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Abstract
Aims: This study aimed to examine the strategy of hybrid percutaneous coronary intervention (PCI) –bare

metal stent (BMS) and drug-eluting stent (DES)– versus exclusive DES implantation for patients undergoing

multivessel PCI.

Methods and results: A cohort of 2,065 patients who underwent PCI (698 hybrid, 1,367 exclusive DES)

were followed clinically up to one year. The primary outcome was target vessel revascularisation-major

adverse cardiac events (TVR-MACE). Patients presenting with cardiogenic shock, anaemia (haematocrit

<25), and bypass graft PCI were excluded. Only patients with ≥2 stents in two different lesions were

analysed for this study. Baseline and procedural characteristics were similar. Major in-hospital

complications and subacute stent thrombosis rates were similar. At one year, there was no difference in

TVR-MACE (hybrid 17.2% vs. DES 14.6%, p=0.128). On multivariable analysis, hybrid PCI was not

a predictor of TVR-MACE. The strongest predictors of TVR-MACE at one year were hypertension and

African American race. Cumulative stent thrombosis rates at one year were similar in both groups.

Conclusions: Patients who undergo hybrid PCI have similar composite in-hospital and 1-year outcomes as

those who undergo exclusive DES PCI. The hybrid stent approach should be considered for patients with

multivessel PCI since it can lower the procedure cost without increasing adverse events.

KEYWORDS

Hybrid PCI, 

drug-eluting stent,

bare metal stent,

multivessel PCI

Clinical research

* Corresponding author: Washington Hospital Center, 110 Irving Street, NW, Suite 4B-1, Washington, DC 20010, USA

E-mail: ron.waksman@medstar.net

© Europa Edition 2011. All rights reserved.

EuroIntervention 2011;6:1085-1090

189_20100205_01_Syed_OK  31/03/11  17:53  Page1085



- 1086 -

Hybrid strategy for multivessel PCI

Introduction
Drug-eluting stents (DES) have reduced the need for repeat

revascularisation when compared to bare metal stents (BMS) after

percutaneous coronary intervention (PCI).1,2 Implantation of a BMS,

however, may be more cost effective than implantation of a DES.

Given the recent heightened concern for late stent thrombosis and

death, there is a resurgence of BMS use, which has reached a

plateau. There have been attempts to find new strategies of

revascularisation to minimise cost without the expense of an

increase in adverse events. However, when faced with the dilemma

of more complex subsets of patients and lesions, there are no large

clinical trials to help guide physicians. Faced with this uncertainty,

physicians have presented novel approaches to multivessel PCI.

One approach to consider is implantation of both a BMS and DES

during multivessel PCI (hybrid PCI). Hybrid PCI may be preferred

by operators because of the desire to adhere to “on-label” Food and

Drug Administration (FDA) indications for DES, economic

considerations, operator preference for certain lesion and patient

subsets, and concern for future adverse events (stent thrombosis).3-6

There are few data regarding outcomes after a hybrid PCI. The

current study was undertaken to report a large “real world”

experience in patients who had hybrid PCI versus exclusive DES

PCI for multivessel coronary artery disease. Clinical outcomes were

compared. Our aim was to determine whether the hybrid PCI approach

would reduce cost without increasing clinical adverse events.

Methods

Patient population

A cohort of 2,065 patients (698 with hybrid PCI, 1,367 with

exclusive DES) who underwent PCI from April 2003 to October

2007 at our institution were studied and followed clinically up to one

year. Clinical events were recorded and compared between the two

groups. Patients with cardiogenic shock, severe anaemia

(haematocrit <25), and all bypass graft PCI were excluded from this

analysis. After we obtained approval for a Health Insurance

Portability and Accountability Act waiver from our local Institutional

Review Board, we extracted from the entire database all patients

who corresponded to the inclusion criteria and conducted a

retrospective analysis of the clinical outcomes. In both groups,

implantation of ≥2 stents in two different native coronary lesions was

required. The decision to implant a BMS or a DES was at the

individual operator’s discretion.

Procedure

Coronary angioplasty was performed in the conventional manner

and coronary stents or other procedures/devices were used when

required. Adjunct balloon inflation was added after initial stent

deployment in some cases. Optimal stent implantation was carefully

monitored using an iterative technique with intravascular ultrasound

monitoring in the majority of cases. In all cases, the interventional

strategy, including the use of direct stenting, pre- or post-dilatation,

intravascular ultrasound, use of ablative devices, choice of

periprocedural adjunctive antiplatelet therapy, and choice of

antithrombotic regimen was at the discretion of the responsible

physician. Angiographic success was defined as a stenosis of ≤30%

with a Thrombolysis in Myocardial Infarction (TIMI) flow grade 3. All

patients received aspirin 325 mg/day before the intervention and

continued this regimen indefinitely. Additional antiplatelet therapy

with either clopidogrel 75 mg/day (after a loading dose of 300 to

600 mg) or ticlopidine 250 mg twice daily was instituted in all

patients and was continued for ≥1 year.

The anticoagulation regimen consisted of either bivalirudin with or

without low-dose heparin mixed in the contrast media or weight-

adjusted unfractionated heparin. Following sheath insertion,

bivalirudin was administered as a bolus of 0.75 mg/kg and then as

an intravenous infusion of 1.75 mg/kg/hour for the duration of the

procedure to achieve an activated clotting time between 250 and

300 seconds for unfractionated heparin and above 250 seconds for

bivalirudin. Activated clotting time was routinely measured before

and during the PCI (Hemochron; International Technidyne, Edison, NJ,

USA). The use of IIb/IIIa inhibitors was at the discretion of the operator.

Study definitions

The study end points for analysis were in-hospital complications

(death, myocardial infarction [MI], and coronary artery bypass

grafting [CABG]) and major adverse cardiac events (MACE) at one

year, defined as a composite of death, MI, and target vessel

revascularisation (TVR). A dedicated data-coordinating centre (Data

Center, MedStar Research Institute, Washington, DC, USA)

performed all data management and analyses. Pre-specified clinical

and laboratory data during hospitalisation periods were obtained

from hospital charts reviewed by independent research personnel

who were blinded to the objectives of the study. Death was defined

as all causes of mortality. MI this admission is defined as creatine

kinase-MB elevation ≥2 times the upper limit of normal and/or the

presence of ischaemic electrocardiogram changes including new

Q-waves or ST elevation ≥1 mm. ST-segment elevation MI was

defined as chest pain with ≥1 mm of ST-segment elevation on ≥2

contiguous electrocardiogram leads, chest pain refractory to

medical therapy with associated ST-segment depression in leads V2

to V5 (consistent with posterior injury), or a new left bundle branch

block. Cardiogenic shock was defined as maximal systolic pressure

<90 mmHg for ≥30 minutes unless treated with inotropes, or pump

failure as manifested by a cardiac index <2.2 liter/minute per m2

and pulmonary capillary wedge pressure >18 mmHg and/or

persistence of hypotension or pump failure after correction of

contributing extra-myocardial factors (e.g., hypovolemia, hypoxemia

or acidosis) and/or peripheral signs of hypoperfusion (e.g.,

peripheral vasoconstriction, urine output <30 ml/hour or altered

sensorium). Left ventricular ejection fraction (LVEF) was measured

by echocardiography or angiography during the hospitalisation.

Type C lesions (American College of Cardiology/American Heart

Association [ACC/AHA] classification) are defined as diffuse

(>2 cm), excessive tortuosity of proximal segment, >90˚ angulation,

chronic total occlusions and/or bridging collaterals, inability to

protect major side branches, and degenerated vein grafts with

friable lesions. FDA-approved indications for DES are defined as de

novo lesions that are 28-30 mm in length and 2.5-3.75 mm in

diameter. DES in our analysis included only paclitaxel- and
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sirolimus-eluting stents. Target lesion revascularisation (TLR) and

TVR were characterised by repeat percutaneous or surgical

intervention of the treated lesion or vessel, respectively, and were

clinically driven. All clinical events were adjudicated by source

documentation by independent physicians who were not involved in

the procedures. Stent thrombosis is considered “definite” as

defined by the Academic Research Consortium, which states, “the

presence of acute coronary syndrome with angiographic or autopsy

evidence of thrombus or occlusion.”

Statistical analysis

Statistical analysis was performed using the Statistical Analysis

System version 9.1 (SAS Institute Inc., Cary, NC, USA). Data are

expressed as mean ±SD for continuous variables and as

percentages for categorical variables. Student’s t test was used to

compare continuous variables and the chi-square test or Fischer’s

exact test was used to compare categorical variables. A p value

<0.05 was considered to indicate statistical significance. Cox

proportional hazard analysis was used to identify predictors of

MACE. Cox proportional regression models were used to control for

differences in the groups. Comparisons were made between hybrid

PCI and exclusive DES groups.

Results

Baseline characteristics

Baseline and procedural characteristics were similar. (Table 1) The

hybrid group had more acute MI and history of congestive heart

failure (CHF). The exclusive DES group had more African

Americans, hypertension, hyperlipidaemia, left anterior descending

PCI, and angiographic success.

Lesion and procedural characteristics

BMS compromised approximately 53.3% (949/1,780) of the hybrid

PCI group. The average number of DES implanted per patient was

1.45±0.81 for the hybrid group and 2.40±0.66 for the DES only

group (p <.001). The hybrid PCI group had a higher number of

diseased vessels, more type C ACC classification lesions, longer

DES stent lengths, and had longer procedure lengths and hospital

stays. (Table 2) Bivalirudin was more likely to be used in the DES

only group whereas heparin and glycoprotein IIb/IIIa inhibitors were

more likely to be used in the hybrid PCI group.

In-hospital outcomes

Major in-hospital complications defined as death, MI, and CABG

were similar in both groups. (Table 3) Subgroup analysis revealed

in-hospital death was higher in the hybrid PCI group, possibly

reflecting a sicker population at presentation. MI on admission

(which was significantly higher in the hybrid group) was a strong

predictor of in-hospital death (OR: 3.34 [1.51-7.39], p=0.003).

Major bleeding was similar in both groups, however overall vascular

complications were higher in the hybrid PCI group, which may be

a reflection of the greater use of heparin and glycoprotein IIb/IIIa

inhibitors. There were no differences in subacute stent thrombosis

or no-reflow phenomenon between the groups.

One-year outcomes

MACE, defined as death, Q-wave MI, and TVR at one year were

similar in both groups. (Table 3) Subgroup analysis did not reveal any

differences in death, MI, TVR, and TLR. In the univariable model,

independent predictors of MACE included African American race,

history of MI or CHF, dialysis, MI on admission, LVEF, number of

diseased vessels, length of hospital stay, acute renal failure, and type

C lesions. On multivariable analysis, the strongest predictors of MACE

at 1 year were African American race (HR: 1.4 [1.0-1.8], p=0.021),

history of CHF (HR: 1.4 [1.0-1.9], p=0.041), hypertension (HR: 1.8

[1.2-2.8], p=0.007), left anterior descending artery disease (HR: 1.3

[1.0-1.6], p=0.038). Intravascular ultrasound was a negative

predictor of MACE (HR: 0.70 [0.54-0.91], p= 0.007). Hybrid PCI was

not an independent predictor of MACE at one year even after

adjustment for differences in baseline characteristics. When defining

MACE as death, Q-wave MI and TLR, there was still no difference

between the two groups even after multivariate analysis (HR: 1.24,

[0.95-1.64], p=0.119). Rates of cumulative stent thrombosis at one

year were similar between the groups.

Clinical research

Table 1. Baseline characteristics.

Variable Hybrid DES only p value
(n=2065) (n=698) (n=1367)

Age (years) 65.94±12.11 65.06±12.42 0.125

Men 442/696 (63.5%) 895/1365 (65.6%) 0.354

Current smoker 138/698 (19.8%) 275/1366 (20.1%) 0.846

African American 130/697 (18.7%) 318/1365 (23.3%) 0.016

Hypertension 570/694 (82.1%) 1171/1364 (85.9%) 0.027

Hyperlipidaemia 585/689 (84.9%) 1214/1359 (89.3%) 0.004

Diabetes mellitus 245/696 (35.2%) 469/1355 (34.6%) 0.791

Family history of 

coronary artery disease 379/669 (56.7%) 688/1311 (52.5%) 0.078

Previous acute myocardial 

infarction (MI) 232/659 (35.2%) 443/1294 (34.2%) 0.670

Presentation with 

acute MI 166/695 (23.9%) 271/1365 (19.9%) 0.034

Previous congestive 

heart failure 107/654 (16.4%) 168/1310 (12.8%) 0.033

Previous coronary 

artery bypass graft 107/696 (15.4%) 183/1357 (13.5%) 0.245

Previous percutaneous 

coronary intervention 172/660 (26.1%) 361/1312 (27.5%) 0.492

Peripheral vascular 

disease 120/688 (17.4%) 221/1355 (16.3%) 0.517

Ejection fraction 0.47±0.14 0.49±0.14 0.084

Previous chronic 

renal insufficiency 86/694 (12.4%) 171/1363 (12.5%) 0.920

Dialysis 25/694 (3.6%) 40/1363 (2.9%) 0.413

Aspirin 670/683 (98.1%) 1340/1348 (99.4%) 0.006

Statin 614/644 (95.3%) 1232/1263 (97.5%) 0.010

Beta blockers 549/677 (81.1%) 1054/1333 (79.1%) 0.286

Angiotensin converting 

enzyme inhibitors 339/670 (50.6%) 657/1322 (49.7%) 0.704
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Discussion
Our study demonstrates that hybrid PCI for multivessel coronary

artery disease is safe and has a similar MACE rates at one year

compared to the exclusive DES group. On subgroup analysis, there

was no difference in death, MI, TVR, TLR, or stent thrombosis at one

year between the two groups. Hybrid PCI patients were sicker at

presentation. After adjustment for baseline characteristics, hybrid

PCI was not an independent predictor of MACE at one year. In-

hospital complications were similar between the two groups. In-

hospital death was higher in the hybrid PCI group, possibly reflecting

a sicker population at presentation. There was no difference in

subacute stent thrombosis or in the no re-flow phenomenon.

Multivessel coronary artery disease requires careful planning and

strategy prior to revascularisation factoring in co-morbid conditions,

LV function, future operations, probability of future adverse events,

ability to comply with dual antiplatelet therapy, and patient’s goals.

We previously published a report showing that multivessel PCI with

DES in non-diabetics has equivalent major adverse cardiac and

cerebrovascular event rates compared to CABG.7 To our knowledge,

however, there are no large comparisons between hybrid PCI and

exclusive DES strategies.

In multivessel PCI, patient and lesion characteristics, compliance,

economic considerations, as well as the need for- and risk of

prolonged dual antiplatelet therapy should be factored into the

decision making process prior to performing a multivessel PCI. For

example, patient characteristics considered independent predictors

of MACE in our study included hypertension, African American

race, history of CHF, and LAD disease. In these patients, a DES may

be preferred in certain lesion subsets compared to other

populations, although this needs to be examined in a randomised

study. The use of IVUS was a negative predictor of MACE. The

decision to use a BMS or DES should be independent of whether an

additional DES implantation is planned.

The FDA-approved indications for the DES have guided clinicians

although adherence is low. FDA indications for DES include the

following: “Sirolimus-eluting stents should be used in discrete de

novo lesions of ≤30 mm in length and reference vessel diameters of

≥2.5 mm-≤3.5 mm; Paclitaxel-eluting stents should be used in

discrete de novo lesions of ≤28 mm and reference vessel diameters

of ≥2.5 mm-≤3.75 mm.” Lesion characteristics for which to implant

a BMS include long lesions, large or small diameter vessels,

bifurcation lesions, restenotic lesions, left main lesions, ostial

lesions, totally occluded lesions and operator preference. All of our

patients had multivessel disease that required ≥2 stents (at least

one being DES). We excluded previously bypassed patients

because of the uncertainty of DES in saphenous vein graft (SVG)

Table 3. In-hospital outcomes and clinical events at one year.

Outcomes Hybrid DES only p value
(n=698) (n=1367)

In-hospital outcomes

Major in-hospital complications

(death, QWMI, CABG) 16/698 (2.3%) 21/1366 (1.5%) 0.221

Death 14/698 (2.0%) 11/1366 (0.8%) 0.018

Q-wave myocardial 

infarction (QWMI) 3/692 (0.4%) 9/1363 (0.7%) 0.761

Coronary artery bypass 

graft (CABG) 0 1/1363 (0.1%) 1.000

In-hospital subacute 

thrombosis 2/698 (0.3%) 3/1366 (0.2%) 1.000

Major bleeding 14/698 (2.0%) 19/1366 (1.4%) 0.292

Vascular complications 34/697 (4.9%) 33/1366 (2.4%) 0.003

Clinical events at one year

Major adverse cardiac events

(death, MI, TVR) 120/698 (17.2%) 200/1367 (14.6%) 0.128

Death 48/688 (7.0%) 76/1350 (5.6%) 0.229

Myocardial infarction 

(MI) 16/659 (2.4%) 27/1324 (2.0%) 0.576

Target vessel 

revascularisation (TVR) 72/667 (10.8%) 130/1339 (9.7%) 0.446

Target lesion 

revascularisation (TLR) 60/662 (9.1%) 95/1334 (7.1%) 0.127

Stent thrombosis (ST) 6/698 (0.9%) 18/1367 (1.3%) 0.359

Table 2. Lesion and procedural characteristics.

Variable Hybrid DES only p value
Lesions (n=1921) Lesions (n=3292)
Patients (n=698) Patients (n=1367)

Number of diseased vessels 2.20±0.80 2.06±0.83 0.011

Number of lesions dilated 2.63±1.32 2.41±1.19 <.001

Treated vessel

Right coronary 741/1921 (38.6%) 1256/3291 (38.2%) 0.770

Left main 39/1921 (2.0%) 50/3291 (1.5%) 0.170

Left anterior descending 628/1921 (32.7%) 1216/3291 (36.9%) 0.002

Left circumflex 513/1921 (26.7%) 769/3291 (23.4%) 0.007

Lesion type (ACC/AHA criteria)

Type A 108/1795 (6.0%) 193/3190 (6.1%) 0.962

Type B 1257/1795 (70.0%) 2452/3190 (76.9%) <.001

Type C 430/1795 (24.0%) 545/3190 (17.1%) <.001

Restenotic lesion 63/1909 (3.3%) 90/3283 (2.7%) 0.251

Drug-eluting stent length 

(mm) 21.27±6.49 20.27±5.62 <.001

Drug-eluting stent diameter 

(mm) 3.00±0.92 3.04±0.82 0.291

Pre-loaded with clopidogrel 293/668 (43.9%) 512/1312 (39.0%) 0.038

Procedure length (min) 71.44±41.16 62.51±44.02 <.001

Length of hospital stay (days) 3.21±4.30 2.75±3.81 0.017

Angiographic success 1865/1903 (98.0% ) 3227/3260 (99.0%) 0.003

Direct stenting 584/1784 (32.7%) 1234/3266 (37.8%) <.001

Pre-dilation 481/1474 (32.6%) 1028/3139 (32.7%) 0.937

Post-dilation 298/1474 (20.2%) 912/3139 (29.1%) <.001

Intravascular ultrasound 

performed 1166/1832 (63.6%) 2271/3215 (70.6%) <.001

No-reflow 6/1742 (0.3%) 5/3126 (0.2%) 0.216

Bivalirudin 476/698 (68.2%) 1077/1366 (78.8%) <.001

Unfractionated heparin 

(>2000 units) 115/698 (16.5%) 157/1366 (11.5%) 0.002

Glycoprotein IIb/IIIa 

inhibitors 104/693 (15.0%) 110/1364 (8.1%) <.001
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PCI and the possibility of an increase in adverse events compared to

“de novo” lesions. In our study, the decision to use a BMS was left

to the operator.

Controversies do exist regarding which lesions may be best treated

with DES. Mirabella et al showed that implanting a DES for complex

lesions (type B2/C ACC classification lesions) and BMS for simple

lesions (type A/B1 lesions) may be an acceptable approach.8 There

was a reduction in TLR in patients who had type B2/C lesions and

received a DES compared to BMS, while there was no difference

seen in type A/B1 lesions. This finding is inconsistent with other

studies, which showed that complex lesions typically are not

suitable for DES implantation and may have more adverse events.

Identification of lesion class by ACC/AHA lesion classification may

assist in choice of stent type (BMS versus DES) however, large

randomised trials need to determine if it is solely the classification,

or if other factors are also involved. The Society of Coronary

Angiography and Intervention (SCAI) classification simplifies lesion

classification and may better predict success and complications,

but it is unknown if this would assist in choosing a BMS or a DES.9

In our study, type C lesions accounted for a significantly higher

percentage of hybrid PCI versus exclusive DES PCI although type C

lesion was not a predictor of MACE in our study.

In our study, the hybrid strategy had similar MACE rates, including

restenosis rates. Although this finding is conflicting, there are

numerous studies that show increased adverse events with DES

implantation in complex lesions. In one observational study, the

adjusted outcomes did not differ between DES and BMS, although

there was a significantly lower rate of repeat revascularisation in the

DES group.10 Subsets of lesion and patient characteristics for which

DES were considered included patients with in-stent restenosis of

BMS, left main stenosis, acute MI, diabetes, total occlusions, and

small diameter vessels.11-18 However, these studies are small and do

not have long-term follow up, thus leaving the issue unresolved. It

has been argued that improved techniques of PCI, including high

pressure inflations, intravascular ultrasound guidance, and

prolonged dual antiplatelet therapy, have substantially reduced the

risk of stent thrombosis and possibly justify the use of DES for more

complex lesions; however this has not been adequately studied. In a

report by Varani et al, patients undergoing multivessel PCI were

divided into three groups (BMS only, DES only, and mixed).19 In that

study, there were no differences in 1-year outcomes among the

three groups when DES were used in high-risk patients and lesions.

They also reported that the use of ≥1 DES reduced the risk of TVR

by 37% and MACE by 29%. Other unresolved issues include

duration of dual antiplatelet therapy in patients with hybrid PCI.

Since there appears to be a significant association between

unapproved use of DES and stent thrombosis, duration of prolonged

dual antiplatelet therapy is still uncertain in these circumstances.

Hybrid PCI approach would result in a significant reduction in cost

to the patient and the health care system compared to the exclusive

DES approach. In 2003, according to manufacturer data of DES,

Medicare reimbursements for a DES in the in-patient hospital

setting were anywhere from $1,700-$2,600.20 DES cost about three

times as much as BMS. According to the AHA 2009 update, there

were 1,313,000 PCIs done in 2006.21 On the other hand, the FDA

and multiple registries approximate that 50-60% of PCI with DES is

for unapproved indications. This would translate to a cost savings of

approximately $1 billion per year if the appropriate PCI strategy was

employed. Reduction in duration of prolonged dual antiplatelet

therapy could also account for additional cost savings to the health

care system. One report found that when calculating cost analysis

and taking into account late stent thrombosis, there was little cost

per quality-adjusted life-year gained and cost per revascularisation

avoided when using DES.22 It has been proposed by the ACC/AHA

guidelines that only patients with the highest risk of restenosis

should be considered for a DES because of the cost to the health

care system.23

There are limitations to our study. Our study was a retrospective

analysis with its inherent limitations. We excluded SVG PCI, although

this would only have further impacted favourably towards a hybrid PCI

approach since this is also an indication to avoid DES. Our analysis did

not include newer DES, although there is still only limited

comprehensive long-term data for second-generation DES. In addition,

we could not analyse the reason for implantation of a BMS. Long- term

(>1 year) outcomes must also be studied before definitive conclusions

about hybrid PCI can be made, especially because of the risk of DES

very late stent thrombosis. Nevertheless, we have demonstrated that

hybrid PCI reduces cost and has similar adverse events as an

exclusive DES approach in patients undergoing multivessel PCI.

In conclusion, our study confirms that a hybrid PCI approach for

multivessel coronary artery disease reduces cost without increasing

adverse events at one year. Multivessel PCI with the hybrid PCI

strategy should be utilised in contemporary clinical practice and

would substantially reduce the cost burden to the health care

system without an increased risk to the patient.

References

1. Moses JW, Leon MB, Popma JJ, Fitzgerald PJ, Holmes DR,

O’Shaughnessy C, Caputo RP, Kereiakes DJ, Williams DO, Teirstein PS,

Jaeger JL, Kuntz RE; SIRIUS Investigators.Sirolimus-eluting stents versus

standard stents in patients with stenosis in a native coronary artery. N Engl

J Med. 2003;349:1315-23.

2. Stone GW, Ellis SG, Cox DA, Hermiller J, O’Shaughnessy C, Mann JT,

Turco M,Caputo R, Bergin P, Greenberg J, Popma JJ, Russell ME; TAXUS-

IV Investigators. A polymer-based, paclitaxel-eluting stent in patients with

coronary artery disease. N Engl J Med. 2004;350:221-31.

3. Beohar N, Davidson CJ, Kip KE, Goodreau L, Vlachos HA, Meyers SN,

Benzuly KH, Flaherty JD, Ricciardi MJ, Bennett CL, Williams DO.

Outcomes and complications associated with off-label and untested use

of drug-eluting stents. JAMA. 2007;297:1992-2000.

4. Win HK, Caldera AE, Maresh K, Lopez J, Rihal CS, Parikh MA,

Granada JF, Marulkar S, Nassif D, Cohen DJ, Kleiman NS; EVENT

Registry Investigators. Clinical outcomes and stent thrombosis following

off-label use of drug-eluting stents. JAMA. 2007;297:2001-9.

5. Food and Drug Administration (FDA) Update to FDA statement on

coronary drug-eluting stents. htttp://www.fda.gov/MedicalDevices/Safety/

AlertsandNotices/PublicHealthNotifications/ucm062120.htm (last updated

on 4/30/2009).

6. Farb A, Boam AB. Stent thrombosis redux - the FDA perspective.

N Engl J Med. 2007;356:984-7.

Clinical research

189_20100205_01_Syed_OK  31/03/11  17:53  Page1089



- 1090 -

Hybrid strategy for multivessel PCI

7. Javaid A, Steinberg DH, Buch AN, Corso PJ, Boyce SW, Pinto

Slottow TL, Roy PK, Hill P, Okabe T, Torguson R, Smith KA, Xue Z,

Gevorkian N, Suddath WO, Kent KM, Satler LF, Pichard AD, Waksman R.

Outcomes of coronary artery bypass grafting versus percutaneous coro-

nary intervention with drug-eluting stents for patients with multivessel

coronary artery disease. Circulation. 2007;116:I200-6.

8. Mirabella F, Francaviglia B, Capodanno D, Di Salvo ME, Galassi AR,

Ussia GP, Capranzano P, Tamburino C. Treatment of multilesion coronary

artery disease with simultaneous drug-eluting and bare-metal stent

implantation: clinical follow up and angiographic mid-term results.

J Invasive Cardiol. 2009;21:145-50.

9. Krone RJ, Shaw RE, Klein LW, Block PC, Anderson HV, Weintraub WS,

Brindis RG, McKay CR; ACC-National Cardiovascular Data Registry.

Evaluation of the American College of Cardiology/American Heart

Association and the Society for Coronary Angiography and Interventions

lesion classification system in the current “stent era” of coronary interven-

tions (from the ACC-National Cardiovascular Data Registry). Am J Cardiol.

2003;92:389-94.

10. Marroquin OC, Selzer F, Mulukutla SR, Williams DO, Vlachos HA,

Wilensky RL, Tanguay JF, Holper EM, Abbott JD, Lee JS, Smith C,

Anderson WD, Kelsey SF, Kip KE. A comparison of bare-metal and drug-

eluting stents for off-label indications. N Engl J Med. 2008;358:342-52.

11. Chieffo A, Morici N, Maisano F, Bonizzoni E, Cosgrave J,

Montorfano M, Airoldi F, Carlino M, Michev I, Melzi G, Sangiorgi G, Alfieri O,

Colombo A. Percutaneous treatment with drug-eluting stent implantation

versus bypass surgery for unprotected left main stenosis: a single-center

experience Circulation. 2006;113:2542-7.

12. Dawkins KD, Grube E, Guagliumi G, Banning AP, Zmudka K,

Colombo A, Thuesen L, Hauptman K, Marco J, Wijns W, Popma JJ,

Weissman NJ, Koglin J, Russell ME. Clinical efficacy of polymer-based

paclitaxel-eluting stents in the treatment of complex, long coronary artery

lesions from a multicenter, randomized trial: support for the use of drug-

eluting stents in contemporary clinical practice Circulation.

2005;112:3306-13.

13. Dibra A, Kastrati A, Mehilli J, Pache J, Schühlen H, von Beckerath N,

Ulm K, Wessely R, Dirschinger J, Schömig A; ISAR-DIABETES Study

Investigators. Paclitaxel-eluting or sirolimus-eluting stents to prevent

restenosis in diabetic patients. N Engl J Med. 2005;353:663-70.

14. Spaulding C, Henry P, Teiger E, Beatt K, Bramucci E, Carrié D,

Slama MS, Merkely B, Erglis A, Margheri M, Varenne O, Cebrian A, Stoll HP,

Snead DB, Bode C; TYPHOON Investigators. Sirolimus-eluting versus

uncoated stents in acute myocardial infarction. N Engl J Med. 2006;

355:1093-1104.

15. Scheller B, Hehrlein C, Bocksch W, Rutsch W, Haghi D, Dietz U,

Böhm M, Speck U. Treatment of coronary in-stent restenosis with a pacli-

taxel-coated balloon catheter. N Engl J Med. 2006;355:2113-24

16. Sabate M, Jimenez-Quevedo P, Angiolillo DJ, Gómez-Hospital JA,

Alfonso F, Hernández-Antolín R, Goicolea J, Bañuelos C, Escaned J,

Moreno R, Fernández C, Fernández-Avilés F, Macaya C; DIABETES

Investigators. Randomized comparison of sirolimus-eluting stent versus

standard stent for percutaneous coronary revascularization in diabetic

patients: the diabetes and sirolimus-eluting stent (DIABETES) trial.

Circulation. 2005;112:2175-83.

17. Neumann FJ, Desmet W, Grube E, Brachmann J, Presbitero P,

Rubartelli P, Mügge A, Di Pede F, Füllgraf D, Aengevaeren W, Spedicato L,

Popma JJ. Effectiveness and safety of sirolimus-eluting stents in the treat-

ment of restenosis after coronary stent placement. Circulation

2005;111:2107-11.

18. Suttorp MJ, Laarman GJ, Rahel BM, Kelder JC, Bosschaert MA,

Kiemeneij F, Ten Berg JM, Bal ET, Rensing BJ, Eefting FD, Mast EG.

Primary Stenting of Totally Occluded Native Coronary Arteries II (PRISON II):

a randomized comparison of bare metal stent implantation with sirolimus-

eluting stent implantation for the treatment of total coronary occlusions.

Circulation. 2006;114:921-8.

19. Varani E, Saia F, Balducelli M, Guastaroba P, Marrozzini C,

Tarantino F, Passerini F, Sangiorgio P, Percoco G, Grilli R, Marzocchi A,

Maresta A. Percutaneous treatment of multivessel coronary disease in the

drug eluting stent era: comparison of bare-metal stents, drug-eluting

stents and a mixed approach in a large multicentre registry.

EuroIntervention. 2007;2:474-80.

20. http://www.cordis.com/active/crdus/en_US/html/cordis/down-

loads/DES_guide.pdf

21. http://www.americanheart.org/presenter.jhtml?identifier=4439

22. Filion KB, Roy AM, Baboushkin T, Rinfret S, Eisenberg MJ. Cost-

effectiveness of drug eluting stents including economic impact of late

stent thrombosis. Am J Cardiol. 2009;103:338-44.

23. King SB, Smith SC, Hirshfeld JW, Jacobs AK, Morrison DA, Williams DO.

2007 focused update of the ACC/AHA/SCAI 2005 guideline update for

percutaneous coronary intervention: a report of the American College of

Cardiology/American Heart Association Task Force on Practice guidelines.

J Am Coll Cardiol. 2008;51:172-209.

189_20100205_01_Syed_OK  31/03/11  17:53  Page1090


