished in the Turkish language. The characteristics of these
trials are provided in Table 1. All trials included only
primary operations. Patients with a known history of
coagulation problems were not considered for the study.
All the trials used similar methods for topical application of
antifibrinolytic agents. The medication or placebo (equal
amount of saline) was poured into the pericardial cavity
and/or over mediastinal tissues at the end of surgery and
before closure of the median sternotomy. The solutions
were then suctioned out through the chest tubes, which
were routinely put in place after cardiac surgery. In one
study, swabs soaked in aprotinin (or placebo) solutions
were packed loosely around the heart and over the medi-
astinal tissue.”’ Average group size was 78 patients (range,
30-160). No trial was found on the topical application of
g-aminocaproic acid.

Methodological quality of the studies

The details of the methodological quality of each
study are shown in Table 2. All Schulz’s criteria of
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S ystematie search through The Cochrane library,
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critenia by reviewing titk andfor abs hact
(n=45)

b

Reports comsidered for inchasion (2 = 2%)

»| Duplicate recards (2= 14)

3

Duplicate stadies *"* (2= 2)

M rorr RCT (2 =1)

M Insufficient data™ (2= 1)

¥
Analyzed rardomzed cortrolled trak (2= 8) t

Topical Aprotivan vs. Placebo (2= 5)
Topical TA vs. Placebo (2 = 4)

Topical TA vs. Topical Apotinin(n = 2)
Topical vs. S ysterae Aprotrun(z = 1)

Fig. 1 Flow chart of screened, excluded, and analyzed papers. "The
number of studies does not match the number of comparisons,
because there are two studies with three study groups

methodological quality were adequately met in the four
trials. Three studies, however, did not clearly report the
method of randomization and allocation concealment.
With regard to blinding, two trials were not clear. We
contacted the authors for more information, but received
no response.’?"** One trial was not considered double-
blinded because it did not use placebo for the control
group (i.e. control group = no intervention).”' All the
included trials were considered for final analyses regard-
less of the methodological quality, as sensitivity analysis
showed that, due to the quality of the study, the overall
treatment effects did not significantly change. The WMD
for postoperative chest tube loss was —222 ml [95% CI:
—318 to —126] for all trials and —276 [95% CI: —394 to
—158] after excluding studies which did not adequately
meet all quality criteria. The WMD for RBC units
transfused was —1.04 [95% CI: —1.54 to —0.53] for all
trials and —097 [95% CI: —1.88 to —0.05] after
excluding trials with unclear quality.

Meta-analysis

Topical application of all antifibrinolytic agents
vs. placebo (seven trials, 525 patients)

Pooling of the data showed that, compared to the control,
the topical application of any antifibrinolytic agent,
regardless of the type, reduced the 24-h postoperative chest
tube (blood) loss by 222 ml (Fig. 2) and the amount of
allogeneic RBC transfusion by 1 unit (Fig. 3). There was
no evidence of publication bias, suggested by asymmetry
of the funnel plots in terms of the total reduction of blood
loss (P-Egger test = 0.6, P-Begg test = 0.9) or the amount
of blood transfusion (P-Egger test =0.5, P-Begg
test = 0.8). The incidence of RBC transfusion was not
significantly different between the two groups (P = 0.12),
even though there was a trend in favor of the medications
(Fig. 4). No adverse effects were reported in any of the
included trials following topical application of antifibri-
nolytic agents.

Topical aprotinin vs. placebo (five trials, 324 patients)

Pooling of the data showed that, compared to the control, a
topical application of aprotinin reduced the 24-h postop-
erative chest tube (blood) loss by 200 ml, on average
(Fig. 2), and the amount of allogeneic RBC transfusion by
0.8 units (Fig. 3). The incidence of RBC transfusion was
not significantly different between the two groups
(P = 0.11, Fig. 4). Heterogeneity was found among the
studies in terms of the amount of treatment effects on
postoperative blood loss (I> = 60%). To explore hetero-
geneity, we excluded one study”® with a very small sample
size (10 patients per group), because it was statistically
underpowered to detect any potential beneficial effect of
the medication over placebo. No heterogeneity was found
among the other four trials (WMD = —248 ml, 95% CI:
—266 to —230, P < 0.00001, I* = 0%). Re-exploration to
control bleeding was reported in two trials where, in all
cases, an evident surgical source of bleeding was discov-
ered. The data of these cases were not included in the
review. In one study, aprotinin levels were determined 1 h
following topical application, although it was not detected
in any of the patient’s blood.?'

Topical tranexamic acid vs. placebo (four trials,
269 patients)

Pooling of the data showed that, compared to the control,
topical application of tranexamic acid reduced the 24-h
postoperative chest tube (blood) loss by 250 ml, on average
(Fig. 2), and the amount of allogeneic RBC transfusion by
1.6 units (Fig. 3). The incidence of RBC transfusion was
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Table 2 Methodological quality of the included trials

Study ID Randomization method Allocation concealment® Blinding Follow up completeness®
Abul-Azm and Abdullah'® Computer generated Adequate Double-blind Adequate
Baric et al.*° Random-number table Adequate Double-blind Adequate
De Bonis et al.'” Random-number table Adequate Double-blind Adequate
Isgro et al.'® Random-number table Adequate Unclear Adequate
Mand’ak et al.* Computer generated Adequate Double-blind Adequate
O’regan et al.*’ Unclear Unclear Double-blind Adequate
Tatar et al.”! Unclear Unclear Not blinded Adequate
Yasim et al.* Unclear Unclear Unclear Adequate

* Allocation concealment was graded as “adequate” if methods such as sealed envelopes or a locked computer were used to keep the

randomization schedule secret during the study

® Follow up completeness was graded as “adequate” if the numbers and reasons for withdrawals and dropouts were clearly reported in the paper

Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Topical approtinin vs. control
Baric 670 441 51 833 440 58 9.5% -163.00 [-328.74, 2.74)
Mand'ak 568 174 25 836 334 25 101% -268.00[-415.63,-120.37] T
O'Regan 653 445 54 903 459 41 13.2% -250.00 [-268.39,-231.61] *
Tatar 420 150 25 650 225 25 11.4% -230.00[-336.00,-124.00] ——
Yasim 302 69 10 347 203 10 106% -4500 [-177.89, 87.89] —
Subtotal (95% CI) 165 159 54.7% -204.07 [-276.08, -132.07] R
Heterogeneity: Tau®= 3648.32; Chi*=10.10, df= 4 (P = 0.04); F=60%
Test for overall effect: 2= 5.55 (P < 0.00001)
1.1.2 Topical tranexamic acid vs. control
Abul-Azm 733 93 50 1,208 121 50 129% -475.00[-517.30,-432.70] e
Baric 526 222 51 833 440 58 10.7% -308.00[-436.59,-179.41] —_—
De Bonis 485 166 20 641 184 20 11.3% -156.00 [-264.61,-47.39] . T
Yasim 305 867 10 347 203 10 10.4% -42.00 [-178.81, 94,81] —
Subtotal (95% CI) 131 138 45.3% -249.98 [-465.15, -34.81] e
Heterogeneity: Tau®= 45093.27; Chi*= 59.67, df= 3 (P = 0.00001}); F= 95%
Testfor overall effect. 2= 2.28 (P=0.02)
Total (95% CI) 296 297 100.0% -222.50[-318.78, -126.21] e
Heterogeneity, Tau®*= 1826274, Chi*F=122.92, df=8 (P = 0.00001}; F= 83% -5[]0 _250 250 5130

Test for overall effect: Z= 4.53 (P = 0.00001)

Fig. 2 Meta-analysis of the studies on topical application of antifi-
brinolytic agents (aprotinin or tranexamic acid) vs. placebo.
Outcomes: the 24-h postoperative chest tube loss. SD standard

not significantly different between the two groups
(P = 0.88, Fig. 4). Heterogeneity was found among the
studies in terms of the amount of treatment effects on
postoperative blood loss (> = 95%). To explore hetero-
geneity, we excluded one study?® with a very small sample
size (10 patients per group). This resulted in no significant
change in heterogeneity (I = 93%). In the next step, we
pooled the data of the remaining studies with the same dose
of medication, i.e., two trials using 1 g of tranexamic acid.
As a result, heterogeneity was reduced between these trials;
however, it was not resolved (WMD = —228 ml, 95% CI.:
—376to —79 ml, P = 0.003, P = 68%). Re-exploration to
control bleeding was reported in two trials.'®** Unfortu-
nately, in one of the trials, an evident surgical source of
bleeding was discovered for all cases, so the data of this
study were not included in the analysis.”® The other trial,

Favours experimental Favours control

deviation, WMD weighted mean difference, CI confidence interval, N
no. of patients. Studies with insufficient data were not included

however, showed that re-exploration is significantly higher
in the placebo group versus the treatment group (16% vs.
2%, P = 0.014)."® In one study, the plasma concentration
of tranexamic acid was assayed by gas chromatography 2 h
following topical application. None of the patients had
detectable levels of tranexamic acid.'’

Topical aprotinin vs. topical tranexamic
acid (two trials, 122 patients)

Statistical pooling of the data showed no significant dif-
ference between the two medications in terms of the 24-h
postoperative chest tube (blood) loss (WMD = —77 ml,
95% CI: =71 to 227 ml, P = 0.31) or the amount of RBC
transfusion (WMD = 0.4 units, 95% CI. —1.6 to 2.39,
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Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI I/, Random, 95% CI
2.1.1 Topical approtinin vs. control
Baric 304 34 51 28 501 58 7.7% 0.24 [-1.35,1.83] il
Mand'ak 14 1 25 Z 13 25 21.8% -060[-1.21,001)] ]
Tatar 0.33 067 25 1.36 086 25 26.0% -1.03[-1.46,-0.60] =
Yasim 47 16 10 6 24 10 6.4% -1.30 [-3.09, 0.49] —
Subtotal (95% CI) 111 118 61.9% -0.83[-1.21,-0.44] <
Heterogeneity: Tau®= 0.02; Chi*=3.37,df=3 (P=0.34); F=11%
Test for overall effect Z= 4.20 (P =< 0.0001)
2.1.2 Topical tranexamic acid vs. control
Abul-Azm 26 15 50 45 14 50 227% -1.90[-2.47,-1.33 T
Baric 17 3 51 28 501 58 96% -1.10[-2.47,027) i —
‘Yasim 54 19 10 6 24 10 58%  -0.60[-2.50,1.30] —
Subtotal (95% CI) 111 118 38.1% -1.58[-2.26, -0.90] -
Heterogeneity: Tau*= 0.10, Chi*= 2.50, df= 2 (P = 0.29), F= 20%
Testfor overall effect: Z= 4.53 (P < 0.00001)
Total (95% CI) 222 236 100.0% -1.04[-1.54, -0.53] <
Heterogeneity: Tau®= 0.21; Chi*= 13.32, df= 6 (P = 0.04); F= 55% t f t

Test for overall effect Z= 4.00 (P < 0.0001)

2 1 0 1 2
Favours experimental Favours control

Testfor subgroup differences: Chi*= 7.44, df=1 (P = 0.006), F= 86.6%

Fig. 3 Meta-analysis of the studies on topical application of antifi-
brinolytic agents (aprotinin or tranexamic acid) vs. placebo.
Outcomes: the amount of allogeneic RBC transfusion in units. SD

standard deviation, WMD weighted mean difference, CI confidence
interval, N no. of patients. Studies with insufficient data were not
included

Experimental Control Risk Ratio Risk Ratio
Studhy or Subgroup  Events  Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
3.1.1 Topical approtinin vs. control
Baric 53 100 51 96 27.4% 1.00[0.77,1.30] —*
O'Regan 37 54 36 41  30.0% 0.78[0.63, 0.97] -
Tatar 7 25 21 25 11.8% 0.33[0.17,0.64] ——
Subtotal (95% CI) 179 162  69.2% 0.72[0.47, 1.08] i
Total events 97 108

Heterogeneity: Tau?= 0.10; Chi#= 9.71, df= 2 (P = 0.008); F= 79%

Test for overall effect Z=1.58 (P=0.11)

3.1.2 Topical tranexamic acid vs. control

Baric 51 97 51 96 27.2%
De Bonis 3 20 4 20 3.6%
Subtotal (95% CI) 117 116 30.8%
Total events 54 55

Heterogeneity: Tau*= 0.00; Chi*=0.16, df=1 (P=0.69), F= 0%
Test for overall effect Z=0.15 (P =0.88)

Total (95% CI) 296
Total events 151 163

278 100.0%

Heterogeneity: Tau®= 0.05; Chi*= 11.24, df= 4 (P = 0.02); F= 64%

Test for overall effect Z=1.58 (P=0.12)
Test for subgroup differences: Not applicable

Fig. 4 Meta-analysis of the studies on topical application of antifi-
brinolytic agents (aprotinin or tranexamic acid) vs. placebo.
Outcomes: the incidence of allogeneic RBC transfusion. TA

P = 0.69). The rate of RBC transfusion, reported in only
one study, was the same between the two medications.

Topical vs. systemic application of antifibrinolytics
(one trial, 97 patients)

The 24-h postoperative chest tube (blood) loss was

547 £+ 259 ml following topical application of aprotinin
and 491 £ 217 ml after intravenous aprotinin (P = not
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01 02 05 2 5 10
Favours experimental Favours control

tranexamic acid, SD standard deviation, WMD weighted mean
difference, CI confidence interval, N no. of patients. Studies with
insufficient data were not included

significant). The incidence and the amount of RBC trans-
fusion were not significantly different between the two
groups.

Discussion

This systematic review includes eight randomized con-
trolled trials (RCTs) on the topical application of the anti-
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fibrinolytic drugs, aprotinin and tranexamic acid, for on-
pump cardiac surgery. No trial was found regarding the
topical application of another anti-fibrinolytic agent, é-
aminocaproic acid. Although aprotinin and tranexamic acid
differ somewhat in their mechanisms of action, the results
of this review suggest that their topical administration
during cardiac surgery can reduce postoperative blood loss
and the volume of allogeneic RBC transfusion to a degree
that is both statistically and clinically significant. No
adverse effects were reported in any of the trials. In addi-
tion, both head-to-head comparison and the results of an
indirect comparison between aprotinin and tranexamic acid
showed that both medications had comparable efficacy
following topical application.

There are two bodies of literature that support the
rationale of topical application of antifibrinolytic agents
during open-heart surgery. It has been hypothesized that
this method of drug delivery is both “target-directed” and
“potentially safe” to reduce postoperative bleeding. These
two reasons were confirmed, to some extent, by the results
of our systematic review. The first suggested rationale is
that topical application of antifibrinolytic agents can
directly target the source of bleeding, which is the local
increase in fibrinolytic activity. In patients undergoing
CABG, Khalil et al. found that the local fibrinolytic activity
in the pericardial cavity significantly exceeded that in the
systemic circulation.®’ This has also been shown by Tab-
uchi et al. who found that levels of thrombin-antithrombin
IIT complex, fibrinogen, and fibrin degradation product
(FDP) were significantly higher in blood from patients’
pericardial cavities than in blood from their systemic cir-
culation.’® These findings reflect the fact that human
pericardium contains very high levels of tissue activators of
plasminogen, which impair stable fibrin production.* In
physiological and normal conditions, this feature prevents
adhesion formation and maintains fluidity of the pericardial
cavity. However, during cardiac surgery, high amounts of
pericardial plasminogen activators are released following
skin incision, sternotomy, and surgical tissue manipulation,
which can subsequently lead to increased local fibrinolytic
activity and excessive bleeding.™

Consistent with this physiological evidence, the results
of our systematic review showed that the topical applica-
tion of antifibrinolytics into the pericardial tissues reduced
postoperative chest-tube blood loss by 200 or 250 ml, on
average, in aprotinin or tranexamic acid trials, respectively.
Topical application of antifibrinolytics in other types of
surgeries, such as neurosurgery, where the meninges and
cerebral tissues contain high levels of tissue plasminogen
activators, has also been shown to reduce surgical bleed-
ing.35 36 Therefore, based on this evidence, we can theorize
that topical application of antifibrinolytics can possibly
reduce surgical blood loss by the inhibition of local

fibrinolysis. However, this theory should be confirmed by
the direct measurement of local fibrinolytic activity (e.g.
FDP in blood from the pericardial cavity) following topical
application of these medications. This procedure was not
performed in any of the included trials.

The amount of reduction in postoperative surgical
bleeding presented in this systematic review is comparable
with the values reported by two recent meta-analyses and
systematic reviews concerning systemic (i.e. intravenous)
administration of antifibrinolytics for on-pump cardiac
surgery. In this regard, a meta-analysis by Brown et al.
showed that the overall reduction of perioperative blood
loss was 225-350 ml following systemic administration of
antifibrinolytics.® Also, an updated Cochrane systematic
review by Henry et al. reported this amount as 380 ml for
aprotinin and 260 ml for tranexamic acid.’ In addition, a
head-to-head comparison by Isgro showed that topical
aprotinin is equally effective as systemic aprotinin for the
reduction of perioperative blood loss.'®

The second reason supporting the topical use of anti-
fibrinolytics is based on the observation that the
pericardium acts as a natural barrier that minimizes the rate
of systemic absorption and side effects of pharmacological
agents applied locally into the pericardial cavity. In this
regard, experimental studies by Waxman et al.'” and
Kolletis et al.'* showed that the intrapericardial delivery of
different types of medications in animals (e.g. digitalis,
antiarrhythmic agents, nitric oxide) could lead to desirable
therapeutic effects with little or no systemic absorption (or
toxicity). Also, an animal study by Baek et al.'*> showed
that the clearance rate of agents from the pericardium
depended on their molecular weight (MW). Their study
showed that only a small fraction (<10%) of a high MW
agent (70 kDa) was absorbed into the systemic circulation
during the first 10 h after intrapericardial injection.

According to this information, and given the short half-
life of both aprotinin (7 h) and tranexamic acid (3 h) and
especially the high MW of aprotinin (6 kDa), we can
postulate that the topical application of these medications
will not lead to systemic absorption and toxicity. Due to the
delay in absorption provided by the pericardial barrier, by
the time aprotinin and tranexamic acid reach the systemic
circulation, most of the drug would be biologically inac-
tive. To some extent, this hypothesis was confirmed by the
results of our review. We have found two studies mea-
suring plasma levels of antifibrinolytics after topical
application that showed no detectable systemic absorp-
tion.'”?! In addition, no adverse effects have been reported
in any of the included trials.

In terms of the amount of reduction in postoperative
blood loss for both the aprotinin and the tranexamic acid
studies, heterogeneity exists between the results of the
trials. As the variation was in terms of the size and not the
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direction of effect, we have little doubt about the existence
of a treatment benefit with the topical application of anti-
fibrinolytics, despite this heterogeneity. We theorize two
possible reasons to explain this variability. First, the study
with a small sample size of 10 patients®® was statistically
underpowered to detect beneficial effects of medications
over placebo. After excluding this study from meta-anal-
ysis, heterogeneity was resolved among the studies on
aprotinin, but not in the studies on tranexamic acid. Sec-
ond, different dose regimens were used by the trials. This
factor could partially explain the variability in the studies
on tranexamic acid. According to these results, it is
tempting to conclude that there is a dose-response rela-
tionship for topical application of tranexamic acid.
However, it should be noted that a high dose of tranexamic
acid was studied in one trial, i.e., Abul-Azm’s study,16 and
there might be other factors involved in the study that can
affect the treatment effect. For example, in this study, a
high average postoperative blood loss was observed in both
study groups, which might explain why the study results
showed a higher amount of reduction in postoperative
bleeding.

In spite of a comprehensive search strategy, we could
only find a limited number of RCTs eligible for this review.
Although the number of available studies is not a restric-
tion of conducting a systematic review, it can affect our
review in several ways. First, evaluation of publication bias
was not possible in this review, as both visual examination
and statistical analysis of funnel plots have limited power
to detect bias if the number of studies is small.>> Second,
we were not able to evaluate the effect of several factors,
such as type of cardiac surgery, transfusion trigger, pre-
operative anticoagulant use, and even dose on the overall
treatment effect, due to the limited number of studies with
similar characteristics that could fall into the same group
for subgroup analysis. Finally, including few trials into the
review, especially those with a small sample size, can pose
the “small-study effect”, i.e., the tendency for small trials
to have inflated treatment effect estimates because of
methodological differences (either design flaws or more
rigorous implementation of treatment).”” In order to
address this issue, we carried out the sensitivity analysis by
excluding one study with a very small sample size.”® This
strategy could resolve the existing heterogeneity among the
studies on aprotinin, but not the differences among studies
on tranexamic acid. For future trials, we recommend
studies with sample size >60 patients. This is based on our
sample size calculation considering the main outcome as
24-h chest tube loss, the estimated efficacy as 222 ml
reduction in blood loss (Fig. 2) and the standard deviation
of blood loss as 300 ml (Appendix 1).

With regard to the outcome measures in the included
trials, more accurate clinical tools should have been
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utilized to evaluate the efficacy of topical antifibrinolytics
and to detect their potential complications. For efficacy
outcomes, the 24-h chest tube loss was used in the included
trials, which only serves as a surrogate measure of the
blood loss after surgery and cannot reflect the amount of
bleeding intraoperatively. Also, it seems necessary to
measure the amount of red blood cell volume lost in the
chest tube containers to be able to determine the exact
amount of postoperative bleeding (RBC loss). Other
methods, such as calculating blood loss based on the
changes in postoperative hemoglobin levels, are not rec-
ommended in cardiac surgical patients as a consequence of
the high fluid loads infused during surgery and the resultant
hemodilution.*®

For safety assessments, the amount of aprotinin or
tranexamic acid in patients’ blood was only measured in a
limited number of patients in two studies.'”?! Also, indi-
rect measurement of systemic absorption of these
medications and adverse effects have not been properly
evaluated in the included trials. For example, screening by
postoperative doppler ultrasound to detect deep vein
thrombosis following tranexamic acid use has not been
carried out in any of the trials. Also, monitoring of renal
function, which has been shown by both observational and
RCTs to be altered after aprotinin use, was not performed
in the trials on topical application of the medication.
Finally, the length of follow-up period was not clearly
mentioned in the trials.

Many of the studies used transfusion triggers that
were higher than current practice. According to a Cana-
dian retrospective study on more than 11,800 patients
undergoing cardiac surgeries, the mean hemoglobin con-
centration for blood transfusion was 72.5 £ 10.7 g/1.> The
transfusion trigger among the included trials, however,
ranged from 70 to 100 g/l of hemoglobin concentration.
This concentration can exaggerate the beneficial findings of
the studies in terms of the incidence or the amount of blood
transfusion. Therefore, future trials with more consistent
transfusion triggers are suggested.

During the final stage of preparation of this review, we
learned that Bayer Pharmaceuticals Corp., the manufac-
turer of aprotinin (Trasylol®), has agreed to a marketing
suspension of the medication following a request by the
FDA in early November 2007. This request was made
based on the serious results suggested by the BART study
(Blood conservation using antifibrinolytics: A randomized
trial in a cardiac surgery population). This study made a
comparison of systemic use of aprotinin and other lysine
analogues in patients undergoing high-risk cardiac surgery,
and the results showed an increase in the 30-day all-cause
mortality rate in the aprotinin group (relative risk, 1.55;
95% CI: 0.99—2.42).11 For this reason, we cannot recom-
mend the use of this medication in any kind of clinical trial,



Topical antifibrinolytics for open heart surgery

not even for topical application, which seems to be
potentially safe due to less systemic absorption. However,
the topical application of this medication is still an alter-
native option, which can be studied in future experimental
studies (animal model) specifically designed to evaluate its
systemic absorption and pharmacodynamics.

In conclusion, this systematic review suggests that top-
ical application of aprotinin or tranexamic acid for on-
pump cardiac surgery can significantly reduce postopera-
tive bleeding and transfusion requirements. The included
trials did not show any systemic absorption following
topical application of antifibrinolytics; however, these
results need to be confirmed by additional assessments with
sensitive tools measuring systemic absorption of topically
applied medications. Future high quality RCTs on the
topical application of tranexamic acid, with a larger sample
size (at least 60 patients), are recommended to address this
issue, to focus on patient-related outcomes (e.g. quality of
life, postoperative morbidity and mortality), and to carry
out dose-response analysis. Further clinical trials on topi-
cal aprotinin are not recommended until there are
additional results of experimental research (animal model)
regarding systemic absorption of the medication.
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Appendix 1: suggested sample size for future studies

We made the following assumptions in order to calculate
the suggested sample size for future studies on topical
application of antifibrinolytics to reduce postoperative
blood loss:

(1) Primary outcome: 24-h chest tube blood loss

(2) Pooled estimate of efficacy: 222 ml reduction in
blood loss (Fig. 2)

Pooled standard deviation of blood loss: 300 ml using
the SDs from the included studies using the following
equation:

pooledSD = \/(SD% + SD%)/”)

3)

where SD;,...,SD,, are standard deviations of the mean
blood loss reported in each trial, and r is the total number
of trials. Using SAS software, the required sample size is
estimated as 30 per group (z-test two tailed effect
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size = 222 ml, SD = 300 ml, alpha = 0.05, and
power = 0.8).

The SAS System 11:12 Friday, November 21, 2008
The POWER Procedure
Two-sample t Test for Mean Difference
Fixed Scenario Elements
Distribution Normal
Method Exact
Group 1 Mean 0
Group 2 Mean 222
Standard Deviation 300
Nominal Power 0.8
Number of Sides 2
Null Difference 0
Alpha 0.05
Computed N Per Group
Actual N Per
Power Group
0.804 30
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