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Abstract
Aims: While bleeding in patients with STEMI undergoing primary percutaneous coronary intervention
(pPCI) is known to be associated with poor outcomes, the differential prognostic impact of access-site related
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versus non access-site related bleedings is unknown. We aimed to assess the relative impact of access-site
related bleeding, as compared to non access-site related, on 12-month clinical outcome in patients undergoing
intervention for STEMI.

Methods and results: Thirty-day bleeding endpoints, stratified into access-site versus non access-site,
were examined according to the TIMI scale in 744 patients with STEMI enrolled in the MULTISTRATEGY
trial. TIMI major or minor bleeding complications occurred in 56 (7.5%) patients within 30 days, 46% had
an access-site related bleed and 34% required blood transfusion. Bleeding severity and the need for transfu-
sion were equally distributed between site access- versus non-site access-related bleeds. After adjustment,
patients with any TIMI rated bleed were more likely to die or develop recurrent MI within 12 months (HR 2.1
[95% CI: 1.13-3.8]; p=0.02). This ratio was entirely driven by non-site access-related bleeds (adjusted HR:
2.66 [95% CI: 1.21-5.8]; p=0.007), whereas site-access bleeds were not associated with worse outcomes
(HR: 0.74 [95% CI: 0.16-3.4]; p=0.70).

Conclusions: While bleeds of any TIMI severity within 30 days were independently associated with worse
cardiovascular outcomes at 12 months, thus confirming previous analyses, this relationship was entirely
driven in our study by non access-site related haemorrhagic events. Investigation on whether the site of bleed-

ing complications may preferentially impact cardiovascular outcomes is warranted.

*Corresponding author: University of Ferrara, Cardiovascular Institute, Arcispedale S. Anna Hospital, Corso Giovecca 203,
44100 Ferrara, Italy. E-mail: vigmrc@unife.it
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Introduction

The combined use of anticoagulants, potent anti-platelet agents
(e.g., glycoprotein IIb/IlTa [Gp IIb/Illa] receptor inhibitors)'” and
an invasive strategy in patients with STEMI reduces ischaemic
coronary events but also increases bleeding®”.

The Janus (Roman god of gates and doors, of beginnings and end-
ings, represented as a double-faced head looking in opposite direc-
tions) nature of refined concomitant antithrombotic therapies may
reveal itself under highly (pro—) thrombogenic conditions, such as con-
temporary pPCI. On the one hand, periprocedural and deferred
(athero-) thrombotic events are a real concern while stenting in a vessel
with visible thrombus, especially when using active stents'®. On the
other hand, we face bleeding and its attendant risks of death and MI*!".

There is a paucity of data on whether the site of bleeding, access-
site related or not, affects cardiovascular outcomes after PCI. This
information has relevant clinical and pathophysiological implica-
tions. Although not all bleeding can be directly attributed to compli-
cations at the procedure access-site, the latter remain a significant
factor in post-procedural bleeding®. They can largely be prevented by
technical refinements during puncture or implementing a routine
radial approach. Non access-site bleeding complications mainly
reflect co-morbidity and intensity/duration of anti-thrombotic ther-
apy. Thus, strategies to prevent bleeding complications, targeting dif-
ferent pathophysiological components, may have different impacts
on preventing access-site versus non access-site bleeding events.

As part of a pre-specified sub-analysis of the MULTISTRATEGY
trial, we investigated the relative impact of access-site related
bleeding, as compared to non access-site related, on one-year clini-
cal outcome in patients undergoing pPCIL.

Methods

The rationale, design and methodology of the MULTISTRATEGY
study have been detailed in a previous publication and are outlined
below!'>!3, Briefly, patients were randomly assigned with the use of a
two-by-two factorial design to one of four interventional strategies of
reperfusion: abciximab with an uncoated stent, abciximab with a
sirolimus-eluting stent, tirofiban with an uncoated stent, or tirofiban
with a sirolimus-eluting stent. The study protocol, including this pre-
specified “bleeding” sub-analysis, was approved by the ethics com-
mittee at each institution and was conducted according to the
principles of the Declaration of Helsinki. All patients provided writ-
ten informed consent before enrolment. Follow-up visits were sched-
uled at one month, four months, eight months and 12 months.

Study population and study protocol

PATIENT POPULATION

Patients in the MULTISTRATEGY study were enrolled at 16 cen-
tres in Italy, Argentina and Spain. Patients who entered MULTI-
STRATEGY had to be >18 years of age, be admitted for 1: chest
pain for longer than 30 minutes with either an electrocardiographic
ST-segment elevation of 1 mm or greater in two or more contiguous
electrocardiogram leads or with a new left bundle-branch block,
and 2: admission either within 12 hours of symptom onset or

between 12 and 24 hours after onset with evidence of continuing
ischaemia. The exclusion criteria included administration of throm-
bolysis in the previous 30 days, major surgery within 15 days, and
active bleeding or previous stroke in the last six months.

CONCOMITANT ANTICOAGULATION TREATMENT

Immediately after checking eligibility criteria and before the visualisa-
tion of coronary angiographic anatomy, the local site investigators per-
formed open-label assignments of study treatments via sealed envelopes.
Randomisation was achieved with a 1:1:1:1 computer-generated random
sequence supplied by an academic statistician, without stratification, in
permuted blocks of 30. Either tirofiban or abciximab was administered at
first medical contact before an arterial sheath insertion during the angiog-
raphy procedure. Tirofiban was administered as a bolus of 25 pg/kg,
followed by an 18- to 24-hour infusion at 0.15 pg/kg/min. Abciximab
was administered as a bolus of 0.25 mg/kg, followed by a 12-hour infu-
sion at 0.125 pg/kg/min. Unfractionated heparin (UFH) was adminis-
tered at 40 to 70 U/kg, targeting an activated clotting time of at least 200
seconds. All patients received aspirin (160-325 mg orally or 250 mg
intravenously, followed by 80-125 mg/d orally indefinitely) and clopi-
dogrel (300 mg orally and then 75 mg/d for at least three months). Stent-
ing was the default strategy in all patients with a reference vessel diameter
of 2.5 mm or larger at visual estimation.

DATA COLLECTION AND MANAGEMENT

Clinical data were prospectively collected at each site by research
nurses or treating physicians using a standardised case report form
(CRF). Demographic and clinical characteristics, treatment practices,
and hospital outcome data, including information on occurrence and
timing of major bleeding, were collected. Medications and procedures
received in hospital were categorised into those received during the
“first 48 hours of admission (periprocedural)” or those received “any-
time during hospitalisation.” Independent study monitors employed by
the University of Ferrara verified 100% of the data in the CRFs. End
points, including bleeding events, were adjudicated and classified by a
blinded clinical events committee (CEC). Independent adjudication of
an event trigger, including bleeding, was performed separately by two
CEC members; in case of disagreement, the opinion of a third member
was obtained, and the final decision taken by consensus.

Standardised definitions of all patient-related variables, clinical
diagnoses, selected hospital complications, and outcomes were
used’. In-hospital bleedings were graded according to the TIMI tri-
als criteria'*. A bleeding complication was defined as major if it was
intracranial or if clinically overt signs of haemorrhage were associ-
ated with a drop in haemoglobin concentration of more than 5.0 g/dl
(or, when a haemoglobin value was not available, an absolute drop
in the haematocrit of at least 15%). Minor bleeding was defined as
a clinically overt haemorrhage (including that seen on imaging)
associated with a fall in haemoglobin concentration of 3.0 to 5.0 g/dl
(or, when a haemoglobin value was not available, a fall in the haem-
atocrit of 9% to <15%). Patients were classified as having received
a transfusion if they received whole blood or packed red cells at any
point during their index hospitalisation.



TIMI study definitions take into account blood transfusions,
therefore haemoglobin and haematocrit values are adjusted by 1 g/dl
or 3%, respectively, for each unit of blood transfused. Therefore,
the true change in haemoglobin or haematocrit is calculated as fol-
lows: if there has been an intervening transfusion between two
blood measurements: Ahaemoglobin (Hgb) = [baseline Hgb — post-
transfusion Hgb] + [number of transfused units]; A haematocrit
(Hct) = [baseline Hct — post-transfusion Hct] + [number of trans-
fused unitsx3]". Date and site of each episode of major bleeding
were recorded. Bleeding that occurred after coronary artery bypass
graft surgery was not included in this analysis.

We defined major life-threatening bleeding as fatal bleeding,
intracranial bleeding, intrapericardial bleeding with cardiac tam-
ponade, hypovolaemic shock or severe hypotension due to bleeding
and requiring vasoactive drugs or surgery, a decline in the haemo-
globin level of 5.0 g/dl or more, or the need for a transfusion of at
least four units of red blood cells (RBC).

STATISTICAL ANALYSIS

Categorical variables are expressed as percentages, and continuous
variables are expressed as mean and standard deviation. Baseline
characteristics were compared with > or Fisher exact tests for cat-
egorical variables and the t-test for continuous variables.

Kaplan-Meier analysis was used to illustrate 12-month event-
free survival for patients with and without combined TIMI major
and minor bleeding within 30 days.

We compared unadjusted rates of the composite end point of
death and non-fatal recurrent MI among patients with no TIMI “sig-
nificant” (major/minor: major and minor combined) bleeding and
those with TIMI “significant” bleeding severity and separately for
the categories of access-site and non access-site related bleeding.
To determine the association between access-site and non access-
site related bleeding, we constructed separate models for each cat-
egory. The first model incorporated “access-site related TIMI
major/minor bleeds within 30-days™ as a time-dependent covariate
and used “no access-site related TIMI major/minor bleeds within
30-days” as the reference. The second model incorporated “non
access-site related TIMI major/minor bleeds plus unknown (signifi-
cant drop in haemoglobin without overt bleeding) within 30-days”
as a time-dependent covariate and used “no non access-site related
TIMI major/minor bleeds plus unknown within 30-days” as the
reference.

A Cox proportional hazards model was used to test the associa-
tion between TIMI major/minor bleeds within 30 days after the PCI
and one-year mortality or non-fatal MI while adjusting for con-
founding demographic and clinical variables. Baseline differences
that were not uniformly distributed in patients with and without
bleeding complications based on a p-value of 0.1 or less were con-
sidered significant and entered into the multivariable model; these
differences include gender, diabetes, baseline creatinine clearance,
haemoglobin level at presentation, femoral access, intra-aortic bal-
loon pump (IABP) use, KILLIP class greater than one, right coro-
nary artery as target vessel, vessel size (MLD post-PCI) and final

Site of bleeding and outcomes

TIMI 3 flow, as well as need for transfusion. Age was not separately
entered into the model to avoid co-linearity with creatinine clear-
ance, whose formula includes age.

All analyses, carried out based on the intention to treat principle, were per-
formed using STATA, version 9.2 (Stata Corp., College Station, TX, USA).

Results

Of the 744 patients enrolled in the MULTISTRATEGY trial, 565
(76%) patients were male, and 357 (48%) patients were >65 years of
age. One hundred and eight (15%) patients suffered from diabetes,
and fifteen (3%) patients had documented peripheral artery disease.
Table 1 shows the baseline and angiographic characteristics of the
patients stratified based on the occurrence of a TIMI major/minor
bleed within 30 days. Patients who bled were older and more often
female, with a higher prevalence of diabetes, and they presented
more frequently with clinical signs of heart failure than patients with-
out significant bleeding, despite similar left ventricular ejection frac-
tion at transthoracic echocardiogram. A higher proportion of patients
who experienced a TIMI major/minor bleed within 30 days had a
femoral access approach and the use of an IABP. Interestingly, the
peak ACT values did not differ in patients with than those without
bleeding complications. Fifteen (2.0%) patients experienced a TIMI
major bleed, whereas 41 (5.5%) patients fulfilled the TIMI minor
bleeding criteria, such that 56 (7.5%) patients experienced a TIMI
major or minor bleed within 30 days. Twenty-three bleeding events
(3.1%) were judged as life-threatening by the investigators and none
were intracranial or intra-ocular.

The incidence of bleeding within the various categories of TIMI
bleeding severity (major, minor and major-minor combined) did not dif-
fer between the Abciximab- and Tirofiban-treated patient groups
(Table 2). However, significantly more patients in the Abciximab treat-
ment group had a nadir haemoglobin (Hb) value <8.5 g/dl. This was off-
set by a slight trend towards more transfusion of at least one unit in the
Tirofiban-treated patients; however, equal patient numbers were trans-
fused with >2 units of blood in both treatment arms. Access-site bleeding
complications were equally represented in both treatment arms.

The location of TIMI major/minor bleeding at 30 days was at the
site of the vascular access, including retroperitoneal in 26 (46%)
patients, gastrointestinal in eight (14%), genitourinary in six (11%),
pericardial in three (5%), pulmonary in three (5%), other sites in three
(5%) or without overt bleeding site identified in seven (13%).
Nineteen out of 56 (34%) patients with TIMI major/minor bleed
within 30 days underwent blood transfusion during the hospitalisa-
tion; six (11%) patients required surgery to repair or explore the
bleeding site. Approximately half the TIMI major/minor bleeds
occurred within 48 hours of the pPCI (data not shown). The severity
(major versus minor) of TIMI bleeds is shown in Figure 1 and did not
differ based on location (site-access versus non site-access).

IMPACT OF BLEEDS ON 12-MONTH OUTCOMES

In the MULTISTRATEGY trial the overall rate of death and the
composite of death or myocardial infarction within 12 months was
4.2% and 7.7% respectively.
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Table 1. Baseline characteristics in patients with or without TIMI
major/minor bleeding within 30 days.

TIMI major/minor within 30 days

Characteristics

p-values
Age (yr) 63.6+11.8 | 65.5+11.8 | 0.07
Male sex, (%) 77 64 0.05
Body Mass Index (kg/m?) 30.4+39 26.6+5 0.46
Diabetes, (%) 14 23 0.084
Hypertension, (%) 57 63 0.74
Current cigarette use, (%) 37 39 0.95
Creatinine clearance (ml/min) 85.5+37.7 | 73.1+31.7 0.017
Hb at presentation (gr/dl) 13.7£3.2 14.7x2 0.022
Peripheral vascular disease, (%) 4 2 0.24
Prior myocardial infarction (%) 8 7 0.92
Prior percutaneous coronary intervention (%) 6 2 0.34
Prior coronary bypass surgery (%) 1 0 0.89
Prior stroke or transient ischaemic attack (%) 4 9 0.32
Killip class Il (%) 15 25 0.07
Use of intra-aortic balloon pump (%) 2 11 0.001

Left ventricular ejection fraction within

48 hours after presentation (%) 55£10 | 45.7+12 031

Table 2. Thirty-day bleeding endpoint and the individual
components as counts and percentages.
Abciximab | Tirofiban
(n=372) | (n=372)
Death 17 (4.6%) 14 (3.8%) 0.71

Outcome at 12 months

p-values

Re-infarction 13 (3.5%) 17 (4.6%) 0.57
Death or re-infarction 30 (8.1%) 27 (71.3%) 0.78
Clinical driven target-vessel o o
revascularisation ¢ B Ao 1
Safety analysis at 30 days
TIMI major bleed 6 (1.6%) 9(2.4%) 0.60
TIMI minor bleed 23 (6.2%) 18 (4.8%) 0.52
Fatal bleeds 0/372 (0%) 1(0.3%) >0.99
Haemodynamic compromise 10 (2.7%) 13 (3.5%) 0.67
Intracranial bleed 0 0
Intraocular bleed 0 0
Retroperitoneal bleed 2(0.5%) 2(0.5%) 0.61
Requiring surgical intervention 3(0.8%) 3(0.8%) 0.68
>3 g/dl drop in Hb * 29 (7.8%) 22 (5.9%) 0.42
>3 g/dl drop in Hb* without 3(0.8%) 4(1.1%) 0.99

observed blood loss

TIMI 3 flow after intervention (%) 94 88 0.092
Quantitative coronary analysis
Reference vessel diameter, pre (mm) 2.90+0.55 | 2.98+0.57 0.31
MLD, pre 0.38+0.59 | 0.33+0.63 | 0.61
2.92+0.47 | 3.02+0.57 | 0.15
2.66+0.49 | 2.53+0.78 |  0.07

Reference vessel diameter, post (mm)
MLD, post
Hb: haemoglobin; MLD: minimal lumen diameter

In the univariate Cox proportional hazards model, patients with
TIMI major or minor bleeds within 30 days had more than a two-fold
increase in the composite of death or MI at 12 months (HR: 2.45
[95% CIL: 1.21-4.97]; p=0.012) (Figure 2). After adjusting for all
potential confounders in the multivariable Cox proportional hazards
model, including all clinical and angiographic variables that were not
uniformly distributed based on bleeding status as reported in Table 2,
as well as need for transfusion, TIMI major/minor bleed was still
associated with a two-fold increase in the composite of death or MI
within 12 months (HR: 2.1 [95% CI: 1.13-3.8]; p=0.02). Similarly,
when transfusion was restricted to patients receiving at least two red
blood cell units, the multivariable analysis yielded identical results.

When TIMI major or minor bleeding events were stratified based on
their location, access-site bleeding complications were not associated
with a worse 12-month outcome (adjusted HR: 0.74 [95% CI: 0.16-
3.4]; p=0.70), whereas non access-site related bleeds were associ-
ated with a worse 12-month outcome (Figure 3), both after univariate

e 7 = T >4/dl drop in Hb * 19 (5.1%) 17 (4.6%) 0.86
- >4/d| drop in Hb without observed 4(1.1%) 2(0.5%) 0.69
Number of disease vessel (%) 1.7+0.8 1.8+0.9 0.23 blood loss
Infarct-related vessel (%) Red blood cell transfusion >1 Units 8(2.2%) 14 (3.8%) p=0.28
Left anterior descending coronary artery 44 32 0.12 Red blood cell transfusion =2 Units | 8 (2.2%) 9(2.4%) p>0.99
Left circumflex artery 16 11 041 Any access-site bleeding 24 (6.4%) | 28 (7.5%) 0.66
Right coronary artery 38 54 0.03 Hb admission <10 g/dI 19 (5.1%) 15 (4.0%) 0.59
Left main coronary artery 1 4 0.16 Hb nadir <8.5 g/d| 15 (4.0%) 3(0.8%) 0.009
Saphenous-vein graft 1 0 0.35 * Correction for every unit of whole blood/packed cells transfused (one unit is counted for
TIMI Flow before intervention (%; 0/1/2/3) | 59/7/13/21 | 70/4/7/20 |  0.45 1 g/dl); SAE: serious adverse events

analysis (HR: 4.1 [95% CI: 1.85-8.9]; p<0.001) and multivariable
adjustment (HR: 2.66 [95% CI: 1.21-5.8]; p=0.007) (Figure 4;
Table 3). Excluding bleeds from unidentified sites yielded identical
results. Similarly, adding any transfusion or blood transfusion of at
least two blood units failed to influence our model (data not shown).
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Figure 1. TIMI bleedings stratified, based on site and severity in the
MULTISTRATEGY trial. The severity of bleeds according to the
TIMI scale did not differ based on the site of haemorrhage.
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Unadjusted HR: 2.45 (95% ClI: 1.21-4.97); p=0.012
Adjusted HR: 2.1 (95% Cl: 1.13-3.8); p=0.02

70
No. at risk 30 60 90 120 150 180 210 240 270 300 330 360 390
Pts with/out Days
bleed 686 648 638
Pts with bleed 58 51 49

Figure 2. Cumulative Kaplan—Meier estimates of mortality and
reinfarction rates during follow-up based on bleeding status.
Cumulative risk of death and reinfarction at 370 days in patients
with or without TIMI-defined major or minor bleeding complications
within 30 days of pPCI. Overall four patients were lost to follow-up
between eight and 12 months.

Discussion

The analysis of the relationship between bleeds within 30-day and

12-month outcomes can be summarised as follows:

1. TIMI major/minor bleed within 30 days were independently
associated with worse cardiovascular outcomes, including over-
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754
Unadjusted HR: 4.1 (95% Cl: 1.85-8.9); p<0.001
Adjusted HR: 2.66 (95% Cl: 1.21-5.8); p=0.007

70 T T T T T T T T T )
No. at risk 0 30 60 90 120 150 180 210 240 270 300 330 360 390
Pts with/out Days
bleed 716 677 666
Pts with bleed 28 21 21

Figure 3. Cumulative Kaplan—Meier estimates of mortality and
reinfarction rates during follow-up based on non access-site bleeding
status. Cumulative risk of death and reinfarction at 370 days in
patients with non-site access-related TIMI major or minor
complications or without any bleeds within 30 days of pPCI. Overall

Jfour patients were lost to follow-up between eight and 12 months.

all death and non-fatal MI within 12 months, confirming previ-
ous analyses.

2. While both severity according to the TIMI scale and the need for
RBC transfusion were equally distributed between access-site and
non access-site related bleeding events, only the latter were associated

Table 3. Multivariable Cox models for the association between bleeding events and mortality or reinfarction within 12 months.

Variables p-values W_aIc.I 2 Bl 2
statistics (95%) CI

Impact of any TIMI major or minor bleed on death or re-Ml at 1 year 32
Final TIMI 3 0.01 5.98 0.39 (0.18-0.82)

Killip class greater than 1 0.02 5.16 2.1(1.1-3.7)
Any TIMI major or minor bleeds 0.02 5.07 2.1(1.13-3.8)
LVEF (%) 0.03 4.7 0.97 (0.95-0.99)
Creatinine clearance (ml/min) 0.09 2.8 0.99 (0.98-1.00)

Impact of site access-related TIMI major or minor bleed on death or re-MI at 1 year 30

Final TIMI 3 0.008 7.06 0.37 (0.18-0.76)
Killip class greater than 1 0.016 5.72 2.1(1.15-3.9)
LVEF (%) 0.03 4.54 0.97 (0.94-0.99)
Creatinine clearance (ml/min) 0.06 3.29 0.99 (0.98-1.00)

Access-site TIMI major or minor bleeds 0.70 0.15 0.74 (0.16-3.4)

Impact of non-site access-related TIMI major or minor bleed on death or re-MI at 1 year 33
Final TIMI 3 0.01 5.88 0.39 (0.19-0.83)
Access-site TIMI major or minor bleeds 0.007 5.46 2.66 (1.21-3.4)
LVEF(%) 0.039 4.24 0.97 (0.94-0.99)

Killip class greater than 1 0.041 4.16 1.9 (1.03-3.6)
Creatinine clearance (ml/min) 0.12 2.32 0.99 (0.98-1.00)

The following variables were entered into the models: Creatinine clearance; sex; haemoglobin at presentation; diabetes; KILLIP class coded as dummy

variable (one versus greater than one); use of intra-aortic balloon pump; right coronary artery as culprit vessel; final TIMI 3 flow versus lower; minimal

lumen diameter post-stenting; left ventricular ejection fraction assessed through transthoracic echocardiogram performed within 48 hours; red blood
cell transfusion (coded as dummy variable) together with any; site access only or non-site access only TIMI major or minor bleed. (To avoid co-linearity,
age and creatinine clearance, which included ages in the formula, have not been entered simultaneously in the models. The impact of bleeding on
12-month death or MI were identical if age or creatinine clearance were used in the multivariable models).

m
=
=
=
=
=3
(1]
2
(1]
=
=
o
=
\S]
o
—
»
ge
~
=
3
©




™
=
=
=
=
=3
(1]
2
(1]
=
=
o
=
N
o
—
i
g
~
=
'
~
(]

Adjusted hazard ratio p-value
(95% Cl) for death or Ml at 1 year
All TIMI —— 0.02
bleeds
Access-site - 0.70
TIMI bleeds :

Non access-site

—.— .
TIMI bleeds 0.007

—_

01 2 3 4 5 6
—

Lower  Higher

Figure 4. Stratified analysis on the site of bleeding. Adjusted hazard
ratios for death or reinfarction within 370 days according to whether
any TIMI major/minor bleed (access-site related or non access-site
related) occurred within 30 days of pPCI.

with a higher death or MI rate after one year of follow-up in both the
univariate and multivariable-adjusted regression analysis.

The main results of the MULTISTRATEGY trial have been
reported and discussed elsewhere'®. The actual sub-analysis imple-
menting the TIMI bleeding grading was pre-specified. The differ-
ential clinical impact of bleeding by different classifications among
patients with ACS must be recognised'®. Of interest, the overall
incidence of both TIMI major and/or minor bleeding grading events
within 30 days on the basis of clinical and laboratory findings was
lower in the MULTISTRATEGY trial as compared to the
Harmonising Outcomes with Revascularisation and Stents in Acute
Myocardial Infarction (HORIZONS-AMI) trial, and mirror the
results of the Tirofiban arm in Ongoing Tirofiban in Myocardial
Evaluation (On-TIME) 2 trial’*"®®, These findings may partly be
explained by a less strict heparin protocol used in the HORIZONS-
AMI trial, which had a target activated clotting time of 250 seconds
but reached a median value in the GPI arm of 265 as compared to
232 seconds in our study. Moreover, patients with a recent (within
six months), history of active bleeding were not eligible for partici-
pation in the MULTISTRATEGY trial'>!3.

In our trial, nearly half of all TIMI major/minor bleeds within
30 days were access-site related, including retroperitoneal bleeds.
However, they only independently contributed for about 1% of the
deaths observed within 12 months. Our data are consistent with
arecent observation by the STEEPLE trial investigators but con-
trast with the 4% mortality risk attributable to femoral access-
related bleeding observed in a large contemporary PCI cohort!°,
While considering the large upper boundary of the 95% CI for the

adjusted HR of 12-month mortality or MI by access-site related
bleed (Figure 4), we acknowledge that we may have missed this
signal by a lack of statistical power. Routine implementation of
a transradial approach was previously demonstrated to dramatically
reduce access-site bleedings, including TIMI major and minor
bleedings?'**. However, whether and to which extent a transradial
approach would independently translate into a mortality benefit in
pPCI still merits further scrutiny. To this extent, the recently pub-
lished RIVAL study, embedded within the CURRENT-OASIS 7
trial, already provided a strong signal towards a differential benefit
of the transradial over the transfemoral vascular access strategy
among patients undergoing primary, rescue, or urgent PCI for
STEMI*. However, patients with STEMI comprised only one third
of the RIVAL study population, and the broad confidence interval
for the primary endpoint weakened the robustness of the data.

In contrast, in our study, non access- (versus access-) site related
bleeding following pPCI contributed four to five times more to
mortality. Early upper gastrointestinal (GI) bleed is a serious condi-
tion in ACS and is often associated with multiple-unit blood trans-
fusion (90% of the patients with upper GI bleed in our trial had a
transfusion, data not shown?). It was the most common source of
non access-site related bleeding. Because patients at high bleeding
risk were excluded from participation in MULTISTRATEGY, the
true incidence of GI bleed in an unselected, more elderly, popula-
tion may be even higher. Early concomitant use of proton blockers
may prove effective in reducing bleeding events without any safety
penalty towards an increase in ischaemic complications®. Several
reasons could explain why bleeding leads to higher rates of cardio-
vascular events and deaths®. Non access-site bleeding may be more
frequent in patients with high rates of co-morbidity, who therefore
have intrinsically increased risks of adverse events.

Of interest, packed red blood cell transfusion at any or higher
quantity was not causally related to mortality at 12 months in the
MULTISTRATEGY trial. Again, this lack of relationship may
reflect the insufficient power of a low signal-to-noise ratio consid-
ering the complex relationship between transfusion, bleeding and
mortality. The direct link between transfusion and mortality was
questioned in the APEX-AMI trial, which failed to demonstrate
a dose-response effect of transfusion®.

Our findings on the predictors, risks and consequences of bleed-
ing are in accordance with the literature”. Increasing age, gender,
diabetes, renal dysfunction and IABP use have repeatedly been
reported as independent predictors for significant bleeding in ACS
or PCI. We also found that clinical signs of heart failure (KILLIP
class) were associated with the occurrence of significant bleeding.
Assessing the individual patient bleeding risk may inform decisions
regarding bleeding avoidance strategies including the choice of the
appropriate periprocedural antithrombotic regimen?*’.

Several limitations of the present study must be emphasized. We
should acknowledge that MULTISTRATEGY is a relatively small,
randomised controlled trial. The limited patient sample and the exclu-
sion of patients at high risk of bleeding may limit the robustness of
some of our findings. However, consistency of most of our results with



previous work may substantiate the validity of our analysis. The logis-
tic complexities of this trial imposed an open-label design with a poten-
tial for bias. We attempted to mitigate this potential for bias with the
requirement that all ischaemic and bleeding events were adjudicated by
independent committees unaware of the treatment assignments. In up
to one quarter of patients, no overt bleeding source could be identified.
These patients were classified as non access-site related bleeding. In all
patients, there was a significant drop in haemoglobin; there was no
confirmed retroperitoneal bleeding in any of them. However, whether
asymptomatic decreases in haemoglobin and/or haematocrit that do not
require transfusion impact prognosis is questionable'.

In conclusion, the results of our study indicate that TIMI major and
minor grade bleedings that occur within 30 days following pPCI
identify patients who are at risk for intermediate-term death or MI.
However, access-site related bleeding, while substantially contribut-
ing to the total bleeding events, did not contribute to 12-month mor-
tality and MI to the same extent as non access-site related bleeding in
this analysis. Understanding the mechanisms by which bleeding is
causally related to adverse clinical events is crucial in developing

strategies to reduce the risks of adverse outcomes in ACS.

Conflict of interest statement
The authors have no conflicts of interest to declare.

References

1. De Luca G, Suryapranata H, Stone GW, Antoniucci D,
Tcheng JE, Neumann FJ, Van de Werf F, Antman EM; Topol EJ.
Abciximab as adjunctive therapy to reperfusion in acute ST-segment
elevation myocardial infarction: a meta-analysis of randomized tri-
als. JAMA. 2005;293:1759-1765.

2. Antman EM, Anbe DT, Armstrong PW, Bates ER, Green LA,
Hand M, Hochman JS, Krumholz HM, Kushner FG, Lamas GA,
Mullany CJ, Ornato JP, Pearle DL, Sloan MA, Smith SC, Alpert JS,
Anderson JL, Faxon DP, Fuster V, Gibbons RJ, Gregoratos G,
Halperin JL, Hiratzka LF, Hunt SA, Jacobs AK. American College
of Cardiology; American Heart Association Task Force on Practice
Guidelines; Canadian Cardiovascular Society. ACC/AHA guidelines
for the management of patients with ST-elevation myocardial infarc-
tion: a report of the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines (Committee to Revise
the 1999 Guidelines for the Management of Patients with Acute
Myocardial Infarction). Circulation. 2004;110:82-¢292. (Erratum,
Circulation. 2005;111:2013-4; 2007;115:e411; 2010 ;121:e441.)

3. Antman EM, Hand M, Armstrong PW, Bates ER, Green LA,
Halasyamani LK, Hochman JS, Krumholz HM, Lamas GA,
Mullany CJ, Pearle DL, Sloan MA, Smith SC Jr, Anbe DT, Kushner FG,
Ornato JP, Jacobs AK, Adams CD, Anderson JL, Buller CE,
Creager MA, Ettinger SM, Halperin JL, Hunt SA, Lytle BW,
Nishimura R, Page RL, Riegel B, Tarkington LG, Yancy CW. 2007
Focused update of the ACC/AHA 2004 Guidelines for the
Management of Patients With ST-Elevation Myocardial Infarction: a
report of the American College of Cardiology/American Heart
Association Task Force on Practice Guidelines: developed in collabo-

Site of bleeding and outcomes

ration With the Canadian Cardiovascular Society endorsed by the
American Academy of Family Physicians: 2007 Writing Group to
Review New Evidence and Update the ACC/AHA 2004 Guidelines for
the Management of Patients With ST-Elevation Myocardial Infarction,
Writing on Behalf of the 2004 Writing Committee. Circulation
2008;117:296-329. (Erratum, Circulation. 2008;117:¢162.)

4. King SB 3rd, Smith SC Jr, Hirshfeld JW Jr, Jacobs AK,
Morrison DA, Williams DO; 2005 WRITING COMMITTEE
MEMBERS, Feldman TE, Kern MJ, O’Neill WW, Schaff HYV,
Whitlow PL, Adams CD, Anderson JL, Buller CE, Creager MA,
Ettinger SM, Halperin JL, Hunt SA, Krumholz HM, Kushner FG,
Lytle BW, Nishimura R, Page RL, Riegel B, Tarkington LG,
Yancy CW. 2007 Focused Update of the ACC/AHA/SCALI 2005
Guideline Update for Percutaneous Coronary Intervention: a report
of'the American College of Cardiology/American Heart Association
Task Force on Practice Guidelines: 2007 Writing Group to Review
New Evidence and Update the ACC/AHA/SCAI 2005 Guideline
Update for Percutaneous Coronary Intervention, Writing on Behalf
of the 2005 Writing Committee. Circulation. 2008;117:261-295.
(Erratum, Circulation. 2008;117:e161.)

5. Brener SJ, Barr LA, Burchenal JE, Katz S, George BS,
Jones AA, Cohen ED, Gainey PC, White HJ, Cheek HB, Moses JW,
Moliterno DJ, Effron MB, Topol EJ. Randomized, placebo-con-
trolled trial of platelet glycoprotein IIb/Illa blockade with primary
angioplasty for acute myocardial infarction: ReoPro and Primary
PTCA Organization and Randomized Trial (RAPPORT) Investigators.
Circulation. 1998;98:734-741.

6. Thiele H, Schindler K, Friedenberger J, Eitel I, Firnau G,
Grebe E, Erbs S, Linke A, Mobius-Winkler S, Kivelitz D, Schuler G.
Intracoronary Compared With Intravenous Bolus Abciximab
Application in Patients With ST-Elevation Myocardial Infarction
Undergoing Primary Percutaneous Coronary Intervention. The
Randomized Leipzig Immediate Percutaneous Coronary Intervention
Abciximab IV Versus IC in ST-Elevation Myocardial Infarction
Trial. Circulation. 2008;118:49-57.

7. De Luca G, Navarese E, Marino P. Risk profile and benefits
from Gp IIb-1lla inhibitors among patients with ST-segment eleva-
tion myocardial infarction treated with primary angioplasty: a
meta-regression analysis of randomized trials. European Heart
Journal. 2009;30:2705-2713.

8. Moscucci M, Fox KA, Cannon CP, Klein W, Lopez-Sendon J,
Montalescot G, White K, Goldberg RJ. Predictors of major bleeding
in acute coronary syndromes: the Global Registry of Acute Coronary
Events (GRACE). European Heart Journal. 2003;24: 1815-1823.

9. Eikelboom JW, Mehta SR, Anand SS, Xie C, Fox KA,
Yusuf S. Adverse impact of bleeding on prognosis in patients with
acute coronary syndromes. Circulation. 2006;114: 774-782.

10. Serruys PW, Daemen J, Morice MC, De Bruyne B,
Colombo A, Macaya C, Richardt G, Fajadet J, Hamm C,
Dawkins KD, Vranckx P, Bressers M, van Domburg R, Schuijer M,
Wittebols K, Pieters M, Stoll HP. Three year Follow-up of the ARTS-
11-Sirolimus eluting stents for the treatment of patients with multives-
sel coronary artery disease. Eurolntervention. 2008;4:450-459.

8/L-1L:8:210¢ uonuanauony M



™
=
=
=
=
=3
(1]
2
(1]
=
=
o
=
N
o
—
i
g
~
=
'
~
(]

11. Cohen M. Predictors of bleeding risk and long-term mortality
in patients with acute coronary syndromes. Curr Med Res Opin.
2005;21:439-445.

12. Valgimigli M, Bolognese L, Anselmi M, Campo G,
Rodriguez AE, de Cesare N, Cohen DJ, Sheiban I, Colangelo S,
Pasquetto G, Hamon M, Vranckx P, Ferrario M, Prati F, Agostoni P,
Malagutti P, Arcozzi C, Parrinello G, Vassanelli C, Ferrari R,
Percoco G. Two-by-two factorial comparison of high-bolus-dose
tirofiban followed by standard infusion versus abciximab and
sirolimus-eluting versus bare-metal stent implantation in patients
with acute myocardial infarction: design and rationale for the
MULTI-STRATEGY trial. Am Heart J. 2007;154:39-45.

13. Valgimigli M, Campo G, Percoco G, Bolognese L,
Vassanelli C, Colangelo S, de Cesare N, Rodriguez AE, Ferrario M,
Moreno R, Piva T, Sheiban I, Pasquetto G, Prati F, Nazzaro MS,
Parrinello G, Ferrari R. Comparison of Angioplasty With Infusion
of Tirofiban or Abciximab and With Implantation of Sirolimus-Eluting
or Uncoated Stents for Acute Myocardial Infarction. The
MULTISTRATEGY Randomized Trial. JAMA. 2008;299:1788-1799.

14. Rao SV, O’Grady K, Pieper KS, Granger CB, Newby LK,
Mabhaffey KW, Moliterno DJ, Lincoff AM, Amstrong PW, Van de
WerfF, Califf RM, Harrington RA. A comparison of the clinical impact
of bleeding measured by two different classifications among patients
with acute coronary syndromes. J Am Coll Cardiol. 2006;47:809-16.

15. Stone GW, McLaurin BT, Cox DA, Bertrand ME, Lincoff AM,
Moses JW, White HD, Pocock SJ, Ware JH, Feit F, Colombo A,
Aylward PE, Cequier AR, Darius H, Desmet W, Ebrahimi R,
Hamon M, Rasmussen LH, Rupprecht HJ, Hoekstra J, Mehran R,
Ohman EM. Bivalirudin for patients with acute coronary syn-
dromes. N Engl J Med. 2006;355:2203-2216.

16. Landefeld LS, Cook EF, Hatley M, Weisberg M, Goldman L.
Identification and preliminary validation of predictors of major
bleeding in hospitalized patients starting anticoagulant therapy. Am
J Med. 1987;82:703-713.

17. Van’t Hof AWJ, ten Berg J, Heestermans T, Dill T, Funck RC,
van Werkum W, Dambrink JE, Suryapranata H, van Houwelingen G,
Ottervanger JP, Stella P, Giannitsis E, Hamm C; Ongoing Tirofiban In
Myocardial infarction Evaluation (On-TIME) 2 study group. Prehospital
initiation of tirofiban in patients with ST-elevation myocardial infarction
undergoing primary angioplasty (On-TIME 2): a multicentre, double-
blind, randomised controlled trial. Lancet. 2008;372:537-546.

18. Mehran R, Lansky AJ, Witzenbichler B; HORIZONS-AMI Trial
Investigators. Bivalirudin in patients undergoing primary angioplasty
for acute myocardial infarction (HORIZONS-AMI): 1-year results of a
randomised controlled trial. Lancet. 2009;374: 1149-1159.

19. White HD, Aylward PE, Gallo R, Bode C, Steg G, Steinhubl SR,
Montalescot G. STEEPLE Investigators. Hematomas of at least 5 cm
and outcomes in patients undergoing elective percutaneous coronary
intervention: insights from the SafeTy and Efficacy of Enoxaparin in
PCI patients, an international. randomized Evaluation (STEEPLE)
trial. Am Heart J. 2010;159:110-6.

20. Doyle BJ, Ting HH, Bell MR, Lennon RJ, Verghese M,
Singh M, Holmes DR, Rihal CS. Major femoral bleeding complica-

tions after percutaneous coronary intervention: incidence, predic-
tors, and impact on long-term survival among 17,901 patients
treated at the Mayo Clinic from 1994 to 2005. J Am Coll Cardiol
Intv. 2008;1:202-209.

21. Agostoni P, Biondi-Zoccai GG, de Benedictis ML, Biondi-
Zoccai GGL, Rigattieri S, Turri M, Anselmi M, Vassanelli C, Zardini P,
Louvard Y, Hamon M. Radial versus femoral approach for percutane-
ous coronary diagnostic and interventional procedures; systematic
overview and meta-analysis of randomized trials. J Am Coll Cardiol.
2004;44:349-356.

22. Cayla G, Silvain J, Barthelemy O, Connor S, Payot L,
Bellemain-Appaix A, Beygui F, Aout M, Collet JP, Vicaut E,
Montalescot G; ABOARD investigators. Trans-radial approach for
catheterisation in non-ST segment elevation acute coronary syn-
drome: an analysis of major bleeding complications in the
ABOARD Study. Heart. 2011;97:887-891.

23. Mehta SR, Tanguay JF, Eikelboom JW, Jolly SS, Joyner CD,
Granger CB, Faxon DP, Rupprecht HJ, Budaj A, Avezum A,
Widimsky P, Steg PG, Bassand JP, Montalescot G, Macaya C, Di
Pasquale G, Niemela K, Ajani AE, White HD, Chrolavicius S,
Gao P, Fox KA, Yusuf S; CURRENT-OASIS 7 trial investigators.
Double-dose versus standard-dose clopidogrel and high-dose ver-
sus low-dose aspirin in individuals undergoing percutaneous coro-
nary intervention for acute coronary syndromes (CURRENT-OASIS
7): a randomised factorial trial. Lancet. 2010;376:1233-1243.

24. Nikolsky E, Stone GW, Kirtane AJ, Dangas GD, Lansky AJ,
McLaurin B, Lincoff AM, Feit F, Moses JW, Fahy M, Manoukian SV,
White HD, Ohman EM, Bertrand ME, Cox DA, Mehran R.
Gastrointestinal Bleeding in Patients With Acute Coronary Syndromes:
Incidence, Predictors, and Clinical Implications. Analysis From the
ACUITY (Acute Catheterization and Urgent Intervention Triage
Strategy) Trial. J Am Coll Cardiol. 2009;54: 1293-1302.

25. Batth DL. Cogent: a prospective, randomized, placebo controlled
trial of omeprazole in patients receiving asprin and clopidogrel. Late
breaking clinical trials presentation. TCT2009, September, San Francisco.

26. Spencer FA, Moscucci M, Granger CB. Dies comorbidity
account for the excess mortality in patients with major bleeding in
acute myocardial infarction? Circulation. 2007;116: 2793-801.

27. Jolicceur EM, O’Neill WW, Hellkamp A, Hamm CW,
Holmes DR Jr, Al-Khalidi HR , Patel MR, van de Werf FJ, Pieper K,
Armstrong PW, Granger CB; APEX-AMI Investigators. Transfusion
and mortality in patients with ST-segment elevation myocardial
infarction treated with primary percutaneous coronary intervention.
European Heart Journal. 2009;30:2575-2583.

28. Verheugt FWA, Steinhubl SR, Hamon M, Darius H, Steg PG,
Valgimigli M, Marso SP, Rao SV, Gershlick AH, Lincoff AM,
Mehran R, Stone GW. Incidence, prognostic impact, and influence of
antithrombotic therapy on access and non access site bleeding in percu-
taneous coronary intervention. J Am Coll Cardiol Intv. 2011;4:191-7.

29. Mehran R, Pocock SJ, Nikolsky E, Clayton T, Dangas GD, Kirtane AJ,
Parise H, Fahy M, Manoukian SV, Feit F, Ohman ME, Witzenbichler B,
Guagliumi G, Lansky AJ, Stone GW. A risk score to predict bleeding in patients
with acute coronary syndromes. J Am Coll Cardiol. 2010;55:2556-2566.



