CLINICAL RESEARCH

CORONARY INTERVENTIONS

EuroIntervention 2014;10:664-671 

Clinical outcome following second-generation drug-eluting
stent use for off-label versus on-label indications: insights
from the two-year outcome of the TWENTE trial
Hanim Sen1, MD; Ming Kai Lam1, MD; Kenneth Tandjung1, MD, PhD; Mounir W.Z. Basalus1, MD, PhD;
Frits H.A.F. de Man1, MD, PhD; J. Hans W. Louwerenburg1, MD; Martin G. Stoel1, MD, PhD;
Gert K. van Houwelingen1, MD; Marije M. Löwik1, PhD; Gerard C.M. Linssen2, MD, PhD;
Salah A.M. Saïd2, MD, PhD; Mark B. Nienhuis3, MD, PhD; Patrick M.J. Verhorst1, MD, PhD;
Job van der Palen4,5, PhD; Clemens von Birgelen1,6*, MD, PhD
1. Department of Cardiology, Thoraxcentrum Twente, Medisch Spectrum Twente, Enschede, The Netherlands; 2. Department of
Cardiology, Ziekenhuisgroep Twente, Almelo and Hengelo, The Netherlands; 3. Department of Cardiology, Streekziekenhuis
Koningin Beatrix, Winterswijk, The Netherlands; 4. Department of Epidemiology, Medisch Spectrum Twente, Enschede,
The Netherlands; 5. Department of Research Methodology, Measurement and Data Analysis, University of Twente, Enschede,
The Netherlands; 6. Health Technology and Services Research, MIRA - Institute for Biomedical Technology and Technical
Medicine, University of Twente, Enschede, The Netherlands
H. Sen and M.K. Lam contributed equally to this manuscript.

KEYWORDS
• complex patients
• drug-eluting stent
• off-label
• percutaneous
coronary
intervention
• randomised
controlled trial
• TWENTE trial

Abstract
Aims: Drug-eluting stents (DES) were first used on-label - in simple patients with low clinical risk and easily
accessible lesions. Currently, DES are increasingly used off-label - in complex patients undergoing percutaneous coronary interventions (PCI) with historically higher event risk. Therefore, our aim was to investigate
whether patients with off-label indications for DES use had similar outcomes compared to patients who were
treated for on-label indications only.
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Methods and results: We analysed two-year follow-up data of 1,387 TWENTE trial patients, treated with
second-generation everolimus-eluting XIENCE V or zotarolimus-eluting Resolute stents, and compared offlabel vs. on-label DES use with regard to the following clinical endpoints: cardiac death, myocardial infarction (MI), periprocedural MI (≤48 hrs), and target vessel revascularisation (TVR). Patients with off-label
DES use (n=1,033; 74.5%) had more diabetes (22.9% vs. 17.5%; p=0.032), previous MI (35.9% vs. 22.3%;
p<0.001), type B2/C lesions (84.7% vs. 62.7%; p<0.001), and acute coronary syndromes (57.8% vs. 33.3%;
p<0.001). Nevertheless, cardiac death and TVR rates were similar to those of patients with on-label DES use
(p>0.8). Following off-label DES use, there was a higher incidence of PMI (5.0% vs. 1.4%; p=0.003), of
which only 1.1% reached creatine kinase levels >5x the upper limit of normal (ULN).
Conclusions: Despite differences in risk profile, patients with off-label DES use did not differ from patients
with on-label DES use in clinical endpoints other than periprocedural MI. These largely positive findings
underline the favourable safety profile of second-generation DES.

*Corresponding author: Department of Cardiology, Thoraxcentrum Twente, Medisch Spectrum Twente, Haaksbergerstraat 55,
7513 ER Enschede, The Netherlands. E-mail: c.vonbirgelen@mst.nl
© Europa Digital & Publishing 2014. All rights reserved.

664

SUBMITTED ON 17/09/2013 - REVISION RECEIVED ON 1ST 08/11/2013 / 2 ND 22/11/2013 - ACCEPTED ON 22/11/2013

Off-label vs. on-label use of second-generation DES

ACS
DES
MI
NSTE-ACS
PCI
STEMI
TVR

acute coronary syndromes
drug-eluting stent
myocardial infarction
non-ST-elevation acute coronary syndromes
percutaneous coronary intervention
ST-elevation myocardial infarction
target vessel revascularisation

Introduction
Initially, drug-eluting stents (DES) were intended to be implanted onlabel during percutaneous coronary interventions (PCI) in easily accessible lesions of low-risk patients1. Shortly thereafter, DES were increasingly
used off-label in patients who were characterised by a higher clinical
event risk and more challenging lesion anatomies2. Nevertheless, in routine clinical procedures with more off-label use of first-generation DES,
event rates were higher than in the initial pivotal trials3. Patients with offlabel use of first-generation DES had a higher risk of death, myocardial
infarction (MI), stent thrombosis (ST), and repeat revascularisation procedures than patients with on-label DES use3,4.
Second-generation DES with more biocompatible coatings5 were
developed to improve outcome and counteract the drawbacks of
the early-generation DES. The Resolute zotarolimus-eluting stent
(ZES) (Medtronic Cardiovascular, Santa Rosa, CA, USA) and the
XIENCE V® everolimus-eluting stent (EES) (Abbott Vascular,
Santa Clara, CA, USA) are two widely used second-generation
DES, for which similar safety and efficacy have been demonstrated
in the randomised RESOLUTE All Comers and TWENTE trials,
which enrolled patients with off-label DES use in two thirds and
three quarters of their study populations, respectively6,7. So far,
most data on clinical outcome following the use of second-generation DES for off-label indications have been derived from registries8-10. In particular, outcome data beyond one year were scarce11.
In a substudy of the prospective TWENTE trial7,12, we investigated
whether patients with off-label indications for DES use had a similar two-year clinical outcome as compared to patients who were
treated for on-label indications only.

Methods
STUDY DESIGN AND PATIENT POPULATION
Details of the randomised TWENTE trial, which was performed
between June 18, 2008, and August 26, 2010, at the Thoraxcentrum
Twente in Enschede, The Netherlands, have previously been
reported7. In brief, TWENTE (ClinicalTrials.gov NCT01066650)
was a randomised, controlled, patient-blinded DES trial, comparing
Resolute ZES and XIENCE V EES stents after 1:1 randomisation in
1,391 patients. Patients with non-ST-elevation acute coronary syndromes (NSTE-ACS) or stable angina were eligible, and few exclusion criteria were applied7. In TWENTE, a total of 81.4% of all
eligible patients were enrolled, of whom more than 52% presented
with ACS. The real-world character of the randomised TWENTE
trial was underlined by the findings of the non-enrolled TWENTE
study, which demonstrated similar and excellent outcomes of the

eligible but non-enrolled patients13. The present study population
consisted of 1,387 patients (four patients withdrew consent)7.
Off-label indications for DES use were defined as: renal insufficiency (serum creatine level ≥140 µmol/L); ejection fraction
<30%; occurrence of acute MI within the previous 72 hours; more
than one lesion/vessel; more than two vessels treated; lesion length
>27 mm; bifurcation; saphenous vein graft lesion; arterial bypass
graft lesion; in-stent restenosis; unprotected left main lesion; lesion
with thrombus; and/or lesion with total occlusion.
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INTERVENTION, ELECTROCARDIOGRAPHY, LABORATORY
TESTING, AND ANGIOGRAPHIC ANALYSIS
Five experienced interventional cardiologists, each of whom
had individual experience of at least 4,000 PCI procedures, performed all the PCI procedures of the TWENTE trial using standard
techniques. Periprocedural pharmacological as well as systematic laboratory testing and ECG assessment have previously been
described7. Quantitative coronary angiography analyses were performed offline with QAngio XA version 7.1 (Medis medical imaging sytems bv, Leiden, The Netherlands).
CLINICAL ENDPOINTS
Definitions of clinical endpoints were reported on a patient level, as
previously described in detail7, and generally followed the suggestions of the Academic Research Consortium (ARC)14,15. Death was
considered cardiac unless an unequivocal non-cardiac cause could be
established. MI was defined by any creatine kinase concentration of
more than twice the upper limit of normal (ULN) with elevated confirmatory cardiac biomarkers14. Further classification and location of
MI was based on laboratory testing, electrocardiographic parameters,
angiographic information, and clinical data7. MI was classified as target vessel-related if related to the target vessel or if it could not be
related to another vessel. Target vessel revascularisation (TVR) and
target lesion revascularisation (TLR) by re-PCI or surgery were considered clinically indicated if the angiographic diameter stenosis was
≥70%, or ≥50% in the presence of ischaemic signs or symptoms15.
Stent thrombosis was defined according to ARC15.
DATA ACQUISITION, FOLLOW-UP, AND CLINICAL EVENT
ADJUDICATION
Two-year follow-up data were available in 100% of patients. For
any event trigger, clinical information was gathered from the referring cardiologist, general practitioner, and/or hospital involved.
This was facilitated by a close network of cooperation between the
care providers in the Twente region. The processing of clinical data
and adjudication of adverse clinical events were performed by an
independent, external contract research organisation and core laboratory (Cardialysis, Rotterdam, The Netherlands), which also performed an on-site audit to assess key study data.
STATISTICAL ANALYSIS
Data analysis was performed with the Statistical Package for
Social Sciences (SPSS) version 17 (SPSS Inc., Chicago, IL, USA).
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Data were reported as frequencies and percentages for dichotomous
and categorical variables and as mean±SD for continuous variables.
Chi-square and Fisher’s exact tests were used as appropriate. The
Student’s t-test was used to test normally distributed parameters.
The Kaplan-Meier method was used to calculate the time to clinical endpoints, and the log-rank test was used to compare betweengroup differences. Possible predictors of periprocedural myocardial
infarction (PMI) were identified if p-values were <0.15 at univariate analysis of the relation between the variables of the definition
of off-label versus PMI. A multivariate Cox regression analysis
was then performed to evaluate the independent predictors of PMI.
Two-sided p-values <0.05 were considered significant.

Results
CHARACTERISTICS OF PATIENTS, LESIONS, AND PCI
PROCEDURES
Of the entire population of the TWENTE trial, 1,033 (74.5%)
patients were treated with DES for at least one off-label indication, and 354 (25.5%) were treated for on-label indications only
(Table 1). Patients with off-label DES use had a slightly higher
prevalence of diabetes mellitus (22.9% vs. 17.5%; p=0.032) and
chronic renal failure (3.3% vs. 1.1%; p=0.032), and significantly
more often a history of MI (35.9% vs. 22.3%; p<0.001), NSTEACS at presentation (57.8% vs. 33.3%; p<0.001), and more B2/C
lesion types (84.7% vs. 62.7%; p<0.001). Between patients with
off-label versus on-label DES use, there were significant differences in various angiographic and procedural details which were
mainly related to the definition of the groups. In addition, in
patients with off-label DES use there were more ostial (12.2% vs.
7.3%; p=0.012) and severely calcified lesions (21.0% vs. 16.1%;
p=0.045), and stent post-dilation was more often performed (90.4%
vs. 80.2%; p<0.001).
CLINICAL OUTCOME
Two-year follow-up data were available in 1,387 patients. The rates
of death from any cause (4.5% vs. 4.2%; p=0.806), cardiac death
(2.1% vs. 2.3%; p=0.884), TVR (5.4% vs. 5.1%; p=0.808), and
definite or probable stent thrombosis (1.4% vs. 1.1%; p=1.0) were
similar for patients with off-label and on-label DES use (Table 2).
There was a difference in the incidence of target vessel-related MI
(6.4% vs. 2.8%; p=0.011). While the rate of target vessel-related
MI >48 hours was similar for both groups (1.4% vs. 1.4%; p=1.0),
the rate of target vessel-related MI ≤48 hours (i.e., PMI) was significantly higher in patients with off-label DES use (5.0% vs. 1.4%;
p=0.003), of which 1.1% developed a maximum creatine kinase
level >5x ULN (Table 2).
Figure 1 shows the Kaplan-Meier cumulative incidence of three
major clinical endpoints: cardiac death, target vessel-related MI,
and TVR. Of these three endpoints, only target vessel-related MI
showed a significantly higher rate in patients with off-label DES
use (p log-rank=0.011). Figure 2 displays the cumulative incidence of target vessel-related MI within ≤48 hours (i.e., PMI) as
well as after >48 hours (i.e., non-PMI), showing that only MI after
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Table 1. Characteristics of patients and procedures.
Off-label
(n=1,033)

On-label
(n=354)

p-value

Age, yrs

64.4±10.7

64.0±10.2

0.507

Men

752 (72.8)

253 (71.5)

0.629

BMI (kg/m2)

27.7±3.9

27.9±4.2

0.360

Diabetes mellitus (any)

237 (22.9)

62 (17.5)

0.032

Chronic renal failure*

34 (3.3)

4 (1.1)

0.032

558 (54.0)

213 (60.2)

0.044

Arterial hypertension
Hypercholesterolaemia

577/1,004 (57.5) 224/349 (64.2)

0.028

Current smoker

265 (25.7)

75 (21.2)

0.092

Family history of CAD

537 (52.0)

200 (56.5)

0.142

Myocardial infarction (any)

371 (35.9)

79 (22.3)

<0.001

Previous PCI

217 (21.0)

70 (19.8)

0.621

Previous CABG

116 (11.2)

32 (9.0)

0.249

Stable angina pectoris

436 (42.2)

236 (66.7)

Acute coronary syndrome

597 (57.8)

118 (33.3)

Unstable angina

214 (20.7)

111 (31.4)

Non-ST-elevation MI

383 (37.1)

7 (2.0)

<0.001

Clinical characteristic

32/792 (4.0)

0

0.001

281 (27.2)

53 (15.0)

<0.001

1 lesion treated

549 (53.1)

307 (86.7)

2 lesions treated

344 (33.3)

47 (13.3)

3 or more lesions treated

140 (13.6)

0

930 (90.0)

354 (100.0)

<0.001

95 (9.2)

0

<0.001

Severe calcification

217 (21.0)

57 (16.1)

0.045

Aorta ostial lesion

126 (12.2)

26 (7.3)

0.012

At least 1 bifurcation

362 (35.0)

0

<0.001

At least 1 bifurcation with SB treatment‡

213 (20.6)

0

<0.001
<0.001

Left ventricular ejection fraction <30%¶
Multivessel treatment

<0.001

Total no. of lesions treated per patient

De novo coronary lesions only
At least 1 CTO

68 (6.6)

0

At least 1 small vessel (RVD <2.75 mm)

657 (63.6)

215 (60.7)

0.335

At least 1 lesion length >27 mm

293 (28.4)

0

<0.001

Glycoprotein IIb/IIIa antagonist

175 (16.9)

18 (5.1)

<0.001

At least 1 in-stent restenosis

Target coronary artery
43 (4.2)

9 (2.5)

0.166

Left anterior descending

551 (53.3)

172 (48.6)

0.122

Left circumflex

326 (31.6)

111 (31.4)

0.944

Right coronary artery

387 (37.5)

115 (32.5)

0.093

41 (4.0)

0

<0.001

Left main

Bypass graft

<0.001

ACC-AHA lesion class§
A

25 (2.4)

B1

133 (12.9)

93 (26.3)

B2

280 (27.1)

129 (36.4)

C

595 (57.6)

93 (26.3)

934 (90.4)

284 (80.2)

Post-dilation

39 (11.0)

<0.001

Data are number (%) or mean (SD). *Chronic renal failure was defined by serum creatinine
level ≥130 µmol/L. ¶ Left ventricular ejection fraction was assessed with ultrasound, MRI or LV
angiography. ‡ SB: side branch. § Highest lesion classification. ACC-AHA: American College of
Cardiology/American Heart Association; BMI: body mass index; CABG: coronary artery bypass
grafting; CAD: coronary artery disease; CTO: chronic total occlusion; MI: myocardial infarction;
PCI: percutaneous coronary intervention; RVD: reference vessel diameter
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p-value

Death, any cause

47 (4.5)

15 (4.2)

0.806

Death, cardiac cause

22 (2.1)

8 (2.3)

0.884

Target vessel-related MI

66 (6.4)

10 (2.8)

0.011

CK >2 ULN *

66 (6.4)

10 (2.8)

0.011

CK >3 ULN

22 (2.1)

3 (0.8)

0.118

CK >5 ULN

11 (1.1)

–

0.076

PMI (MI ≤48 hrs)

52 (5.0)

5 (1.4)

0.003

2 <CK ≤5 ULN

41 (4.0)

5 (1.4)

0.024

CK >5 ULN

11 (1.1)

0(

0.076

14 (1.4)

5 (1.4)

1.0

99 (9.6)

28 (7.9)

0.346

43 (4.2)

9 (2.5)

0.166

Non-PMI (MI >48 hrs)
Revascularisation, any
Target lesion revascularisation (TLR)¶

56 (5.4)

18 (5.1)

5 (0.5)

2 (0.6)

1.0

9 (0.9)

2 (0.6)

0.739

Possible

11 (1.1)

5 (1.4)

0.571

Definite or probable

14 (1.4)

4 (1.1)

1.0

2 (0.2)

2 (0.6)

0.270

Target vessel revascularisation (TVR)

¶

0.808

Definite ST (0-720 days)
All patients
Probable ST (0-720 days)
All patients

B

≤48 hours occurred significantly more often in patients with offlabel DES use (p log-rank=0.003).
IDENTIFICATION OF POSSIBLE PREDICTORS
The chi-square test was applied to identify independent predictors of PMI. The following variables of the definition of off-label
showed a univariate association (p<0.15) with PMI, and were further evaluated: treatment of more than one lesion/vessel, more than
two vessels, lesion length >27 mm, bifurcation lesion; and lesion
with thrombus.
MULTIVARIATE COX REGRESSION ANALYSIS
Lesion length >27 mm (adjusted HR 2.84, 95% CI: 1.68-4.80,
p<0.001), more than one lesion/vessel (adjusted HR 2.55, 95% CI:
1.51-4.32, p<0.001), and bifurcation lesion (adjusted HR 2.03, 95%
CI: 1.20-3.45, p=0.008) were the only significant independent predictors of PMI which were related to the definition of off-label DES use.

Discussion
In the TWENTE trial, off-label DES use was associated with more
clinical, lesion, and procedure-related characteristics of increased
risk, as might have been expected from the definition of off-label
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Figure 1. Kaplan-Meier curves for cardiac death, target vesselrelated MI, and TVR. Kaplan-Meier cumulative incidence curves at
two years for: A) cardiac death; B) target vessel-related MI; and
C) target vessel revascularisation for patients treated with off-label
and on-label DES use.
DES use. In addition, PCI was more often driven by ACS, which
triggered the use of glycoprotein IIb/IIIa antagonists in a higher
proportion of patients. Despite this significant difference in risk
10

Incidence of target vessel-related
myocardial infarction (%)

Data are number of patients (%). *In our study, MI was defined by any creatine kinase (CK)
concentration of more than double the upper limit of normal (ULN) with elevated values of
a confirmatory cardiac biomarker. ¶ TVR and TLR were clinically indicated. MI: myocardial
infarction; PMI: periprocedural MI; ST: stent thrombosis
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Table 2. Clinical outcome after two years.

p=0.003
target vessel MI ≤48 hrs on-label
target vessel MI ≤48 hrs off-label

p=0.943
target vessel MI >48 hrs on-label
target vessel MI >48 hrs off-label

5.0%

5

1.4%
0

0

1

1.4%
1.4%
2

Follow-up (days)

360

720

Figure 2. Target vessel-related MI ≤48 hours (periprocedural) and
>48 hours. Kaplan-Meier cumulative incidence curves at two years
for (left) target vessel-related MI ≤48 hours and (right) target
vessel-related MI >48 hours for patients treated with off-label and
on-label DES use.
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profile, both patient groups showed low and similar two-year rates
of various clinical endpoints, such as death from any cause, cardiac
death, target vessel revascularisation, and definite or probable stent
thrombosis. The only exception was a higher incidence of PMI (i.e.,
MI ≤48 hours following PCI) in patients with off-label DES use, of
whom only a minority developed a myocardial necrosis with a maximum CK level of more than five times the upper limit of normal.
These findings underline the favourable safety profile of secondgeneration DES.
In this analysis, there was no difference in target vessel-related
MI after more than 48 hours between patients with off-label and
on-label DES use (1.4% vs. 1.4%); there was a higher rate of
(periprocedural) target-vessel-related MI in patients with off-label
DES use (5.0% vs. 1.4%) only within the first 48 hours after PCI.
Such PMI typically results from microembolisation of plaque
material, or stent-induced closure of small side branches, which
occurs more frequently in patients with ACS and in extensive coronary disease16,17. In the present analysis, the higher incidence of
PMI following off-label DES use led to a higher rate of target
vessel-related MI during two years of follow-up (6.4% vs. 2.8%,
respectively).
COMPARISON WITH PREVIOUS STUDIES
Off-label use of first-generation DES was previously shown to be
associated with a higher risk of death, MI, and/or repeat revascularisation procedures3,4,17,18. Detailed analyses of clinical outcome
following off-label use of second-generation DES were performed
in a few studies only8-11. Latib et al reported a retrospective analysis
of patients treated with XIENCE V EES (248 [72%] off-label) and
a median follow-up of 12 months8. Galasso et al and Romagnoli
et al published two registries of patients treated with Resolute
ZES (311 [84%] and 504 [61%] off-label) and an average followup duration of 17 and 12 months, respectively9,10. Stefanini et al
reported data from the only randomised study – the RESOLUTE
All Comers trial – which compared 12-month clinical outcome of
patients treated with Resolute ZES and XIENCE V EES in 1,520
(66.3%) complex patients (with off-label DES use) versus (33.7%)
simple patients11. Our present analysis of the randomised TWENTE
trial, which included 1,033 (74.5%) patients with off-label DES
use, is the first comprehensive analysis of 24-month follow-up data
to compare the clinical outcome of patients treated for off-label and
on-label indications with either Resolute ZES or XIENCE V EES.
In the RISICO registry, Romagnoli et al found no significant difference in the incidence of in-hospital MI between off-label and
on-label treatment with Resolute ZES (3.8 vs. 2.5%, respectively;
p=0.4)10. While the RISICO registry defined MI by the elevation of
creatine kinase or creatine kinase-MB levels to ≥3 times the upper
limit of normal10, in the TWENTE trial MI was defined by CK levels
≥2 times the upper limit of normal with elevated confirmatory cardiac biomarkers7. This may partly explain the slightly higher incidence of PMI (5.0%) in TWENTE patients with off-label DES use.
The TWENTE trial compared the same DES types as RESOLUTE
All Comers, and also evaluated DES use in daily clinical practice
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within a slightly different population which did not include acute
STEMI. Using the same criteria of off-label DES use, the proportion of complex patients was somewhat higher in the TWENTE
trial (74.5% vs. 66.3%; p<0.001). Nevertheless, it is difficult to
compare the outcome results of both trials as the corresponding
subgroup analysis of RESOLUTE All Comers focused on stent
level comparisons11. While all-comer DES trials generally comprise relatively low rates of PCI for unprotected left main lesions,
which is one of the off-label criteria, the ISAR-LEFT MAIN 2
study recently reported in 650 patients treated with Resolute and
XIENCE V stents for unprotected left main lesions a favourable
outcome at one-year follow-up19.
In the four-year follow-up data of the LEADERS study, a subgroup analysis of the primary composite endpoint TVF favours the
biolimus-eluting BioMatrix stent with biodegradable polymer coating (Biosensors Inc., Newport Beach, CA, USA) over the first-generation sirolimus-eluting CYPHER® stent with biodurable coating
(Cordis, Johnson & Johnson, Warren, NJ, USA) in patients treated
for off-label indications20. Nevertheless, only limited individual outcome data of patients treated with DES with biodegradable coatings
for off-label versus on-label indications have been reported. In the
NOBORI 2 study, which comprised 2,242 patients treated with the
biolimus-eluting Nobori stent with biodegradable coating (Terumo
Medical Corp., Tokyo, Japan) for at least one off-label indication,
off-label stent use was associated with higher rates of cardiac death
(1.9% vs. 0.7%, p=0.02), TVR (5.1% vs. 2.3%, p<0.01), and MI
(2.7% vs. 1.5%, p=0.04)21. In addition, in that study there was no significant difference in the rate of definite or probable stent thrombosis
between patients with off-label versus on-label DES use21.
In the present study, we also found a higher rate of MI in offlabel patients, and there was no significant difference in stent
thrombosis between patients with off-label versus on-label indications. Our findings differ from NOBORI 2 with regard to cardiac death and TVR, which were similar for our off-label and
on-label patients. Due to differences in patient population and
limitations inherent to the study design, it may be difficult to compare the findings of registries and randomised trials. In addition,
we post-dilated stents in 90.4% and 80.2% of the off-label and
on-label patients, respectively (p<0.001), while in the NOBORI
2 study post-dilation was only performed in 34.9% and 31.5%,
respectively (p=0.07), of both patient groups21. Substantial differences in material (stainless steel vs. cobalt-chromium) and strut
thickness (relatively thick struts vs. thinner struts) of the stent
platforms might also have contributed to differences in certain
outcome parameters between both studies.
PERIPROCEDURAL MYOCARDIAL INFARCTION
In our analysis, target vessel-related MI ≤48 hours following PCI
was the only clinical endpoint which was significantly higher in
patients with off-label DES use. In fact, many criteria of off-label
DES use characterise patients with an advanced stage of coronary disease with greater atherosclerotic burden and more complex lesions8. Such patients often require stenting of multiple
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Impact on daily practice
Off-label patients of the TWENTE trial had two-year event
rates for cardiac death, target vessel revascularisation and stent
thrombosis that were comparable to those of patients with onlabel indications for drug-eluting stent (DES) use. Off-label
use of contemporary DES was associated with a higher rate
of periprocedural myocardial infarction, but only a minority
of these patients developed maximum creatine kinase levels
of more than 5 times the upper limit of normal. Overall, our
findings show that PCI with these DES is feasible and safe in
patients with off-label DES use. Therefore, in clinical practice with implantation of second-generation DES, distinction
between patients with off-label and on-label indication for DES
use may be of limited value.
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