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Background and Objectives: We evaluated the long-term outcomes and predictors of clinical events after off-label use of drug-eluting
stents (DES) beyond 1 year after procedure.

Subjects and Methods: A total of 518 patients who underwent DES implantation for off-label indications and did not have any major ad-
verse cardiac events (MACE) during the first year were analyzed. The occurrence of MACE, including cardiac death, myocardial infarction
(MI), stent thrombosis and target vessel revascularization, were evaluated for a median 1179 days (interquartile range 769-1541) after the
first year.

Results: Major adverse cardiac events occurred in 43 patients (8.3%) including 8 cases (1.5%) of cardiac death, 9 cases (1.7%) of MI, 24
cases (4.6%) of target vessel revascularization, and 11 cases (2.1%) of stent thrombosis. Patients with MACE had a higher serum creatinine
level, higher incidence of in-stent restenosis lesion, more overlapping stents, a greater number of stents, and longer stents than did patients
without MACE. Multivariate analysis revealed that serum creatinine level >1.5 mg/dL {hazard ratio (HR) 2.3, p=0.019}, stent length >33 mm
(HR 2.4, p=0.035), and in-stent restenosis lesions (HR 2.4, p=0.040) were independent risk factors for MACE. Patients with DES length >33
mm had a higher incidence of MACE than those with DES length <33 mm (HR 2.7, log rank p=0.002).

Conclusion: The risk of stent thrombosis and target vessel revascularization persisted in patients undergoing off-label DES implantation
beyond 1-year follow-up. A total DES length >33 mm was a significant procedural predictor associated with the incidence of MACE. (Korean
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Introduction

Drug-eluting stents (DES) have been reported to reduce angiogra-
phic restenosis and the need for repeat revascularization." How-
ever, systematic reviews and long-scale registries have observed a
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similar rate of death and myocardial infarction (MI) in patients tr-
eated with either DES or bare-metal stents (BMS) during long-term
5-year follow-up.*” In recent times, DES have been widely used in
routine clinical practice, including for more complex patients and
lesion characteristics, and full lesion coverage has been achieved by
using longer stents. However, data regarding the safety and efficacy
of such "off-label" use remains limited. Furthermore, there is grow-
ing concern regarding the potential risks of late stent thrombosis,
especially with off-label use.?

Several clinical, anatomical, and procedural factors have been
suggested to be important risk factors for the development of
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clinical events after DES implantation.
commonly occur from six to nine months after DES implantation,
probably because neointimal growth mainly occurs during the first
several months after DES implantation.'” Moreover, recent reports
suggest that there may be a “catch-up” phenomenon associated

with more progressive delayed late loss in patients with DES implan-
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tation.'>™¥

Based on these findings, we evaluated the long-term outcomes
and predictors of clinical events after off-label use of DES after
1-year follow-up had elapsed.

Subjects and Methods

Study population

The studied patients were participants of a prospectively enroll-
ed, single-center, percutaneous coronary intervention (PCI) with a
DES cohort. We retrospectively analyzed 1057 consecutive patients
who underwent DES implantation between January 2004 and Jan-
uary 2007. Off-label use was defined as DES use in lesion or patient
subsets that have not been extensively studied in randomized trials
and for which DES does not have Food and Drug Administration
approval. This group included patients with ST-segment elevation
MI, chronic total occlusions, saphenous vein graft lesions, bifurca-
tion lesions, ostial lesions, left main lesions, in-stent restenotic le-
sions, small vessels (<2.5 mm), long lesions (>28 mm), and multile-
sion or multivessel PCL#" On-label use included all other patients.

After 1-year follow-up, we excluded 74 patients who developed
major adverse cardiac events (MACE) including all-cause death, non-
fatal MI, repeated revascularization at any lesion, 364 patients who
underwent on-label use of DES, and 101 patients who had been lost
to follow-up within 1 year. Thus, a total of 518 patients were includ-
ed in this analysis. All patients provided informed consent for their
anonymous data to be processed, and the study was approved by
the Institutional Review Boards of the hospital.

Stenting procedure

Stenting was performed according to current clinical practice at
the physician's discretion. For all patients, aspirin (300 mg) and clo-
pidogrel (300 mg or 600 mg) were loaded before the procedure.
An intra-venous bolus of 5000 U of unfractionated heparin was giv-
en, after which additional heparin boluses were administered to
maintain an activated clotting time >300 s during the procedure.
Platelet glycoprotein Ilb/llla inhibitors were administered accord-
ing to operator preference. The occurrence of angiographic com-
plications during PCl was recorded. These included side branch oc-
clusion, slow or no reflow, major dissection, and distal embolization.
After the procedure, the patients received 75 mg of clopidogrel for
at least six months and aspirin indefinitely. The duration of extend-
ed clopidogrel use was determined at the physician's discretion.

Clinical follow-up and definitions

Clinical observation was conducted for a median 1179 days (inter-
quartile range 769-1541) after an event-free period of one year had
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elapsed. At one year after DES implantation, information regarding
baseline clinical characteristics and laboratory findings including se-
rum lipid profile, high sensitivity C-reactive protein, and renal func-
tion was collected. Clinical data during follow-up period were ob-
tained via regular outpatient visits with intervals of three or six mon-
ths or by telephone interview.

The endpoint was defined as the occurrence of MACE, including
cardiac death, MI, stent thrombosis, and target vessel revasculariz-
ation. Additionally, individual events including all-cause death, tar-
get lesion revascularization, and other non-target vessel revascula-
rization were also recorded. Stent thrombosis was defined using a
modified Academic Research Consortium definition of definite or
probable stent thrombosis: angiographically documented stent th-
rombosis, a Ml in the distribution of the target vessel, or sudden car-
diac death. Death was defined as all-cause mortality during the fol-
low-up period. All deaths were considered cardiac unless an un-
equivocal noncardiac cause could be established. Ml was defined
as the presence of at least two of the following: ischemic symptoms,
a new elevation of the myocardial band fraction of creatine kinase
>3 times the upper limit of normal, and new electrocardiographic
changes compatible with MI. Target lesion revascularization was
defined as target lesion reintervention inside the implanted stent
or within 5 mm proximally or distally by either PCl or bypass surgery.
Only the first event was counted as the end point.

Statistical analysis

Continuous variables are presented as meanststandard devia-
tion and were compared with independent t-test. Categorical vari-
ables are presented as frequencies or percentages and were compar-
ed with chi-square or Fisher's exact test, as appropriate. All analyses
were performed using Statistical Package for the Social Sciences
(SPSS) 18.0 for Windows (SPSS Inc., Chicago, IL, USA). Variables with
a p<0.1 at univariate analysis were entered in a multivariate Cox re-
gression model with a stepping algorithm to identify the indepen-
dent predictors of MACE. Medication variables were not included,
because information regarding medical history during the entire fol-
low-up period was not clear. Cumulative event curves were generat-
ed using the Kaplan-Meier method and compared with the log-rank
test of significance. All statistical tests were 2-sided, and differences
were considered statistically significant at p<0.05.

Results

Incidence of major adverse cardiac events

The study population consisted of 518 patients who underwent
DES implantation for off-label indications and did not have MACE
during the first year after procedure. The median follow-up dura-
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tion was 1179 days (interquartile range 769-1541) after a one year
event-free period. During the follow-up period, MACE occurred in
43 patients (8.3%) including 8 cases (1.5%) of cardiac death, 9 cases
(1.7%) of MI, 24 cases (4.6%) of target vessel revascularization, and
11 cases (2.1%) of stent thrombosis.

Baseline characteristics

Baseline clinical characteristics at 1 year according to the occurr-
ence of MACE are shown in Table 1. The patients with MACE and
without MACE were similar in age, gender, coronary risk factors, and
administration of dual antiplatelet therapy. However, patients with
MACE had higher serum creatinine levels and a lower incidence of
statin medication than did the patients without MACE. The patients
with MACE were also more likely to have had a history of Ml and pre-
vious PCl before the index PCl, compared to those without MACE.

Off-label indications of DES use are shown in Table 2. The incid-
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ence of in-stent restenosis lesions was higher in patients with MACE
than in the patients without MACE. The patients with MACE under-
went more overlapping stenting and had both more stents and lon-
ger stents. There was no significant difference between the groups
in the type of DES, use of glycoprotein llb/llla inhibitor, and peripro-
cedural complications at the index PCI.

Independent predictors of major adverse cardiac events

For stepwise multivariate Cox regression analysis, we used a me-
dian value for continuous variables. Multivariate analysis showed
that serum creatinine >1.5 mg/dL, stent length >33 mm, and in-st-
ent restenosis lesions were independent risk factors for MACE (Table
3). Stent number and lesion length were eliminated by stepwise re-
gression. Therefore, among the procedural variables, total DES length
was the only predictor of MACE {hazard ratio (HR) 2.4, 95% confi-
dential interval 1.1-5.4, p=0.035}.

Table 1. Clinical and laboratory characteristics at 1-year follow-up, according to major adverse cardiac events

MACE (-) (n=475) MACE (+) (n=43) p

Age (years) 60.8+11.8 62.3+10.6 0413
Male (%) 330 (69.5) 29 (67.4) 0.782
Hypertension (%) 249 (52.4) 22 (51.2) 0.874
Diabetes (%) 104 (21.9) 13 (30.2) 021
Current smoker (%) 173 (36.4) 14 (32.6) 0.614
Previous cerebrovascular disease (%) 34(7.2) 2(4.7) 0.757
History of Ml before index PCI (9%) 53(11.2) 10 (23.3) 0.020
Previous PCI before index PCI (%) 106 (22.3) 20 (46.5) 0.001
Previous CABG before index PCI (%) 7(1.5) 2(4.7) 0.167
Acute coronary syndrome at index PCI (%) 443 (93.3) 39(90.7) 0.526
Ejection fraction (%) 61.1£9.0 57.7+12.1 0.165
Hematocrit (%) 40.2+18.3 37.6£6.4 0.406
hs-CRP (mg/L) 17132 23+37 0.293
Serum creatinine (mg/dL) 1.1£0.7 2.0+2.3 0.019
Total cholesterol (mg/dL) 147.5+30.0 147.7+28.6 0979
Triglyceride (mg/dL) 143.0£30.0 162.1£136.8 0.276
HDL-C (mg/dL) 472114 448114 0.278
LDL-C (mg/dL) 80.8+27.3 80.3+24.0 0924
Lipoprotein (a) (mg/dL) 38.2%34.2 38.5%323 0.964
Medication (%)

Dual antiplatelet therapy 414 (87.2) 34(79.1) 0.137

Beta blocker 334 (70.3) 31(72.1) 0.807

ACE inhibitor 214 (45.1) 19 (44.2) 0913

Angiotensin Il receptor blocker 215 (45.3) 23 (53.5) 0.300

Calcium antagonist 138(29.1) 18 (41.9) 0.080

Statin 422 (88.8) 33 (76.7) 0.020

MACE: major adverse cardiac events including cardiac death, myocardial infarction (MI), stent thrombosis and target vessel revascularization, PC: percuta-
neous coronary intervention, CABG: coronary artery bypass graft surgery, hs-CRP: high sensitivity C-reactive protein, HDL-C: high density lipoprotein-cho-
lesterol, LDL-C: low density lipoprotein-cholesterol, ACE: angiotensin converting enzyme
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Table 2. Baseline angiographic and procedural characteristics at index drug-eluting stent implantation

MACE (-) (n=475) MACE (+) (n=43) p
Off-label indication (%)
ST-segment elevation MI 254 (53.5) 22 (51.2) 0.771
Left main lesion 21 (4.4) 3(7.0) 0.439
In-stent restenosis lesion 53 (11.2) 10 (23.3) 0.020
Bifurcation lesion 124 (26.1) 14 (32.6) 0.359
Calcified lesion 14 (2.9) 3(7.0) 0.160
Chronic total occlusion 14 (2.9) 1(2.3) 1.000
Long lesion (>28 mm) 125 (26.3) 15 (34.9) 0.226
Ostial lesion 28 (5.9) 5(11.6) 0.180
Saphenous vein graft lesion 6(1.3) 2(47) 0.137
LAD target vessel (00) 327 (68.8) 27 (62.8) 0.414
ACC/AHA B2/C lesion (%) 408 (85.9) 41(95.3) 0.081
Multi-vessel disease (%) 199 (41.9) 23 (53.5) 0.141
Stent overlap (%) 54 (11.4) 10 (23.3) 0.023
Two-stent technique in bifurcation (%) 16 (3.4) 4(9.3) 0.075
Multi-vessel stenting (%) 101 (21.3) 9(20.9) 0.959
Stent number per patient 1.8£09 27117 0.001
Minimal stent diameter (mm) 3.1+03 3.0+03 0.342
Total lesion length (mm) 38.24226 4494245 0.061
Total drug-eluting stent length (mm) 43.5+26.1 68.4+50.0 0.002
Maximal pressure (atm) 16.9+3.3 173429 0414
Type of drug-eluting stent (%)
Sirolimus-eluting stent 269 (56.6) 23 (53.5) 0.691
Paclitaxel-eluting stent 202 (42.5) 15 (34.9) 0.331
Zotarolimus-eluting stent 52 (10.9) 7(16.3) 0.292
Glycoprotein llb/llla inhibitor (%) 111 (23.4) 9(209) 0.717
Periprocedural complication (%) 53 (11.2) 5(11.6) 0.805
Slow/no reflow 22 (4.6) 3(7.0) 0.453
Distal embolization 16 (3.4) 0(0.0) 0.384
Side branch occlusion 9(1.9) 0(0.0) 1.000

MACE: major adverse cardiac events, MI: myocardial infarction, LAD: left anterior descending coronary artery, ACC/AHA: American College of Cardiology/

American Heart Association lesion classification

Relationship between stent length and clinical outcomes

The incidence of MACE according to DES length is shown in Table
4. An increased likelihood of stent thrombosis was observed in pa-
tients implanted with >33 mm stent compared to those with shorter
DES length (3.4% vs. 1.1%, p=0.073). The incidence of MACE, com-
posite of cardiac death, MI, target vessel revascularization, and stent
thrombosis, was higher in patients with longer DES length (12.4% vs.
4.9%, p=0.002).

The cumulative MACE during the follow-up period are presented
in Fig. 1. Cardiac death, MI, and the incidence of stent thrombosis
were higher in patients with DES length >33 mm compared with
those with a DES length <33 mm (HR 3.2, log rank p=0.023). Those

http://dx.doi.org/10.4070/kcj.2013.43.3.161

Table 3. Multivariate Cox proportional-hazard analysis for prediction of long-
term major adverse cardiac events

HR 950% Cl p
Serum creatinine >1.5 mg/dL 2.3 1.1-4.6 0.019
Drug-eluting stent length >33 mm 24 1.1-5.4 0.035
In-stent restenosis lesion 24 1.0-5.5 0.040
Stent overlap 1.5 0.6-3.7 0.379

HR: hazard ratio, Cl: confidence interval
patients with DES length >33 mm had a higher incidence rate for

the overall rate of cardiac death, MI, target vessel revascularization,
and stent thrombosis compared with those with DES length <33 mm

www.e-kej.org
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(HR 2.7, log rank p=0.002).

Discussion

The main findings of our analysis are as follows: 1) after >3 years
follow-up, the incidence of MACE remained considerable in a cohort
of high-risk patients who underwent DES implantation for off-label
indications, with an 8.3% cumulative incidence beyond the 1-year
event-free period; 2) although cardiac death, MI, and stent throm-
bosis were relatively rare events, the incidence of these hard events
remained constant throughout the follow-up period; 3) longer st-
ent lengths were significantly associated with a higher risk of MACE
(cardiac death, MI, stent thrombosis, and target vessel revascular-

Table 4. Long-term major adverse cardiac events according to drug-elut-
ing stent length

DES length DES length

<33 mm >33 mm p
(n=284) (n=234)
Cardiac death, myocardial infarction,
target vessel revascularization, 14 (4.9) 29(12.4) 0002
stent thrombosis (%)
Cardiac death, myocardial
infarction, stent thrombosis (%) 51 12{B) 0045
All-cause death (%) 6(2.1) 10 (4.3) 0.157
Cardiac death (%) 2(0.7) 6(2.6) 0.149
Non-fatal myocardial infarction (%) 3(1.1) 6(2.6) 0.3M
Target lesion revascularization (%) 8(2.8) 10 (4.3) 0.368
Target vessel revascularization (%) 8(2.8) 16 (6.8) 0.030
Other vessel revascularization (%) 3(1.1) 4(1.7) 0.707
Stent thrombosis (%) 3(1.1) 8(3.4) 0.073

Cardiac death, myocardial infarction,
and stent thrombosis

100 [~

90 - DES length >33 mm

85 -

80 -

Event-free survival (%)

75+ HR32
95% Cl 1.1-9.0

Log rank p=0.023
0L g p

365 865 1365 1865 2365 2865

Follow-up (days)
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ization) in patients who underwent DES implantation.

Recently, long-term follow-up studies of up to five years after
DES implantation have been conducted. A Korean Multicenter Net-
work analysis reported that the proportion of MACE in the first year,
as compared to that after 1 year was 45.1% in a sirolimus-eluting
stent group and 52.5% in a paclitaxel-eluting stent group.'” The
five-year result of the Treatment of De Novo Coronary Disease Using
a Single Paclitaxel-Eluting Stent trial showed a target vessel revas-
cularization rate of 16.9% at nine-month and a target vessel revas-
cularization rate of 3.3%/year between 1 and 5 years.?’ The long-
term results of the Sirolimus-Eluting Stent in Coronary Lesions trial
demonstrated that half of target lesion revascularization occurred
within the first year during five-year follow-up.'® Furthermore, a five-
year follow-up in the A Randomized Controlled Trial of the Med-
tronic Endeavor Drug (ABT-578) Eluting Coronary Stent System Ver-
sus the Cypher Sirolimus-Eluting Coronary Stent System in De Novo
Native Coronary Artery Lesions showed that more than 80% of to-
tal target lesion revascularization was observed within one year of
index revascularization.” Most clinical events occurred within the
first year after DES implantation, because routine angiographic fol-
low-up would increase the rate of revascularization compared with
clinically driven follow-up and vascular healing and neointimal gr-
owth were delayed after DES implantation compared with BMS im-
plantation, wherein neointimal growth occurred at approximately
six months.'® We observed the study population from one year after
DES implantation to exclude the influence of routine angiographic
follow-up and initial instability of patients' condition. We observed
that the risk of both stent thrombosis and target vessel revascular-
ization persisted in patients following the off-label use of DES, even
if these adverse events did not develop within the first year.

Cardiac death, myocardial infarction,
target vessel revascularization, and
stent thrombosis

100 -
95 -
g
S o9t
@«
2
2
2 85f
v
4
T
E 80 KL
o DES length >33 mm
751 HR27
959 ClI 1.4-5.1
Log rank p=0.002
oL togrankp
| | | | | |

365 865 1365 1865 2365 2865
Follow-up (days)

Fig. 1. Event-free survival curves in patients more than 12 months after drug-eluting stent (DES) implantation for off-label indications. HR: hazard ratio,

Cl: confidence interval.
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In contrast to populations enrolled in randomized controlled tri-
als, a large proportion of patients in daily clinical practice receive
DES for off-label indications. The off-label use of DES is an inde-
pendent predictor of stent thrombosis and MACE. The Evaluation
of Drug-Eluting Stents and Ischemic Events registry compared out-
comes with off-label versus on-label DES use and found a higher
rate of target lesion revascularization (6.3% vs. 2.4%), MACE (17.5%
vs. 8.9%), and stent thrombosis (1.6% vs. 0.9%) at one year with off-
label use.” The Strategic Transcatheter Evaluation of New Therapies
registry also revealed a higher incidence of target vessel revascula-
rization (11.8% vs. 6.5%), death/MI (10.9% vs. 7.9%), and stent th-
rombosis (1.6% vs. 0.9%) in off-label use of DES than with on-label
use at two year follow-up.'® Planer et al.? reported that 63% of
patients underwent sirolimus-eluting stent implantation for off-
label indications; such off-label use of DES increased the risk of
stent thrombosis by 5.3 times as compared to on-label use of DES
at 3.4 years. Most of these studies were limited to short-term fol-
low-up periods, and a large proportion of events occurred within
one year, similar to randomized trials involving the on-label use of
DES. The added risks for adverse events associated with off-label in-
dications remains unclear. Our results indicate that off-label use was
associated with 4.6% of target vessel revascularization, 3.3% of dea-
th/MI, and 2.1% of stent thrombosis at more than 3.2 years (median)
follow-up, despite 86% of patients continuing to receive dual anti-
platelet therapy; moreover, the increased risk attributed to off-label
use continues over time in the follow-up period. The most important
risk factor for MACE in patients undergoing off-label DES implan-
tation, among clinical variables was serum creatinine level and
among procedural variables was the total DES length.

Stent length was found to be a significant predictor of MACE in
this study. The Arterial Revascularization Therapy Study Part Il analy-
sis showed that total stent length was an independent predictor of
stent thrombosis at three years (HR 1.14, p=0.0037)." Suh et al.®
reported that the total stent length was a strong predictor of stent
thrombosis and suggested a stent length =31.5 mm as a threshold
for stent thrombosis, with a sensitivity of 88.4% and a specificity of
52.1%. Our study also demonstrated that DES length >33 mm was
a significant predictor of MACE as well as death/MI/stent throm-
bosis. Although longer DES appear to be safer and more effective
than BMS, data regarding DES length and adverse events are limited.
Some studies have reported that long DES reduced the rate of tar-
get lesion revascularization compared with BMS, but these data
were limited to only a one-year follow-up period.2"*? The present fi-
ndings reveal an association between stent length and coronary
events after DES implantation and should be considered when as-
sessing long-term safety related to DES use.

Spot stenting, i.e,, selective stenting of only the most severe ste-
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notic parts of long diffuse lesions has been introduced as an alter-
native therapy for long lesions in the BMS era.®® Katritsis et al.*¥ re-
ported that long-term MACE after spot DES stenting was com-
parable to full coverage of lesion using DES.* Therefore, intravas-
cular ultrasound or fractional flow reserve-guided stenting would
be needed to reduce unnecessarily long DES implantation.

Our study had several limitations. This was not a randomized
study. Similar to other observational studies, this study was subject
to confounders and biases. The patient group was small, and the
event rate was low. Only 43 patients developed MACE; therefore the
multivariate analysis was limited. The association between MACE
risk and stent length according to the DES type was not evaluated.
Furthermore, the lack of intravascular ultrasound data diminished
the power of the study to demonstrate the effectiveness of DES pro-
cedures.

In conclusion, the risk of both stent thrombosis and target ves-
sel revascularization persisted in patients undergoing DES implan-
tation for off-label indications beyond the first year. Clinical vari-
ables, such as the serum creatinine levels, and procedural variables,
such as the stent length, along with in-stent restenosis lesions were
independent predictors of MACE. A total DES length >33 mm was
significantly associated with an increased incidence of death, M,
stent thrombosis, and target vessel revascularization following off-
label use of DES.
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