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The role of glycoprotein IIb/IIla inhibitors (GPI) in primary percutaneous coronary inter-
vention (PPCI) remains uncertain. Previous analyses compare PPCI outcomes with clopi-
dogrel plus GPI, versus without GPI. This does not reflect modern contemporary PPCI
practice with ticagrelor or prasugrel. Nor does it answer the important question faced
daily by PPCI operators: should GPI be used routinely or selectively? We aim to deter-
mine whether a strategy of routine use of GPI in contemporary PPCI practice is superior
to selective GPI use. A total of 110,327 consecutive PPCIs performed in England were pro-
spectively recorded in the British Cardiovascular Intervention Society Database (2009 to
2015). The cohort was divided into routine and selective GPI usage groups based on the
PPCI operator’s strategy, defined as GPI used in >75% and <25% PPClIs, respectively.
Overall, GPI use declined from 73.1% to 43.3% of PPCIs. Routine compared with selec-
tive GPI usage was associated with lower all-cause 1-year mortality: 9.7% versus 11.0%,
p <0.001. There was a consistent survival benefit for routine GPI usage as compared with
selective GPI usage: univariable analysis (hazard ratio = 0.88 [95% confidence interval
0.83 to 0.93], p<0.001), multivariable analysis (hazard ratio=0.82 [0.77 to 0.88],
p <0.001). For survival, there was no interaction between GPI usage and the type of
P2Y12-inhibitor used. In conclusion, a strategy of routine GPI usage in patients who
underwent PPCI was associated with lower all-cause mortality as compared with selective
GPI usage. This benefit was maintained despite 44.3% of patients receiving prasugrel or

ticagrelor. © 2019 Elsevier Inc. All rights reserved. (Am J Cardiol 2019;124:373—380)

Glycoprotein IIb/Illa-inhibitors (GPIs), potent parenteral
antiplatelet agents, have been used as adjunctive therapy
during primary percutaneous coronary intervention (PPCI)
for many years with documented efficacy in randomized
controlled trials.'~* Current European Society of Cardiol-
ogy guidelines on the treatment of STEMI recommend bail-
out use of GPI in PPCI (class Ila, level of evidence C), but
recently removed a IIb B recommendation for routine use
of GPI in PPCI due to the “lack of evidence” to support it.”
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Association guidelines from 2013 recommend GPI usage in
selected patients (class Ila, level of evidence A for abcixi-
mab and B for tirofiban or eptifibatide) with no updates
since.® The role of GPI as bailout treatment of PPCI is
established in clinical practice, with little supporting evi-
dence. Previous studies have compared routine versus no
GPL'™® To date, there has been no direct comparison
between strategies of routine versus selective or bailout
GPI use in PPCI. Such confusion has led to an inconsistent
approach to GPI usage among PPCI centers in the United
Kingdom (UK) as seen by the apparently random spread of
GPI usage in PPCI (Figure 1). From the published data, it is
clear that wide variation in international practice exists,
with GPI use ranging from <10% to around 90% of
PPCIs.”'" The optimal strategy of GPI usage (routine vs
selective), especially in the context of the constantly chang-
ing and contentious field of antithrombotic medications,
remains uncertain. We therefore compare patient outcomes
between PPCI operator strategies of routine versus selective
GPI use in contemporary practice in England.

METHODS

The British Cardiovascular Intervention Society Data-
base database records data from every PCI procedure in the
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Figure 1. Proportion of PPCIs in which GPI is used at each PPCI Center in

the UK in 2016. Each dot and three letter code correspond to a different PPCI cen-

ter in the UK. (with thanks to Peter Ludman, British Cardiovascular Intervention Society, and National Institute for Cardiovascular Outcomes Research

https://www.bcis.org.uk/resources/audit-results/).

UK, including patient characteristics, procedural details,
and outcome data.'' The data collection is overseen and
managed by the National Institute for Cardiovascular Out-
comes Research. We extracted data of all PPCIs for STEMI
performed between January 2009 and April 2015 in Eng-
land. Patients were identified by pseudonymized unique
National Health Service and hospital numbers. The consul-
tant (attending physician) responsible for the PPCI proce-
dure (PPCI operator) was identified by pseudonymized
General Medical Council number. For patients with more
than one PPCI in the study period, only the first presenta-
tion was included. Exclusion criteria were those patients
where the first presentation during the period was for a
repeat PPCI, PPCI for STEMI with restenosis or in-stent
restenosis and/or stent thrombosis (as operators are more
likely to use GPI in this setting). In years where a consultant
performed less than ten PPCIs, that year was excluded. The
study was approved by the National Audit PCI Steering
Group. The study complies with the declaration of Helsinki.
The primary clinical outcome was all-cause mortality,
determined from deaths reported to the Office of National
Statistics, a statutory requirement in England.

Since the aim was to compare whether a PPCI operator
strategy of routine versus selective GPI usage resulted in
better patient outcomes, patients who underwent PPCI were
divided into 3 groups according the PPCI operators GPI
usage rate in the year of the PPCI. The GPI usage rate of
each PPCI operator was evaluated on a yearly basis (GPI
usage strategies of each PPCI operator may vary over
time). In the absence of existing criteria for defining routine

and selective GPI use, by consensus of the authors and tak-
ing into account the quartiles of the GPI usage distribution,
we divided the population into the following 3 groups: rou-
tine GPI use (patients who had PPCI undertaken by an oper-
ator who used GPI in >75% of PPCIs in that year),
intermediate GPI usage (patients who had PPCI undertaken
by an operator who used GPI in 25% to 75% of PPCI in
that year), and selective GPI usage (patient who had PPCI
undertaken by an operator who used GPI in <25% of PPCI
in that year). The GPI usage category was redefined for
each year. As such, an operator could move between the
3 groups over time, depending on their GPI usage preferen-
ces in a specific year, that is, one operator could appear as
routine user 1 year and a selective user in another year if
they changed GPI usage strategy. The analyses compared
those patients in the routine and selective GPI usage groups.

Initially, comparisons were made between the routine
and selective GPI groups, in order to assess whether the
patient characteristics were similar. Normally distributed
variables were reported as mean =+ standard deviation (SD)
and compared using independent samples ¢ tests. Variables
that followed log-normal distributions were log;-trans-
formed, and also compared using independent samples ¢
tests, but reported as geometric means with 95% prediction
intervals. Nonparametric data were compared using Mann-
Whitney tests and categorical variables were compared
using Chi-square tests. Time-to-event outcomes were
assessed using univariable and multivariable Cox regres-
sion analysis models. We used Stata 14 (Stata Corp., Col-
lege Station, Texas) to perform multiple imputations with
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chained equations (mi impute chained command in Stata) in
order to generate 10 complete datasets with imputed data
for missing baseline variables. Cox regressions were per-
formed on the imputed dataset to estimate the hazard ratios
for mortality according to routine or selective GPI use with
and without adjustments for baseline variables.

We considered whether the effectiveness of routine GPI
usage differed across the P2Y12-inhibitors (clopidogrel,
ticagrelor, and prasugrel). A set of Cox regression models
were produced in which the GPI usage strategy, P2Y12-
inhibitor used and an interaction term were entered. These
were then extended to multivariable analysis. Analyses
were performed using IBM SPSS 22 (IBM Corp. Armonk,
New York), with p <0.05 deemed to be indicative of statis-
tical significance throughout.

RESULTS

Between January Ist, 2009 and April 30th, 2015,
110,327 PPCIs were performed in England. Cases excluded
from analysis are shown in Figure 2. The GPI usage rates
were calculated for a total of 96,981 PPCIs performed
under the care of 690 PPCI operators (a total of 2,409 con-
sultant-years). The GPI usage rate followed a bimodal dis-
tribution (Figure 3), with a tendency for PPCI operator to
use GPI either routinely or infrequently. The twenty-fifth
percentile of this distribution was 23%, and the seventy-
fifth was 80%. The selective GPI group (<25% usage) con-
sisted of 28,417 procedures and the routine GPI group
(>75% usage) consisted of 26,909 procedures.
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Figure 3. Distribution histogram of glycoprotein IIb/IIla inhibitors (GPI)

usage rates per consultant-year.

The overall GPI usage rate declined from 73.1% of
PPCIs in January 2009 to a nadir of 34.2% in March 2013,
before increasing slightly to 43.3% of PPCIs in April 2015
(Figure 4). Correspondingly, there was a shift in the GPI
usage strategies of the PPCI operators over the period of
the study in favor of selective usage (Figure 5).

Excluded:

- Repeat PPCIs (n=1572)

- First PPCI for restenosis or thrombosis (n=2632)
- PPCIs with uninterpretable data (n=159)

Excluded:
- No PCI operator listed (n=3556)
- By PCI operator who performed <10 PPCIs in a year

PPCIs in England
n=110327
v
First presentation de-novo PPCIs
n=105964
<
™~
\ 4

First presentation de-novo PPCIs performed by
PCI operators with >10 PPCIs per year

n=96981

<25% GPI usage:
Selective group
n=28417

25-75% GPI usage:
Intermediate Group
n=41655

>75% GPI usage:
Routine group
n=26909

Figure 2. Study profile. GPI = glycoprotein IIb/IIla inhibitors; PCI = percutaneous coronary intervention; PPCI = primary PCI.
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Figure 4. Total glycoprotein IIb/Illa inhibitor (GPI) usage rates over the
study period.

The use of additional medications also varied over the
study period (Figure 6). Trends in bivalirudin usage
opposed those of GPIs, rising from 1.1% in the first month
of the period, to a peak of 25.8% in May 2013, before fall-
ing back to 1.4% of procedures by April 2015. The prefer-
ence for the various P2Y12-inhibitors also varied over
time, with clopidogrel used exclusively in procedures
between January and August 2009, before usage began to
decline in favor of alternatives (prasugrel and ticagrelor).
By April 2015, clopidogrel was only used in 31.1% of pro-
cedures, with ticagrelor (41.0%) and prasugrel (27.9%)
making up the remainder.

Table 1 compares selected baseline demographics and
procedural characteristics between the routine and selective
GPI usage groups. The 2 groups were well matched, with
any absolute differences being small, even if statistically
significant. The largest difference was detected in the use
of additional medications, with the routine GPI group more
likely to receive clopidogrel, rather than ticagrelor or prasu-
grel, and less likely to receive bivalirudin than the selective
GPI group (additional patient characteristics are reported in
Table S1 of the supplementary appendix).

Abciximab was the most commonly used GPI, making
up 62.3% of administrations in the routine GPI group
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Figure 5. Percentage of primary PCI (PPCI) patients treated by PCI opera-
tor with routine, selective, and intermediate use of glycoprotein IIb/Illa
inhibitors (GPI) by year.
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Figure 6. Glycoprotein IIb/Illa inhibitor (GPI) and additional medications
(P2Y 12 inhibitors and bivalirudin) usage rate over the study period.

versus 89.8% in the selective GPI group. Eptifibatide was
used more commonly in the routine GPI group (31.0%)
than the selective GPI group (1.9%), with tirofiban used in
the remainder (6.7% and 8.3%, respectively). The median
period of follow-up was 18 months (interquartile range 1.2
to 32.4). All-cause mortality on Kaplan-Meier analysis was
6.7%, 10.3%, and 21.7% at 30 days, 1 year and 5 years,
respectively in the overall cohort. Upon univariable analy-
sis, the routine GPI usage group was associated with lower
all-cause mortality hazard ratio (HR) 0.87 (0.82 to 0.91),
p<0.001 (Table 2). The Kaplan-Meier estimated rates of
all-cause mortality within 1 year of the index PPCI were
9.7% versus 11.0%, p <0.001 for the routine versus selec-
tive GPI groups (Figure 7).

The results from multivariable analysis, which adjusted
for a range of potential confounding factors, were consis-
tent with those above (full list of covariables in Table S2 of
the supplementary appendix). The multivariable analysis
was consistent with the assumptions for a Cox proportional
hazards model, and showed a consistent survival benefit
with lower all-cause mortality in the routine GPI usage
group with adjusted HR 0.82 (0.77 to 0.88), p <0.001
(Table 2). Since we noted that there were temporal changes
in the use of GPI over time, a post hoc analysis including
the calendar year (in which PCI was performed) was under-
taken. This showed an adjusted HR 0.93 (0.87 to 0.99),
p=0.02.

Since a difference in P2Y12-inhibitor usage had been
identified between the GPI groups, a set of analyses consid-
ering the interaction between these 2 drug classes, was per-
formed. In analysis of the all-cause mortality, no significant
interaction was detected in univariable and multivariable
analysis, implying that the degree of survival benefit associ-
ated with routine GPI strategy was similar, regardless of the
P2Y12-inhibitor administered.

DISCUSSION

Our study shows that a strategy of routine GPI use in
PPCI is associated with lower all-cause mortality when
compared with a strategy of selective GPI usage. This study
is, to our knowledge, the first comparison of routine versus
selective usage of GPI in contemporary PPCI for STEMI.
Evidence already exists in support of using GPI in PPCI
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Table 1
Patient demographics and procedural characteristics in the selective and routine GPI usage groups
Selective GPI (n=28,417) Routine GPI (n =26,909) p Value
Age (years) 63.7 £ 13.1 632+ 13.1 <0.001
Male sex 20,918/28,359 (73.8%) 19,881/26,832 (74.1%) 0.377
Body mass index (kg/m?) 275+5.1 27.4+49 0.060
Clinical history
Diabetes 0.211
Non-Insulin dependent 3,021/27,290 (11.1%) 2,801/25,915 (10.8%)
Insulin-dependent 790/27,290 (2.9%) 809/25,915 (3.1%)
Smoking history <0.001
Ex-smoker 6,373/26,199 (24.3%) 6,519/24,083 (27.1%)
Current smoker 9,736/26,199 (37.2%) 10,125/24,083 (42.0%)
Family history of CAD 8,595/25,446 (33.8%) 8,735/22,873 (38.2%) <0.001
Hypertension 10,453/27,166 (38.5%) 10,849/25,680 (42.2%) <0.001
Previous MI 2,551/27,090 (9.4%) 2,411/24,060 (10.0%) 0.022
PVD 821/27,166 (3.0%) 868/25,680 (3.4%) 0.020
Previous CVA 966/27,166 (3.6%) 1,048/25,680 (4.1%) 0.002
Previous CABG 918/27,962(3.3%) 752/26,035 (2.9%) 0.008
Renal disease* 385/26,458 (1.5%) 406/24,669 (1.6%) 0.085
Cardiogenic shock 2,041/28,331 (7.2%) 1,978/26,766 (7.4%) 0.403
Procedural data
Femoral access 10,101/28,140 (35.9%) 10,772/26,539 (40.6%) <0.001
Culprit vessel <0.001
Proximal LAD 7,452/28,302 (26.3%) 7,230/26,665 (27.1%)
LAD other / RCA /LCX 18,658/28,302 (65.9%) 17,603/26,665 (66.0%)
Multivessel PCI 1,459/28,302 (5.2%) 1,232/26,665 (4.6%)
Left main 361/28,302 (1.3%) 232/26,665 (0.9%)
Grafts 372/28,302 (1.3%) 368/26,665 (1.4%)
DES placement 21,569/28,394 (76.0%) 17,926/26,558 (67.5%) <0.001
No of stents per patient 1.36 1.42 <0.001
Stent length (mm) 22.7(9.4-54.9) 23.7(10.3 - 54.2) <0.001
Stent diameter (mm) 33+£0.6 34406 <0.001
Thrombectomy <0.001
Manual 11,786/25,348 (46.5%) 12,540/24,837 (50.5%)
Mechanical 923/25,348 (3.6%) 403/24,837 (1.6%)
IABP 1,120/27,716 (4.0%) 1,214/25,007 (4.9%) <0.001
TIMI 3 flow after PPCI 21,568/24,313 (88.7%) 20,379/22,871 (89.1%) 0.173
Additional medications
P2Y12 inhibitor <0.001
Clopidogrel 10,059/21,253 (47.3%) 11,036/16,626 (66.4%)
Ticagrelor 5,874/21,253 (27.6%) 1,908/16,626 (11.5%)
Prasugrel 5,320/21,253 (25.0%) 3,682/16,626 (22.1%)
Bivalirudin 6,995/23,674 (29.5%) 1,195/20,095 (5.9%) <0.001

CABG = coronary artery bypass grafts; CAD = coronary artery disease; CVA = cerebrovascular event; DES = drug eluting stent; [ABP = intra-aortic bal-
loon pump; LAD/RCA/LCX = left anterior descending/right/circumflex coronary artery; PVD = peripheral vascular disease; TIMI = thrombolysis in myocar-

dial infarction.

* Renal disease definition: functioning transplant, Creatinine > 200 xmol/l, Acute or chronic renal failure on dialysis.

and the bioequivalence between all 3 commercially avail-
able agents: abciximab, tirofiban, and eptifibatide in the era
of clopidogrel usage.'*'*'* Although important, these tri-
als relate to PPCI in a different era, with different genera-
tion stents and P2Y12-inhibitors. Furthermore, these trials
compare PPCI results between procedures performed with
and without GPI. However, almost all PPCI operators use
GPIs in a proportion of patients and very few operators use
GPIs in all PPCI patients. Therefore, the “all or nothing”
approach of existing trials does not reflect operator practice
in the real-world clinical setting. The present analysis com-
paring operators’ outcomes with routine versus selective
GPI usage was designed to better reflect the choices faced
in everyday clinical practice.

Despite randomized trial and registry data, GPI use has
declined over the past decade. The potential reasons are mul-
tifactorial, including cost and bleeding risk, but they are not
based on firm trial data refuting their utility. In this analysis,
the decline in GPI corresponds with increases in use of prasu-
grel and ticagrelor (newer P2Y12-inhibitors). Despite the
strong evidence supporting the use of prasugrel and ticagrelor
in PPCI for STEMI,'*' there is a paucity of data regarding
outcomes of GPI usage in the era of these newer P2Y12-
inhibitors. Published subgroup analyses of the PLATO'® and
TRITON-TIMI 38'” trials compared novel P2Y 12-inhibitors
versus clopidogrel for those patients that did and did not
receive GPIs. Although the conclusions of these studies
are not directly comparable to ours as both the PLATO and
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?J?lki’}/earziable and multivariable Cox regression analysis of routine versus selective GPI usage
Outcome Unadjusted Fully adjusted*

HR (95% CI) p Value HR (95% CI) p Value
All-cause mortality 0.88 (0.83-0.93) <0.001 0.82(0.77-0.88) <0.001

* Missing values imputed with adjustments for age, sex, body mass index, diabetes, smoking, family history, hypertension, previous myocardial infarction,
peripheral vascular disease, previous stroke, previous coronary artery bypass graft, renal disease, cardiogenic shock, culprit vessel, drug eluting stent place-
ment, intra-aortic balloon pump, ventilation, thrombectomy, antiplatelet, bivalirudin, vascular access/closure, cardiogenic shock, inotropic support, LV func-

tion, cholesterol level and body mass index.

TRITON-TIMI 38 trials represent different patient popula-
tions, neither found significant interactions between P2Y12-
inhibitor and GPI usage for any of the end points considered.
There is little evidence that GPIs are less beneficial
when coadministered with prasugrel or ticagrelor than when
coadministered with clopidogrel.

The relation between GPI use and bivalirudin in the UK
is more complex. Early in the study period there was a gen-
eral increase in bivalirudin and reduction in GPI usage,
likely in response to trials supporting bivalirudin use.'®
However, there was a marked decline in bivalirudin use in
2014, coinciding with publication of the negative HEAT-
PPCI trial."” The bleeding risks of GPIs may have contrib-
uted to their decline in usage. However, many of the trials
documenting access site bleeding occurred in an era of rou-
tine femoral access. There is strong evidence that many
bleeding complications are averted by radial access.”’ In
addition the rates of major bleeding were not greater when

newer P2Y12-inhibitors were combined with GPI than with
clopidogrel and GPL.'*"”

Firstly, and most importantly, the clinical outcome data
to suggest that GPIs are less effective when combined with
prasugrel or ticagrelor than with clopidogrel is lacking.
Although platelet inhibition may be rapid in control sub-
jects with prasugrel and ticagrelor, in the setting of a myo-
cardial infarction and with the coadministration of opioids,
the absorption and therefore efficacy of oral antiplatelets is
attenuated.”’ Pharmacokinetic data indicate that there is
likely to be a window of ineffective platelet inhibition for
some hours after PPCI, during which time patients may be
vulnerable to intracoronary and in-stent thrombosis plus
microvascular obstruction.”’ Although this may not be
angiographically detectable, it may affect coronary flow
which is itself a marker of adverse outcomes.>> Indeed, one
of the principle indications for bailout usage of GPI in
PPCI is the presence of slow coronary flow with or without
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Figure 7. Kaplan-Meier curves of patient survival by glycoprotein IIb/IIla inhibitor (GPI) usage strategy.
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angiographically detectable thrombus.” Therefore, paren-
teral GPI remains the ideal agent to provide rapid, potent,
and transient inhibition of platelet function at the time
when it is most needed and when other agents cannot act
reliably.

Our data, and that of others, suggest a long-lasting sur-
vival benefit of a routine GPI strategy despite widespread
use of prasugrel and ticagrelor in our study. We hypothe-
size that a possible mechanism for these findings could
be greater myocardial salvage. Infarction size has been
shown to be more likely to be “undetectable” on scintig-
raphy with GPI administration.” Despite trial data sup-
porting newer P2Y 12-inhibitors, clopidogrel remains the
most used P2Y12-inhibitor in PPCI worldwide, perhaps
relating to drug costs.” The benefit of GPI in patients
treated with PPCI and clopidogrel has been demon-
strated.'~* However, the advent of newer P2Y12-inhibi-
tors have likely resulted in a decline in GPI usage,
without supporting evidence for this reduction. A ran-
domized clinical trial examining GPI utility in PPCI
patients treated with prasugrel or ticagrelor with modern
generation drug eluting stents is needed to address this.
The absolute reduction in mortality with GPI use in PPCI
is small and may be imperceptible to PPCI operators.
However, although rare, bleeding complications of GPI
are memorable and may deter PPCI operators from its
use, which could be to the detriment of the general popu-
lation of patients presenting with STEMI. These con-
cerns, alongside the data on bioequivalence among GPIs,
mean that use of tirofiban and eptifibatide (with short
half-lives) now exceed that of abciximab, which has a
longer effect.

As observational data, our study is prone to unmea-
sured confounders and reports associations, not causal
relations. A further limitation of any registry study is data
completeness. However, data completeness is constantly
monitored by British Cardiovascular Intervention Society
Database and overall is good. Uploaded data is subject to
a large number of checks including for internal consis-
tency. Missing data and potential data errors are reported
to the center regularly and the center is requested to
address any issues provide corrected data. In an attempt
to account for any selection bias stemming from missing
data, we performed multiple imputations which returned
a consistent result.

This National Registry Trial, involving all patients who
underwent primary PCI for STEMI in England over a
6-year period, demonstrates a survival benefit in those
patients treated by PPCI operators with a strategy of routine
GPI usage, despite the extensive use of ticagrelor and pra-
sugrel, the advent of which may be responsible for the
decline in GPI use. We hope the results of this trial will
highlight the enduring efficacy of GPI and its relevance in
modern primary PCI practice.
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