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Management of restenosis after  
drug-eluting stent placement for 
unprotected left main disease

 Review

In some institutions a percutaneous approach to unprotected left main (ULM) disease has become a valid 
alternative to coronary artery bypass graft. Despite the feasibility of the technique and favorable results 
in terms of low mortality and myocardial infarction rates, restenosis still remains a major issue for 
interventionalists. In the last few years the use of drug-eluting stents and the availability of new strategies 
to treat atherosclerosis have only partially succeeded in reducing the phenomenon that still represents 
an intriguing challenge. A relapse of disease in such a delicate localization, even if causing an acute 
coronary syndrome in only a third of subjects, may cause severe myocardial ischemia and influence patient 
prognosis. To date there are many randomized and retrospective studies focusing on the treatment of 
‘naive’ ULM but little data regarding the outcome and the optimal management of restenosis in such 
patients. Our aim is to review the literature in order to summarize the incidence of the phenomenon and 
to describe the three main possibilities for its treatment: optimal medical therapy, percutaneous 
reintervention and cardiac surgery.
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Since the late 1970s coronary artery bypass 
grafting (CABG) has traditionally been consid-
ered the reference treatment for left main coro-
nary artery disease [1,2]. Percutaneous coronary 
intervention (PCI) for unprotected left main 
(ULM) disease was first attempted by Andreas 
Gruntzig as early as 1977 using experimental 
balloon angioplasty catheters. The risk of elastic 
recoil was soon recognized to be a major obsta-
cle in this segment of vital importance [3,4]. 
The introduction of bare-metal stents (BMS) 
provided important immediate and mid-term 
results by reducing peri-procedural risks (e.g., 
the need for emergency CABG), restenosis and 
target lesion failure. Nonetheless, intrastent pro-
liferation limited BMS benefits with the ensuing 
risk of target lesion revascularization (TLR) [5,6]. 
Drug-eluting stents (DES) have been shown to 
significantly reduce the risk of restenosis and, in 
some institutions, it has become common prac-
tice to implant DES in the ULM [7–9]. In the last 
few years we have witnessed constant improve-
ments in medical approaches to coronary artery 
disease (e.g., new therapies for diabetes and dys-
lipidemia) along with the development of new 
technologies by the medical industry (e.g., stent 
platforms and polymers). Despite these improve-
ments, DES restenosis in the ULM is an emerg-
ing problem for interventionalists. If we con-
sider that restenosis in such a delicate location 

may produce severe myocardial ischemia, the 
treatment of such lesions may influence patient 
prognosis. ULM restenosis management is thus 
an intriguing challenge for interventional car-
diologists. The aim of this review is to summa-
rize the state of the art in this particular field 
of research and to describe the outcome and 
optimal m anagement of such patients to date. 

Incidence & prevalence of  
ULM restenosis 
Unprotected left main restenosis rates have been 
described in many randomized and retro spective 
studies investigating thousands of subjects, thus 
demonstrating the progressive diffusion of the 
percutaneous approach in this segment. It has 
been shown that after 15 months of cl inical 
follow-up, significant intra-stent proliferation is 
present in up to 16% of subjects, 7% of whom 
require target vessel revascularization (TVR) [10]. 
In the scientifically rigorous and randomized 
SYNTAX trial, 12-month major adverse cardiac 
event (MACE) rates reached 17.8% with repeat 
revascularization rates of 13.7% [11]. A recent 
meta-ana lysis including 1278 patients undergo-
ing PCI with DES in ULM shows similar results, 
thus confirming the importance of the phenom-
enon [12]. When a s ystematic angiographic follow-
up was p erformed, in-lesion restenosis is present 
in up to 42% of patients (median follow-up: 
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276 ± 57 days), with TVR rates of up to 38%. We 
also demonstrated that TLR was ischemia-driven 
in only 14% of patients. 

When analyzing the localization of rest-
enosis, late loss was significantly greater within 
the left circumflex ostium compared with the 
parent vessel of the left main coronary artery 
bifurcation. As expected, late loss continued 
to increase between 3- and 9-months follow-
up [13]. Mehilli et al. recently reported on the 
efficacy of paclitaxel-eluting stents (PES) and 
sirolimus-eluting stents (SES) in the prevention 
of ULM restenosis [14]. In this randomized study, 
607 patients with symptomatic coronary artery 
disease undergoing PCI for ULM were random-
ized to receive a PES or SES. Angiographic res-
tenosis was 16.0% with PES and 19.4% with 
SES (RR: 0.82; 95% CI: 0.57–1.19; p = 0.30), 
thus concluding that both of these DES provided 
comparable clinical and angiographic outcomes. 

The Failure In Left Main Study (FAILS) 
was the first ever evaluating the epidemiology 
of ULM restenosis and its best treatment [15]. 
Despite small numbers and a retrospective 
design, the FAILS provided original details 
regarding the presentation of such patients. 
Almost 70% of them were elective angiographic 
controls or presented with silent ischemia or 
s table angina. However, an unstable presenta-
tion was present in over 30% of cases, suggest-
ing that restenosis is not a benign entity even 
in the ULM.

Predictors of ULM restenosis
Several clinical studies identified the predictors 
of adverse events in patients undergoing ULM 
stenting with DES. On univariate ana lysis, 
Parsonnet classification of surgical risk, use of 
intra-aortic balloon pump, presence of shock at 
entry, lesion located in the distal LM, non elective 
PCI, troponin elevation at entry, thrombolysis in 
myocardial infarction flow grade before and after 
PCI, reference vessel diameter, left ventricular 
ejection fraction and the use of DES were recog-
nized as significant predictors of adverse events. 
On multivariate ana lysis, Parsonnet classifica-
tion, troponin elevation at entry, lesions located 
at a distal site, reference vessel diameter and the 
use of DES were independent predictors of major 
adverse cardiovascular events [16]. Multiple meta-
analyses have shown that bifurcational disease, 
multivessel and double-vessel stenting are also 
important covariates of adverse outcomes.

While data regarding the predictors of rest-
enosis in ULM are rather limited, many authors 
have described those in all coronary lesions [17–20]. 

Further studies will be useful in order to better 
asseses which are the characteristics that lead to 
a relapse of disease in such a delicate localization.

Diagnostic appraisal
Both Price et al. [13] and Palmerini et al. warned 
that restenosis was frequently asymptomatic, 
thus recommending serial angiographic fol-
low-up. This view was reiterated by Baim et al. 
who cautioned: “Without that safety net, one 
would expect an up-tick in late mortality events 
resulting from unrecognized restenosis in this 
critical location”. A critical ULM stenosis needs 
immediate diagnosis and therapy because of 
poor p rognosis due to s ignificant decrease of 
m yocardial perfusion. 

Clinical and instrumental data may be help-
ful in order to identify patients with a critical 
ULM restenosis. Coronary angiography has been 
universally accepted as the gold standard for 
the quantification of coronary artery disease. A 
signifi cant ULM restenosis is defined as a stenosis 
of greater than 50% at coronary angiography. It 
leads to a poor prognosis at long-term follow-up. 
The prognosis of patients with mild-to-moderate 
(<50% diameter stenosis) ULM narrowing is still 
unknown [19]. 

Ostial lesions as well as bifurcational lesions 
involving the proximal left anterior descending 
or circumflex, may be difficult to assess angio-
graphically. Intravascular ultrasound permits 
detailed, high-quality, cross-sectional imaging 
of coronary arteries and therefore should be 
c onsidered in the assessment of patients with 
angio graphically ambiguous or inconclusive 
ULM disease. 

Multislice computed tomography (MSCT) 
is a promising technique for noninvasive coro-
nary evaluation. Current MSCT technology, in 
combination with optimal heart rate control, 
allows reliable noninvasive evaluation of selected 
patients after ULM stenting. The literature sug-
gests that MSCT is safe to exclude left main 
intrastent restenosis and therefore might be an 
acceptable diagnostic alternative in future [21].

Medical management
The treatment of ULM restenosis is based on 
patient symptoms/signs of ischemia, coronary 
anatomy, surgical risk, PCI feasibility and overall 
life expectancy. Considering that the natural his-
tory of restenosis is far more malignant than stable 
coronary disease, such patients should be treated 
more aggressively. Isolated medical therapy (MT) 
should be reserved for high-risk patients ineli-
gible for revascularization. The demonstration 
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of a fractional flow reserve greater than 0.80 is 
another indication for MT alone. Improvements 
in MT have benefited both surgical and medi-
cal groups, but in view of the overall survival 
advantage of CABG in most angiographic and 
clinical subsets, current American College of 
Cardiology/American Heart Association guide-
lines state: “the benefit of surgery over medical 
treatment in patients with significant ULM ste-
nosis”. The benefits of CABG compared with 
MT emerge beyond 1 year, as perioperative 
mortality and morbidity in the CABG group 
become offset by mortality from coronary artery 
disease in the medical group. However CABG 
and PCI, together with MT, reduce  morbidity 
and m ortality and improve quality of life. 

Lifestyle changes can reduce cardiovascular 
risk factors, improve quality of life, and lower 
cardiovascular morbidity and mortality. They 
provide additional benefit over and above MT 
and/or revascularization procedures and should 
be strongly recommended to all patients. 

The MT of ULM restenosis  consists of: 

 � Aspirin and antianginals: platelets anti-
aggregant agent (acetylsalicylic acid 
[75–325 mg/day], and/or thienopyridines 
[clopidogrel/ticlopidine]) and nitrates;

 � b-blockers and blood pressure control (target 
<130/80 mmHg): b-blockers (resting heart 
rate: target 55–60/min), angiotensin-convert-
ing enzyme inhibitors in diabetics or patients 
with impaired left ventricular systolic function 

and should also be considered in all patients 
with vascular disease and at least high normal 
blood pressures, calcium-channel blockers;

 � Cholesterol management and cigarette cessa-
tion: lipid-lowering agents such as statins (to 
achieve an low-density lipoprotein <100 mg/dl);

 � Dietary improvements and diabetes control 
(good glycemic control with glycohemoglobin 
<7.0%);

 � Education and exercise. 

In the FAILS, MT was reserved to a very lim-
ited cluster of patients. Only four subjects were 
considered ineligible for both surgery and PCI, 
considering their prohibitive risk profile (i.e., 
age, diabetes, renal insufficiency, other comor-
bidities, etc.). Mid-term outcome of the isolated 
MT was obviously very poor, including cardiac 
death (25%) and a ULM TLR (25%) at 2 years 
follow-up. 

To date, several trials have demonstrated a 
survival benefit in patients treated by means of 
CABG or PCI over MT. According to recent 
guidelines the current standard of care for 
 treatment of ULM stenosis is CABG. However, 
the strategy of revascularization (CABG or PCI) 
and MT should be viewed as complementary, 
rather than opposing, strategies. Indeed, con-
sidering the prognostic relevance of ULM dis-
ease, our opinion is that MT alone should be 
offered only when r evascularization is strictly 
c ontraindicated (Figure 1). 

Medical therapy:
– Stenosis <50% at angiography
– MLA >6mm2 at IVUS
– FFR >0.80 at pressure wire
– Lack of ischemia
– Unaffordable surgical and 
   interventional risk

CABG:
– Suitable anatomy
– Associated valvular disease
– Multivessel coronary disease
– Low ejection fraction
– Diabetes
– High SYNTAX score >32

DES restenosis in ULM

PCI:
– Stenosis >50% at angiography
   (even in asymptomatic patients)
– MLA <6mm2 at IVUS
– FFR <0.80 at pressure wire
– Suitable anatomy
– Isolated and focal lesions
– Refused by surgeons
– Low SYNTAX score (<22)
– Intermediate SYNTAX score (22–32)?

Figure 1. Drug-eluting stent restenosis in unprotected left main disease.
CABG: Coronary artery bypass graft; DES: Drug-eluting stent; FFR: Fractional flow reserve;  
IVUS: Intravascular ultrasound; MLA: Minimum lumen area; PCI: Percutaneous coronary intervention; 
ULM: Unprotected left main.
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Percutaneous management
Unprotected left main restenosis can often be 
managed by means of PCI. The decision to per-
form PCI instead of surgery is usually considered 
in the following conditions: 

 � Unsuitable anatomy for surgery (size and qual-
ity of coronary vessels and/or conduits for 
grafting);

 � Suitable anatomy for stenting;

 � Increased risk for surgery (comorbidities, age 
and EUROscore);

 � Absence of significant valvular disease r equiring 
surgery;

 � Preference by the patient for a percutaneous 
approach.

An accurate angiography with the standard 
projections is required to asses the exact locali-
zation of disease (ostium, shaft or bifurcation). 
The images also reveal the pattern of restenosis 
(focal, diffuse or proliferative). PCI can be per-
formed with balloon angioplasty (conventional 
or drug-eluting balloons) or with stent implan-
tation. While a BMS intra-DES is a very rare 
occurrence, a second DES placement is a more 
frequent technique. A rare approach to ULM 
restenosis is the use of debulking devices such 
as cutting balloon or coronary atherectomy. 
Such devices may be indicated in the case of 
calcified lesions. PCI has to be associated with 
optimal MT in order to maximize the ben-
efits. In the literature there is no data regard-
ing the optimal duration of double antiplatelet 
therapy after DES placement for a ULM rest-
enosis. Considering the critical localization of 
disease, stent thrombosis would be a sudden 
catastrophic event. It appears prudent to err 
on the side of prolonging thienopyridines (in 
the absence of bleeding) until there is good evi-
dence supporting shorter duration of therapy. 
The choice between angiographic and clinical 
follow-up should be left at the operator’s and 
referring physician’s discretion, but often takes 
into account patient’s preference and comor-
bidities. Currently there is no evidence that a 
systematic angiographic follow-up improves 
patient prognosis. Nonetheless, in most cases, 
angiographic follow-up is recommended irre-
spective of symptoms or signs of ischemia 
6–12 months after index PCI. 

To date there are very few data regarding 
the interventional approach to DES resteno-
sis in ULM. The FAILS study retrospectively 

enrolled 70 patients presenting with significant 
angiographic restenosis [15]. These subjects were 
identified from a total sample of 718 patients 
with ULM treated with DES. The primary end 
point was the long-term rate of MACE such 
as death, myocardial infarction (MI) or TLR. 
Of the overall population, 5% died before 
6 months without any angiographic follow-
up (2.5% suddenly). Angiographic follow-up 
was ultimately performed in 62.8% subjects, 
being clinically driven in 16.6% and routinely 
performed even in the absence of symptoms/
signs of myocardial ischemia in 46.2%. The 70 
restenotic cases were treated by means of MT 
only (5.7%), repeat PCI (84.3%) and CABG 
(10%). Among the 59 patients treated interven-
tionally (repeat PCI group), 57.6% underwent 
a new DES implantation. In contrast to the pre-
vious baseline procedure, PES were used pre-
dominantly, followed by SES. The immediate 
outcome was quite favorable (Table 1), with one 
(1.7%) death in the PCI group. No patient had 
periprocedural MI or needed urgent CABG. 
Long-term follow-up data were available in 
100% of restenotic subjects after an average of 
25.6 ± 16.5 months since diagnosis of restenosis 
(36.7 ± 15.3 months of follow-up from the first 
PCI with DES in the ULM), with 44.3% of 
subjects undergoing repeat PCI having repeat 
angiographic follow-up after 8.1 ± 8.3 months. 
The MACE rate was 25.7%, with death in 
5.7%, MI in 2.9%, TLR in 21.4% (includ-
ing CABG in 5.7%) and PCI on other vessels 
in 21.4%. Finally, one case of possible stent 
thrombosis, one of probable stent thrombosis 
and no cases of definite stent thrombosis were 
identified. The major findings of the FAILS 
were twofold: 

 � Significant ULM DES restenosis is often 
characterized by a stable clinical condition; 

 � After 24 months of clinical follow-up from the 
diagnosis of restenosis, MACE rates appear 
quite favorable in both the i nterventional and 
surgical therapy groups. 

Almost 70% of patients with a diagnosis of 
significant DES restenosis in ULM were elec-
tive angiographic controls or presented with 
silent ischemia or stable angina, but an unsta-
ble presentation of ULM restenosis was found 
in over 30% of cases, suggesting that resteno-
sis is not a benign entity even in the ULM. 
Nonetheless, repeat PCI is often possible and 
successful in these subjects. Notably, paclit-
axel-eluting stents were used more frequently 
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for repeat PCI, possibly because of availabil-
ity subsequent to SES, larger sizes and prefer-
ence for different DES strategy [8]. Regarding 
the mid-term clinical outcome (>2 years of 
median follow-up after the diagnosis of rest-
enosis), this study showed low mortality and 
MI rates in patients treated with PCI and 
CABG. Differences in MACE, death, MI and 
TLR rates between these two groups are, how-
ever, limited by the small size of the CABG 
group, and should be viewed as hypothesis- 
generating only. It should also be borne in 
mind that f ollow-up inter vention results are 
largely dependent on the i nitial patient char-
acteristics and interventional approach, as, for 
instance, in the FAILS multiple stents were 
commonly implanted, limiting the role of 
s ubsequent CABG.

The interventional approach to restenosis 
after DES placement in left main stem is tech-
nically feasible and safe. Despite encouraging 
immediate and mid-term results supplementary 
data from larger trials are definitely required.

Surgical management 
To date, few data are available about the surgi-
cal management of DES restenosis in ULM. 
For coronary artery disease with ULM stenosis, 
CABG is traditionally regarded as the “stand-
ard of care” due to well-documented evidence, 
from meta-ana lysis of randomized trials and 

registry data, of durable survival advantage, 
despite an increasing trend to use DES for 
ULM stenosis. 

Surgical management of ULM rest-
enosis should be considered in the following 
conditions:

 � Suitable coronary anatomy

 � Diabetic patients

 � Concomitant multivessel disease 

 � Low left ventricular ejection fraction

 � Valvular disease requiring surgery

 � Acceptable surgical risk and overall life 
e xpectancy

Gorlin first reported that CABG resulted in 
a significant improvement in 10-year survival 
compared with MT in patients with significant 
ULM stenosis, an observation confirmed in 
three randomized trials and numerous obser-
vational studies over the next two decades. 
Although both the MT and surgical techniques 
used in these studies are outdated by today’s 
standards (e.g., aspirin, statins and internal 
mammary artery [IMA] grafts were not widely 
used), a meta-ana lysis of these trials demon-
strated a significant relative risk reduction in 
mortality with CABG of approximately 66% at 
5 years with the benefit extending to 10 years. 
Even so, the trials probably underestimated the 

Table 1. In-hospital and long-term follow-up events after treatment of drug-eluting stent restenosis in 
unprotected main. Results from the FAILS study.

All (n = 70) Medical therapy only (n = 4) Repeat PCI (n = 59) CABG (n = 7)

In-hospital events

Death (%) 1 (1.4) 0 1 (1.7) 0

Cardiac death (%) 1 (1.4) 0 1 (1.7) 0

Myocardial infarction (%) 0 0 0 0

CABG (%) 0 0 0 0

Long-term events

Follow-up from restenosis (months) 25.6 ± 16.5 27.1 ± 18.5 23.9 ± 16.8 32.4 ± 9.2

Follow-up from first PCI in ULM (months) 36.7 ± 15.3 45.1 ± 17.4 35.5 ± 15.7 44.3 ± 10.8

Major adverse cardiac events (%) 18 (25.7) 2 (50.0) 15 (25.4) 1 (14.3)

Death (%) 4 (5.7) 1 (25.0) 3 (5.1) 0

Cardiac death (%) 2 (2.9) 1 (25.0) 1 (1.7) 0

Myocardial infarction (%) 2 (2.9) 0 2 (3.4) 0

CABG (%) 4 (5.7) 0 3 (5.1) 1 (14.3)

ULM TLR (%) 15 (21.4) 1 (25.0) 13 (22.0) 1 (14.3)

Non-ULM PCI (%) 15 (21.4) 1 (25.0) 14 (23.7) 0

Stent thrombosis (%)
– Definite
– Probable
– Possible

 
0
1 (1.4)
1 (1.4)

 
0
0
0

 
0
1 (1.7)
1 (1.7)

 
0
0
0

CABG: Coronary artery bypass graft; PCI: Percutaneous coronary intervention; TLR: Target lesion revascularization; ULM: Unprotected left main.
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real survival benefit of CABG surgery because 
the trial patients were relatively low risk, only 
10% of surgical patients received an IMA graft 
(which leads to superior long-term graft patency 
and a clear survival benefit), and ana lysis on an 
intention-to-treat basis ‘discounted’ the survival 
advantage of CABG in the 40% of the medical 
group who crossed over to surgery. Indeed, in 
the prospective study of ULM stenosis, in which 
1484 patients in the Coronary Artery Surgery 
Study (CASS) registry were followed for up to 
16 years, the overall median survival for CABG 
patients was 13.3 years versus 6.6 years for MT. 
Since these pivotal studies, improvements in 
MT have benefited both surgical and medi-
cal groups, but in view of the overall survival 
a dvantage of CABG in most angiographic and 
clinical subsets.

In the last decade, six groups from Europe 
and the USA have reported CABG results in 
cohorts of at least 300 patients with ULM 
stenosis. Cumulatively, these studies included 

almost 11,000 patients of whom around a third 
(range: 5–57%) underwent urgent surgery with 
an average in-hospital mortality of 2.8% and 
30-day mortality of 3–4%. In the SYNTAX 
trial [12], 12-month MACE rates reached 17.8% 
in the PCI group and 12.1% in the CABG 
group, with repeat revascularization rates of 
13.7 and 5.9%. Moreover, Seung et al. com-
pared in a nonrandomized fashion PCI versus 
CABG and found that after 33 months they 
did not differ significantly for death rates or 
the composite of death, MI or stroke. However, 
DES were associated with higher rates of TLR 
(9.7 vs 1.6%). Similar results were also reported 
by other authors. Despite their inherent limita-
tions, the results of ongoing trials with random-
ized and registry cohorts evaluating DES with 
CABG should provide evidence-based guidance 
in selecting the preferred form of treatment for 
ULM stenosis in the future. 

Recently, the FAILS reported on seven 
patients treated by means of surgery for signifi-
cant ULM restenosis [15]. Patients undergoing 
surgery were significantly older (69.7 ± 8.9 vs 
64.8 ± 12.7 years) and had lower ventricular 
ejection fraction (45.0 ± 7.1% vs 53.9 ± 9.5%). 
However, there were no diabetic subjects (0 
vs 31% in the PCI group) and EUROscore 
was significantly lower (5.0 ± 1.9 vs 7.1 ± 13). 
At 27 months after the restenosis diagnosis, 
MACE rates were 14.3 versus 25.4%, respec-
tively. Cardiac death, MI and ULM TLR were 
respectively 0 versus 1.7%, 0 versus 3.4% and 
14.3 versus 22%.

Outcomes of repeat PCI for ULM restenosis 
are not well defined. Every single case should 
be collegially discussed between surgeons and 
interventionalists. However, it is reasonable to 
recommend CABG, in the absence of contra-
indications to surgery, as standard of care for 
most patients with ULM stenosis because of 
its substantial survival advantage and freedom 
from repeat intervention. PCI is a reasonable 
alternative in subjects presenting isolated ULM 
stenosis or who are ineligible for CABG. 

Conclusion & future perspective
Restenosis after DES placement in the ULM 
has become an intriguing challenge for inter-
ventionalists. Although current guidelines rec-
ommend a surgical approach to ULM, in the 
last few years it has been demonstrated that 
PCI is safe and feasible, with similar short- 
and mid-term survival and MI rates. However, 
recurrent revascularizations are still a major 
issue. To date there is a substantial lack of data 
in the literature regarding the optimal man-
agement of DES restenosis in ULM. There 
is only a multicentric retrospective study, the 
FAILS, describing the outcome of 70 restenotic 
cases over more than 700 patients that had a 
DES implanted in the left main stem. After 
24 months of clinical follow-up from the diag-
nosis of restenosis, MACE rates appeared quite 
favorable in the interventional group. Surgery 
should be reserved for patients presenting con-
comitant multivessel disease, valvular disease, 
low ejection fraction, diabetes and suitable 
anatomy for grafting. Finally, it has been dem-
onstrated that optimal MT should be associ-
ated with a revascularization strategy in order 
to provide significant benefits in the treatment 
of DES restenosis in ULM. Our opinion is that 
in the next 5–10 years ULM restenosis will be 
managed more and more frequently by the 
means of interventional cardiology. PCI out-
comes will improve along with the development 
of new technologies (e.g., stent platforms and 
polymers) and the optimization of MT. 
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