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Introduction and objectives. It has been clearly
demonstrated that abciximab is useful in percutaneous
coronary interventions. However, it is not known if
intracoronary administration of the initial abciximab bolus
improves outcome. Moreover, there may be safety
concerns.

Methods. The study was a single-center prospective
randomized trial that included all patients undergoing
coronary angioplasty involving the use of abciximab.
Patients were randomized to either intracoronary or
intravenous administration of the abciximab bolus. The
primary endpoint was the incidence of major adverse
cardiac events (i.e., death, myocardial infarction, or the
need for revascularization); secondary endpoints were
hemorrhagic complications and the troponin-I level.

Results. The study included 137 patients; 72 received
an intracoronary abciximab bolus and 65, an intravenous
bolus. Clinical characteristics and baseline angiographic
findings were similar in the 2 groups. All patients
underwent coronary stent implantation. No difference was
observed between the intracoronary bolus group and the
intravenous bolus group in type of stent used (drug eluting
stent 47.2% vs 50.8%, respectively), total stent length, or
final TIMI flow grade (3 vs 2.97, respectively). The
intervention success rates were also similar (98.5% vs
99%, respectively). No complication associated with the
administration route was reported. However, the level of
the myocardial injury marker troponin | increased
significantly in the intravenous bolus group. Clinical follow-
up at 1 year did not reveal any difference in the incidence
of major adverse cardiac events: 8.5% in the intracoronary
bolus group versus 6.2% in the intravenous bolus group.

Conclusions. Intracoronary administration of an
abciximab bolus did not appear to be less safe or effective
than intravenous administration. Less postprocedural
myocardial damage was observed in the intracoronary
bolus group.
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¢Mejora el uso de abciximab intracoronario el
resultado del intervencionismo percutaneo?
Estudio prospectivo y aleatorizado

Introduccion y objetivos. La utilidad del abciximab en
el intervencionismo coronario percutaneo se ha demos-
trado plenamente. Sin embargo, se desconoce si la admi-
nistracion intracoronaria del bolo inicial puede aportar
ventajas. Igualmente, podria haber dudas acerca de su
seguridad.

Métodos. Estudio en un solo centro, prospectivo y alea-
torizado, en el que se incluyd a todos los pacientes en los
que se realiz6é un intervencionismo coronario percutaneo
con abciximab. Se aleatoriz6 a los pacientes para recibir
un bolo de abciximab (ABX) intracoronario o intravenoso.
Se analizaron la incidencia de MACE (muerte, reinfarto y
necesidad de revascularizacién) como variable principal y
las complicaciones hemorragicas y las concentraciones
de troponina | como variables secundarias.

Resultados. Se incluyé a 137 pacientes (72 con ABX
intracoronario y 65 con ABX intravenoso). Las caracteris-
ticas clinicas y los hallazgos angiograficos fueron simila-
res en ambos grupos. Todos recibieron stents. No hubo
diferencias en el tipo de stent utilizado (recubierto activo
del 47,2 frente al 50,8%), la longitud total del stenty el
flujo TIMI final (3 frente a 2,97). Los resultados del inter-
vencionismo coronario percutaneo fueron similares: se
realizé con éxito en el 98,5% de los pacientes del grupo
ABX intracoronario y en el 99% del grupo ABX intraveno-
so. No se detectaron complicaciones derivadas de la via
de administracion. En el grupo ABX intravenoso se ob-
servo una elevacion significativa posprocedimiento de la
troponina I. En el seguimiento clinico al afio no se halla-
ron diferencias significativas en la incidencia de MACE (el
8,5% en el grupo ABX intracoronario frente al 6,2% en
el grupo ABX intravenoso).

Conclusiones. La administracion intracoronaria del
bolo de abciximab no parece menos segura que la intra-
venosa y es, al menos, igualmente eficaz. Se observo un
menor grado de dafio miocéardico posprocedimiento en el
grupo ABX intracoronario.

Palabras clave: Abciximab. Agregacion plaquetaria.
Stent. Ensayo prospectivo y aleatorizado.
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ABBREVIATIONS

ABX: abciximab.

AMI: acute myocardial infarction.

PCI: percutaneous coronary intervention.
MACE: major adverse cardiac event.
ACS: acute coronary syndrome.

INTRODUCTION

The results of percutaneous coronary interventions
(PCI) have improved continuously since the technique
was introduced. Advances in the procedures and
materials have been accompanied by a notable
development in associated drug treatments.

The use of abciximab (ABX), a murine-human
chimeric antibody fragment (c7E3 Fab) that inhibits
platelet aggregation by acting selectively on
glycoprotein IIb/Ila receptors,' has been one of the
most significant advances in drug treatment, and its
effectiveness has been demonstrated for PCI in high-
risk patients? with complex lesions or requiring
multiple stents,> in the context of acute myocardial
infarction (AMI),* in diabetic patients,>® with
intracoronary thrombus,’ etc. The efficacy of the drug
has been demonstrated both in the short-term for the
reduction of thrombotic complications® and in the
medium- to long-term.’

Since platelet inhibition caused by ABX occurs
immediately, local administration, in this case
intracoronary, may act faster and with a greater
intensity than intravenous administration, especially in
lesions with a greater thrombus load. Little data is
available to address this possibility and the majority of
the studies that have been performed are neither
prospective nor randomized. We have only found 1
randomized controlled trial on the efficacy of
intracoronary ABX, but the study was performed
selectively in patients in the acute phase of AMI.!'

On the other hand, the incidence of bleeding
complications in patients treated with ABX is known
to be higher than in patients who do not receive the
drug.'"'2 However, it is not clear whether this varies
according to the route of administration.

A randomized, double-blind, controlled trial was
therefore designed to assess the safety, efficacy, and
possible prognostic benefits of intracoronary versus
intravenous administration of ABX.

METHODS

All patients with acute coronary syndrome (ACS)
admitted to our hospital between January 1 and
November 10, 2004, and in whom PCI was performed
with concurrent administration of ABX were
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consecutively enrolled in the study. Once the study
protocol was accepted by the local ethics committee,
the inclusion criteria were as follows: acute coronary
syndrome with or without ST-segment elevation in
which the use of ABX was indicated and provision of
informed consent by the patient.

The exclusion criteria were as follows: a)
impossibility of stent implantation; b) cardiogenic shock;
c¢) contraindications for the use of ABX, namely active
internal bleeding, hemorrhagic stroke in the last 2 years,
recent (2 months) spinal or cranial surgery or trauma,
major surgery in the last 2 months, intracranial tumors,
aneurysm or arteriovenous malformation, hemorrhagic
diathesis or uncontrolled hypertension, preexisting
thrombocytopenia, vasculitis, diabetic or hypertensive
retinopathy, and severe hepatic or renal failure.

Indication for ABX was assessed on the basis of the
guidelines for percutaneous coronary intervention of
the European Society of Cardiology'*:

1. Prior to PCI in high-risk patients with non-ST
elevation ACS.

2. High-risk patients with known anatomy 24 hours
prior to PCIL.

3. All primary PCI,
patients.

4. In stable angina associated with complex lesions,
occlusion or the possibility of occlusion of the vessel,
visible thrombus, reduced flow or no-reflow
phenomenon, angioplasty with multiple stents, and
diabetic patients.

particularly in high-risk

Patients were randomized to receive an initial bolus
by intracoronary or intravenous administration.
Randomization was performed using a table of random
numbers that determined the route of administration of
ABX once the indication was established. A double-
blind system was used such that neither the patients
nor the cardiologists responsible for their assessment
and follow-up knew to which group they belonged. In
addition, prior to the procedure, the interventional
cardiologist who performed the PCI did not know the
route of administration of ABX.

The patients included in the study received an initial
standard dose of 0.25 mg/kg by intracoronary or
intravenous administration. Subsequently, ABX was
administered in both groups by intravenous perfusion
at a rate of 0.125 pg/kg/min over a 12-hour period.

In all procedures, at least 50 U/kg of unfractionated
heparin was provided intravenously and antiplatelet
treatment was given with aspirin and clopidogrel. If
the patients had not received antiplatelet drugs prior to
entering the catheterization laboratory they received
500 mg of aspirin and a 300 mg loading dose of
clopidogrel. Treatment with aspirin was continued
indefinitely and clopidogrel was continued for at least
6 months.
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Catheterization was performed through the radial or
femoral artery; in 98% of cases employing the femoral
artery, a hemostatic puncture closing device was used.
Angiographic success was defined on the basis of less
than 30% residual stenosis.

In the majority of patients, markers of myocardial
necrosis were assessed before and after (6-8 and 24
hours) the procedure. The marker used was troponin I
(TnI) and concentrations were considered to be normal,
in our hospital, if they did not exceed 0.05 ng/mL.

Risk factors and clinical signs were analyzed along
with angiographic findings associated with the
procedure, and clinical follow-up. The main study
variable was the incidence of major adverse cardiac
events (MACE), defined as death, nonfatal myocardial
infarction, and need for repeat revascularization during
follow-up. Major vascular complications and elevated
postprocedural concentrations of Tnl, as a marker of
myocardial damage, were considered as secondary
variables.

Clinical follow-up was performed by face-to-face or
telephone interview of 6 months after the inclusion of
the last patient.

The following were considered major vascular
complications arising from the procedure and/or
ABX treatment: severe hemorrhage (that led to
death, had an intracranial or ocular localization, or
caused a reduction of more than 5 g/dL in serum
hemoglobin or a 15% reduction in hematocrit), acute
or subacute vascular occlusion, requirement for
transfusion or large hematoma (>6 cm) at the site of
catheterization requiring transfusion or surgical
repair, clinical evidence of ischemia, and
retroperitoneal bleeding.

Statistical Analysis

Statistical analysis was performed using the SPSS
program. Continuous variables are expressed as the
mean (SD) and categoric variables as percentages.
The Student ¢ test was used for comparison of
quantitative variables and the y? test for qualitative
variables.

Treatment efficacy was calculated based on the
relative risk of MACE in the group treated with
intravenous ABX compared with those receiving
intracoronary ABX. An actuarial Kaplan-Meier curve
was used to analyze event-free survival in both groups
and the log-rank test was used for comparison of
survival curves. Confidence intervals (CI) were used at
a 95% level and statistical significance was established
at P<.05.

RESULTS

The study included 137 patients with ACS in whom
PCI was performed with ABX treatment; based on a

random assignment of patients, a bolus was given by
either intravenous or intracoronary administration.
ABX was provided by intracoronary administration in
52% of patients (n=72) and by intravenous
administration in 48% (n=65).

The clinical characteristics of the 2 groups were
similar (Table 1). The number of patients who received
PCI and had ACS with ST-segment elevation was
similar in the 2 groups and slightly above 40%,
indicating a high incidence of AMI in the patients
included in the study. However, the proportion of
procedures corresponding to primary or rescue
angioplasty was 20.3% in the intracoronary ABX
group compared with 17.5% in the intravenous group.
Tenecteplase was used as a thrombolytic in all cases.
The mean time elapsed following ACS with ST-
segment elevation was 4 hours 20 minutes for primary
angioplasty and 14 hours 48 minutes for rescue
angioplasty, and was similar in both groups.

The indication for PCI in patients with ACS with
ST-segment elevation when neither primary nor rescue
angioplasty were performed was the presence of at
least 1 criterion for poor short- or medium-term
prognosis: severe ventricular dysfunction, silent
ischemia, suspicion of multiple vessel disease, and
early or extensive ischemia in the prognostic test. The
mean time elapsed between ACS with ST-segment
elevation and the procedure was 5.65 days.

The reason for admission in the remaining 60% of
patients was ACS without ST-segment elevation and
was similar in the 2 groups.

Table 2 shows the angiographic findings. The
number of diseased vessels per patient (2.03 vs 1.97 in
the  intracoronary = and intravenous  groups,

TABLE 1. Clinical Characteristics*

Intracoronary ABX Intravenous ABX

Age, y 6345 59.8+12
Men 86% 77%
Smoking habit 41.4% 42.9%
Hypertension 53.6% 60.3%
Diabetes 31.3% 30%
Hyperlipidemia 48.6% 41.3%
ACS with ST-segment elevation 42% 41.3%

Anterior AMI 24% 29%

ACS without ST-segment elevation ~ 58% 58.7%

ACS without ST-segment elevation ~ 57% 60.3%
+normal Tnlt

Primary PTCA 12.5% 10.5%

Rescue PTCA 7.8% 7%

LVEF 56.5+12 57.8+12

*Data are shown as mean +SD or percentage.

ABX indicates abciximab; PTCA, percutaneous transluminal coronary
angioplasty; AMI, acute myocardial infarction; ACS, acute coronary syndrome;
Tnl, troponin I; LVEF, left ventricular ejection fraction.

1Tnl concentration <0.5 ng/mL.
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TABLE 2. Angiographic Findings*

Intracoronary ABX Intravenous ABX

Number of diseased vessels 2.03+0.82 1.97+0.76
Number of lesions (264) 132 122

LAD lesion 40.8% 50%

Type B2 or C lesions 74.2% 75.5%
Significant calcification 12.4% 6.1%
Major bifurcation 7.2% 5%
Restenosis 1.5% 0.8%
Visible thrombus 35% 27%
Preprocedural TIMI flow grade 2to 3 88.7% 89.8%

*Data are shown as mean +SD or percentage.
ABX indicates abciximab; LAD, left anterior descending artery; TIMI,
Thrombolysis in Myocardial Infarction.

TABLE 3. Characteristics of the Procedure*

Intracoronary ABX Intravenous ABX

Number of lesions treated per

patient 1.9:04 2.01+0.5
Complete revascularization 62% 70%
Number of stents per lesion 1.090.3 1.10.3
Stent diameter 3.180.42 3.15(0.48)
Length stent/lesion 2218 2127
Drug-eluting stent 47.2% 50.8%
Postprocedural TIMI flow grade 3 100% 98.3%

Acute occlusion 0 0
Maximum pressure 1152 11.825

*Data are shown as mean +SD or percentage.
ABX indicates abciximab; TIMI, Thrombolysis in Myocardial Infarction.

respectively) and the number of complex lesions
treated, defined as type B2 or C in the American
College of Cardiology/American Heart Association
classification, were also similar (74.2% vs 75.5%).
Angiographically visible thrombi were present in 35%
of the group who received intracoronary ABX and
27% of the intravenous ABX group; however, the
difference did not achieve statistical significance.

Angiographic success of the procedure was similar
in both groups (98.5% vs 99%), without significant
differences in other parameters. Table 3 shows the
most notable findings. Complete revascularization was
obtained in 62% of the intracoronary ABX group and
70% of the intravenous group. No cases of acute
occlusion were recorded.

A major vascular complication at the site of femoral
puncture requiring surgical intervention or transfusion
was produced in each of the groups. In no case was it
attributable to the route of administration of the initial
ABX bolus.

Clinical Follow-Up

Clinical follow-up was completed in all patients,
with a mean follow-up period of more than 1 year
(range, 6-21 months). The overall incidence of MACE
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was 8.5% in the intracoronary ABX group and 6.2% in
the intravenous group. Table 4 shows the distribution
of events. Two deaths were recorded in the
intracoronary ABX group (1 caused by refractory
heart failure in the context of a hip fracture and the
other due to cerebral hemorrhage 4 months after the
procedure), while 3 occurred in the intravenous group
(1 caused by retroperitoneal hematoma, 1 by ischemic
stroke, and 1 by cardiogenic shock).

The relative risk (RR) associated with the main
variable (MACE) at 6 months in the intracoronary ABX
group compared with the intravenous group was 1.204
(95% CI, 0.280-5.177). The RR for the other variables
was 0.451 (95% CI, 0.042-4.862) for death and 1.806
(95% CI, 0.168-19.449) for requirement for repeat
revascularization. When the RR was calculated for all
variables over a longer follow-up period, significant
differences between the groups were still not observed.

Certain observations are noteworthy in relation to the
patients in whom events were recorded during follow-
up. The mean age was 71 years and 60% were women.
Half of the patients in whom an event was recorded
were diabetic. Multiple vessel disease (2 or more
diseased vessels) was present in 90% of those patients
and complete revascularization was only achieved in
20% (all of whom were in the intravenous ABX group).

The curves for event-free (MACE) survival in the 2
groups (Figure 1) reveal better initial progress in the
group treated by intracoronary bolus (first 130 days) but
followed by a greater number of events in that group,
such that the survival curve for patients treated by
intravenous bolus showed later improvement, without
significant differences in the log-rank test (%*=0.17;
P=.6809). Thus, in the analysis of the risk function most
MACE in the group treated with intravenous ABX
occurred in the first 50 days (4.62% of MACE in the
first 50 days), none were seen immediately after that
period, an increase to 2.5% was observed in the period
between 250 and 300 days, and none were observed
after that time. In the group treated with intracoronary
ABX, the mean rate of MACE was 3% in the first 50
days, none occurred in the following 50 days, an
increase to 3% was seen in the period from 100 to 150
days, 1.5% in the period from 150 to 200 days, 2%
between 200 and 250 days, and the rate returned to zero
in the remaining follow-up period. The patients
included in each 50-day period are shown in Figure 2.

When the subgroup of patients who received
primary or rescue PCI was examined (20% of the
total), no differences were observed for any of the
parameters, either for the procedure or for the
incidence of events during follow-up.

Finally, the baseline and postprocedural
concentrations of Tnl were analyzed in 67 patients,
excluding patients with recent AMI and those
presenting a significantly elevated Tnl concentration
prior to the procedure, since in those cases the curve is
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Figure 2. Patients included in each 50-day
follow-up period.

difficult to interpret. A significant postprocedural DISCUSSION
elevation (more than 5 times the upper limit for

normal values) was recorded in 51% (15 out of 29 Although there is no solid scientific basis, numerous
patients) of the intravenous ABX group compared with interventional cardiologists use intracoronary ABX
only 26% (10 out of 38 patients) in the intracoronary when treating lesions in which there is suspicion or
group (P<.05). angiographic evidence of intracoronary thrombus, in
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the belief that administration of the drug in this way
will improve its efficacy. Taking advantage of the
immediate platelet inhibition provided by ABX, a
more rapid and selective local effect would be
achieved. However, the evidence in support of this
possibility is limited. The aim of this study was
therefore to assess the safety and possible benefits of
intracoronary versus intravenous administration of
ABX.

Numerous studies, both descriptive and randomized,
have demonstrated the usefulness of ABX,>"
although the majority were performed with an initial
intravenous bolus. There are also many studies
available on the efficacy of ABX during the acute
phase of ACS with ST-segment elevation*!3; however,
although our study contains a notable number of such
patients, it was not the most common scenario,
representing around 20% in each group.

The limited number of studies available comparing
intracoronary and intravenous administration of ABX
in the context of ACS with or without ST-segment
elevation report clear benefit of intracoronary
administration, with a reduction in the short-term (30
days)!® and medium-term!” incidence of events,
although the studies were retrospective. Our results are
not consistent with the findings of those studies as we
did not observe significant differences in the short-
term or medium-term prognosis of these patients.

However, certain elements limit comparison with
the studies mentioned: on the one hand, the shorter
follow-up periods—30 and 180 days—of the
retrospective studies'®!” and on the other the high
percentage of patients treated in the acute phase of
ACS with ST-segment elevation, greater that 70% in
the study of Worhrle et al.'® It should be remembered
that in our study only around 20% of the procedures
were performed in the acute phase. Furthermore, in the
study of Wohrle et al'® the differences in the rate of
events were essentially obtained in the group of
patients with Thrombolysis in Myocardial Infarction
(TIMI) flow grade O to 1 in the causative artery, and
the difference no longer existed when the TIMI flow
grade was 2 to 3 (6.7% vs 7.7% events). In our study,
the percentage of arteries with a flow grade of 2 to 3
was around 90%, a factor that in our opinion
significantly limits comparisons between these studies.

Finally, the study of Kakkar et al,'” although more
similar to our study in terms of length of follow-up
and number of patients, has certain baseline
characteristics of the study group that are very
different from those presented here and thereby limit
comparisons: nonhomogeneous groups with notable
differences in the number of diabetics, the
angiographic data, and the PCL.

We are only aware of 1 study, that of Bellandi et
al,’ with a prospective design, although it was
performed selectively for patients with ACS with ST-
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segment elevation. In that study, the artery responsible
for infarction was occluded (TIMI flow grade 0-1) and
a reduction in the size of the infarction (protected
myocardium) was achieved, with improved
reperfusion in the group with intracoronary
administration of ABX. In the study of Bellandi et al,
major cardiac events were not considered as principal
variables and, as in our study, there appeared to be no
differences in such events during short-term follow-up.

According to some authors, the presence of an
angiographically identifiable thrombus would be
associated with a worse medium-term prognosis.® It is
possible that this result would be altered by
intracoronary  administration of ABX, since
information is beginning to be available from some
publications to suggest that this route of
administration is more effective for the dissolution of
thrombi.!®! Given that the presence of thrombi is
more common in the context of ACS, it may be that
intracoronary ABX is more useful in such cases.

In terms of the results, it is important to note that the
percentage of procedures that achieved complete
revascularization was 60% in the intracoronary ABX
group and 70% in the intravenous group. This
situation may have led to an increase in the number of
adverse events in the medium to long-term, as in other
studies.”® However, the incidence of events in our
study is not abnormally elevated (8.5% vs 6.2%) and
was similar to that reported in the literature.'s!

The downside of using ABX is the increased
incidence of bleeding complications.*!"'222 In our
study, we did not find differences in the incidence of
major bleeding complications (systemic or local)
following PCI according the route of administration
used. The association between the use of ABX and the
increased risk of bleeding would be in relation to the
drug itself and the duration of treatment, and would be
independent of the route of administration.!”

Studies such as that of Khan et al,* in which ABX
was only administered intravenously, did not reveal
effects on elevation of cardiac enzymes following the
procedure in lesions with a high risk of embolism or
thrombosis; if a reduction in troponin concentration
had been obtained it would have implied Iless
myocardial damage. However, we observed a reduced
elevation of markers of myocardial necrosis associated
with intracoronary administration of ABX. Bellandi et
al'® obtained similar results in terms of reduced
myocardial damage quantified using other parameters.
We consider this aspect to be important, given that a
correlation between greater elevation of cardiac
enzyme concentrations and worse prognosis in PCI has
been reported in the literature.?*? The limited number
of patients in our study could account for the absence
of significant differences in the incidence of events.

A possible cause of the lower myocardial damage
associated with intracoronary administration could be
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that the greater and more rapid platelet inhibition
would mean that the phenomenon of reperfusion
would be less damaging to the myocardium.?® This
aspect of reduced platelet aggregation along with less
distal microembolization®'® and a local anti-
inflammatory effect®?’ could, in our opinion, represent
the benefits of this route of administration.

It remains to be seen how this route of
administration could be complemented by the use of
new antithrombotic therapies,”® such as low molecular
weight heparins, antibodies directed against selected
coagulation factors, ximelagatran, etc, and extensive
randomized controlled trials will be required to assess
their utility.

Limitations of the Study

The group of patients included in this study was
heterogeneous and included distinct entities, such as
ACS with and without ST-segment -elevation.
However, this limitation is derived from the population
studied and is a reflection of the day to day clinical
activity, since all patients with ACS and an indication
for ABX treatment were consecutively enrolled in the
study.

Another limitation of the study is that the final
power was notably lower than expected and less than
15% (11.1%), due in part to the predicted percentage
of events being markedly lower than those of the
previously published studies on which the estimate
was based. Consequently, the total number of patients
included, which was already relatively low compared
to the ideal, was lower than predicted. Randomized
controlled trials with a larger number of patients and
strict selection criteria will be necessary to support the
results obtained here.

CONCLUSIONS

Intracoronary administration of ABX does not
appear to be less safe that intravenous administration,
and it may be at least as effective. In addition, and
taking into account the limitations mentioned, it would
have the added benefit of reducing myocardial
damage.
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