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Background: Bioresorbable vascular scaffold (BVS) is a prom- 
ising technology that potentially offers several advantages 
over contemporary coronary drug-eluting stents (DES). Crucial 
to BVS implantation is the correct choice of scaffold size (dia- 
meter and length) in order to avoid “geographic miss” in 
length, provide the maximal support to the vessel wall, and 
avoid leaving “free-floating” foreign material in the coronary 
vasculature. 
Objectives: To assess the optimal method for measuring 
coronary stenosis prior to BVS implantation.
methods: We compared the performance of two quantitative 
coronary angiography assessment (QCA) techniques: two 
dimensional real-time QCA (2D-QCA) and offline 3D QCA 
(3D-QCA) for the evaluation of coronary lesions in patients 
enrolled in a multicenter randomized controlled trial of BVS 
vs. metallic stents, by calculating the weighted kappa value 
for agreement regarding optimal BVS size with the reference 
method – CoreLab offline 2D-QCA measurements. In addition, 
we collected 2 year clinical outcomes (death/myocardial 
infarction/repeat revascularization/scaffold thrombosis) in BVS-
implanted patients.
results: In 17 patients with available CoreLab data, the 
weighted kappa for agreement for 3D-QCA was significantly 
better than for 2D-QCA (0.90, 95%CI 0.72–1.00 vs. 0.439, 
95%CI 0.16–0.77). The rate of clinical events at 2 years was 
low (9.5%).
conclusions: Initial experience in a small group of carefully 
selected patients at our institution suggests that the use of 
BVS for coronary revascularization is associated with a low rate  
of adverse events in suitable patients. 3D-QCA may be superior  
to 2D-QCA analysis in terms of reproducibility, and results in 
more patients receiving optimal size BVS. 
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O ver the last decade, advances in coronary stents design 
improved the outcomes of percutaneous coronary inter-

ventions (PCI) [1,2]. However, drug-eluting stents (DES) are 
still associated with some degree of restenosis and with late 
and very late stent thrombosis [3,4]. Bioresorbable vascular 
scaffold (BVS) is a promising technology that potentially offers 
several advantages over contemporary coronary DES. BVS pro-
vides a temporary scaffold to prevent early recoil, constrictive 
remodeling and restenosis. However, unlike a metallic stent, 
it eventually resorbs over time and leaves no foreign material 
in the coronary vessel [5]. BVS also elutes anti-proliferative 
drugs to prevent restenosis while potentially reducing the risk 
of stent thrombosis similar to conventional DES. Serruys et al. 
[6,7] recently published the long-term results of a multicenter 
trial examining the efficacy and safety of BVS. They reported 
a low rate of clinical coronary end-points and excellent results 
with regard to various imaging studies used to assess the lumen 
dimensions and restenosis at 3 years.

Crucial to BVS implantation is the correct choice of scaf-
fold size (diameter and length). Optimal sizing is needed to 
avoid “geographic miss” in length in order to allow the BVS to 
provide the maximal support to the vessel wall and avoid the 
risk of leaving “free-floating” foreign material in the coronary 
vasculature.

In the current work, we attempted to define the optimal 
angiographic measurement technique for BVS sizing by com-
paring the agreement rate for BVS size selection of two- or 
three-dimensional (2D/3D) quantitative coronary angiogra-
phy (QCA) assessment methods with the reference standard 
– namely, CoreLab 2D-QCA measurements. 

Patients and metHOds
Twenty-one patients were treated with the Absorb® scaffold 
(Abbott Vascular, CA, USA) at the Rabin Medical Center 
according to conventional PCI indications. All patients 
participated in either the ABSORB II (N=8) or ABSORB-
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EXTEND (N=13) trials. Both trials were monitored by the 
Cardialysis Core Laboratory (Rotterdam, The Netherlands). 

lesiOn measurements and Bvs sizing
Coronary angiography was performed in all patients, and 
the decision whether the coronary lesion is suitable for BVS 
implantation was based on visual vessel-sizing assessment. The 
lesions intended for BVS implantation were then assessed by 
real-time 2D-QCA to measure their length and diameter. Once 
measured, the appropriate device size was chosen according to 
the specification of the ABSORB implantation protocol, based 
on the closest match between lesion and scaffold dimensions. 
All angiograms were reviewed and re-measured by the CoreLab 
using offline 2D-QCA. For this study, we performed an offline 
3D-QCA reconstruction of the target vessel and lesion using 
the CardiOp-B system (Paieon Medical Ltd., Israel) [8,9]. 

In all cases, the technical operator performing the new 
3D-QCA measurements was blinded to the original site and 
CoreLab 2D-QCA analysis results.

For the 3D-QCA measurement, proximal and distal reference 
diameters were selected in each of two orthogonal projections 
and the minimal lumen area was detected on each of the two 2D 
images. 3D reconstruction of the vessel was presented and the 
proximal and distal markers were used to measure the reference 
diameter and length of the region of interest [Figure 1].

clinical FOllOw-uP
All patients were contacted by telephone 1 month after dis-
charge and were invited for outpatient clinic follow-up visits 
at 6 months, 1 year and 2 years post-scaffold implantation. In 
addition, at each time point the patient’s electronic medical file 
was reviewed, and all major adverse cardiovascular and cerebro-
vascular events (MACCE, defined as death/myocardial infarc-
tion/repeat revascularization/scaffold thrombosis) during the 
follow-up period were recorded and adjudicated by physicians 
not involved in the trial. 

statistical analYsis 
After completing all sets of measurements, we determined the 
agreement rate between the site and CoreLab regarding the opti-
mal BVS size (per trial protocol for BVS size selection) for each 
QCA technique (2D and 3D). We then calculated the weighted 
kappa value for agreement with CoreLab 2D-QCA analysis 
(which served as the reference standard) for each QCA method.

results
Patients’ demographic, clinical and angiographic characteristics 
are presented in Table 1. The average age was 59.8 years with 
male predominance; 80% presented due to acute coronary 
syndrome, 57% underwent prior PCI and 14% had previously 
undergone coronary artery bypass graft (CABG) surgery. The 
average stenosis degree was 83%, lesion length was 11.65 ± 3.5 
mm, scaffold length 18.65 ± 3.5 mm and diameter 3.0 ± 0.28 
mm (all measurements according to online measurements 
during the angiography). Target vessel was the left circumflex 
artery in 58%, right coronary artery in 23% and left anterior 
descending artery in 19% of the treated vessels. At 2 years 
follow-up, there were only two MACCE events (9.5%): two 
patients required a repeat revascularization – one (4.7%) due 
to scaffold thrombosis that resulted in myocardial infarction, 
and one (4.7%) underwent revascularization of a de novo lesion 
in a non-BVS-implanted coronary artery that manifested as 
unstable angina. All patients survived to 2 years follow-up. 

angiOgraPHic assessment and Bvs size selectiOn 
The ABSORB protocol for scaffold size selection is presented 
in Table 2. A complete set of measurements (online 2D-QCA, 
CoreLab 2D-QCA and offline 3D-QCA) was available for 17/21 
patients. The various measurements of all 17 lesions and the even-
tual BVS size chosen are presented in Figure 2. Overall, online 
2D-QCA assessment tended to result in larger estimates of the 
coronary lesion diameter compared to CoreLab 2D-QCA analysis, 

Figure 1. Example of the different QCA analysis methods used in 17 patients: Online 2D-QCA (left), offline CoreLab 2D-QCA (middle), 
and offline 3D-QCA (right) analysis of the diameters of a distal RCA coronary lesion 

RCA = right coronary artery, QCA = quantitative coronary angiography assessments
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whereas offline 3D-QCA tended to result in smaller estimates of 
coronary lesion diameter compared to CoreLab 2D-QCA analysis.

agreement Between 2d and 3d Qca analYsis
Agreement between 2/3D-QCA measurements and CoreLab 
analysis with regard to the appropriate BVS size is presented 
in Figure 2. The agreement rate of online 2D-QCA with the 
CoreLab analysis was 64.7% (11/17 patients). In all cases of dis-
agreement the online analysis indicated the need for implanta-
tion of a larger BVS size than would have been selected according 
to the CoreLab analysis. The agreement rate of offline 3D-QCA 
with the CoreLab analysis was 94.1% (16/17 patients). For five of 
the six cases in whom there was disagreement between the site 
and CoreLab 2D-QCA analysis, it would have been resolved by 
using 3D QCA and no new disagreement would have occurred 
using the 3D-QCA analysis. The weighted kappa value for 
agreement with CoreLab analysis was 0.439 [95% confidence 
interval (CI) 0.16–0.77] for 2D-QCA and significantly improved 
to 0.90 (95%CI 0.72–1.00) with 3D-QCA (P < 0.001).

discussiOn
In this study we summarize our experience using BVS regard-
ing two aspects: (i) the 2 year clinical outcomes following 

BVS implantation, and (ii) a comparison of different QCA 
methods for choosing the optimal BVS size. This is the first 
report from an Israeli center concerning BVS results and one 
of the first measured QCA reports in terms of 3D versus 2D 
analysis.

In terms of clinical outcomes, we observed a low rate of 
adverse cardiac events with the use of BVS in a carefully selected 
group of patients. With regard to QCA assessment, the weighted 
kappa value for agreement of the online 2D-QCA analysis with 
the Core Laboratory analysis was moderate at best, resulting in 
almost half the patients receiving oversized BVS. Our results 
suggest that using 3D-QCA analysis would have increased the 
kappa value significantly and all but one of the patients could 

table 1. Demographic clinical and angiographic characteristics 

n=21demographic and clinical characteristics

59.8 ± 10Age (years)

95Male 

42Current smoker 

85Dyslipidemia 

66Obesity 

57 ± 6Ejection fraction (%)

42Previous MI

57Previous PCI

14Previous CABG

80ACS

19
23
58
83 ± 9
11.65 ± 3.5
2.7 ± 0.25
2.75 ± 0.32
3.0 ± 0.28

angiographic characteristics
LAD
RCA
Left circumflex
Degree stenosis (%)
Average lesion length (mm)
Proximal diameter (mm)
Distal diameter (mm)
Average BVS diameter (mm)

18.65 ± 3.5Average BVS length (mm)

Values are presented as number (%) or mean ± standard deviation
ACS = acute coronary syndrome, BVS = bioresorbable vascular scaffold, 
CABG = coronary artery bypass graft surgery, LAD = left anterior 
descending artery, MI = myocardial infarction, PCI = percutaneous 
coronary intervention, RCA = right coronary artery

table 2. Optimal BVS size according to lesion characteristics*

target vessel diameter
(distal and proximal ref) ref target lesion length Optimal Bvs size

≥ 2.0 mm and ≥ 3.0 mm ≥ 14 mm Single 2.5 x 18 mm

> 14 mm and ≤ 22 mm Single 2.5 x 28 mm

> 22 mm and ≤ 28 mm Two overlapping 2.5 x 18 mm

≥ 2.5 mm and ≥ 3.3 mm ≥ 14 mm Single 3.0 x 18 mm

> 14 mm and ≤ 22 mm Single 3.0 x 28 mm

> 22 mm and ≤ 28 mm Two overlapping 3.0 x 18 mm

≥ 2.0 mm and ≥ 3.0 mm (distal)
≥ 2.5 mm and ≥ 3.3 mm (proximal)

> 22 mm and ≤ 28 mm Two overlapping 3.0 x 18 mm

*According to the ABSORB and ABSORB – EXTEND trial protocols

Figure 2. BVS size. [a] QCA measurements and BVS size (n=17): proximal and 
distal lesion diameter according to the various QCA methods (colored dots) and 
corresponding BVS size (gray bars) for each patient 

BVS = bioresorbable vascular scaffold, QCA = quantitative coronary angiography assessments
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limitatiOns
Our study has several limitations: first, it was a single-center 
study with a small sample size. Second, the better agreement of 
the 3D-QCA with the Core Laboratory measurements could 
stem from the fact that the 3D-QCA analysis was performed 
offline (like the Core Laboratory analysis) unlike the 2D-QCA 
performed online during the PCI procedure. Third, center-
specific issues such as the experience and training of the tech-
nicians/interventional cardiologists could have affected and/
or biased our results. Fourth, we did not compare QCA with 
other modalities such as intravascular ultrasound or optical 
coherence tomography, which may be better suited for choos-
ing BVS size. It is worth remembering that 3D-QCA was previ-
ously reported as having a good agreement with intravenous 
ultrasound in assessment of left main artery dimensions [15].

cOnclusiOns
Initial experience with a small group of patients at our institu-
tion suggests that the use of BVS for coronary revascularization 
is associated with a low rate of adverse events in a carefully 
selected patient population. 3D-QCA may be superior to 
2D-QCA analysis in terms of reproducibility and results in 
more patients receiving optimal size BVS. Further trials with 
a larger sample size and multiple measurement modalities are 
necessary to find the optimal method of choosing BVS size.
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have received a more accurately sized BVS. Due to the impor-
tance of selecting the optimal size for BVS and the possible det-
rimental effects of implanting under- or oversized scaffolds, our 
results suggest that the 3D-QCA method is superior to 2D-QCA 
and may result in better BVS size selection. Nonetheless, our 
observation can only be viewed as hypothesis-generating con-
sidering the small sample size and hence low number of clini-
cal events, which prevented evaluation of the possible clinical 
implications resulting from choosing suboptimal BVS size. It 
was previously reported that a 3D-reconstruction algorithm of 
coronary vessels and 3D-QCA analysis offers higher accuracy 
when compared with 2D-QCA, regardless of vessel type and 
lesion classification [8-12]. The 3D reconstruction improves 
visualization and may provide better diagnostic information 
than the 2D images of coronary lesions. Assessment of the lesion 
diameter and length are crucial for the purpose of device selec-
tion when using a BVS. Thus, 3D-QCA may provide a more 
precise analysis by overcoming the 2D display of a 3D structure 
and by avoiding foreshortening effects [13]. 

Since the use of BVS holds great promise and is expected to 
expand rapidly in the near future, we believe that our prelimi-
nary findings should provoke a discussion as to the best sizing 
method for BVS implantation. Specifically, 3D-QCA methods 
and/or intracoronary ultrasonic or optical imaging methods 
may be required over time to optimize BVS size selection and 
hence clinical outcomes [14].
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Inflammation is a common feature of Parkinson disease and  
other neurodegenerative disorders. Hypochlorous acid 
(HOCl) is a reactive oxygen species formed by neutrophils 
and other myeloperoxidase-containing cells during inflam- 
mation. HOCl chlorinates the amine and catechol moieties 
of dopamine to produce chlorinated derivatives collectively 
termed chlorodopamine. Jeitalner et al. report that chloro-
dopamine is toxic to dopaminergic neurons both in vivo 
and in vitro. Intrastriatal administration of 90 nmol chloro- 
dopamine resulted in loss of dopaminergic neurons from 
the substantia nigra and decreased ambulation – results 
that were comparable to those produced by the same dose 
of the parkinsonian poison, 1-methyl-4-phenylpyridinium 
(MPP+). Chlorodopamine was also more toxic to differentiated 
SH SY5Y cells than HOCl. The basis of this selective toxicity 
is likely mediated by chlorodopamine uptake through the 
dopamine transporter, since expression of this transporter in 

COS-7 cells conferred sensitivity to chlorodopamine toxicity. 
Pharmacological blockade of the dopamine transporter 
also mitigated the deleterious effects of chlorodopamine 
in vivo. The cellular actions of chlorodopamine included 
inactivation of the α-ketoglutarate dehydrogenase complex, 
as well as inhibition of mitochondrial respiration. The latter 
effect is consistent with inhibition of cytochrome c oxidase. 
Illumination at 670 nm, which stimulates cytochrome 
c oxidase, reversed the effects of chlorodopamine. The 
observed changes in mitochondrial biochemistry were also 
accompanied by the swelling of these organelles. Overall, 
these findings suggest that chlorination of dopamine by HOCl 
generates toxins that selectively kill dopaminergic neurons in 
the substantia nigra in a manner comparable to MPP+.

Toxicol Sci 2016; Mar 29. pii: kfw052. [Epub ahead of print]
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linking inflammation and Parkinson disease: hypochlorous acid generates parkinsonian poisons

The recent success of immunotherapy has energized the clinical 
oncology field, yet for many cancer types, cytotoxic drugs re- 
main the only treatment option. One such drug, doxorubicin 
(Dox), is very effective but also very toxic to healthy tissues 
when administered at the doses needed to kill tumor cells. To 
target delivery of the drug, Xu et al. developed a “nanoparticle 
generator” (iNPG) containing a polymeric form of Dox. The 

design features of iNPG ensure that it selectively accumulates 
at the tumor and that release of Dox is slow and sustained, 
resulting in high drug concentrations within the tumor. In 
mouse models of breast cancer, iNPG induced regression of 
lung metastases and was less toxic than other forms of Dox. 

Nat Biotechnol 2016; 10.1038/nbt.3506 
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a repackaged cancer drug finds its way

“a pessimist sees the difficulty in every opportunity; an optimist sees the opportunity  
in every difficulty”

Winston Churchill (1874–1965), British statesman and Prime Minister during World War II. He was also an  
historian, artist and writer, and a Nobel Prize Laureate for Literature




