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Abstract
Aims: Randomized trials of drug-eluting stents (DES) have demonstrated their ability to improve clinical out-

come in relatively simple lesion/patient subsets. Their potential in patients for whom the risk of coronary

bypass grafting is judged prohibitive, remains largely unexplored. To investigate periprocedural and one-

year outcome of percutaneous coronary intervention (PCI) using DES in patients refused for coronary artery

bypass grafting (CABG). 

Methods and results: At our institution, the therapeutic approach for all patients with multi-vessel disease

is decided, by consensus at a conjoint session with the clinical cardiologist, interventionalist and cardiotho-

racic surgeon enabling unequivocal identification of patients, refused surgery, who were referred for PCI.

The EuroSCORE was used to predict peri-operative mortality. From April 2002 to December 2003 we iden-

tified 84 such patients. The mean age was 70.9±10.1 years and 68% were men. More than one third had

prior CABG. Most patients presented with stable or unstable angina pectoris. The reasons for refusal for

CABG were: unsuitable coronary anatomy (37%), poor functional status (28%), patent grafts other than

the culprit vessel (25%), prior CABG (28%), severe left ventricular dysfunction (13%), co-existing malig-

nancy (18%), prior disabling stroke (12%) and morbid obesity (11%). Using the standard and logistic

EuroSCORE methods, the predicted in-hospital mortality rates were 7.8±3.3% and 13.2±11.1% respec-

tively. In this study, the actual mortality rate was 1.2% at 30 days, 3.6% at 6 months and 4.8% at 1 year

follow-up. 

Conclusions: PCI in high risk patients who were refused for CABG in the DES-era resulted in an early and

1-year mortality rate that was significantly lower than the predicted operative mortality.
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Eluting Stents in Patients refused CABG

Introduction
Percutaneous coronary intervention (PCI) has evolved to become

the preferred alternative to coronary artery bypass grafting (CABG)

in many lesion/patient subsets1 and the advent of drug eluting

stents (DES), which dramatically reduce the need for reinterven-

tion2, may soon extend these indications to patients with more com-

plex or extensive lesions in whom CABG has traditionally been the

recommended approach3-7. 

Given the less invasive nature of percutaneous intervention, it is

often used as a “bailout” procedure in patients, in whom the site or

extent of the vascular lesions would normally be considered an indi-

cation for surgery, but who are judged to have a prohibitively high

risk of adverse outcomes with CABG because of cardiac or extrac-

ardiac comorbidities. 

The Angina With Extremely Serious Operative Mortality Evaluation

(AWESOME) trial compared CABG with PCI in patients at high risk

for CABG with medically refractory ischemia; bare stents were

implanted in 54% of patients; the authors concluded that PCI was

a safe alternative to CABG with comparable survival, but a higher

rate of reintervention in the PCI group8,9. We evaluated procedural

and 1-year outcome in patients in whom CABG was not considered

an option for revascularization, based on a consensus decision of

the referring cardiologist, interventionalist and cardiothoracic sur-

geon, who were subsequently treated with PCI with a DES as the

default stent. The expected in-hospital mortality rate was calculated

with both the standard and logistic EuroSCORE, a validated surgical

outcome tool and compared with the observed mortality10-15. 

Methods
Our institutional policy requires that the revascularization strategy,

for patients referred to our center, for elective treatment of multi-

vessel coronary artery disease be decided, by consensus at a mul-

tidisciplinary case conference, where the referring cardiologist, an

interventional cardiologists and a cardiothoracic surgeon are pres-

ent. For emergent referrals, a similar strategy is applied on an ad-

hoc basis in the catheterization laboratory. 

Since April 2002, our institution has implemented a policy of univer-

sal DES utilization for all patients requiring coronary stent implanta-

tion. Until February 2003, sirolimus-eluting stents (Cypher®, Cordis,

a Johnson & Johnson Company, Miami Lakes, FL, USA) were used,

since then we have used paclitaxel-eluting stents (Taxus™, Boston

Scientific Corporation, Natick, MA, USA). Clinical, procedural and

follow-up data for all patients receiving DES have been prospective-

ly collected as part of the Rapamycin-Eluting Stent Evaluated At

Rotterdam Cardiology Hospital (RESEARCH)3 and Taxus-Stent

Evaluated At Rotterdam Cardiology Hospital (T-SEARCH)4 registries

respectively.

The study population comprised consecutive patients treated

between April 2002 and December 2003, by percutaneous coro-

nary intervention, after a consensus decision, that surgical interven-

tion (or re-intervention) carried an unacceptably high risk.

The EuroSCORE, a validated tool to assess surgical risk, was used

to obtain an objective assessment of the expected post-operative

mortality in the group10,13,15. Both the standard and the logistic

score were calculated11,12,14.

Follow-up and endpoint definition
Clinical follow-up was obtained for all patients. Clinical endpoints

were all-cause mortality and major adverse cardiac events (MACE),

defined as a composite of death, myocardial infarction and target

vessel revascularization (TVR) at one year. Survival status was

obtained from the the Municipal Civil Registries at 6 months and

1 year post-procedure. Myocardial infarction was defined as a rise

in creatinine kinase-MB fraction more than 3 times the upper limit

of normal; TVR was defined as any re-intervention within the stent-

ed vessel. Myocardial infarctions and re-interventions were

prospectively recorded on our institutional database. Surviving

patients received a health questionnaire at 6 months and one year.

Further clinical information was obtained from the referring cardiol-

ogist or general practitioners, where required.

Results
Baseline and procedural characteristics are presented in Tables 1

and 2. The mean age of the patients was 70.9±10.1 years and 68%

were men. More than a third (37%) had prior CABG. Glycoprotein

IIb/IIla-blockers were used in 24% of patients. Drug-eluting stents

were used in 88% of patients; in 15% of the patients bare metal

stents were used due to the unavailability of large diameter DES for

the treated vessels. The mean number of implanted stents was

2.8±1.8 mm, with a total length of 55.5±37.6 mm. Mean stent

diameter was 2.97±0.50 mm. 

The reasons for refusal for CABG were: unsuitable coronary anato-

my (37%), poor general condition (28%, mostly due to advanced

age), patent grafts other than the culprit vessel (25%), prior CABG

(28%), severe left ventricular (LV) dysfunction (13%), co-existing

malignancy (18%), prior disabling stroke (12%) and morbid obesi-

ty ( BMI > 35 kg/m2) (11%). Multiple reasons were present in 62%.

The reasons for surgical refusal are detailed in Table 3.

The predicted in-hospital mortality rate, calculated using the stan-

dard and logistic EuroSCORE, was 7.8±3.3% and 13.2±11.1%

respectively. The observed mortality was, however, significantly

lower: 1.2% at 30 days, 3.6% at 6 months and 4.8% at 1 year fol-

low-up (Table 4 and Figure 1). The incidence of myocardial infarc-

tion was 1.2% at 30 days, 3.6% at 6 months and 3.6% at 1 year.

Repeat revascularization of the target vessel occurred in no patient

at 30 days, 1.2% at 6 months, and in 3.6% at 1 year. Overall MACE

was relatively low: 2.4%, 7.1% and 10.7% at 30 days, 6 months

and 1 year follow-up respectively (Table 4 and Figure 2). 

Discussion
The randomized controlled trials that compared PCI with CABG or

that compared bare metal stents with DES excluded patients with

high risk features, such as prior CABG, unsuitable anatomy or poor

LV function. The AWESOME investigators randomized a subgroup of

such patients to PCI or CABG and concluded that PCI was an alter-

native to CABG, with comparable survival, although the reintervention

rate was, as expected, higher in the PCI group8,9. During the study

period, stents were used in just over half of the patients. The advent

of DES with their dramatic effect on the need for reintervention led us

to evaluate outcome in consecutive patients who were refused CABG

but were treated in our institution with PCI and default DES use3,4. 
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Table 1. Baseline characteristics (N=84)

Age, years±SD 70.9±10.1

Male, % 68

Diabetes, % 34

Hypercholesterolemia, % 61

Current smoker, % 10

Hypertension, % 48

BMI, kg/m2±SD 27±4

Previous MI, % 38

Previous PCI, % 22

Previous CABG, % 37

Time from first CABG, years±SD 12.5±5.4

Serum creatinine, mmol/L±SD 123±129

1-vessel, % 7

2-vessel, % 32

3-vessel, % 57

Left main, % 4

Left ventricular dysfunction, % 48

Standard EuroSCORE, mean±SD 7.8±3.3

Logistic EuroSCORE, mean±SD 13.2±11.1

Table 2. Procedural characteristics

Indication for the procedure

Stable Angina, % 50

Unstable angina, % 43

Acute myocardial infarction, % 7

Time to procedure, days±SD 38±54

IIb/IIIa-antagonist use, % 24

Any drug-eluting stent use, % 88

Sirulimus-eluting stents, % 51

Paclitaxel-eluting stents, % 36

Bare metal stents, % 15

Mean stent diameter, mm±SD 2.97±37.6

Total stent length, mm±SD 55.5±37.6

Number of stents, mean±SD 2.8±1.8

Use of small stents (≤ 2,5 mm), % 30

Vein grafts, % 12

Bifurcations, % 13

TIMI-0 flow pre-intervention, % 8

Table 3. Reason for surgical refusal (%)

Unsuitable anatomy 37

Poor functional status 28

Patent grafts 25

Grafts adherent to sternum 4

Re-thoracotomy 22

Re-re-thoracotomy 6

Severe LV dysfunction 13

Concomitant valvular disease 4

No suitable venous material 5

Malignancy 18

Neurologic 12

Morbid obesity (BMI >35 kg/m2) 11

Renal failure 7

Severe lung disease 6

Other extra-cardiac co-morbidity 9

Multiple risk factors 62

Table 4. Components of MACE at 30 days, 6 months and one year

30 Days 6 Months 1 Year

Death, n (%) 1 (1.2%) 3 (3.6%) 4 (4.8%)

Myocardial infarction, n (%) 1 (1.2%) 3 (3.6%) 3 (3.6%)

Target vessel revascularization, n (%) 0 (0%) 1 (1.2%) 3 (3.6%)

Major adverse cardiac events, n (%) 2 (2.4%) 6 (7.1%) 9 (10.7%)

Figure 1. Kaplan-Meier curve for cumulative all cause mortality plot
for patients refused for CABG; the dotted line indicates the peri-oper-
ative mortality derived from the standard Euroscore.

Figure 2. Kaplan-Meier curve for MACE (death/ MI/ TVR) in patients
refused for CABG.
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The major finding of the study was that PCI in high-risk patients

refused CABG and subsequently treated with DES was associated

with low periprocedural and 1-year mortality rates, that were signif-

icantly lower than the mortality rates predicted by the EuroSCORE

method, a validated tool for surgical risk assessment. 

To estimate the peri-operative mortality, we used the standard (or

additive) and logistic EuroSCORE, a validated surgical outcome tool.

The logistic EuroSCORE is more suitable for patients with very high

risk features, i.e. patients with a standard EuroSCORE of 6 or more

or patients with CABG and concomitant valve surgery14. In a single

centre report, the standard EuroSCORE score had significantly bet-
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ter discriminatory power to predict 30-day mortality rate than the

Society of Thoracic Surgeons (STS) risk score system15. 

In this study unsuitable anatomy, prior CABG, patent grafts and LV

dysfunction were the most important cardiac factors for the heart

team to decline surgical revascularization in a patient. The extra-

cardiac factors were poor functional status, malignancy, neurologi-

cal disability, morbid obesity, renal failure and chronic obstructive

pulmonary disease. Overall, two-thirds of patients had multiple risk

factors that precluded CABG. 

The major randomised controlled trails comparing PCI with bare

stents versus CABG concluded that no statistical differences are

observed between CABG and stenting for mortality or acute myocar-

dial infarction, but that CABG is associated with reduced rates of

major adverse cardiac events, mostly driven by reduced repeat

revascularisation1,16. With the extended use of DES, the rate of

repeat revascularisation in our study was very low at 1-year

(Table 4); in former studies a major drawback compared with sur-

gery, although the long term results are not yet known in our partic-

ular group of patients. 

A recent trial randomized patients with carotid stenosis to percuta-

neous intervention with stent implantation or to surgery showed that

the outcome did not differ significantly17. This study had parallel

registries documenting outcome in patients, refused for surgery or

for percutaneous intervention, who were subsequently treated with

either method. Interestingly, the outcome in patients refused for sur-

gery who were treated percutaneously, did not differ significantly

from that of the patients who were judged suitable for randomisa-

tion. Our study highly suggests that in the DES era, PCI is a reason-

able alternative for patients requiring revascularization in whom the

risk of adverse outcomes with CABG is judged to be unacceptably

high. Further studies are needed to confirm our results, although

randomized controlled trials in this group of patients would be diffi-

cult, especially if compared with medical therapy.

Limitations
The present study has several limitations: it is non-randomized, has

an observational design and a heterogenous study population. Not

all patients were strictly inoperable; i.e. patients with patent grafts to

the LAD were not reoperated on at the first instance. Other patients

would have been operative candidates, albeit at a much higher risk,

if percutaneous treatment was not an option. Although the decision

is reached by consensus, it is very operator dependent as the com-

position of the heart team changes and there are no accepted

guidelines. Also, a control group of conservative, medically treated

patients were not available.

Conclusions
Percutaneous coronary intervention in high risk patients refused

CABG and subsequently treated with drug-eluting stents is associ-

ated with low early and 1-year mortality, significantly lower than

EuroSCORE predicted rates. The 1-year incidence of major adverse

cardiac events, especially the repeat revascularisation, is low as

compared to former trials comparing bare stents versus CABG. 
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