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Aims Stenting an angiographically intermediate but functionally non-significant stenosis is controversial. Nevertheless, it has
been questioned if deferral of a functionally non-significant lesion on the basis of fractional flow reserve (FFR) meas-
urement, is safe, especially on the long term. Five-year follow-up of the DEFER trial showed that outcome after deferral
of percutaneous coronary intervention (PCI) of an intermediate coronary stenosis based on FFR ≥ 0.75 is excellent and
was not improved by stenting. The aim of this study was to investigate the validity of this position on the very long term.

Methods
and results

In 325 patients scheduled for PCI of an intermediate stenosis, FFR was measured just before the planned intervention.
If FFR was ≥0.75, patients were randomly assigned to deferral (Defer group; n ¼ 91) or performance (Perform group;
n ¼ 90) of PCI. If FFR was ,0.75, PCI was performed as planned (Reference group; n ¼ 144). Clinical follow-up was 15
years. There were no differences in baseline clinical characteristics between the randomized groups. Complete 15-year
follow-up was obtained in 92% of patients. After 15 years of follow-up, the rate of death was not different between
the three groups: 33.0% in the Defer group, 31.1% in the Perform group, and 36.1% in the Reference group (Defer
vs. Perform, RR 1.06, 95% CI: 0.69–1.62, P ¼ 0.79). The rate of myocardial infarction was significantly lower in the
Defer group (2.2%) compared with the Perform group (10.0%), RR 0.22, 95% CI: 0.05–0.99, P ¼ 0.03.

Conclusion Deferral of PCI of a functionally non-significant stenosis is associated with a favourable very long-term follow-up
without signs of late ‘catch-up’ phenomenon.
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Introduction
It has been well documented that decisions with respect to revascu-
larization of coronary stenoses should take into account not only
angiographic criteria but also non-invasive or invasive evidence of
reversible myocardial ischaemia.1 –7 Stenting an angiographically sig-
nificant but functionally non-significant stenosis is controversial.8,9

Nevertheless, it has been questioned if deferral of revascularization
of a functionally non-significant lesion on the basis of fractional flow
reserve (FFR) measurement is safe, especially over the long term.
Concerns about future plaque rupture have played a major role in
that discussion.10 – 13 The DEFER study was the first randomized
controlled trial investigating the suitability of FFR to guide coronary
interventions.14 The purpose of the DEFER study was to compare
deferral vs. performance of percutaneous coronary intervention
(PCI) of an anatomic intermediate but functionally non-significant
stenosis as indicated by FFR ≥ 0.75. The 2- and 5-year follow-up
showed that, both with respect to outcome and to symptoms, de-
ferral was at least as good as mechanical revascularization of such
stenoses. Up to 5 years, there was no difference with respect to
mortality, myocardial infarction (MI), or revascularization related
to the deferred lesions. No differences were present either with re-
spect to functional class or use of medication.15 The present report
extends that follow-up to 15 years with respect to the outcome
parameters: mortality, MI, and revascularization.

Methods

Design and participants
The design and methods of the DEFER study have been described pre-
viously and are summarized briefly below.14 The DEFER study was a
multicenter, international, randomized controlled trial performed in
12 European and 2 Asian centres between 1997 and 1998. Patients
were enrolled if they met two inclusion criteria: (i) referral for elective
PCI of a single angiographically significant de novo stenosis (.50% diam-
eter reduction by visual assessment) in a native coronary artery with a
reference diameter of .2.5 mm and (ii) no conclusive evidence of re-
versible ischaemia as documented by non-invasive testing within the
last 2 months. Main exclusion criteria were total occlusion of the target
artery, MI, or unstable angina. The institutional review boards of all cen-
tres approved the study protocol. All patients provided written consent
before enrolment.

Randomization
In order to prevent bias, patients were randomized before measuring
FFR (Figure 1). After inclusion in the study and before physiological
measurement, patients were randomized to deferral or performance
of PCI. Thereafter, FFR was measured. If the FFR value was ,0.75 indi-
cating reversible ischaemia, then randomization was ignored and PCI
was performed anyway because it was felt unethical at that time to leave
such a stenosis unrevascularized (Reference group). In contrast, if the
FFR value was ≥0.75, then the stenosis was treated according to the
randomization, resulting in one group of patients with FFR ≥ 0.75 in
whom PCI was performed (Perform group) and a second group of
patients with FFR ≥ 0.75 in whom PCI was deferred and the further
treatment was medically (Defer group). All patients received optimal
medical therapy for that era.

Quantitative angiography and fractional
flow reserve measurement
Angiograms were performed in at least two orthogonal projections
after administration of intracoronary nitroglycerin. All angiograms
were analysed using QCA-CMS system (Medis, Leiden, the Nether-
lands). Fractional flow reserve was measured with a coronary pressure
wire (Radi Medical Systems, Uppsala, Sweden) and adenosine-based
hyperaemia given intravenously (140 mg per minute per kg of body
weight) or intracoronary.16,17 Percutaneous coronary intervention
was performed according to the standards at that time, before the era
of drug-eluting stents, by either bare metal stents (BMS) or balloon
angioplasty.

Endpoints
The primary endpoint was freedom from major adverse cardiac events
(death, MI, and repeat revascularization) after 2 years of follow-up, and
5-year follow-up was a secondary endpoint. It should be noted that the
DEFER study was not powered for a 15-year follow-up and that no a priori
hypothesis for such long-term follow-up was defined. The 15-year follow-
up was added later due to the importance of understanding long-term clin-
ical outcomes after FFR-guided revascularization. Because non-cardiac
mortality will dominate cardiac mortality during such very long-term
follow-up, we distinguished among cardiac, unknown, and non-cardiac
mortality. Myocardial infarction was defined as a clinical episode of typical
chest pain with development of new pathologic Q-waves on the electro-
cardiogram or an increase of serum creatinine kinase (CK) levels to more
than twice the normal value, reflecting the practice pattern during the era
of patient recruitment. Repeated angiography was only performed if clin-
ically indicated or in case of an adverse event. While events were adjudi-
cated by a clinical event committee up to 5 years, events thereafter were
site determined and verified by source documentation (including related
vessel, cardiac enzymes, and cause of death).

National database
In those patients for whom no complete follow-up could be acquired,
applicable national databases were queried to obtain the survival status.
These data were used only for comparing all-cause mortality.

Statistical analysis
All analyses used an intention-to-treat assignment. Continuous variables
are expressed as mean+ 1 SD and were compared using Student’s
t-test. Dichotomous variables are expressed as absolute numbers and
percentages (%) and were compared using the x2 test or Fisher’s exact
test as appropriate. Myocardial infarction rates were visualized with the
use of Kaplan–Meier survival curves, using the log-rank test for the
comparison between groups.

A P-value of ,0.05 was considered significant, and applicable tests were
always two sided. All analyses were conducted using SPSS 19.0.0.1 soft-
ware (IBM Corporation, Armonk, NY, USA) or R version 3.0.2 (R Foun-
dation for Statistical Computing, Vienna, Austria).

Results

Baseline characteristics and procedural
results
Of 325 patients, 167 were randomly assigned to deferral and 158 to
performance of PCI (Figure 1). Baseline characteristics of patients in
both randomization arms were similar, including angiographic char-
acteristics and FFR (Table 1). Fractional flow reserve was ≥0.75 in
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181 patients of whom 91 belonged to the group randomized to
deferral of PCI (Defer group) and 90 to the group randomized to
performance of PCI (Perform group). Fractional flow reserve was
,0.75 in 144 patients. In the latter group (Reference group),
randomization was ignored and PCI was performed anyway. Mean
percent diameter stenosis was more severe in the Reference group
(FFR , 0.75). However, overlap of data was so large that quantita-
tive coronary angiography was absolutely not useful for predicting
the true functional stenosis severity in individual patients. Fractional
flow reserve was 0.86+0.06 in the Defer group, 0.87+0.07 in the
Perform group, and 0.57+ 0.16 in the Reference group. In the
Performance group, 41 patients (46%) were treated by BMS and
85 patients (59%) in the Reference group. Finally, all angiographic
parameters after PCI were similar in the Perform and Reference
groups, indicating that no difference was present in the quality of
stenting between the Perform and Reference groups.

15-year follow-up
Complete follow-up was obtained in 325 patients (100%) after 12
months, in 317 patients (98%) after 24 months, in 313 patients
(97%) after 5 years, and in 298 patients (92%) after 15 years.
Mean follow-up of patients alive was 16.9 years (interquartile range
16.0–17.5 years). Patients lost to follow-up were similarly distribu-
ted among Defer (10 of 91, 11%), Perform (6 of 90, 7%), and Refer-
ence (11 of 144, 8%) groups (P ¼ 0.62). Follow-up with respect to
all-cause mortality after 15 years was obtained in 311 patients (96%)
by checking national databases.

Clinical outcome after 15 years
Mortality
Mean age of the patients at the start of the study was 61 years. Con-
sequently, after a mean follow-up of 16.9 years, a considerable por-
tion of patients had died from a predominance of non-cardiac
causes. There was no difference in all-cause mortality after 15 years
among the three groups: 33.0% in the Defer group, 31.1% in the Per-
form group, and 36.1% in the Reference group (Defer vs. Perform,
RR 1.06, 95% CI: 0.69–1.62, P ¼ 0.79) (Table 2). Also cardiac death
was not different between 5.5% in the Defer group, 4.4% in de Per-
form group, and 10.4% in the Reference group (Defer vs. Perform
P ¼ 1.00).

Myocardial infarction
The rate of MI was significantly lower in the Defer group (2.2%)
compared with the Perform group (10.0%), RR 0.22, 95% CI:
0.05–0.99, P ¼ 0.03. This was almost exclusively due to less
target vessel-related infarctions (Figure 2). Patients with a baseline
FFR ≥ 0.75 had a significantly lower rate of MI compared with
patients with an FFR , 0.75 (6.1 vs. 12.5%, RR 0.49, 95% CI:
0.24–1.00, P ¼ 0.044).

Repeat revascularization
Revascularization occurred in 42.9% of the Defer group, 34.4% of
the Perform group, and 44.4% of the Reference group, thereby
showing a trend towards higher revascularization rate in the Defer
group (Defer vs. Perform P ¼ 0.245). However, when looking at

Figure 1 Flowchart of the study, randomization, definition of the three groups, and 15-year follow-up.
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total cumulative events, no difference was observed (47 vs. 49
events) regarding PCI, as shown in Table 3. In other words, the

mean number of percutaneous coronary interventions per patient
was not statistically different in both groups.

Discussion
The DEFER randomized controlled trial investigated the safety of
deferring PCI for an angiographically significant but functionally non-
significant coronary stenosis as indicated by an FFR ≥ 0.75. Our re-
sults show that even after 15 years of follow-up, the prognosis of
functionally non-significant deferred lesions is excellent, that PCI
of such stenoses has no advantage and even results in more MIs
when compared with medical therapy. Our novel results extend
earlier findings from the DEFER study at 2- and 5-year follow-
up.14,15 This is the longest follow-up of a randomized trial using
fractional flow reserve for decision making and calls for a number
of discussion points.

First, our results show a significant increase in rates of MI if a func-
tionally non-significant stenosis is treated by PCI compared with
medical therapy alone. These MIs not only were peri-procedural
but also occurred throughout the complete follow-up, with the ma-
jority arising later than 5 years after the index procedure (Figure 2).
Interestingly, in the Defer group only one MI was possibly related to
the study vessel, thereby confirming the excellent natural history
of a functionally non-significant stenosis with optimal medical
treatment. In contrast, in the Perform group, the majority of MIs
occurred in the stented artery, suggesting a possible role of
neo-atherosclerosis as underlying cause.

Second, despite the increased rate of MI in the Perform group,
there was no increased mortality compared with the Defer group.
In this respect, it should be noted that after a very long-term follow-
up mortality is more related to advanced age (average age of 78.0
years at mean follow-up) and non-cardiac causes than to cardiac
death. Therefore, the potential effects of deferral vs. performance
of PCI on mortality dilute over time. However, the present data
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Table 1 Baseline characteristics

FFR ≥ 0.75 FFR < 0.75

Defer
group
(n 5 91)

Perform
group
(n 5 90)

Reference
group
(n 5 144)

Age (years) 61+9 61+11 60+9

Gender (%)

Male 65 63 80

Female 35 37 20*

Risk factors (%)

Diabetes 15 9 13

Hypertension 36 34 42

Hyperlipidaemia 43 48 49

Current smoker 27 23 29

Family history of CAD 56 46 45

Ejection fraction (%) 67+9 67+10 68+9

Angiography

Reference diameter
(mm)

3.00+0.64 2.94+0.57 2.97+0.58*

DS (QCA) (%) 48+9 48+10 57+12

MLD (mm) 1.55+0.37 1.50+0.36 1.28+0.39*

Lesion length (mm) 9.8+5.4 10.2+4.3 9.5+3.9*

FFR 0.87+0.07 0.87+0.06 0.56+0.16*

*P , 0.05 for comparison between Defer and Perform groups vs. Reference group.
CAD, coronary artery disease; DS, diameter stenosis; FFR, fractional flow reserve;
MLD, minimum luminal diameter. Reprinted with permission of the American
Heart Association.14
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Table 2 Clinical outcome after 15 years

Defer group
(n 5 91)

Perform
group (n 5 90)

Reference
group (n 5 144)

P-value

Defer vs.
Perform

Defer and perform
vs. Reference

Mortality

All cause 30 (33.0%) 28 (31.1%) 52 (36.1%) 0.789 0.441

Cardiac 5 (5.5%) 4 (4.4%) 15 (10.4%) 1.000 0.062

Unknown 13 (14.3%) 11 (12.2%) 10 (6.9%) 0.682 0.065

Non-cardiac 12 (13.2%) 13 (14.4%) 27 (18.8%) 0.806 0.228

MI

All 2 (2.2%) 9 (10.0%) 18 (12.5%) 0.033 0.044

Target vessela 1 (1.1%) 8 (8.9%) 12 (8.3%) 0.018 0.221

Revascularization

All 39 (42.9%) 31 (34.4%) 64 (44.4%) 0.245 0.294

Target vessel 33 (36.3%) 25 (27.8%) 51 (35.4%) 0.221 0.522

aTarget vessel ¼ target vessel + unknown vessel.

DEFER 15-year follow-up 3185
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show that concerns about increased mortality after deferral of
angiographically significant but functionally non-significant coronary
lesions are not justified.10,12,13

Third, deferring PCI of functionally non-significant stenoses does
not result in a significant increase or ‘catch-up’ of revascularization
compared with PCI on the long term. There was a trend towards
revascularization occurring in more patients in the Defer group
compared with the Perform group, but when looking at total cumu-
lative events no difference was observed (Table 3).

Fourth, the current study provides unique insights into the natural
course of coronary artery disease over the very long term when
treated medically according to FFR guidance. Several studies have
described the follow-up of medically treated coronary stenoses in
stable angina, but none of them exceeded 10 years.18 – 20 Direct
comparison of our results with other studies should be done with
caution due to differences in baseline characteristics. Deferral of
PCI in angiographically significant but functionally non-significant le-
sions is safe during the very long term. The current study presents
rates of MI in the Defer group of 2.2% after 15 years, compared with
MI rates of 11.2% after 5 years in COURAGE, and 4.5% after 7 years
in RITA-2, when FFR was not used in comparable patients.18,21 In the
FAME study, of 513 deferred lesions based on an FFR . 0.80, only
one infarction related to a deferred lesion occurred after 2 years, in
line with our extended DEFER results.

Limitations
The present study also has several limitations. First, the study was
not designed for a follow-up of 15 years and was therefore not ex-
plicitly powered for the reported endpoints.

Second, PCI was performed in an era when drug-eluting stents
were not yet available. With contemporary second-generation
stents the rate of MI might have been lower in the Perform group.22

Yet, the excellent outcome in the Defer group, with only two MIs,
is hard to surpass (Figure 2).

Third, although treatment was randomized, neither the patients
nor the physician was blinded. This might have created a bias to-
wards more revascularization in the Defer group at follow-up.

Fourth, in contrast to contemporary patients, the majority of pa-
tients in the DEFER study had single vessel disease. Extrapolating
our long-term data to patients with multivessel disease should be
done with caution. Nevertheless, comparable results with respect

Figure 2 Kaplan–Meier of myocardial infarction (A) and relation of myocardial infarction with study vessel territory (B).
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Table 3 Cumulative adverse events after 15 years

Defer
group
(n 5 91)

Perform
group
(n 5 90)

Reference
group
(n 5 144)

MI

All 2 13 19

Target vessel 0 9 13

Unknown vessel 1 3 1

Non-target vessel 1 1 5

PCI

All 49 47 66

Target vessel 30 28 38

Non-target vessel 19 19 28

CABG

All 11 7 23

Target vessel 10 7 22

Non-target vessel 1 0 1

F.M. Zimmermann et al.3186
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to deferral of functionally non-significant lesions up to 5 years have
been described in patients with multivessel disease in the FAME and
FAME 2 studies.5,7 Therefore, even in multivessel disease it might be
expected that PCI can be safely deferred in functionally non-
significant lesions.

Finally, when using FFR to identify ischaemic stenoses, a grey zone
exists between 0.75 and 0.80. In the DEFER study, the lower limit of
that grey zone was used, whereas presently the upper limit of the
grey zone is used (0.80) to make decisions, thereby increasing sen-
sitivity to almost 100% at the cost of a decreased specificity. We do
not believe this choice fundamentally influenced the outcome of the
DEFER study because of a continuous relationship between the FFR
value and clinical outcomes for both deferral and performance of
PCI, as documented recently in a large meta-analysis.3

Conclusion
In conclusion, among patients with stable chest pain, coronary sten-
oses that are not responsible for inducible ischaemia as indicated by
FFR ≥ 0.75 have an excellent outcome when treated medically,
even after 15 years of follow-up. Performing PCI of such functionally
non-significant stenosis has no benefit compared with medical
treatment.
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A 45-year-old woman with chest pain after coronary stenting
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A 45-year-old woman with history of diabetes mel-
litus and smoking underwent coronary angiography
due to unstable angina. During the intubation of the
left main coronary artery, pressure drop was
observed and ostial left main stenosis was found
(Panel A). The patient complained of chest pain
and immediate stenting of the left main coronary
artery was performed guided by intravascular ultra-
sound. A Resolute Integrity-zotarolimus eluting
stent 15 × 4 mm was inserted. Due to dissection
distally to the stent, a second stent Resolute Integ-
rity 9 × 4 mm was inserted in the distal left main
(Panel B).

Next morning the patient complained of chest
pain, resolved by isosorbide dinitrate. Bedside
echocardiography revealed a metallic shadow
12 × 4 mm, which protruded into the aorta (Ao)
on a parasternal short-axis view at the level of
the pulmonary artery (PA) and was consistent
with migrated coronary stent (Panel C).

The patient underwent urgent surgery that
showed the coronary stent protruding out of left
main coronary artery into the aorta (Panel D).
The stent was removed and coronary artery bypass
grafting was performed. Subsequent course was
uneventful.

Incidence of stent loss is rare, 0.2%, but may lead to serious complications including cerebrovascular embolic events, myocardial
infarction and death, but may be asymptomatic and occur up to 2 years after the implantation. Risk factors for stent migration are
tortuous and calcified artery, short stent at an aorto-ostial location, and drug eluting stent with delayed endothelial coverage.

Z.V. handled funding and supervision. R.S., A.H., and V.R. acquired the data. M.L. and Z.V. conceived and designed the research. M.L.
drafted the manuscript. Z.V. made critical revision of the manuscript for key intellectual content.
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