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ABSTRACT
The field of interventional cardiology continues to progress quickly. The efficacy of percutaneous interventions with newer generation drug-
eluting stents has advanced a lot over the last decade. This improvement in stent performance has broadened the level of indication 
towards more complex interventions such as left main and multi- vessel PCI. Major improvements continue in the field of medical co-ther-
apy such as antiplatelet therapies (bivalirudin, prasugrel, ticagrelor) and this will further improve outcomes of PCI. The same is true for 
intravascular imaging such as ultrasound IVUS and optical coherence tomography OCT. However, interventional cardiology has become a 
rather broad field, also including alcohol septal ablation for hypertrophic obstructive cardiomyopathy, etc. At the moment, the fastest grow-
ing area is the structural interventions, especially for aortic valve stenosis (transcatheter aortic valve implantation TAVI) and for mitral 
regurgitation (mitral clipping). This review covers recent advances in all these different fields of interventional cardiology.
(Anadolu Kardiyol Derg 2013; 13: 91-101)
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Percutaneous Coronary Intervention Versus 
Medical Treatment
Percutaneous coronary intervention (PCI) has guideline rec-

ommendations for treatment of ST elevation and non-ST eleva-
tion myocardial infarction (MI) (1). However, its role in stable 
coronary disease has been the subject of reappraisal following 
publication of the COURAGE trial, which showed that, in patients 
receiving optimal medical therapy, PCI does not improve cardio-
vascular outcomes, while incremental benefits for quality of life 
disappear by 36 months (2, 3). A more recent meta-analysis of 
eight trials of optimal medical therapy versus PCI involving 7229 
patients bears out the COURAGE conclusions by showing no 
significant differences between the groups with regard to death 
(9.1% vs 8.9%), non-fatal MI (8.1% vs 8.9%), unplanned revascu-
larisation (30.7% vs 21.4%) and persistent angina (33% vs 29%) 
(4). Drug-eluting stents (DESs) were used in only a minority of 
these patients and may have reduced the need for further revas-

cularisation while improving symptomatic responses. 
Nevertheless, the meta-analysis reinforces contemporary 
guideline advice for optimal medical treatment as the initial 
treatment for stable angina (5). Whether this will change current 
practice remains to be seen, but early signs are not encourag-
ing. Thus a US registry analysis of patients undergoing PCI 
before (n=173416) and after (n=293 795) the COURAGE report 
showed no change in the proportions receiving optimal medical 
treatment (43.5% vs 44.7%) (6).

PCI Versus Coronary Bypass Surgery
The safety of PCI at hospitals without on-site cardiac sur-

gery has been confirmed in two recent reports (7, 8). Add to this 
the feasibility of PCI in increasingly complex disease and we 
need look no further to explain the substantial reductions in 
rates of coronary bypass surgery (CABG) in recent years. A 
recent US study of revascularisation procedures during 2001-



2008 showed a 38% decline in rates of CABG, while PCI 
decreased by only 4% (9). Some have questioned whether 
patients are being appropriately advised according to contem-
porary guidelines (10), a US analysis of 500 154 PCIs reporting 
that, among the 28.9% of cases performed for non-acute indica-
tions, only 50.4% were appropriate and that angina was not 
present in many of the inappropriate cases (11). In the absence 
of any evidence of prognostic benefit, there can be no indication 
for PCI in stable patients without angina. In patients with angina, 
on the other hand, PCI is as effective as CABG in providing 
symptom relief at 12 months, judging by a recent report from the 
SYNTAX investigators (12). However, CABG may have the advan-
tage of providing prognostic benefit, recent US registry data 
showing a lower 4-year mortality compared with PCI (16.4% vs. 
20.8%) in an analysis that adjusted for selection bias (13). Of 
course, being a registry study, treatment allocation was not ran-
dom and any conclusions about relative prognostic benefits 
require caution. Nevertheless, guideline recommendations are 
for surgery in complex three-vessel and left main stem disease, 
although many patients continue to express a preference for 
PCI, particularly now we have reports of the feasibility and 
safety of same-day discharge. This is particularly applicable with 
radial access (or post-procedural deployment of a femoral clo-
sure device), and, in a US registry study, 1339 patients dis-
charged on the same day as their procedure had similar 30-day 
readmission rates to 105 679 patients who stayed overnight (14). 
This is important because it is now recognised that readmission 
within 30 days after PCI is associated with a significant increase 
in 1-year mortality (15).

Left Main Stem Disease
The trespass of PCI on to territory that was formerly surgical 

is best illustrated by its increasing application in unprotected 
left main stem disease. Registry data from the USA for 131 004 
patients with unprotected left main stem disease show the pro-
portion treated with PCI increasing from 3.8% to 4.9% between 
2004 and 2008. PCI recipients were older with more comorbidi-
ties, probably accounting for their higher hospital mortality 
compared with the overall cohort (13% vs. 5%) (16). Technical 
improvements since 2008 have seen further increases in rates of 
PCI in unprotected left main stem disease, and we now have 
randomised trial data confirming its safety and efficacy in 
selected patients. Thus in the KoreanPRECOMBAT trial of drug-
eluting stenting versus CABG in 600 patients, 8.7% of patients in 
the stent group and 6.7% in the CABG group met the primary end 
point (a composite of death, MI, stroke and ischaemia-driven 
revascularisation at 12 months), a difference significant for the 
non-inferiority of stenting (17). As in previous randomised com-
parisons, the difference was driven largely by a higher rate of 
repeat revascular- isation in stent recipients (9.0% vs. 4.2% after 
2 years, p=0.02).

Selection for revascularisation in left main stem disease has 
traditionally been based on angiographic assessment, but a 

recent study suggests that measurement of minimum lumen 
area by intravascular ultrasound (IVUS) might be a better means 
of selection in patients with ‘intermediate’ angiographic steno-
ses in the range 25-60% (18). Correlation between minimum 
lumen area and angiographic stenosis was poor, but a 6 mm2 

area measurement provided a safe threshold for determining 
revascularisation, the event-free survival being no worse in the 
patients with an area measurement >6 mm2 who did not undergo 
revascularisation compared with the patients with an area mea-
surement <6 mm2 who did. These were non-randomised data, 
but point to a useful role for IVUS in the management of left main 
coronary artery disease.

DESs and Stent Thrombosis
The introduction of bare metal stents (BMSs) towards the 

end of the last decade dramatically improved the performance 
and safety of PCI, but it required drug-eluting technology to 
make a significant impact on restenosis rates. Concerns about 
an increased risk of stent thrombosis with DESs (19) appear to 
have been exaggerated, particularly with the current generation 
of DESs, but the beneficial effects on restenosis have been 
borne out. Thus a recent meta-analysis comparing sirolimus-
eluting and bare metal stents in patients with diabetes reported 
dramatic reductions in the need for repeat revascularisation 
with the DES (HR 0.27, 95% CI 0.18 to 0.41) without any increase 
in the risk of stent thrombosis (20). However, it has been the 
everolimus-eluting stent that has emerged as the intervention-
ists’ favourite, a meta-analysis of 13 randomised trials including 
17101 patients reporting thrombosis rates of only 0.7% during 
21.7 months’ follow-up, compared with 1.5% in patients treated 
with any other type of DES (21). A further meta-analysis pooled 
data from 49 randomised trials including 50 844 patients and 
came to similar conclusions by showing that everolimus-eluting 
stents had the lowest risk of stent thrombosis at 30 days and 1 
year compared with other stents approved for use in the USA, 
including BMSs (22). The difference in favour of everolimus-
eluting stents remained significant at 2 years when the odds of 
stent thrombosis was 0.34 (95% CI 0.19 to 0.62) compared with 
paclitaxel-eluting stents and 0.35 (95% CI 0.17 to 0.69) compared 
with BMSs.

Data on DESs in saphenous vein grafts are somewhat less 
clear, but the limited available randomised trials do suggest 
superiority compared with BMSs (23). For primary PCI, concerns 
that the thrombotic environment might predispose to DES 
thrombosis have not been fully realised, a pooled analysis of 15 
STEMI trials comparing first-generation DESs with BMSs report-
ing a lower requirement for target vessel revascularisation with 
DESs (RR 0.51, 95% CI 0.43 to 0.61), with no difference in the rate 
of stent thrombosis compared with BMSs (24). Indeed, the risk 
of stent thrombosis during the first year was reduced for DESs 
(RR 0.80, 95% CI 0.58 to 1.12) but increased thereafter (RR 2.10, 
95% CI 1.20 to 3.69), suggesting that the early benefit of first-
generation DESs in primary PCI is offset by a later increase in 
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the risk of stent thrombosis. Newer-generation DESs may over-
come this drawback, but, until we have sufficient data, opera-
tors should carefully weigh the differential risk of reste- nosis 
and stent thrombosis between the two stent types.

Interest in bioresorbable stents has been enhanced by 
reports from a phase II evaluation of imaging data 12 months 
after implantation in 56 patients (25). The restenosis rate was 
only 3.5%, and >95% of the stent struts were endothelialised. 
Moreover, variable coronary dilatation in response to acetylcho-
line was observed, indicating some return of normal vasomotor 
responses. The results of randomised trials now in the planning 
stage are eagerly awaited.

Optimal Arterial Access
Radial access for coronary angiography has now achieved 

widespread application (26, 27). One reason is the accumulating 
evidence that it reduces bleeding risk and, perhaps because of 
this, may reduce mortality in primary PCI (28). Thus a compre-
hensive meta-analysis pooling all the data from randomised 
primary PCI trials comparing femoral with radial access showed 
a nearly 50% mortality reduction in the radial group (29). 
Whether this beneficial effect is generalisable to everyday clini-
cal practice is unclear, but observational data support the trial 
results and indicate benefit of radial access for primary PCI (30, 
31). Another potentially important advantage of radial access is 
its association with a reduced risk of kidney injury, as reported 
in a large Canadian study of 69 214 patients undergoing cardiac 
catheterisation (32). The mechanism is unclear and the largest 
trial comparing radial and femoral access, the RIVAL trial, did 
not show a clear advantage for either access route, although 
radial access appeared preferable in the subgroup undergoing 
primary PCI (33). On the basis of current evidence, the choice 
between radial and femoral access should be individualised 
taking into account operator experience, bleeding risk and 
patient preference.

Antiplatelet Therapies-What’s New?
In patients undergoing PCI, dual antiplatelet therapy with 

aspirin and clopidogrel remain central to guideline recommen-
dations. For clopidogrel, a pooled analysis of available data 
favoured a loading dose of 600 mg, which was associated with a 
34% reduction in the rate of major adverse cardiac events 
(MACE) without any increase in the risk of major bleeding com-
pared with a 300 mg loading dose (34). Now we have randomised 
trial evidence confirming that, compared with the 300 mg load-
ing dose, the 600 mg dose in primary PCI is associated with 
significant reductions in infarct size, measured by median CKMB 
mass over 72 h (2070 vs 3029 ng/mL) (35). Continuing therapy with 
aspirin and clopidogrel is usually recommended after PCI in both 
stable and patients with acute coronary syndromes (ACS), but 
the antiplatelet effect of clopidogrel is variable, and high on-
treatment platelet reactivity can be demonstrated in 14.7-26.9% 
of patients, depending on the test used (36). Part of this variabil-

ity in antiplatelet responsiveness is explained by the fact that 
clopidogrel is a prodrug, and the enzymes that form its active 
metabolites exhibit functionally distinct polymorphisms. 
However, a study from the Netherlands of 1069 clopidogrel-pre-
treated patients undergoing elective PCI found that loss-of-
function CYP2C19 carrier status explained only part of the vari-
ability in platelet reactivity (13.0-20.6%), depending on the test 
used (37). One approach to modifying high on-treatment platelet 
reactivity in carriers of loss-of-function CYP2C19 variants is to 
use antiplatelet drugs metabolised by different pathways, and 
this was confirmed by investigators from Korea in a substudy of 
the CILON-T randomised trial (38). In patients with loss-of-
function CYP2C19 variants who were randomised to dual anti-
platelet therapy plus cilostazol, a selective phosphodiesterase-3 
inhibitor, on-treatment platelet reactivity was significantly 
reduced compared with patients who received only aspirin and 
clopidogrel. This effect of cilostazol was not seen in non-carri-
ers of the loss-of-function polymorphism. An alternative 
approach for modifying high on-treatment platelet reactivity 
after PCI is to increase the dose of clopidogrel. However, this 
was found ineffective in the GRAVITAS trial, the 6-month rate of 
the composite of cardiovascular death, MI and stent thrombosis 
being identical for groups randomised to high-dose (150 mg 
daily) or standard-dose (75 mg daily) clopidogrel (39).

Current guideline recommendations are for clopidogrel to be 
stopped 12 months after DES deployment when endothelialisa-
tion is complete, reducing the risk of thrombosis. Worryingly, a 
clustering of late clinical events has been associated with this 
policy, perhaps because of an increase in arachidonic acid-
induced platelet activation as reported in a recent UK study (40), 

lending support to the accumulating evidence that clopidogrel 
exerts some of its antiplatelet effects via this pathway, indepen-
dently of aspirin. Indeed, it has been suggested that discontinu-
ation of aspirin instead of clopidogrel might be more rational 1 
year after stenting (41). This question will soon be tested in the 
large GLOBAL-LEADERS randomised trial. The limitations of dual 
antiplatelet therapy with aspirin and clopidogrel have been fur-
ther illustrated by the on-TIME-2 trial, in which patients under-
going primary PCI were randomised to additional prehospital 
tirofiban or placebo (42). The addition of tirofiban produced more 
effective platelet inhibition than aspirin and clopidogrel alone, 
and this was associated with a reduction in MACE and early 
stent thrombosis. On-TIME-2 lends further support to guideline 
recommendations for early glycoprotein IIb/IIIa inhibition 
together with dual antiplatelet therapy in patients undergoing 
primary PCI.

Newer P2Y12 receptor inhibitors
These include prasugrel and ticagrelor, which now have 

guideline indications in ACS (43) based on the TRITON and 
PLATO randomised trials, which were the subject of recent 
review (44). TRITON randomised patients undergoing PCI for 
ACS to either clopidogrel or prasugrel therapy for 12 months 
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after the proce-dure (45). Prasugrel showed superiority over 
clopidogrel for the composite primary end point, driven mainly by 
periprocedural MI. It also showed significant risk reduction for 
stent thrombosis. However, these benefits came with an 
increased risk of major and minor bleeding. In the PLATO trial of 
ticagrelor versus clopidogrel in patients with ACS managed 
medically or with PCI (46), ticagrelor was superior with regard to 
the primary composite end point of MACE, but, while minor 
bleeding was more common with ticagrelor, the major bleeding 
risk was comparable to that with clopidogrel. These randomised 
trials have confirmed that more intensive platelet inhibition with 
prasugrel or ticagrelor delivers better clinical outcomes in ACS, 
although there is a bleeding penalty, particularly it seems for 
prasugrel. The clinical outcome advantage for both drugs is 
small in absolute terms, raising important questions about cost- 
effectiveness. A US evaluation for prasugrel concluded it was 
‘an economically attractive treatment strategy’ (47), but a more 
recent National Institute for Health and Clinical Excellence 
(NICE) technology assessment was more guarded, recommend-
ing prasugrel as an option in patients with STEMI if immediate 
primary PCI is necessary (based on its rapid onset of action 
compared with clopidogrel), or if diabetes is present or if stent 
thrombosis has occurred during clopidogrel treatment (43). 

However, concern was expressed about its likely cost-effective-
ness in other situations. A recent health-economic analysis 
based on the PLATO study concluded that treating patients with 
ACS with ticagrelor for 12 months is associated with a cost per 
QALY (quality-adjusted life year) below generally accepted 
thresholds for cost-effectiveness (48).

Bivalirudin and heparin
Bivalirudin is now available for treatment of ACS and has 

rapidly gained a central role in primary PCI (49). It is a direct 
thrombin inhibitor with additional activity against thrombinmedi-
ated platelet activation that showed superiority over a combined 
regimen of heparin plus a glycoprotein IIb/IIIa inhibitor in 
HORIZONS-AMI, due largely to a lower rate of major bleeding 
(4.9% vs 8.3%). All-cause mortality was lower at 30 days, and we 
now have 3-year follow-up data confirming persistent mortality 
benefit (5.9% vs 7.7%), ensuring a guideline recommendation for 
bivalirudin in primary PCI (50). The clinical benefits of bivalirudin 
have also been associated with cost-effectiveness, patient life-
time costs in the UK being £267 lower than for glycoprotein IIb/
IIIa inhibitors (51). A small increase in rates of stent thrombosis 
with bivalirudin was not seen in patients pretreated with hepa-
rin, and the mortality benefits of combining bivalirudin with 
heparin pretreatment have since been reported from the SCAAR 
registry (52), leading the editorialist to recommend dual therapy 
in patients undergoing primary PCI (53).

Unfractionated heparin retains a class 1 recommendation for 
use during PCI, but a recent meta-analysis of pooled data from 
23 studies has shown that enoxaparin is associated with signifi-
cant reductions in the composite of death and MI and in major 

bleeding rates compared with unfractionated heparin (54). 

These benefits were greatest for primary PCI, but were also 
seen in PCI for non-ST elevation MI and stable angina. The time 
may be right for a change of policy in favour of low-molecular-
weight heparin during PCI.

Intravascular Imaging-Clinical Benefit?
The clinical benefit of using IVUS to guide PCI remains con-

troversial, although a pooled analysis of seven randomised BMS 
trials has concluded that IVUS-guided PCI is associated with a 
reduced risk of in-stent restenosis (55). IVUS is also finding a 
role in assessing left main stem lesions for revascularisation 
(18). As a research tool, however, and for validation of non-
invasive imaging of coronary stenosis, IVUS has proved particu-
larly valuable (56). Thus, in a recent study comparing coronary 
CT angiography and IVUS for plaque volume measurements, 
there was only modest agreement between the two methods 
(Bland-Altman limits of agreement -67 to +65 mm3), reflecting the 
limitations of coronary CT for assessing the extent of coronary 
disease (57). While the ability to image across the coronary arte-
rial wall is a particular strength of IVUS, the technology is limited 
by image resolution, which is considerably inferior to optical 
coherence tomography (OCT). In a substudy of ODESSA, for 
example, suboptimal stent deployment was identified by OCT at 
the level of individual stent struts, a detail that could never be 
reproduced by IVUS (58). Increasingly, OCT is being used to 
assess stent strut endothelialisation, a recent Japanese study of 
everolimus-eluting stent implantation showing that, of 5931 
struts assessed, 98.4% were endothe- lialised 8 months after 
implantation, an observation reflected in the low thrombotic risk 
for these second-generation DESs (59).

Intravascular imaging has also been used to assess plaque 
stability, the PROSPECT trial confirming that IVUS can differenti-
ate stable from unstable plaque and predict adverse events (60). 

A key feature of unstable plaque is thin-cap atherosclerosis, and 
recent data remind us that the inflammatory environment is an 
important determinant of instability, an OCT study showing a 
clear association between the cap thickness of plaques and 
inflammatory plasma markers such as high-sensitivity C-reac- 
tive protein (61).

Technical Aspects of Stenting-What Have We Learnt?

Overlapping stents
Re-endothelialisation of overlapping stent segments is slow-

er, and most operators prefer single stent deployment for that 
reason (58). However, in the real world, overlapping stent 
deployment is often unavoidable, and, for DESs, the conventional 
wisdom has been that homogeneous stents should be used to 
avoid elution of different pharmacological compounds within the 
overlapping segment. This has now been challenged by a 
Korean study of 1080 patients who received overlapping DESs 
(62). The study showed that cardiac death, MI or target lesion 
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revascularisation occurred with similar frequency regardless of 
whether the DESs were homogeneous or heterogeneous.

Bifurcation stenting
Several studies have shown that a single, main vessel stent 

deployment provides outcomes that are comparable-and often 
superior-to two-stent deployment. Thus a combined analysis of 
the NORDIC Bifurcation Study and the British Bifurcation 
Coronary Study showed that, in patients randomised to ‘simple’ 
main vessel stenting, the composite MACE end point at 9 months 
occurred in 10.1% of patients compared with 17.3% of patients 
who underwent complex two-vessel stenting (p=0.001) (63). 
However, questions remain, particularly concerning the value of 
final kissing balloon inflations across the bifurcation following 
main-vessel stenting. This was addressed in a large observa-
tional study of 1055 patients undergoing bifurcation stenting (64). 
A comparative propensity analysis of patients who did and did 
not have final kissing balloon inflations showed a higher inci-
dence of MACE and target lesion revascularisation, mostly in the 
main vessel, for patients who had final kissing balloon inflations. 
The pendulum therefore has now swung away from final kissing 
balloon inflation, which may cause more harm than good.

Myocardial Infarction-High-Sensitivity Troponin Assays
Central to the diagnosis of acute MI is the demonstration of 

a raised and changing troponin concentration in the first 24 h 
after symptom onset. The availability of high-sensitivity troponin 
(hsTn) assays is likely to see diagnostic thresholds fall, with 
important implications for clinical management and cardiac 
outcomes. Thus, in a recent study in which hsTn-I was mea-
sured in 1038 patients with suspected ACS, values below the 
previous limit of detection (0.20 ng/mL) showed graded associa-
tion with death or non- fatal MI (65). In a further 1054 patients, 
the diagnostic threshold was lowered to 0.05 ng/ml, and attend-
ing physicians were invited to modify their management accord-
ingly. Rates of death and recurrent MI fell from 39% to 12% 
among patients with troponin concentrations 0.05-0.19 ng/mL, 
levels that would have been undetectable with conventional 
troponin assays. The investigators concluded that lowering the 
diagnostic threshold using hsTn assays has the potential to 
identify many high-risk individuals with suspected ACS and pro-
duce major improvements in their prognosis.

It has always been the recommendation that the diagnostic 
threshold level chosen for troponin should be based on a coef-
ficient of variation of #10%, but new guidance is for the 99th 
centile value to be adopted regardless of assay imprecision (66). 
The potential clinical impact of this change in guidance was 
evaluated in the same cohort as reported previously (65), this 
time using a diagnostic threshold of 0.012 µg/L (coefficient of 
variation 20.8%) (67). At 1 year, patients with troponin concentra-
tions of 0.012-0.049 µg/L, who previously would have escaped a 
diagnosis of MI, were more likely to be dead or readmitted with 
recurrent MI than those with troponin concentrations <0.012 
µg/L (13% vs 3%, p<0.001). The authors concluded that lowering 

the diagnostic threshold to the 99th centile and accepting great-
er assay imprecision would identify more patients at high-risk of 
recurrent MI and death, but increase the diagnosis of MI by 
46%. It remains to be established whether reclassification of 
these patients and treating them according to conventional MI 
guidelines will improve their outcomes.

hsTn assays will not only cause diagnostic thresholds for 
acute MI to fall, but may also allow identification of patients with 
apparently stable coronary disease who have vulnerable coro-
nary lesions (68). Thus a recent study has shown a strong cor-
relation between hsTn-T and non-calcified plaque burden 
(r=0.79, p<0.001) in 124 patients with stable angina undergoing 
CT angiography, patients with remodelled non-calcified plaque 
having the highest hsTn-T values (69). hsTn assays have already 
found clinical application for the early diagnosis of MI in patients 
with chest pain attending the emergency department. In the 
Randomised Assessment of Treatment using Panel Assay of 
Cardiac Markers (RATPAC) trial, the use of hsTn-I within a panel 
of biomarkers allowed successful discharge of 32% of patients 
compared with 13% of patients receiving standard diagnostic 
procedures (70). Beyond their central role for diagnosis, tropo-
nins also provide a measure of the severity of MI, and, in a report 
from the GRACE registry (71), incorporating 16 318 patients with 
non-ST elevation MI, each 10-fold increase in the troponin ratio 
was associated with stepwise increments in ventricular arrhyth-
mias, heart failure, cardiogenic shock and death (72).

Non-Culprit Lesions in ACS
The importance of myocardial salvage during the acute 

phase of infarction is emphasised by the fact that prognosis is 
driven largely by ultimate infarct size. We could therefore hypoth-
esise that treating all significant lesions is beneficial. One of the 
first primary PCI randomised trials testing this hypothesis was 
reported last year. Among 214 patients with multivessel disease, 
adverse event rates during a mean follow-up of 2.5 years were 
higher with culprit-only PCI compared with multivessel PCI, 
whether performed during the index procedure or as a staged 
procedure afterwards (73). However, the trial was small and not 
definitive, a more recent meta-analysis finding in favour of cul-
prit-only primary PCI with a staged strategy for non-culprit 
lesions (74). This has become the guideline recommendation and 
was further supported by analysis of observational data from the 
HORIZONS-AMI trial in which outcomes for 275 patients treated 
with single-procedure stenting were compared with outcomes 
for 393 patients treated with staged procedures (75). The single-
procedure group received significantly more stents yet had a 
significantly higher 12 month mortality (9.2% vs 2.3%) than the 
staged procedure group. The weight of evidence is now firmly in 
favour of culprit-only stenting during primary PCI.

Infarct Size and Myocardial Salvage
Circadian rhythms in the onset of MI are well established, 

the morning hours being the period of greatest risk. Intriguingly, 
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infarct size appears to show similar circadian variation, a retro-
spective analysis of 811 patients with STEMI showing that cre-
atine kinase (CK) and troponin I curves peak between 06:00 h 
and noon (76). Myocardial salvage in response to reperfusion 
therapy with PCI is the major strategy for limiting infarct size 
therapeutically and can now be quantified by cardiovascular 
magnetic resonance (CMR). A study of 208 patients presenting 
with STEMI confirmed that the extent of salvage measured by 
CMR is closely related to long-term prognosis, patients with a 
myocardial salvage index (MSI) above the median level having a 
lower number of adverse cardiovascular events (7 vs. 26) and 
deaths (2 vs. 12) after 18.5 months than patients with MSI below 
the median level (77). Myocardial reperfusion, however, can 
itself exacerbate injury, by a variety of mechanisms which 
include interstitial haemorrhage. This can be detected by CMR 
and was reported in 25% of patients with STEMI treated suc-
cessfully by primary PCI (78). The presence of haemorrhage was 
an independent predictor of adverse remodelling, as reflected 
by increased left ventricular (LV) end-systolic volume at 3 
months. The importance of interstitial haemorrhage as a predic-
tor of LV remodelling was emphasised by the improvement in the 
area under the receiver operating characteristic curves from 
0.699 to 0.826 when it was added to LV ejection fraction and 
infarct size in the predictive model. Microvascular obstruction 
after primary PCI is also predictive of remodelling, and in anoth-
er CMR study was found to correlate significantly with reperfu-
sion haemorrhage (r2=0.87, p<0.001) (79).

Strategies to protect against reperfusion injury remain high 
on the research agenda and have been the subject of recent 
review (80). In one study the effect of erythropoietin was tested 
based on beneficial experimental effects for reducing infarct 
size (81). However, the study was negative, with patients ran-
domised to erythropoietin (50 000 IU) before primary PCI show-
ing an increased incidence of microvascular obstruction and LV 
dilatation without reduction in infarct size compared with 
patients randomised to placebo. Another study using forearm 
plethysmography tested a bradykinin B2 receptor antagonist, 
based on the hypothesis that endogenous bradykinin is a media-
tor of reperfusion injury (82). The investigators found that remote 
ischaemic preconditioning abolished the impairment of endo-
thelium-dependent vasomotor function induced by plethysmog-
raphy, but bradykinin receptor blockade had no effect. 
Nevertheless, the finding that conditioning stimuli provide a 
clinically applicable means of protection against reperfusion 
injury was not new and has been replicated in other more recent 
clinical trials. A comparative primary PCI study of post-condi-
tioning by staccato reversus abrupt reperfusion, for example, 
showed that the staccato protocol was associated with better 
preservation of microvascular function and LV dimensions 12 
months later (83). Staccato reperfusion was also partially effec-
tive in another primary PCI study in which patients were ran-
domised to staccato reperfusion versus control. Infarct size was 

unaffected, except in patients with large areas at risk in whom it 
was significantly reduced by post-conditioning (84).

The benefits of intra-aortic balloon counterpulsation (IABC) 
when cardiogenic shock complicates acute MI are generally 
accepted. Recently, the role of IABC for reducing infarct size in 
haemodynamically stable patients with anterior MI was tested 
in a randomised trial of 337 patients (85). Infarct size at 3-5 days 
determined by MRI showed no significant difference between 
the groups, but those patients randomised to IABC showed a 
trend towards more vascular complications. The authors con-
cluded that IABC produces no clinical benefit in this group of 
patients.

Contrast-Induced Acute Kidney Injury (CI-AKI)
Whether newer contrast agents, such as iso-osmolar con-

trast, have an impact on the CI-AKI risk is controversial (86). Risk 
of CI- AKI is particularly high in patients presenting with an ACS, 
and recent data confirm it has a significant impact on clinical 
outcomes, including length of hospital stay and mortality (87, 88). 

The ACS setting offers little time to apply reno-protective mea-
sures, and strategies requiring up to 12 h of prehydration are 
clearly impractical. The need for a change in practice was 
emphasised by Wi <IT>et al</IT>, (87) who concluded that renal 
function should be measured at baseline and after primary PCI, 
to refine risk stratification. Meanwhile consideration should be 
given to reno-protection with bicarbonate, which has been 
reported to be more effective than normal saline using short-
infusion or singlebolus protocols (89). In certain subgroups, such 
as patients requiring urgent surgery for infective endocarditis, 
preoperative coronary angiography does not appear to increase 
the risk of acute kidney injury (90), but, in general, contrast expo-
sure should be kept at as low a level as possible during primary 
PCI. Meanwhile, randomised trials testing short-duration prehy-
dration protocols or bolus applications of potentially reno-pro-
tective substances are needed.

Carotid Artery Stenosis-is Stenting Still an Option?
Life style adjustment and secondary prevention drugs may 

not always be effective in protecting against progression of 
carotid atherosclerosis. A recent trial of weight reduction with 
rimonabant, for example, reported that a 5% reduction in body 
weight over 30 months failed to influence the progression of 
carotid disease compared with patients who received placebo 
(91). Many patients therefore require an interventional solution 
to their carotid disease, but whether this should be surgical or 
percutaneous remains contentious (92). A large randomised trial 
of 2502 patients with symptomatic or asymptomatic carotid ste-
nosis showed no significant difference in the estimated rates of 
the primary composite end point (periprocedural stroke, MI, or 
death or any ipsilateral stroke within 4 years) and no differential 
treatment effect by symptomatic status (93). However, a recent 
meta-analysis pooling data from 11 randomised trials comparing 
carotid endarterectomy (CEA) with carotid artery stenting (CAS) 
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showed that the periprocedural risk of mortality or stroke was 
lower for CEA (OR 0.67, 95% CI 0.47 to 0.95), mainly driven by a 
decreased risk of minor stroke, whereas the risk of death or 
disabling stroke was similar between the two groups. The odds 
of periprocedural MI or cranial nerve injury were significantly 
higher in the CEA group (94). Current NICE guidelines recognise 
CAS as a treatment option for patients with symptomatic carotid 
artery stenosis, but emphasise that patients need to understand 
the risk of stroke and other complications associated with this 
procedure. Patient selection should be carried out by a multidis-
ciplinary team (95).

For asymptomatic carotid artery disease, the situation is 
even less clear. We know that patients with carotid stenosis 
undergoing cardiac surgery for their coronary artery disease 
have an increased periprocedural stroke risk and probably 
should be considered for treatment even if asymptomatic. The 
American guidelines recommend CEA if the stenosis is ≥80%, 
either before or combined with CABG. CAS before CABG is an 
alternative option with good results in patients who are consid-
ered ‘high risk’ for CEA (96). Attempts to refine risk prediction in 
such patients have been the subject of considerable research, a 
recent carotid ultrasound study reporting that the total plaque 
area (HR 1.29, 95% CI 1.08 to 1.55), the number of plaques (HR 
1.14, 95% CI 1.02 to 1.27) and the number of segments with 
plaque (HR 1.45, 95% CI 1.09 to 1.93) were all significantly asso-
ciated with the 5-year risk of cerebrovascular events (97).

Transcatheter Aortic Valve Implantation
Transcatheter aortic valve implantation (TAVI) in older high-

risk patients has yielded excellent results in most centres, the 
2-year follow-up of patients in the PARTNER trial supporting the 
procedure as an alternative to surgery in high-risk patients (98). 

Thus improvement in valve areas was similar for TAVI and for 
surgery, with comparable rates of death and stroke during fol-
low-up. However, paravalvular regurgitation was more common 
after TAVI and has been associated with significantly worse 
outcomes, the German registry reporting higher in-hospital mor-
tality, even after multivariate adjustments for potential con-
founders (OR 2.50, 95% CI 1.37 to 4.55) (99). Another cause for 
concern is the potential for myocardial injury during TAVI, as 
evidenced by elevations of CK-MB in 77% of 101 patients under-
going uncomplicated procedures (100). Median maximal CK-MB 
levels were higher for transapical than transfemoral access 
(22.6 mL vs. 9.9 mL), but were unaffected by the presence of 
coronary artery disease. Elevations of cardiac troponin T were 
also observed and were predictive of cardiac death at 9 months. 
Clearly, therefore, TAVI, like surgery, is commonly associated 
with some degree of myocardial injury that is not benign. In most 
other respects, however, TAVI appears safe and has been asso-
ciated with important symptomatic benefits, as reflected in the 
improvement in health-related quality of life reported by the 
PARTNER investigators (101). Smaller studies have reinforced 
these findings by reporting improvement in the 6 min walk dis-

tance and quality of life scores, while brain natriuretic peptide 
(BNP) levels decline substantially (102). Add to this the cost-
effectiveness of TAVI in US and UK analyses, and it seems cer-
tain that indications will continue to expand (103, 104). Indeed, 
off-label TAVI is commonplace, with reported outcomes that are 
comparable to on-label procedures (105). Paradoxically, increas-
ing TAVI activity appears to have led to a significant increase in 
referrals for surgical aortic valve replacement (106), with 
Manchester, for example, seeing a 37% increase in surgical AVR 
activity within the 2 years of starting a TAVI programme (107).

Percutaneous Mitral Valve Repair
The development of percutaneous systems for mitral valve 

repair in patients with severe mitral regurgitation has proved 
more challenging than TAVI. NICE gave a guarded verdict on the 
MitraClip device in 2010, recommending it only be used with 
‘special arrangements for clinical governance, consent and 
research for patients who are well enough for surgical mitral 
valve leaflet repair’ (108). This was based on the findings of the 
Endovascular Valve Edge-to-Edge REpair Study (EVEREST) inves-
tigators in an observational study of 107 patients with moderate 
or severe mitral regurgitation, which reported a successful 
MitraClip implant in 74% of patients, of whom 66% achieved free-
dom from death, mitral valve surgery and severe mitral regurgita-
tion (≥3+) (109). Since then the EVEREST investigators have 
undertaken a further observational study in 78 older patients at 
high risk of conventional surgery, which showed that the MitraClip 
device reduced mitral regurgitation in the majority of patients, 
with improvement in symptoms associated with significant LV 
reverse remodelling over 12 months (110). The benefits of the 
MitraClip appear closely related to its efficacy in reducing mitral 
regurgitation, the midterm outcomes showing significant asso-
ciation with the acute haemodynamic response (111).

Alcohol Septal Ablation in Hypertrophic Cardiomyopathy
Three studies have recently reported longer-term outcomes 

after alcohol septal ablation in symptomatic patients with hyper-
trophic cardiomyopathy (HCM). The results have been encour-
aging. Among 874 patients with class III or IV symptoms in a US 
study, six (0.7%) died in relation to the procedure, and survival 
estimates at 1, 5 and 9 years were 97%, 86% and 74%, respec-
tively (112). Symptoms improved to class I or II in all but 5% of 
cases, although 13% required repeat ablation and 3% required 
surgical myomectomy. In a Canadian study of 649 patients with 
HCM, 38% were managed conservatively, and 62% underwent 
invasive therapy with alcohol septal ablation (21%), surgical 
myomectomy (71%) or dual chamber pacing (8%) (113). In multi-
variate analysis, invasive therapy was independently associated 
with better overall survival (HR 0.6; 95% CI 0.4 to 0.97, p=0.04), but 
not with HCM-related survival. Among the invasive group, the 
pacemaker-treated group fared less well than patients treated 
with septal ablation or myomectomy, questioning the call for a 
reappraisal of pacemaker therapy in a recent Spanish study that 
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reported favourable long-term results in a group of 50 patients 
(114). Finally, a Scandinavian study reported marked reductions 
in outflow tract gradients in response to 313 ablation procedures 
in 279 patients with HCM, of whom 94% had class III/IV symp-
toms (115). Only 21% had class II/IV symptoms at 1 year, with 
little change thereafter. Estimated survival rates at 1, 5 and 10 
years were 97%, 87% and 67%, respectively, and were compa-
rable to survival rates in an age- and gender- matched popula-
tion. Taken together, these studies testify to the long-term ben-
efits of alcohol septal ablation in HCM, which appears to be a 
valid alternative to surgery in symptomatic HCM that does not 
respond to medical therapy. 

Competing interest: None.

Provenance and peer review Not commissioned; internally 
peer reviewed.

References

1. Gray HH, Henderson RA, de Belder MA, et al. Guideline 
Development Group. Early management of unstable angina and 
non-ST-segment elevation myocardial infarction: summary of NICE 
guidance. Heart 2010;96:1662e8.

2. Boden WE, O’Rourke RA, Teo KK, et al. Optimal medical therapy 
with or without PCI for stable coronary disease. N Engl J Med 
2007;356:1503e16.

3. Weintraub WS, Spertus JA, Kolm P, et al; COURAGE Trial Research 
Group, Mancini GB. Effect of PCI on quality of life in patients with 
stable coronary disease. N Engl J Med 2008;359:677e87.

4. Stergiopoulos K, Brown DL. Initial coronary stent implantation with 
medical therapy vs medical therapy alone for stable coronary 
artery disease: meta-analysis of randomized controlled trials. Arch 
Intern Med 2012;172:312e19.

5. Henderson RA, O’Flynn N. Management of stable angina: summary 
of NICE guidance. Heart 2012;98:500e7.

6. Borden WB, Redberg RF, Mushlin AI, et al. Patterns and intensity of 
medical therapy in patients undergoing percutaneous coronary 
intervention. JAMA 2011;305:1882e9.

7. Aversano T, Lemmon CC, Liu L; Atlantic CPORT Investigators. 
Outcomes of PCI at hospitals with or without on-site cardiac 
surgery. N Engl J Med 2012;366:1792e802. Epub 2012 Mar 25.

8. Singh M, Holmes DR Jr, Dehmer GJ, et al. Percutaneous coronary 
intervention at centers with and without on-site surgery: a meta-
analysis. JAMA 2011;306:2487e94. 6 of 8 Meier P, Timmis A. Heart 
(2012). doi:10.1136/heartjnl-2012-302569 Almanac 2012 [CrossRef]

9. Epstein AJ, Polsky D, Yang F, et al. Coronary revascularization 
trends in the United States, 2001-2008. JAMA 2011;305:1769e76.

10. Taggart DP, Boyle R, de Belder MA, et al. The 2010 ESC/EACTS 
guidelines on myocardial revascularisation. Heart 2011;97:445e6.

11. Chan PS, Patel MR, Klein LW, et al. Appropriateness of percutaneous 
coronary intervention. JAMA 2011;306:53e61.

12. Cohen DJ, Van Hout B, Serruys PW, et al. Synergy between PCI 
with Taxus and Cardiac Surgery Investigators. Quality of life after 
PCI with drug-eluting stents or coronary-artery bypass surgery. N 
Engl J Med. 2011; 364:1016e26.

13. Weintraub WS, Grau-Sepulveda MV, Weiss JM, et al. Comparative 
effectiveness of revascularization strategies. N Engl J Med 
2012;366:1467e76.

14. Rao SV, Kaltenbach LA, Weintraub WS, et al. Prevalence and 
outcomes of sameday discharge after elective percutaneous 
coronary intervention among older patients. JAMA 2011;306:1461e7.

15. Khawaja FJ, Shah ND, Lennon RJ, et al. Factors associated with 
30-day readmission rates after percutaneous coronary intervention. 
Arch Intern Med 2012;172:112e17.

16. Brennan JM, Dai D, Patel MR, et al. Characteristics and long-term 
outcomes of percutaneous revascularization of unprotected left 
main coronary artery stenosis in the United States: a report from 
the National Cardiovascular Data Registry, 2004 to 2008. J Am Coll 
Cardiol 2012;59:648e54.

17. Park SJ, Kim YH, Park DW, et al. Randomized trial of stents versus 
bypass surgery for left main coronary artery disease. N Engl J Med 
2011;364:1718e27.

18. de la Torre Hernandez JM, Herna´ndez Hernandez F, Alfonso F, et 
al. LITRO Study Group (Spanish Working Group on Interventional 
Cardiology). Prospective application of pre-defined intravascular 
ultrasound criteria for assessment of intermediate left main 
coronary artery lesions results from the multicenter LITRO study. J 
Am Coll Cardiol 2011;58:351e8.

19. Garg S, Serruys PW. Drug-eluting stents: a reappraisal. Heart 
2010;96:489e93.

20. de Waha A, Dibra A, Kufner S, et al. Long-term outcome after 
sirolimus-eluting stents versus bare metal stents in patients with 
diabetes mellitus: a patient-level meta-analysis of randomized 
trials. Clin Res Cardiol 2011;100:561e70.

21. Baber U, Mehran R, Sharma SK, et al. Impact of the everolimus-
eluting stent on stent thrombosis: a meta-analysis of 13 randomized 
trials. J Am Coll Cardiol 2011;58:1569e77.

22. Palmerini T, Biondi-Zoccai G, Della Riva D, et al. Stent thrombosis 
with drugeluting and bare-metal stents: evidence from a 
comprehensive network metaanalysis. Lancet 2012;379:1393e402.

23. Meier P, Brilakis ES, Corti R, et al. Drug-eluting versus bare-metal 
stent for treatment of saphenous vein grafts: a meta-analysis. PLoS 
One 2010;5:e11040. [CrossRef]

24. Kalesan B, Pilgrim T, Heinimann K, et al. Comparison of drug-
eluting stents with bare metal stents in patients with ST-segment 
elevation myocardial infarction. Eur Heart J 2012;33:977e87.

25. Serruys PW, Onuma Y, Dudek D, et al. Evaluation of the second 
generation of a bioresorbable everolimus-eluting vascular scaffold 
for the treatment of de novo coronary artery stenosis: 12-month 
clinical and imaging outcomes. J Am Coll Cardiol 2011;58:1578e88.

26. Johnman C, Pell JP, Mackay DF, et al. Clinical outcomes following 
radial versus femoral artery access in primary or rescue 
percutaneous coronary intervention in Scotland: retrospective 
cohort study of 4534 patients. Heart 2012;98:552e7.

27. Patterson T, Foale RA. If the radial artery is the new standard of 
care in primary percutaneous coronary intervention, why is most 
intervention done by the femoral approach? Heart 2011;97:521e2.

28. Cayla G, Silvain J, Barthelemy O, et al. Trans-radial approach for 
catheterisation in non-ST segment elevation acute coronary 
syndrome: an analysis of major bleeding complications in the 
ABOARD Study. Heart 2011;97:887e91.

29. Mamas MA, Ratib K, Routledge H, et al. Influence of access site 
selection on PCIrelated adverse events in patients with STEMI: 
meta-analysis of randomised controlled trials. Heart 2012;98:303e11.

30. Vink MA, Amoroso G, Dirksen MT, et al. Routine use of the 
transradial approach in primary percutaneous coronary 
intervention: procedural aspects and outcomes in 2209 patients 
treated in a single high-volume centre. Heart 2011;97:1938e42.

31. Amoroso G, Kiemeneij F. Transradial access for primary 
percutaneous coronary intervention: the next standard of care? 
Heart 2010;96:1341e4.

Meier et al.
Almanac 2012: interventional cardiology

Anadolu Kardiyol Derg 
2013; 13: 91-10198

http://dx.doi.org/10.1136/heartjnl-2012-302569
http://dx.doi.org/10.1371/journal.pone.0011040


32. Vuurmans T, Byrne J, Fretz E, et al. Chronic kidney injury in patients 
after cardiac catheterisation or percutaneous coronary 
intervention: a comparison of radial and femoral approaches (from 
the British Columbia Cardiac and Renal Registries). Heart 
2010;96:1538e42.

33. Jolly SS, Yusuf S, Cairns J, et al. Radial versus femoral access for 
coronary angiography and intervention in patients with acute 
coronary syndromes (RIVAL): a randomised, parallel group, 
multicentre trial. Lancet 2011;377:1409e20.

34. Siller-Matula JM, Huber K, Christ G, et al. Impact of clopidogrel 
loading dose on clinical outcome in patients undergoing 
percutaneous coronary intervention: a systematic review and 
meta-analysis. Heart 2010;97:98e105.

35. Patti G, Ba´rczi G, Orlic D, et al. Outcome comparison of 600- and 
300-mg loading doses of clopidogrel in patients undergoing primary 
percutaneous coronary intervention for ST-segment elevation 
myocardial infarction: results from the ARMYDA-6 MI (Antiplatelet 
therapy for Reduction of MYocardial Damage during Angioplasty-
Myocardial Infarction) randomized study. J Am Coll Cardiol 
2011;58:1592e9.

36. Breet NJ, van Werkum JW, Bouman HJ, et al. High on-treatment 
platelet reactivity to both aspirin and clopidogrel is associated with 
the highest risk of adverse events following percutaneous coronary 
intervention. Heart 2011;97:983e90.

37. Bouman HJ, Harmsze AM, van Werkum JW, et al. Variability in 
on-treatment platelet reactivity explained by CYP2C19*2 genotype 
is modest in clopidogrel pretreated patients undergoing coronary 
stenting. Heart 2011;97:1239e44.

38. Park KW, Park JJ, Lee SP, et al. Cilostazol attenuates on-treatment 
platelet reactivity in patients with CYP2C19 loss of function alleles 
receiving dual antiplatelet therapy: a genetic substudy of the 
CILON-T randomised controlled trial. Heart 2011;97:641e7.

39. Price MJ, Berger PB, Teirstein PS, et al; GRAVITAS Investigators. 
Standard- vs high-dose clopidogrel based on platelet function 
testing after percutaneous coronary intervention: the GRAVITAS 
randomized trial. JAMA 2011;305:1097e105.

40. Sambu N, Dent H, Englyst N, et al. Effect of clopidogrel withdrawal 
on platelet reactivity and vascular inflammatory biomarkers 1 year 
after drug-eluting stent implantation: results of the prospective, 
single-centre CESSATION study. Heart 2011;97:1661e7.

41. Warner TD, Armstrong PC, Curzen NP, et al. Dual antiplatelet 
therapy in cardiovascular disease: does aspirin increase clinical 
risk in the presence of potent P2Y12 receptor antagonists? Heart 
2010;96:1693e4.

42. Smit JJ, van Werkum JW, ten Berg J, et al. Prehospital triple 
antiplatelet therapy in patients with acute ST elevation myocardial 
infarction leads to better platelet aggregation inhibition and clinical 
outcome than dual antiplatelet therapy. Heart 2010;96:1815e20.

43. Hill RA, Chung H, George E, et al. Prasugrel for the treatment of 
acute coronary syndromes with percutaneous coronary 
intervention: NICE technology appraisal guidance. Heart 
2010;96:1407e8.

44. Eshaghian S, Shah PK, Kaul S. Advances in antiplatelet treatment 
for acute coronary syndromes. Heart 2010;96:656e61.

45. Wiviott SD, Braunwald E, McCabe CH, et al. TRITON-TIMI 38 
Investigators. Prasugrel versus clopidogrel in patients with acute 
coronary syndromes. N Engl J Med 2007;357:2001e15.

46. Wallentin L, Becker RC, Budaj A, et al. PLATO Investigators, Freij A, 
Thorse´n M. Ticagrelor versus clopidogrel in patients with acute 
coronary syndromes. N Engl J Med 2009;361:1045e57.

47. Mahoney EM, Wang K, Arnold SV, et al. Cost-effectiveness of 
prasugrel versus clopidogrel in patients with acute coronary 

syndromes and planned percutaneous coronary intervention: 
results from the trial to assess improvement in therapeutic 
outcomes by optimizing platelet inhibition with Prasugrel-
Thrombolysis in myocardial infarction TRITON-TIMI 38. Circulation 
2010;121:71e9.

48. Nikolic E, Janzon M, Hauch O, et al. Cost-effectiveness of treating 
acute coronary syndrome patients with ticagrelor for 12 months: 
results from the PLATO study. Eur Heart J. Published Online First: 
19 June 2012.

49. Hochtl T, Farhan S, Wojta J, et al. New anticoagulant agents in 
acute coronary syndromes. Heart 2010;97:244e52.

50. Stone GW, Witzenbichler B, Guagliumi G, et al; HORIZONS-AMI 
Trial Investigators. Heparin plus a glycoprotein IIb/IIIa inhibitor 
versus bivalirudin monotherapy and paclitaxel-eluting stents 
versus bare-metal stents in acute myocardial infarction 
(HORIZONS-AMI): final 3-year results from a multicentre, 
randomised controlled trial. Lancet 2011;377:2193e204.

51. Schwenkglenks M, Toward TJ, Plent S, et al. Cost-effectiveness of 
bivalirudin versus heparin plus glycoprotein IIb/IIIa inhibitor in the 
treatment of acute STsegment elevation myocardial infarction. 
Heart 2012;98:544e51.

52. Koutouzis M, Lagerqvist B, James S, et al. Unfractionated heparin 
administration in patients treated with bivalirudin during primary 
percutaneous coronary intervention is associated with lower 
mortality and target lesion thrombosis: a report from the Swedish 
Coronary Angiography and Angioplasty Registry (SCAAR). Heart 
2011;97:1484e8.

53. Langrish JP, Fox KA. Optimal antithrombotic treatment during 
primary percutaneous coronary intervention? Heart 
2011;97:1459e60.

54. Silvain J, Beygui F, Barthe´le´my O, et al. Efficacy and safety of 
enoxaparin versus unfractionated heparin during percutaneous 
coronary intervention: systematic review and meta-analysis. BMJ. 
2012;344:e553. [CrossRef]

55. Parise H, Maehara A, Stone GW, et al. Meta-analysis of randomized 
studies comparing intravascular ultrasound versus angiographic 
guidance of percutaneous coronary intervention in pre-drug-
eluting stent era. Am J Cardiol 2011;107:374e82.

56. Gauss S, Achenbach S, Pflederer T, et al. Assessment of coronary 
artery remodelling by dual-source CT: a head-to-head comparison 
with intravascular ultrasound. Heart 2011;97:991e7.

57. Schepis T, Marwan M, Pflederer T, et al. Quantification of non-
calcified coronary atherosclerotic plaques with dual-source 
computed tomography: comparison with intravascular ultrasound. 
Heart 2010;96:610e15.

58. Tahara S, Bezerra HG, Sirbu V, et al. Angiographic, IVUS and OCT 
evaluation of the long-term impact of coronary disease severity at 
the site of overlapping drug-eluting and bare metal stents: a 
substudy of the ODESSA trial. Heart 2010;96:1574e8.

59. Inoue T, Shite J, Yoon J, et al. Optical coherence evaluation of 
everolimus-eluting stents 8 months after implantation. Heart 
2010;97:1379e84.

60. Stone GW, Maehara A, Lansky AJ, et al. A prospective natural-
history study of coronary atherosclerosis. N Engl J Med 
2011;364:226e35.

61. Li QX, Fu QQ, Shi SW, et al. Relationship between plasma 
inflammatory markers and plaque fibrous cap thickness determined 
by intravascular optical coherence tomography. Heart 
2010;96:196e201. Meier P, Timmis A. Heart (2012). doi:10.1136/
heartjnl-2012-302569 7 of 8 Almanac 2012 [CrossRef]

62. Her SH, Yoo KD, Park CS, et al. Long-term clinical outcomes of 
overlapping heterogeneous drug-eluting stents compared with 
homogeneous drug-eluting stents. Heart 2011;97:1501e6.

Meier et al.
Almanac 2012: interventional cardiology

Anadolu Kardiyol Derg 
2013; 13: 91-101 99

http://dx.doi.org/10.1136/bmj.e553
http://dx.doi.org/10.1136/heartjnl-2012-302569


63. Behan MW, Holm NR, Curzen NP, et al. Simple or complex stenting 
for bifurcation coronary lesions: a patient-level pooled-analysis of 
the Nordic Bifurcation Study and the British Bifurcation Coronary 
Study. Circ Cardiovasc Interv 2011;4:57e64.

64. Gwon HC, Hahn JY, Koo BK, et al. Final kissing ballooning and long-
term clinical outcomes in coronary bifurcation lesions treated with 
1-stent technique: results from the COBIS registry. Heart 
2011;98:225e31.

65. Mills NL, Churchhouse AM, Lee KK, et al. Implementation of a 
sensitive troponin I assay and risk of recurrent myocardial 
infarction and death in patients with suspected acute coronary 
syndrome. JAMA 2011;305:1210e16.

66. Jaffe AS, Apple FS, Morrow DA, et al. Being rational about (im)
precision: a statement from the Biochemistry Subcommittee of the 
Joint European Society of Cardiology/American College of 
Cardiology Foundation/American Heart Association/World Heart 
Federation Task Force for the definition of myocardial infarction. 
Clin Chem 2010;56:941e3.

67. Mills NL, Lee KK, McAllister DA, et al. Implications of lowering 
threshold of plasma troponin concentration in diagnosis of 
myocardial infarction: cohort study. BMJ 2012;344:e1533.

68. Baker JO, Reinhold J, Redwood S, et al. Troponins: redefining their 
limits. Heart 2011;97:447e52.

69. Korosoglou G, Lehrke S, Mueller D, et al. Determinants of troponin 
release in patients with stable coronary artery disease: insights 
from CT angiography characteristics of atherosclerotic plaque. 
Heart 2010;97:823e31.

70. Goodacre SW, Bradburn M, Cross E, et al. The Randomised 
Assessment of Treatment using Panel Assay of Cardiac Markers 
(RATPAC) trial: a randomised controlled trial of point-of-care 
cardiac markers in the emergency department. Heart 2010;97:190e6.

71. Fox KA, Eagle KA, Gore JM, et al. The Global registry of acute 
coronary events, 1999 to 2009eGRACE. Heart 2010;96:1095e101.

72. Jolly SS, Shenkman H, Brieger D, et al. Quantitative troponin and 
death, cardiogenic shock, cardiac arrest and new heart failure in 
patients with non-STsegment elevation acute coronary syndromes 
(NSTE ACS): insights from the Global Registry of Acute Coronary 
Events. Heart 2010;97:197e202.

73. Politi L, Sgura F, Rossi R, et al. A randomised trial of target-vessel 
versus multivessel revascularisation in ST-elevation myocardial 
infarction: major adverse cardiac events during long-term follow-
up. Heart 2010;96:662e7.

74. Vlaar PJ, Mahmoud KD, Holmes DR Jr, et al. Culprit vessel only 
versus multivessel and staged percutaneous coronary intervention 
for multivessel disease in patients presenting with ST-segment 
elevation myocardial infarction: a pairwise and network meta-
analysis. J Am Coll Cardiol 2011;58:692e703.

75. Kornowski R, Mehran R, Dangas G, et al. HORIZONS-AMI Trial 
Investigators. Prognostic impact of staged versus "one-time" 
multivessel percutaneous intervention in acute myocardial 
infarction: analysis from the HORIZONS-AMI (harmonizing 
outcomes with revascularization and stents in acute myocardial 
infarction) trial. J Am Coll Cardiol 2011;58:704e11.

76. Suarez-Barrientos A, Lopez-Romero P, Vivas D, et al. Circadian 
variations of infarct size in acute myocardial infarction. Heart 
2011;97:970e6.

77. Eitel I, Desch S, de Waha S, et al. Long-term prognostic value of 
myocardial salvage assessed by cardiovascular magnetic 
resonance in acute reperfused myocardial infarction. Heart 
2011;97:2038e45.

78. Mather AN, Fairbairn TA, Ball SG, et al. Reperfusion haemorrhage 
as determined by cardiovascular MRI is a predictor of adverse left 

ventricular remodelling and markers of late arrhythmic risk. Heart 
2010;97:453e9.

79. O’Regan DP, Ariff B, Neuwirth C, et al. Assessment of severe 
reperfusion injury with T2* cardiac MRI in patients with acute 
myocardial infarction. Heart 2010;96:1885e91.

80. Kharbanda RK. Cardiac conditioning: a review of evolving 
strategies to reduce ischaemia-reperfusion injury. Heart 
2010;96:1179e86.

81. Ludman AJ, Yellon DM, Hasleton J, et al. Effect of erythropoietin as 
an adjunct to primary percutaneous coronary intervention: a 
randomised controlled clinical trial. Heart 2011;97:1560e5.

82. Pedersen CM, Schmidt MR, Barnes G, et al. Bradykinin does not 
mediate remote ischaemic preconditioning or ischaemia-
reperfusion injury in vivo in man. Heart 2011;97:1857e61.

83. Ikonomidis I, Iliodromitis EK, Tzortzis S, et al. Staccato reperfusion 
improves myocardial microcirculatory function and long-term left 
ventricular remodelling: a randomised contrast echocardiography 
study. Heart 2010;96:1898e903.

84. Sorensson P, Saleh N, Bouvier F, et al. Effect of postconditioning on 
infarct size in patients with ST elevation myocardial infarction. 
Heart 2010;96:1710e15.

85. Patel MR, Smalling RW, Thiele H, et al. Intra-aortic balloon 
counterpulsation and infarct size in patients with acute anterior 
myocardial infarction without shock: the CRISP AMI randomized 
trial. JAMA 2011;306:1329e37.

86. Reed M, Meier P, Tamhane UU, et al. The relative renal safety of 
iodixanol compared with low-osmolar contrast media: a meta-
analysis of randomized controlled trials. JACC Cardiovasc Interv 
2009;2:645e54.

87. Wi J, Ko YG, Kim JS, et al. Impact of contrast-induced acute kidney 
injury with transient or persistent renal dysfunction on long-term 
outcomes of patients with acute myocardial infarction undergoing 
percutaneous coronary intervention. Heart 2011;97:1753e7.

88. Gallagher S, Knight C. Contrast-induced nephropathy in primary 
percutaneous coronary intervention. Heart 2011;97:1723e5.

89. Meier P, Gurm HS. Is simpler also better? Brief sodium bicarbonate 
infusion to prevent contrast-induced nephropathy. Am J Cardiol 
2010;105:1042e3.

90. Hekimian G, Kim M, Passefort S, et al. Preoperative use and safety 
of coronary angiography for acute aortic valve infective 
endocarditis. Heart 2010;96:696e700.

91. O’Leary DH, Reuwer AQ, Nissen SE, et al. Effect of rimonabant on 
carotid intimamedia thickness (CIMT) progression in patients with 
abdominal obesity and metabolic syndrome: the AUDITOR Trial. 
Heart 2011;97:1143e50.

92. Roffi M. Peripheral arterial disease. Current evidence for carotid 
endarterectomy and carotid artery stenting. Heart 2010;96:636e42.

93. Brott TG, Hobson RW 2nd, Howard G, et al; CREST Investigators. 
Stenting versus endarterectomy for treatment of carotid-artery 
stenosis. N Engl J Med 2010;363:11e23.

94. Meier P, Knapp G, Tamhane U, et al. Short term and intermediate 
term comparison of endarterectomy versus stenting for carotid 
artery stenosis: systematic review and meta-analysis of 
randomised controlled clinical trials. BMJ 2010;340:c467. [CrossRef]

95. Neequaye SK, Halliday AW. Carotid artery stenting: the 2011 NICE 
guidelines. Heart 2011;98:274e5.

96. Venkatachalam S, Gray BH, Mukherjee D, et al. Contemporary 
management of concomitant carotid and coronary artery disease. 
Heart 2010;97:175e80.

97. Xie W, Liang L, Zhao L, et al. Combination of carotid intima-media 
thickness and plaque for better predicting risk of ischaemic 
cardiovascular events. Heart 2011;97:1326e31.

Meier et al.
Almanac 2012: interventional cardiology

Anadolu Kardiyol Derg 
2013; 13: 91-101100

http://dx.doi.org/10.1136/bmj.c467


98. Kodali SK, Williams MR, Smith CR, et al. PARTNER Trial Investigators.
Two-year outcomes after transcatheter or surgical aortic-valve 
replacement. N Engl J Med 2012;366:1686e95.

99. Abdel-Wahab M, Zahn R, Horack M, et al. Aortic regurgitation after 
transcatheter aortic valve implantation: incidence and early 
outcome. Results from the German transcatheter aortic valve 
interventions registry. Heart 2010;97:899e906.

100. Rode´s-Cabau J, Gutie´rrez M, Bagur R, et al. Incidence, predictive 
factors, and prognostic value of myocardial injury following 
uncomplicated transcatheter aortic valve implantation. J Am Coll 
Cardiol 2011;57:1988e99.

101. Reynolds MR, Magnuson EA, Lei Y, et al. Placement of Aortic 
Transcatheter Valves (PARTNER) Investigators. Health-related 
quality of life after transcatheter aortic valve replacement in 
inoperable patients with severe aortic stenosis. Circulation 
2011;124:1964e72.

102. Gotzmann M, Hehen T, Germing A, et al. Short-term effects of 
transcatheter aortic valve implantation on neurohormonal 
activation, quality of life and 6-minute walk test in severe and 
symptomatic aortic stenosis. Heart 2010;96:1102e6.

103. Watt M, Mealing S, Eaton J, et al. Cost-effectiveness of 
transcatheter aortic valve replacement in patients ineligible for 
conventional aortic valve replacement. Heart 2011;98:370e6.

104. Reynolds MR, Magnuson EA, Wang K, et al. PARTNER Investigators. 
Costeffectiveness of transcatheter aortic valve replacement 
compared with standard care among inoperable patients with 
severe aortic stenosis: results from the placement of aortic 
transcatheter valves (PARTNER) trial (Cohort B). Circulation 
2012;125:1102e9.

105. Piazza N, Otten A, Schultz C, et al. Adherence to patient selection 
criteria in patients undergoing transcatheter aortic valve 
implantation with the 18F CoreValve ReValving System. Heart 
2010;96:19e26.

106. Tamburino C, Capodanno D, Ussia GP. TAVI as a threat to surgical 
practice: “much ado about nothing” or “the quiet before the 
storm”? Heart 2010;96:1609e10.

107. Grant SW, Devbhandari MP, Grayson AD, et al. What is the impact 
of providing a transcatheter aortic valve implantation service on 
conventional aortic valve surgical activity: patient risk factors and 
outcomes in the first 2 years. Heart 2010;96:1633e7.

108. Farouque HMO, Clark DJ. Percutaneous mitral valve leaflet repair 
for mitral regurgitation: NICE guidance. Heart 2010;96:385e7.

109. Feldman T, Kar S, Rinaldi M, et al. Percutaneous mitral repair with 
the MitraClip system: safety and midterm durability in the initial 
EVEREST (Endovascular Valve Edge-to-Edge REpair Study) cohort. 
J Am Coll Cardiol 2009;54:686e94.

110. Glower D, Ailawadi G, Argenziano M, et al. EVEREST II Investigators. 
EVEREST II randomized clinical trial: predictors of mitral valve 
replacement in de novo surgery or after the MitraClip procedure. J 
Thorac Cardiovasc Surg 2012;143(4 Suppl):S60e3.

111. Gaemperli O, Moccetti M, Surder D, et al. Acute haemodynamic 
changes after percutaneous mitral valve repair: relation to mid-
term outcomes. Heart 2012;98:126e32.

112. Nagueh SF, Groves BM, Schwartz L, et al. Alcohol septal ablation for the 
treatment of hypertrophic obstructive cardiomyopathy. A multicenter 
North American registry. J Am Coll Cardiol 2011;58:2322e8.

113. Ball W, Ivanov J, Rakowski H, et al. Long-term survival in patients 
with resting obstructive hypertrophic cardiomyopathy comparison 
of conservative versus invasive treatment. J Am Coll Cardiol 
2011;58:2313e21.

114. Galve E, Sambola A, Saldan˜a G, et al. Late benefits of dual-
chamber pacing inobstructive hypertrophic cardiomyopathy: a 
10-year follow-up study. Heart 2010;96:352e6.

115. Jensen MK, Almaas VM, Jacobsson L, et al. Long-term outcome of 
percutaneous transluminal septal myocardial ablation in 
hypertrophic obstructive cardiomyopathy: a Scandinavian 
multicenter study. Circ Cardiovasc Interv 2011;4:256e65.

Meier et al.
Almanac 2012: interventional cardiology

Anadolu Kardiyol Derg 
2013; 13: 91-101 101




