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Abstract: Background: Ostial left anterior descending (LAD) artery lesions are a critical area for coronary stenting,
given that the location subtends a large area of the myocardium and can also be more technically challenging. It
remains controversial whether crossover stenting of ostial LAD back into the left-main (LM) is advantageous over
stenting the ostium alone. Methods: To evaluate the long-term clinical outcomes of stenting ostial LAD lesions,
we retrospectively reviewed all ostial LAD lesions cases at QEII Health Science Centre between 2008 and 2018.
Specifically, we compared the outcomes in those patients that had left main stent crossover vs. ostial stenting
(OS) alone. Results: The total number of patients included in the study was 175, with 25 patients (14%) having a
crossover to the LM and 150 (86%) having OS. There were more patients with previous CABG (24%) in the crossover
group compared to the OS group (9.2%) (P = 0.042). The one-year MACE was not significantly different between CO
vs. OS (13.3% (10.5-16.1) vs. 12% (5.5-18.5)). The five-year MACE was numerically higher, although statistically not
significant, in CO vs. OS (19.3 (15.9-22.7) vs. 25.9 (16.6-35.2)). Conclusion: This study shows that percutaneous
intervention provides reasonable long-term outcomes and low rates of repeat revascularization for isolated ostial
LAD lesions, with no noticeable difference in outcomes with crossover stenting into the LM vs. OS alone. A larger,
prospective study may be required to determine the optimal strategy for treating ostial LAD lesions.
Keywords: PCI - percutaneous coronary intervention (PCI), LM - left main coronary disease, stenting technique

Introduction
Ostial coronary lesions are a unique subset of
lesions that carry distinctive technical and procedural challenges during the percutaneous
coronary intervention (PCI). The shear stress on
the main branch provides important mechanics
for ostial lesion atherosclerosis [1-4]. The large
amount of myocardium in jeopardy is always an
area of concern during these interventions. The
left anterior descending artery (LAD), specifically with it is connection to the left main (LM)
and left circumflex artery (LCX), may provide a
particular challenge during PCI. Ostial LAD
lesions may often extend from the distal leftmain artery [5]. Compared to non-ostial lesions,
ostial lesions have high rates of Instent restenosis and long-term adverse events [6-8].
Balloon slippage and extension of dissection
into the LM could result in poor patient out-

comes. Stent struts protrusion into the leftmain vs. incomplete coverage of the ostial
lesion are not uncommon in intravascular ultrasound (IVUS) studies [9] and can lead to
increased risk of restenosis and stent thrombosis [10]. Moreover, the adjacent LCX artery may
be compromised during ostial LAD stenting and
may lead to ischemia and unwanted consequences [11].
To improve clinical and angiographic outcomes,
the use of cutting balloons, rotational atherectomy [12-14], different wiring techniques [15]
and the use of drug-eluting stents (DES) compared to bare-metal stents (BMS) [16-19] have
been studied in ostial LAD lesions and may improve long-term outcomes. Beyond this, some
have suggested crossover stenting of ostial
LAD back into the left main showed favourable
outcomes in in-vitro models [2, 4] and clinical
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studies [11, 20-23]. Furthermore, intravascular
imaging with optical coherence tomography
(OCT) and intravascular ultrasound (IVUS) [13,
18] may optimize procedural and long-term
clinical outcomes in these cases; however, it is
unknown whether LM to LAD crossover stenting is superior to stenting the LAD ostial disease alone.
Thus, our goal was to evaluate the outcomes in
patients undergoing PCI for ostial LAD lesions
while comparing the short- and long-term outcomes between those treated with a stent
crossing over to the LM versus ostial stenting
(OS) alone.
Methods
Patient cohort and eligibility criteria
We retrospectively reviewed all patients with
ostial LAD lesions PCI at the QEII Health Science
Centre in Halifax from January 2008 until
December 2018. Patients were eligible for the
study if they were ≥18 years old and had
received a coronary intervention of an ostial
LAD lesion. Two expert interventional cardiologists (OE and ST) reviewed all coronary angiogram images of all ostial LAD interventions. We
included only ostial LAD lesions interventions,
which were defined as >50% stenosis within
5mm of the ostium of the LAD.
We excluded patients with concomitant significant LM disease defined as >40% stenosis or
concomitant ostial LCx lesion of >50% and
patients with protected LM.
We divided patients into two groups based on
their stenting strategy. The first group included
patients with left-main stent crossover (CO),
and the second group comprised patients with
OS alone. All patients had Informed consent
obtained before the procedure. The institutional research ethics board approved the study
(NSHA REB ROMEO File# 1023428).
Patient details were retrieved from the catheterization laboratory Cardiovascular Information
System (CVIS) database. The CVIS database
includes patient demographics, procedural
complications, devices used, and procedural
outcomes. We completed missing data and
mortality outcomes by linking the CVIS database to a population-level provincial registry of
Cardiovascular Health Nova Scotia (CVHNS)
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database. A manual chart review was done to
complete missing data and review the need for
repeat revascularization procedures.
The catheterization laboratory at the QEII
health science center in Halifax is the only cath
lab in the province of Nova Scotia. To capture
all potential repeat catheterizations and revascularizations, we excluded out-of-province patients to minimize the chance of having subsequent catheterizations at another center.
Endpoints and definitions
The primary goal of the study was to compare
long-term outcomes of major adverse cardiac
events (MACE), all-cause mortality, target
lesion revascularization (TLR), target vessel
revascularization (TVR) and instent restenosis
(ISR) in those patients with CO stenting vs. OS.
The MACE was defined as the combination of
mortality, TLR and TVR. Mortality in this study is
all-cause mortality. TLR is defined as a re-intervention of the target lesion, while TVR is a reintervention of any segment of the target vessel. ISR is considered when angiographic luminal narrowing of >50% within 5 mm of stented
segment. Procedural success is defined as the
successful implantation of a stent with TIMI 3
flow in the treated vessel.
Procedural technique
The indications for the cardiac catheterization
were stable angina with ongoing symptoms
despite medical therapy and acute coronary
syndrome (ACS), which included ST-segment
elevation myocardial infarction (STEMI), nonST segment elevation myocardial infarction
(NSTEMI) and unstable angina (UA).
Percutaneous coronary interventions and
stenting were performed according to standard
techniques. All patients were pre-treated with
dual antiplatelet therapy, including aspirin and
loading dose of either clopidogrel or ticagrelor.
The procedure is performed through either a
transradial or transfemoral approach. Unfractionated heparin or bivalirudin was given to all
patients during the procedure with a target activated clotting time of >250 seconds. Two main
strategies for treating ostial LAD lesions were
used and analyzed in this study. The first strategy included crossover stenting (CO) from the
LM into the LAD, using standard provisional
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was considered to indicate statistical significance. All analyses were performed using
SPSS statistical software (IBM
Corp. Released 2017. IBM
SPSS Statistics for Windows,
Version 25.0. Armonk, NY: IBM
Corp).
Results
We identified 283 patients for
potential ostial LAD intervention. Figure 1 shows the workflow for patient selection. 38
patients were excluded because of significant LM disease, while another
50 were identified as non-ostial LAD lesions
and excluded. Data were missing on 12
patients, seven patients did not have any interventions, and finally, 2 out of province patients
were excluded.

Figure 1. Study flow chart for selected patients. LAD = Left anterior descending artery.

bifurcation techniques and proximal stent optimization (POT), where post dilatation was typically performed. The second strategy is stenting of the LAD to the ostium (OS) with no crossover back to the LM. The choice of the technique was left to the discretion of the treating
interventional cardiologist.
The use of intravascular imaging was left to the
discretion of the operator. Two primary modalities were used: Intravascular ultrasound (IVUS)
and optical coherence tomography (OCT). IVUS
uses an ultrasound probe to generate an image
of the vessel wall layers, while OCT uses nearinfrared light waves to provide high-definition
images of the vessel wall. IVUS was available
through the study period, and OCT was available since 2013.
Twelve-month Dual antiplatelet therapy was
typically used in most patients with DES and for
one month in those with BMS and lifelong aspirin therapy.
Statistical analyses
Baseline patient demographic variables were
summarized with descriptive statistics as
means (standard deviations), medians (interquartile range) or counts (percentages) for categorical variables. Chi-square tests, fishers
exact test, student’s t-test and Wilcoxon ranksum test were used, where appropriate, to
assess differences in baseline characteristics
between the two patient groups. Kaplan-Meier
survival function was used to characterize the
outcomes of MACE and mortality. The Log Rank
test was used, and the p-value was calculated.
The one-year and five-year survival rates were
calculated. All comparisons were based on twosided tests, and a p-value of less than 0.05
75

Overall, 175 patients fulfilled the criteria for our
study, with 150 patients undergoing ostial LAD
stenting (OS) and 25 patients having LM crossover (CO). The mean follow-up was 65.2 months
for the OS group and 62.8 months for the CO
group. Most of the patients were men at 77.7%,
with a ratio of 1 woman to 3 men (Table 1).
Table 1 shows the baseline characteristics, primarily similar for both groups, with a mean age
of 64.5 for OS versus 67.7 for the CO group. The
CO group had more patients with reported dyslipidemia (96% vs. 70.1%; P = 0.005) and more
significant history of smoking (84% versus 58%;
P = 0.014) than the OS group.
Table 2 shows procedural characteristics for
OS versus CO group. Angiographically, non-significant LM disease was present in 64% of the
CO group compared to 12.7% of the OS group.
The use of imaging such as IVUS and OCT was
significantly higher in the CO group compared
to the OS group (64% vs. 20%; P≤0.001).
Procedural complications were not significantly
different between the groups (2.7% in the OS
group v.s 4% in the CO group; P = 0.7).
The mean stent length in the OS group was
18.66 mm vs. 21.7 mm in the CO group (P =
0.07). Rotational atherectomy use was low and
was not used in the CO patients.
Intervention on the LCX or Ramus branch was
required in 5 patients of the CO group. Two paAm J Cardiovasc Dis 2022;12(2):73-80
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Table 1. Baseline characteristics for patients with ostial LAD
versus crossover
Variables

Overall
Ostial LAD Crossover to
p-value
Total = 175
n = 150
LM n = 25
65 (12)
64.5 (11.7) 67.7 (13.7) 0.213
136 (77.7) 118 (78.7)
18 (72)
0.445
39 (22.3)
32 (21.3)
7 (28)

Age Mean (±SD)
Male %
Female %
Indication %
NSTEMI
37 (21.1)
STEMI
43 (24.6)
Unstable Angina
48 (27.4)
Stable Angina
35 (20)
Other
12 (6.9)
Cardiogenic Shock %
3 (1.7)
Previous PCI %
28 (16)
Myocardial Infarction % 49 (28.2)
Hypertension %
111 (64.5)
Diabetes %
54 (31.4)
Dyslipidemia %
125 (74)
Smoker %
108 (61.7)

35 (23.3)
37 (24.7)
39 (26.0)
30 (20)
9 (6)
3 (1.7)
23 (15.3)
40 (26.7)
97 (66.0)
46 (31.3)
101 (70.1)
87 (58)

2 (8)
6 (24)
9 (36)
5 (20)
3 (12)
0 (0)
5 (20)
9 (37)
14 (56)
8 (32)
24 (96)
21 (84)

0.368

0.476
0.559
0.329
0.370
1
0.005
0.014

175 patients and long-term
outcomes extending beyond
an average of 63 months. Our
study showed that ostial LAD
lesion PCI generally had favourable outcomes. The longterm outcomes were comparable to non-ostial LAD studies
[24].
Furthermore, it appeared as
though a strategy crossover to
left-main versus ostial LAD
stenting showed no significant
difference in outcomes, although the numbers of CO were
relatively small in our cohort.

The overall 1-year MACE rate
(TLR, TVR and mortality) was
13.1%, with a five-year MACE
of 20.2%. Our study’s overall
1-year and 5-year mortality
LAD = Left anterior descending; LM = Left Main; NSTEMI = Non-ST Elevation Myowas 7.43% and 11.71%, rescardial Infarction; STEMI = ST Elevation Myocardial Infarction; PCI = Percutaneous
pectively. These results are
coronary intervention.
comparable to non-ostial LAD
outcomes. In the PROTECT
tients required bifurcation stenting, and three
trial [24], there was no significant difference
between proximal LAD and non-proximal LAD
were treated with balloon angioplasty only.
long-term outcomes. The one-year proximal
All-cause mortality tended to be higher in the
LAD rates of TLR and TVR were 3.5% 5.3%,
CO group during follow-up, but this was not sigrespectively. The long-term 4-year MACE was
nificantly different from the OS group (Kaplanalso similar to our study at 15%. Also, four-year
Meier Log Rank = 0.115) (Figure 2). Table 3
mortality was 5.8%, comparable to ostial LAD
shows clinical outcomes. The one-year mortalioutcomes in our study. These results confirm
ty following the procedure was similar in both
that although ostial LAD lesion location involves
groups (7.3% in the CO group vs. 8% in the OS
more myocardium at risk and stenting could
group). TLR and TVR in the CO group were 4%
jeopardize the left-main, outcomes are compaand 12% vs. 7.3% and 8%, respectively, in the
rable to proximal LAD and non-proximal LAD
OS group, and these were not statistically sigstenting.
nificant (P = 0.5).
Although ostial LAD lesion intervention has a
The one-year MACE was not significantly differhigh success rate and acceptable outcomes,
ent between CO vs. OS (13.3% (10.5-16.1) vs.
the outcomes with BMS are inferior. Some stud12% (5.5-18.5)). The five-year MACE was nuies reported a 32% risk of angiographic restenosis with a TLR rate of 12% [13]. Debulking
merically higher, although statistically not sigtechniques showed mixed results regarding
nificant, in CO vs. OS (19.3 (15.9-22.7) vs. 25.9
improved outcomes in ostial LAD lesion inter(16.6-35.2)) (Table 3). The Kaplan-Meier curve
ventions [7, 12]. In our study, the use of BMS
for overall MACE is shown in Figure 2. There
was limited and insufficient to allow for direct
was no significant survival difference between
comparison to DES. Debulking techniques were
the groups with a log-rank test of 0.225.
rarely used in our study, and thus we cannot
Discussion
determine if they impacted the outcome.
This study is one of the largest retrospective
studies for ostial LAD lesion interventions with
76

It has been shown previously that DES significantly improved outcomes [16] compared to
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Table 2. Procedural characteristics for patients with ostial LAD versus crossover
Variables
Stent Diameter Mean (±SD)
Stent Length Mean (±SD)
Lesion Length Mean (±SD)
Distal Reference Mean (±SD)
Number of stents Mean (±SD)
Number of Vessels PCI %
(2 vessel)
(3 Vessel)
Stent %
DES
BMS
POBA
Cutting Balloon %
Thrombectomy %
IABP %
Rotablation %
Left main disease %
Instent restenosis %
IVUS %
OCT %
Procedural Success %
Procedural complications %

Overall Total = 175
3.2 (0.38)
19.1 (7.93)
20.16 (11.32)
3.29 (0.47)
1.54 (0.78)

Ostial LAD N = 150
3.2 (0.39)
18.66 (7.86)
20.07 (11.38)
3.3170 (0.48)
1.51 (0.74)

Crossover to LM n = 25
3.2 (0.31)
21.7 (7.9)
20.7 (11)
3.1 (0.3)
1.76 (0.97)

p-value
0.91
0.07
0.8
0.1
0.13

30 (17)
8 (4.6)

22 (14.7)
6 (4)

8 (32)
2 (8)

0.06

154 (88)
20 (11.4)
1 (0.6)
6 (3.4)
10 (5.7)
8 (4.6)
4 (2.3)
35 (20)
10 (5.7)
33 (18.9)
13 (7.4)
173 (98.9)
5 (2.9)

130 (86.7)
19 (12.7)
1 (0.7)
6 (3.4)
10 (5.7)
7 (4.7)
4 (2.7)
19 (12.7)
8 (5.3)
19 (12.7)
11 (7.3)
149 (99.3)
4 (2.7)

24 (96)
1 (4)
0
0
0 (0)
1 (4)
0 (0)
16 (64)
2 (8)
14 (56)
2 (8)
24 (96)
1 (4)

0.409

0.596
0.361
1
1
≤0.001
0.637
≤0.001
0.266
0.7

LAD = Left anterior descending; LM = Left Main; PCI = Percutaneous coronary intervention; DES = Drug eluting stent; BMS =
Bare metal stent; POBA = plain old balloon angioplasty; IABP = intra-aortic balloon angioplasty; IVUS = intravascular ultrasound; OCT = optical coherence tomography.

Figure 2. Kaplan-Meier curve for Mortality and MACE, including TLR, TVR and all-cause mortality. MACE = major
adverse cardiac events, LM = Left-Main, TLR = target lesion revascularization, TVR = target vessel revascularization.

BMS. Seung et al. [18] showed significant reductions in angiographic restenosis, with 5.1%
in DES compared to 32% in BMS. The TLR rate
was 0% in DES compared to 17% in BMS. Another study [8] compared DES in ostial lesions
to non-ostial lesions found that the restenosis
rate was 7% with a MACE of 13% with no differ-
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ence between the groups. The study concluded
that ostial LAD lesions are no longer a risk factor for restenosis with DES. In a large study with
162 ostial LAD lesions, the use of DES showed
good outcomes with overall TLR rates of 8.3%
[16]. These results are similar to our study, as
most of our patients were treated with DES.
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Table 3. Clinical outcomes for patients with ostial LAD versus crossover
Variables
Mortality (1 year) % (CI)
Mortality (5 year) % (CI)
MACE (1 Year) % (CI)
MACE (5 year) % (CI)
TLR (Total) n (%)
TVR (Total) n (%)
Restenosis >50% (Total) n (%)

Overall Total = 175
7.43 (5.45-9.41)
11.71 (9.13-14.29)
13.1 (10.5-15.7)
20.2 (17-23.4)
12 (6.9)
15 (8.6)
16 (9.1)

Ostial LAD n = 150
7.3 (5.2-9.4)
9.9 (7.3-12.5)
13.3 (10.5-16.1)
19.3 (15.9-22.7)
11 (7.3)
12 (8)
15 (10)

Crossover to LM n = 25
8 (2.6-13.4)
22.5 (13.5-31.5)
12 (5.5-18.5)
25.9 (16.6-35.2)
1 (4)
3 (12)
1 (4)

LAD = Left anterior descending; LM = Left Main; MACE = major adverse cardiac events; TLR = target lesion revascularization;
TVR = target vessel revacularization.

It remains unclear whether crossover stenting
back into the LM may improve outcomes over
ostial stenting alone. Rigatelli et al. [23] retrospectively evaluated 74 patients with ostial
LAD lesions. Of those, 36 (49%) patients had
crossover stenting to the LM. The study outcomes showed a numerical decrease in MACE
in the crossover group vs. ostial stent (10 vs.
21%; P = 0.20). However, TVR was significantly
lower in the crossover technique (5.6% versus
10.1%; P = 0.04). Another study showed that
crossover is a safe and effective strategy and
potentially has favourable outcomes than ostial
stenting [16]. In our study, only 25 (14.3%) had
a crossover to left-main, and there was no significant difference between a crossover and
ostial stenting strategy in terms of long-term
MACE and Mortality. These results suggest the
crossover technique may be a reasonable and
safe strategy, especially when there is not
enough landing zone or disease in the left-main
or if there is a disease in the distal left-main.
Crossover stenting from the LM into the LAD is
safe even without opening the LCX struts [21].
Yamamoto [21] confirmed these results in 76
patients with ostial LAD who had crossover
stenting versus ostial LAD. Although a Kissing
balloon was required in 30% of their crossover
group, no cases needed LCx intervention, and
MACE was comparable. Proximal optimization
techniques (POT) have been recommended in
crossover stenting.Rigatelli et al. [23] reported
the use of POT in all patients with crossover
stenting and with the need for ballooning of the
LCx in 6 out of 36 patients only. These techniques are recommended to optimize the crossover technique and may contribute to favourable outcomes, with only a minimal risk for subsequent intervention to the circumflex. In our
study, the stenting strategy was left to the
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treating physician’s discretion, including the
use of POT. Bifurcation stenting was required in
two patients, and in another three patients,
only balloon angioplasty was required to the
circumflex.
It is well recognized that ostial LAD disease
may often co-exist with distal left-main disease
[25]. Intravascular imaging is a valuable tool in
exploring the extent of the disease back into
the left main vessel. IVUS guidance showed
favourable outcomes in ostial LAD lesions,
especially with distal left-main involvement
[18]. The complete lesion coverage guided by
IVUS could potentially help in reducing adverse
cardiac outcomes. Although it did not affect
restenosis rate, IVUS guided PCI of ostial LAD
lesion showed strut protrusion in 53% of cases
and incomplete coverage in 33% of cases [9].
The stent cross-sectional area is a significant
predictor of outcomes. Kim et al. Showed that
IVUS guided larger stent area is associated with
more favourable outcomes, regardless of the
technique used [13]. Intravascular imaging use
was 26% in our cohort, and it was used more
commonly in the crossover group. In our experience, intravascular imaging for stent optimization could improve outcomes. However, our
study cannot determine whether the use of
imaging contributed to an improved outcome
due to the small numbers.
The limitation of the study includes the inherent drawback of retrospective studies, which
include missing data and selection bias.
Complete follow-up data is potentially missing,
given the study’s retrospective nature, but the
data on repeat revascularization and vital status is almost complete by excluding out-of-province patients. Selection bias for the technique
used is another shortcoming of the study and
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limits the direct comparison between both
groups. On the other hand, the relatively large
number of patients included in this study with
the long-term outcomes are the strengths of
this analysis.
Prospective long-term data is missing on this
subset of patients with ostial LAD lesions.
Future research should focus on prospective
randomized clinical trials for patients with ostial LAD lesions with a direct comparison of the
two techniques.

[5]

[6]

Conclusions
In conclusion, ostial LAD lesion PCI showed
reasonable outcomes in this large retrospective study. Left-main crossover techniques
compared to ostial stenting showed comparable and favourable outcomes regardless of the
technique used. Either technique appears to be
safe and should be considered on a patient-bypatient basis. Left-main crossover technique
should be considered when appropriate but
may occasionally result in further intervention
to the adjacent circumflex. Further prospective
studies are needed to confirm these results
and guide stent optimization techniques.
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