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CASE SUMMARY
BACKGROUND: A 60-year-old male with recurrent angina
(CCS class II) and equivocal exercise treadmill tests presented for elective coronary angiography. He had bioresorbable stent implantation for stable angina 12 months
previously in the ostial to mid circumflex, which jailed the
ostium of the left anterior descending (LAD) artery.
INVESTIGATION: Coronary angiogram, fractional flow reserve,
intravascular ultrasound, optical coherence tomography.
DIAGNOSIS: Moderate distal left main disease, angiographically significant but functionally not significant LAD disease
and moderate ostial circumflex disease.
MANAGEMENT: Medical therapy.
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PRESENTATION OF THE CASE
A 60-year-old male re-presented with stable angina (CCS class II)
and equivocal exercise treadmill test 12 months after undergoing
previous elective percutaneous coronary intervention (PCI) with
implantation of a bioresorbable vascular scaffold (BVS) for ostial
and proximal left circumflex (LCx) lesions. Other past medical
history of note included diabetes mellitus, chronic kidney disease
(CKD) stage 4 and hypertension.
With regard to his index procedure, he had undergone elective
PCI for CCS III stable angina with implantation of a 3.0×28 mm
Absorb (Abbott Vascular, Santa Clara, CA, USA) BVS for an ostial
and proximal left circumflex (LCx) lesion (Figure 1A, Figure 1B)
with final left main stem bifurcation kissing balloon inflation (KBI).
According to optical coherence tomography (OCT) findings, prior
to KBI, the left anterior descending artery (LAD) orifice was jailed
by BVS struts (Figure 1C, Figure 1D). Hence, KBI with a 3.0×20 mm
non-compliant (NC) (left main coronary artery [LMCA]-LCx) and
a 2.5×20 mm NC balloon (LMCA-intermediate) was performed.
Though repeat OCT imaging post-KBI was not obtained due to
background CKD, the final angiogram indicated an excellent result
(Figure 2A, Figure 2B, Moving image 1, Moving image 2).
A coronary angiogram on his current admission (12 months after
index procedure) showed moderate stenosis of the distal LMCA,
severe stenosis of the ostial LAD and intermediate stenosis of the ostial
intermediate branch (Figure 2C, Figure 2D, Moving image 3, Moving
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image 4), whereas the BVS in the proximal LCx was free from significant stenoses. We decided to assess the haemodynamic significance of
all the aforementioned lesions and measure the minimal lumen area of
the ostial LAD stenosis using fractional flow reserve (FFR) and intravascular ultrasound (IVUS), respectively. After hyperaemia, induced
by intravenous administration of adenosine, FFR was measured at
0.87 in the LAD, 0.87 in the intermediate and 0.97 in the LCx. IVUS

confirmed the jailed LAD ostium from BVS struts with a minimum
lumen area of 5.73 mm² (Figure 3).
In this specific patient, who was not asymptomatic, some people
may suggest intervening according to the results of the coronary
angiogram. However, we might be able to wait for the absorption of
the BVS struts, which would theoretically lead to an increased SB
ostium strut-free area. How should this patient be treated?

Figure 1. Index procedure angiographic and optical coherence tomography (OCT) images before and after bioresorbable vascular scaffold
(BVS) implantation. Pre-procedural angiogram (left), and angiogram after BVS implantation (right). OCT demonstrated lumen area of
3.07 mm² in the ostial LCx (A) and a minimum lumen area of 2.34 mm² in the mid LCx site (B). The left anterior descending artery (LAD)
orifice was jailed by the BVS struts (C, D).
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Figure 2. Comparison between index PCI post-procedural and 12-month follow-up coronary angiogram. Red arrows indicate the left anterior
descending artery (LAD) lesion site. (A & C: right anterior oblique caudal view; B & D: left anterior oblique caudal view).

Figure 3. The results of FFR and IVUS measurements. FFR value was 0.87 in the left anterior descending (LAD) and intermediate arteries
and 0.97 in the left circumflex. IVUS revealed jailed BVS struts with a minimum lumen area of 5.73 mm2 at the carina site (A) and lumen area
of 5.96 mm2 distal to the carina site (B). BVS: bioresorbable vascular scaffold; FFR: fractional flow reserve; IVUS: intravascular ultrasound
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How would I treat?
THE INVITED EXPERTS’ OPINION

Ashok Seth*, FRCP, FACC, FESC, DSc; Gaurav Mohan, MD, DM; Vijay Kumar, MD, DNB
Fortis Escorts Heart Institute, New Delhi, India

This interesting case from Sato et al demonstrates the occurrence of
an angiographically severe stenosis at the LAD ostium 12 months
post-implantation of a BVS to treat an ostial proximal Cx stenosis
when the BVS struts jailed the LAD ostium. The patient has some
chest pain but no convincing objective evidence of ischaemia on
non-invasive evaluation treadmill test (TMT).
It is well recognised that angiography is deceptive. In fact, the
ostium of a jailed side branch can “look” dramatically worse due
to impaired visualisation contributed to by incomplete blood/contrast mixing and image filtering/edge enhancement mismatch of
digital angiography1. Furthermore, at 12 months, the thick struts
of BVS lying across the LAD ostium may develop neointimal tissue bridges2, which could also worsen the angiographic appearance
at the LAD ostium. As an OCT examination was not performed at
the 12-month follow-up, this “real possibility” remains speculative.
Thus, for us, the key to decision making is based on the intravascular physiology (FFR) and imaging (IVUS) data.
The FFR of 0.87 in the LAD and intermedius with intravenous
adenosine hyperaemia clearly demonstrates good flow down both vessels. FFR >0.8 has been well proven to be associated with extremely
favourable outcomes at follow-up on optimal medical therapy alone
when compared to PCI3. While IVUS has only a moderate correlation for physiological significance and prognosis in non-left main

coronary lesions, an MLA >4.0 mm2 (this patient’s LAD ostium was
measured at 5.73 mm2) identifies with reasonable accuracy non-significant lesions in which PCI can be safely deferred3. As 12 months
have already elapsed since the index procedure, any further progression of ostial LAD and intermedius lesions from here on is unlikely.
Furthermore, as the BVS resorbs by two to three years, there would
be resolution of neointimal bridges, unjailing of the LAD ostia and
positive remodelling of the vessels, all of which could lead to significant improvement of angiographic appearances at follow-up.
We would thus follow up this patient on optimal medical therapy. Keeping in mind the uncovered struts of BVS protruding in
the left main, we would prefer to continue dual antiplatelet therapy till the BVS resorbs. We would perhaps perform non-invasive
radionucleide perfusion imaging at two years post-index procedure
and perform angiography, FFR and OCT at three years post-index
procedure, by which time we would expect the BVS to be totally
resorbed. We would “wait and watch” with keenness as “fresh
knowledge and understanding” will come forth through such cases.
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How would I treat?
THE INVITED EXPERTS’ OPINION

Alexandre Abizaid1*, MD, PhD; J. Ribamar Costa Jr2, MD, PhD
1. Invasive Cardiology Department, Instituto Dante Pazzanese, São Paulo, Brazil; 2. Coronary Intervention Section, Instituto
Dante Pazzanese, São Paulo, Brazil

Sato et al present a very interesting and challenging case of progression of disease in the “jailed” ostium of a LAD after successful treatment of an ostial LCx lesion with an Absorb BVS one year earlier.
According to their description, the patient returned with mild to
moderate symptoms of exertional angina (CCS II) and an inconclusive treadmill test, being referred for a repeat cinecoronariography, which showed patency of the Absorb BVS in the ostium and
proximal LCx and a “severe”(?) lesion in the origin of the LAD and
intermediate arteries. Functional invasive assessment (FFR) was
performed which ruled out the presence of ischaemia both in the
LCx and in the LAD or intermediate coronary arteries. Additional
assessment with an invasive imaging modality (IVUS) showed an
ostium of the LAD “jailed” by the scaffold but with a minimum
lumen area of 5.73 mm2. Based on the clinical history and angiographic, FFR and IVUS findings, the authors question how they
should manage this case.
The presence of ischaemia still represents the “key element” in
the decision-making process of patients with stable coronary disease. Studies with both non-invasive and invasive assessment of
ischaemia have repeatedly demonstrated that patients with moderate to severe ischaemic burden usually have worse outcomes (death
and non-fatal myocardial infarction) as compared to those individuals with none or mild ischaemia despite the angiographic findings3-6. In the present case, all three coronaries showed FFR values
above 0.80, which rules out the presence of significant ischaemia
and is a consistent predictor of favourable outcomes, at least in the
midterm journey7,8.
Of note, a discrepancy between visual lesion estimation and the
presence of ischaemic obstructions is relatively frequent. In the FAME

trial, a significant number of angiographically significant stenoses
were reclassified after FFR assessment. In this particular case, the
presence of a trifurcated left main trunk makes the visual assessment
even more challenging. By the still pictures provided by the authors
at follow-up (Figure 2), we notice a superposition of the LAD and the
intermediate artery on one view (Figure 2C), and the presence of 50 to
60% lesion on the ostium of the LAD on the “spider” view, despite the
foreshortening of this projection (Figure 2D). Therefore, according to
the available pictures, we are not totally convinced about the “severity” of the ostial LAD lesion as stated by the authors.
This patient has also undergone invasive imaging assessment
with intravascular ultrasound at follow-up. It is important to state
that the ideal IVUS “cut-off” value to treat (or not) an intermediate coronary lesion remains unclear and is subject to a lot of criticism due to the tendency of this imaging modality to overestimate
lesion severity and induce unnecessary revascularisation procedures. The initial studies with IVUS pointed to a value of 4.0 mm2
as the limit to decide on the need to revascularise a coronary lesion.
Contemporary studies have suggested lower “cut-off” values (as
low as 2.0 to 2.4 mm2), which might also vary according to lesion
location (proximal vs. distal coronary segments). Table 1 summarises the main studies on this topic. However, despite the criticism
in terms of finding a “number” to justify the treatment, the literature is unanimous in pointing out the safety of IVUS in deferring
revascularisation in patients with minimum lumen area larger than
4.0 mm2, as in the current scenario.
Furthermore, IVUS gave very interesting and potentially useful
information in this case: most of the lumen restriction in the ostium
of the LAD is secondary to its entrapment by the LCx Absorb BVS,
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Table 1. Studies comparing intravascular ultrasound (IVUS) to functional assessment (non-invasive and invasive) in intermediate lesions.
Abizaid
et al9

Nishioka
et al10

Briguori
e cols11

Takagi
et al12

CFR

MIBI

FFR

112

70

53

Reference
vessel
diameter,
mm

≥2.75
<3.5

N/I

IVUS
“cut-off”
value for
MLA, mm2

≥4.0

89

Comparator

Accuracy, %

Kang
et al13

Ben-Dor
et al14

Waksman et al
(FIRST trial)15

Stone et al (VERDICT
Pilot and F1RST) trials*

FFR

FFR

FFR

FFR

FFR

51

201

92

367

303/241(total=544)

N/I

≥2.5
<3.5

>2.5

≥2.5

≥2.5

≥2.5
<4.0 (Pilot)
≥2.75
<4.0 (F1RST)

≤4.0

≤4.0

<3.0

<2.4

3.2

<3.07 (overall)
<2.4 (vessels
<3.0)
<2.7 (vessels 3.0- 3.5)
<3.6 (vessels
> 3.5)

2.9

N/I

79

90.2

68

74

66

66

Sensitivity, %

N/A

90

92

83

90

69.2

64

66.3

Specificity, %

N/A

88

56

92.3

60

68.3

64.9

65.9

CFR: coronary flow reserve; FFR: fractional flow reserve; IVUS: intravascular ultrasound; MLA: minimum lumen area; N/A: data not available;
*Unpublished data (presented at TCT 2012). Additional to greyscale IVUS, this trial also used radiofrequency IVUS (Virtual Histology™), which failed to
improve greyscale IVUS accuracy to identify intermediate lesions provocative of ischaemia.

which will soon “vanish away” and might result in late enlargement
of this area. Of course, our current understanding of bioresorbable technology is relatively limited and it might, for instance, happen that, in the final stages of the bioresorption, the inflammation
produced by the process might aggravate the adjacent LAD lesion.
However, at present, this is just speculation and should not substantiate the difficult decision whether to intervene in this patient.
Therefore, in a simple way, our best answer would be the following. For now, keep the patient under optimal medical therapy,
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but follow him carefully with non-invasive tests (scintigraphy and
stress echo are the best options in this case).
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How did I treat?
ACTUAL TREATMENT AND MANAGEMENT OF THE CASE

Though an angiogram in the right anterior oblique caudal view
showed severe stenosis at the left anterior descending artery (LAD)
ostium, we elected to defer intervention in view of the negative
fractional flow reserve (FFR) result. Aggressive medical therapy
and follow-up coronary angiography in two years was the recommended treatment plan.
Previous studies16-18 have demonstrated that angiographic or
intravascular ultrasound-based decision making for the treatment
of side branch (SB) stenosis after main branch crossover stenting
may frequently lead to unnecessary procedures. Therefore, functional assessment with post-stenting FFR has been recommended as
a guide for the treatment of angiographically “jailed” side branches.
Despite a recent study19 showing only a weak correlation between
diameter stenosis and functional significance, treatment of angiographically significant SB lesions post-stent (scaffold) implantation
in the main branch remains a matter of debate. Clinical, angiographic and imaging follow-up of side branches jailed by a bioresorbable vascular scaffold (BVS) are of particular interest, given
that scaffold struts at the orifice of the side branch can be bioresorbed and/or form a neointimal bridge/membrane2. The OCT study
arm of the ABSORB cohort B trial demonstrated that the SB ostium
area free from BVS struts reached a nadir at 12 to 24 months after
BVS implantation. Subsequently, and up to 36 months of followup, the strut-free area increased significantly due to absorption of
the polymer backbone.
In the current case, the procedure was performed 12 months
after index PCI, a timeframe which coincides with the nadir in the
lumen area of the SB ostium area free of BVS struts. Furthermore,
despite angiographic appearance suggestive of a significant ostial
LAD lesion, functional assessment ruled out haemodynamic significance. Is it justified then to wait for the absorption of the BVS
struts, which would theoretically lead to an increased SB ostium
strut-free area?
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Online data supplement
Moving image 1. Final angiogram at index percutaneous coronary
intervention. Right anterior oblique, caudal view.
Moving image 2. Final angiogram at index percutaneous coronary
intervention. Left anterior oblique, caudal view.
Moving image 3. 12-month follow-up angiogram demonstrating
the narrowing of the left anterior descending artery ostium. Right
anterior oblique, caudal view.
Moving image 4. 12-month follow-up angiogram demonstrating the
narrowing of both the left anterior descending artery and the intermediate artery ostium. Left anterior oblique, caudal view.

