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Abstract

Background: We hypothesized that 1st generation everolimus-eluting bioresorbable vascular scaffold (BVS) stent
associated with less complication and less restenosis rate than everolimus-eluting stent (EES) in chronic total
occlusion (CTO) recanalization guided by intracoronary imaging. Therefore, we aimed to assess the safety and
performance of BVS stent in CTO revascularization in comparison to EES guided by intracoronary imaging.
Our prospective comparative cross-sectional study was conducted on 60 CTO patients divided into two groups
according to type of stent revascularization: group I (EES group): 40 (66.7%) patients and group II (BVS group): 20
(33.3%) patients. All patients were subjected to history taking, electrocardiogram (ECG), echocardiography,
laboratory investigation, stress thallium study to assess viability before revascularization. Revascularization of viable
CTO lesion guided by intracoronary imaging using optical coherence tomography (OCT). Then, long-term follow-up
over 1 year clinically and by multi-slice CT coronary angiography (MSCT). Our clinical and angiographic endpoints
were to detect any clinical or angiographic complications during the follow-up period.

Results: At 6 months angiographic follow-up, BVS group had not inferior angiographic parameters but without
statistically significant difference (p = 0.566). At 12 months follow-up, there was no difference at end points
between the two groups (p = 0.476).
No differences were found at angiographic or clinical follow-up between BVS and EES.

Conclusion: This study shows that 1st generation everolimus-eluting BVS is non-inferior to EES for CTO
revascularization. Further studies are needed to clearly state which new smaller footprint BVS, faster reabsorption,
magnesium-based less thrombogenicity, and advanced mechanical properties is under development. We cannot
dismiss the efficacy and safety of new BVS technology.
(Continued on next page)
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Background
Coronary artery disease (CAD) has been the main cause
of death in the world [1, 2]. The incidence of CAD is in-
creasing yearly more in younger patients [3, 4]. Coronary
angiography remains the clinical gold standard for diag-
nosis of coronary artery disease [5]. Currently drug-
eluting stents (DES) used for revascularization of CAD
with significant stenosis (> 70%) [6]. Drug carriers of
DES are mainly polymer coatings, which are developed
to carry enough anti-proliferation drug dosage and can
perfectly control the degradation, penetration and re-
lease of everolimus or other drugs. The newly invented
bioabsorbable vascular stent (BVS) have a number of
benefits [7, 8]. First, BVS opens the occlusion of coron-
ary artery. Second, after its absorption, BVS can restore
endothelial function and normal vasomotion. Third,
avoid a “full metal jacket,” precluding future coronary
artery bypass graft (CABG). Previous studies have been
conducted to compare the efficacy of BVS with DES but
the outcomes were inconsistent and remain to be identi-
fied [9–12].
We hypothesized that BVS associated with less com-

plication and less restenosis rate than EES in CTO re-
canalization guided by intracoronary imaging. Therefore,
we aimed to assess the safety and performance of BVS
stent in CTO revascularization in comparison to EES
guided by intracoronary imaging.

Methods
Study site
Our study was conducted at the cardiology department
of our hospitals.

Time frame
Patients were recruited for 24 months from January
2017 to January 2019.

Study population
The study group comprised 60 patients with true
chronic total occlusion (CTO) diagnosed by coronary
angiography whom scheduled for revascularization of
CTO lesion in our hospital who fulfilled the inclusion
criteria and followed up over 24 months.

Study design
The present prospective comparative cross-sectional
study included 60 CTO patients divided into two groups

according to type of stent revascularization: group I
(EES group): 40 (66.7%) patients and group II (BVS
group): 20 (33.3%) patients.

Sample size estimation
Assuming a frequency of 2.3% of CTO in controls
and 37.4% in cases, with 80% power and 95% CI, the
estimated sample was 60 patients (OPEN-EPI-Info
version 6).

Inclusion criteria
Our study included 60 true or probable CTO patients in
one or more of the coronary arteries with persistence of
severe symptoms (e.g., typical ischemic chest pain, An-
gina equivalent) despite maximum medical therapy (e.g.,
nitrate, anti-platelets, beta-blockers, angiotensin convert-
ing enzyme inhibitors, and statins) with evidence of vi-
able myocardium confirmed by stress myocardial
thallium study in the territory of CTO vessels.

Exclusion criteria
Patient refusal, extremely calcified tortuous lesions re-
sistant or non-dilatable after trials of plaque modifica-
tion by cutting balloon or rotational atherectomy and
confirmed by OCT evaluation, true bifurcated lesions
with side branch > 2.5mm, reference vessel diameter <
2.5 mm or > 4.5 mm (out of the BVS measures), and
complications treated with metallic stents.
Also we excluded patients with moderate-to-severe

valvular heart disease, prosthetic heart valve, bundle
branches block (LBBB or RBBB), atrial fibrillation (AF),
paced rhythm, an atrioventricular block, restrictive,
hypertrophic, or dilated cardiomyopathies, congenital
heart disease, coronary artery ectasia, previous history of
myocardial infarction, uncontrolled hypertension, hyper-
thyroidism, hypothyroidism, malignancy, or pulmonary,
hepatic, renal, or hematological disorders.

Tools and instruments
Resting ECG, laboratory for analysis of cardiac troponin
I, fasting blood sugar, lipid profile [total cholesterol, tri-
glycerides (TG), HDL and LDL], serum Creatinine,
Creatinine clearance, C-Reactive Protein (CRP), trans-
thoracic echocardiography (TTE), cardiac nuclear stress
thallium study, coronary angiography, percutaneous cor-
onary intervention (PCI) and optical coherence
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tomography (OCT), and multi-slice CT coronary angiog-
raphy (MSCT).

Study methodology

– All patients were subjected to the following:
� Full history was taken with special emphasis on

history of risk factors for ischemic heart disease
(IHD) and family history of premature IHD,
including the following:
i. Hypertension was defined as the level of office

systolic BP values are ≥ 140 mmHg and/or
diastolic BP values are ≥ 90 mmHg which is
equivalent to a 24-h ambulatory blood pres-
sure (ABPM) average of ≥ 130/80 mmHg or
an home blood pressure monitoring (HBPM)
average of ≥ 135/85 mmHg in younger,
middle-aged, and older people [13].

ii. Diabetes mellitus was diagnosed based on
presence of two criteria from the following:
� Fasting blood sugar (FBS) ≥ 126 mg/dL

(7.0 mmol/L)
� Two-hour post-prandial blood sugar (2 h-

PPBS) ≥ 200 mg/dL (11.1 mmol/L) during
oral glucose tolerance test (OGTT) (75 g)

� HbA1C ≥ 6.5% (48 mmol/mol)
� Random blood sugar ≥ 200 mg/dL (11.1

mmol/L) [14].
iii. Dyslipidemia defined in CTO (very high risk

patients) if LDL-C more than 55 mg/dL (1.4
mmol/L) [15].

iv. Current smoker was defined according to the
National Health Interview Survey (NHIS) as a
person who reports currently smoking
tobacco every day (i.e., daily smoker) or on
some days (nondaily smoker) [16].

v. Family history of CAD was defined as family
history of early coronary artery disease in the
first-degree relatives, male < 55 years and fe-
males < 65 years [17].

� Thorough physical examination including pulse,
heart rate, blood pressure (systolic and diastolic),
neck veins, edema of lower limbs, abdominal
examination, chest examinations, and cardiac
examination including inspection, palpation, and
auscultation.

� A resting baseline 12-lead ECG was carried out
on admission, post-PCI and at regular follow-up
periods (1st, 6th, and 12th months) at a paper
speed of 25 mm/s and amplification of 10 mm/
mv. ECG was analyzed for: ST segment deviation,
Q wave at number of leads with interpreted to
site of old MI. Comparison with a previous ECG,
when available, was valuable especially in patients

with other cardiac disorders as LV hypertrophy
or previous MI.

� Transthoracic echocardiography (Fig. 1) was
performed using a Vivid 9 system (GE
Healthcare, Little Chalfont, UK) apparatus on
admission for assessment the heart including LV
ejection fraction, wall motion score index, left
ventricular end-systolic volume (ESV), end-
diastolic volume (EDV), and LV ejection fraction
(EF) were measured from apical two and four
chamber views using modified Simpson’s biplane
method and the mean of the two readings was
then taken. End-systole was defined as the frame
with the smallest cavity area and end diastole as
the frame with the largest LV cavity area. The EF
was then calculated using the following formula
for each view: EF (%) = [(EDV − ESV)/EDV] ×
100 [18].

� Laboratory investigations including cardiac
biomarkers: blood samples for troponin were
collected, on presentation. Troponin I was
considered positive if it exceeds the 99th
percentile of normal reference (above 0.01 ng/
mL), fasting blood sugar on admission, lipid
profile: fasting 12 h including total cholesterol,
triglycerides (TG), HDL and LDL, serum
creatinine and creatinine clearance, and CBC.

� Myocardial perfusion index (MPI): stress
myocardial Thallium study done to all cases of
CTO to detect myocardial viability before
revascularization.

� Coronary angiography was performed using the
Judkins method. Stents were implanted using a
routine method. Procedure success indicated
residual stenosis < 20%, TIMI flow grade III, and
no acute complication (death, myocardial
infarction, emergency CABG), and no major
adverse cardiac events [(cardiac death,
myocardial infarction, target vessel
revascularization (TVR)] in hospital. Clinical
follow-up was performed at 6 and 12 months.
– The culprit coronary lesion was clearly

identified by a combination of ECG and
coronary angiography. By complete occlusion
of target artery TIMI 0 more than 3 months.

– Lesion is estimated by J score which
calculated from 5 points described by
Christopoulos G et al. (2015) combined 5
baseline clinical and angiographic CTO
parameter one point is given for each of the
following factor that are associated with
lower probability of successful guide wire
crossing: blunt stump, calcification, lesion
bending > 45°, occlusion length > 20 mm
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and prior failed attempt to revascularize the
CTO and classified into: J-CTO = 0 is easy,
J-CTO = 1 is intermediate, J-CTO = 2 is
difficult, and J-CTO ≥ 3 is very difficult
[19].

– Quantitative coronary angiography (QCA) was
performed in the first angiography by two
independent investigators who were blinded to
the results.

– All patients are loaded by dual anti-platelet
therapy by Aspirin (300 mg) and Clopidogrel
(600 mg once) therapy.

– All clinical, laboratory, and coronary
angiographic data were evaluated by 2
independent investigators who were not
involved in the angiographic procedures.

� Technical steps for percutaneous coronary
intervention (PCI)
1- Preprocedural

– PCI strategy was decided to each case
according to revision of coronary
angiography and clinical examination
(contralateral injection, guiding catheter
choice, antegrade, or retro-grade
approach).

2- Intraprocedural steps

– During procedure activated clotting time
was maintained above 300 ms.
1- The procedure was done most

frequently by antegrade approach in
75% in both groups and by retrograde
approach in 25% in both groups if
failed trial by antegrade approach.

2- Crossing the occluded segment by
guiding wire then dilatation initially by
small balloon (1 mm)

3- After nitroglycerin infusion up to (600
mcg), vessel size and lesion length were
determined by quantitative coronary
angiography (QCA).

4- Pre-dilatation of entire lesion by
correct balloon size.

5- Optical coherence tomography (OCT)
(Fig. 3): FD-OCT (C7-XR system) using
dedicated software (Medis Qlvus 3.0
with OCT quantification software) was
used to analyze morphological and ana-
tomical characteristics before stent im-
plantation in all cases.

6- Optimal pre-dilatation by either cutting
or noncompliant balloon to decrease
risk of under expansion of stent area.

Fig. 1 Method of calculation of biplane Simpson method. LVEDV: Left ventricular end-diastolic volume, LVESV: Left ventricular end-systolic
volume, A4C: Apical 4-chamber view, A2C: Apical 2-chamber view
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7- Stent implantation according to OCT
measurement either 1st generation
BVS or 3rd generation EES.

8- BVS implantation by increasing pressure
by 2 ATM every 5 s up to 12–14 ATM
with overlapping by only 1–2 mm.

9- All BVS was deployed after good
preparation using rotablation for highly
fibrotic lesions and assessment of well
deployment by OCT study (Fig. 3).

10- If we need post-dilatation, this would
be done using shorter NC balloon at
nominal pressure with maximal in-
crease of balloon size 0.5 mm above
stent size.

11-OCT: OCT study done with visual
assessment during procedure to entire
segment and NC balloon post-
dilatation if any residual stenosis
appeared.

3- Post-procedural
– All patients were treated by dual anti-

platelet therapy after the procedure.
� Follow up:

*Intraprocedural: acute procedural success was
achieved by TIMI flow 3 and stenosis less than
20% without any complications.
Intraprocedural complications were recorded.
*1st, 6th and 12th month: Clinical follow up at
1st, 6th, and 12th month done for chest pain
and hospitalization and major adverse
cardiovascular events (MACE). Any death from
unknown cause was considered cardiac.
Evidence of myocardial damage as CK > 3
times of upper limit of normal and troponin >
5 times upper limit of normal. All patients
underwent multi-slice CT coronary angiog-
raphy (MSCT) after 6 months and after 12
months to detect any in-stent restenosis.

Statistical methods
The statistical analysis was conducted following the
principles as specified in International Council for
Harmonization (ICH) Topic E9 (ICH1998). For continu-
ous measurements, data were presented using mean,
median, standard deviation, minimum, and maximum,
and for the categorical measurements, data were pre-
sented using absolute/relative frequencies and percent-
ages. To find the association between categorical
variables, a chi-squared test or Fisher exact test was
used. For all statistical analyses, a p value of less than or
equal to 0.05 was considered to indicate a significant
difference.

Correlations between variables were analyzed using the
Pearson correlation coefficient. All data were analyzed
using SPSS software version 22 (SPSS, Inc. Chicago, IL,
USA).

Results
Baseline clinical characteristics
Demographic data (Table 1)
Baseline clinical characteristics showed approximately
90% of study were male and baseline clinical characteris-
tics were similar between 2 groups. Mean age of patients
was 57 ± 6.98 in DES group and 56.15 ± 9.25 in BVS
group (p = 0.568).
There was no significant difference between both

groups regarding age, sex, DM, hyperlipidemia, HTN,
history of MI, family history of premature CAD, and
previous PCI or CABG (p > 0.05).

Clinical presentation on admission (Table 2)
Patient symptoms were assessed according to chest pain
and dyspnea. There was no significant difference be-
tween both groups regarding symptoms (p >0.05).
Regarding clinical examination, we found no signifi-

cant difference between both group in respect to BP,
pulse, and murmur (p > 0.05).

Laboratory investigations on admission (Table 3)
There was no significant difference between both groups
as regard to CBC and serum creatinine (p > 0.05).
No significant difference was found between 2 groups

as regard to ECG which reveal normal in 42% in EES
group and 35% in BVS group (p = 0.202).

Echocardiography data on admission (Table 3)
No significant difference was found between both groups
regarding EF (p = 0.652).
Diastolic dysfunction is present in 97% in EES group

and 100% in BVS group (p = 0.476).
As regards to wall motion, there was no wall motion

abnormalities in 57.5% in EES group and in 50% in BVS
group, anterior hypokinesia 32.5% in EES group, and
35% in BVS group and inferior hypokinesia 10% in both
groups and 5% lateral wall hypokinesia in BVS group.

Myocardial perfusion index on admission (MPI) (Table 3)
There was no significant difference between both groups
regarding myocardial perfusion index which revealed vi-
able myocardium in 32.5% in EES group and 20% in
BVS group (p = 0.84).
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Angiographic and procedure characteristics
Intraprocedural and post-procedural aspect during
intervention (Table 4 and Fig. 2)
Baseline lesion data presented in Table 4 revealed
LAD and RCA were the most frequent index lesion

in total study population and each presents 45% of
total study population, while LCX presents 10%.
The procedure was done most frequently by antegrade

approach in 75% in both groups and by retrograde ap-
proach in 25% in both groups. Retrograde approach was

Table 2 Clinical presentation on admission

Symptoms and signs EES group BVS group Test p value Sig.

No. = 40 No. = 20

Chest pain Negative 2 (5%) 0 (0%) 1.034 0.309 NS

Positive 38 (95%) 20 (100%)

Dyspnea Negative 29 (72.5%) 17 (85%) 1.165 0.281 NS

Positive 11 (27.5%) 3 (15%)

BP Normal 40 (100%) 20 (100%) – – –

SBP Mean ± SD 112.98 ± 3.5 114.67 ± 3.22 1.809 0.076 NS

Range 100–120 100–120

DBP Mean ± SD 74.52 ± 1.7 74.80 ± 1.34 0.643 0.523 NS

Range 70–80 70–80

Pulse Mean ± SD 74.05 ± 5.81 72.45 ± 4.97 1.053b 0.297 NS

Range 60–86 65–76

Murmur No 29 (72.5%) 16 (80.0%) 0.400a 0.527 NS

MR 11 (27.5%) 4 (20.0%)

BP blood pressure, SBP systolic blood pressure, DBP diastolic blood pressure, MR mitral regurgitation, NS non-significant, S significant
aChi-square test
bIndependent t test

Table 1 Demographic data

History (risk factors) EES group BVS group Test p value Sig.

No. = 40 No. = 20

Age Mean ± SD 57.38 ± 6.98 56.15 ± 9.25 0.574b 0.568 NS

Range 45–75 34–80

Sex Male 37 (92.5 %) 19 (95%) 0.463b 0.457 NS

Female 5 (12.5 %) 1 (5%)

DM Negative 19 (47.5%) 8 (40.0%) 0.881a 0.459 NS

Positive 21 (52.5) 12 (60.0%)

Hyperlipidemia Negative 5 (12.5%) 0 (0.0%) 2.727a 0.099 NS

Positive 35 (87.5%) 20 (100.0%)

HTN Negative 17 (42.5%) 6 (30.0%) 0.881a 0.348 NS

Positive 23 (57.5%) 14 (70.0%)

History of MI Negative 24 (60.0%) 14 (70.0%) 0.574a 0.449 NS

Positive 16 (40.0%) 6 (30.0%)

Family history of premature CAD Negative 31 (77.5%) 17 (85.0%) 0.469a 0.494 NS

Positive 9 (22.5%) 3 (15.0%)

Previous PCI, CABG Negative 27 (67.5%) 17 (85.0%) 2.088a 0.148 NS

Positive 13 (32.5%) 3 (15.0%)

NS non-significant, S significant, HTN hypertension, MI myocardial infraction, CAD coronary artery disease, PCI percutaneous coronary intervention, CABG coronary
artery bypass graft
aChi-square test
bIndependent t test
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failed to cross CTO site in another 5 (4.0%) patients;
those 5 patients had another trial of successful antegrade
approach. There were no significant differences in re-
spect to angiographic characteristics of the lesion be-
tween success and failure groups.
Evaluation of index lesion was done by J score which

revealed no significant difference between both groups
(p = 0.022) in J score.
Post-dilatation was done in 95% of DES group and

100% of BVS group with no significant different between
both groups (p = 0.309).
No significant difference was found in stent size be-

tween both groups (p = 0.219).
Coronary perforation occurred only in one patient

(0.05%) of BVS group and was managed successfully by

simple balloon inflation without progressing to cardiac
tamponade.
Concerning in-hospital outcome in the current study,

there was no reported mortality during hospitalization
period, Q wave myocardial infarction developed in 1.6%
of study population and non Q wave myocardial infarc-
tion developed in 2.4%.

Clinical outcome and follow-up
All MACE results

Post-procedural follow-up (Table 5) All study popula-
tion of both groups was on dual anti-platelet for at least
1 year post-procedural. TIMI III flow was achieved in

Table 3 Lab, echocardiographic data, and myocardial perfusion index (MPI) on admission

EES group BVS group Test p value Sig.

No. = 40 No. = 20

Lab

Hemoglobin Mean ± SD 13.5 ± 0.68 13.2 ± 0.89 1.448b 0.153 NS

Range 12–14 12–14

Creatinine Mean ± SD 0.97 ± 0.13 0.99–0.08 − 0.639b 0.525 NS

Range 0.4 – 1.2 0.8–1.2

ECG NAD 17 (42.5%) 7 (35.0%) 7.265a 0.202 NS

Poor R wave progression 3 (7.5%) 2 (10.0%)

Q wave and inf. 7 (17.5%) 4 (20.0%)

Q wave and ant. 8 (20.0%) 3 (15.0%)

T inversion ant. 5 (12.5%) 1 (5.0%)

LAHB 0 (0.0%) 3 (15.0%)

NAD 17 (42.5%) 7 (35.0%)

Echo

EF (%) Mean ± SD 57.55 ± 7.55 56.45 ± 11.11 0.453b 0.652 NS

Range 45–73 40–85

DD (grade) I 1 (2.5%) 0 (0.0%) 0.508a 0.476 NS

II 39 (97.5%) 20 (100.0%)

Wall motion No 23 (57.5%) 10 (50.0%) 2.161a 0.540 NS

Anterior 13 (32.5%) 7 (35.0%)

Inferior 4 (10.0%) 2 (10.0%)

Lateral 0 (0.0%) 1 (5.0%)

MPI

Viable 13 (32.5%) 4 (20%) 2.063 0.840 NS

Ischemia anterior 5 (12.5%) 4 (20%)

Ischemia inferior 6 (15%) 5 (25%)

Ischemia lateral 2 (5%) 1 (5%)

Mixed scar anterior 7 (17.5%) 3 (15%)

Mixed scar inferior 7 (17.5%) 3 (15%)
aChi-square test
bIndependent t test, NS non-significant, S significant, CBC complete blood count, DD diastolic dysfunction, ECG electrogardiogram
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95% in DES group and 100% of BVS group with reveal
no significant difference (p = 0.309).

Mortality during the follow-up period (Table 5) Fol-
low-up of all study population up to 1 year revealed no
mortality reported in any group.

Non-fatal MI (Table 5) During the follow-up period,
there was no reported MI in any group at the 1st and
6th month of follow up. However, there was one MI case
in EES group at 1 year follow up while none in BVS
group (p = 0.476).

Unstable angina (UA) requiring hospitalization
(Table 5) There was no significant difference between
both groups as regard unstable angina requiring
hospitalization at 6 months and 1 year follow-up (p =
0.566 and 0.476 respectively).

The CT Coronary angiography results

Multi-slice CT coronary angiography (MSCT) (Table
5 and Fig. 3) No significant difference was found be-
tween both groups at 6 months follow-up by MSCT
which revealed patent stent in 90% and 10% occluded
stent in both groups (p = 1.000).

Discussion
Baseline clinical characteristics
Regarding the age of patients in the current study ranged
from 34 to 80 years, with mean age of (58 ± 8.6) years.
The mean age of the sample in the present study is com-
parable to the mean age of patients enrolled in study by
Hoye et al. (2005) (59.8 ± 11.1 years); however, Morino
et al. (2010) reported a higher mean age in his study on
outcomes of PCI in patients with CTOs (66.9 ± 11 years)
[20, 21].
The baseline characteristics and risks factors were

comparable between the two study groups.

Angiographic and procedure characteristics
Regarding angiographic procedure in current study, we
found that occluded stent just occurred in 2 patients
(10%) of BVS group and 4 patients (10%) of EES group
at 6 months follow-up without significant difference be-
tween both groups. This large percent can be explained
by our small sample size.
Our study in comparable with primary end point of

absorb III trials which showed target lesion failure (TLF)
at 12 months, this trial included 2008 patients (revascu-
larization by BVS was 1322 and revascularization by
DES 686) which showed TLF was 7.8% in BVS group
and 6.1% in DES group. So absorb III trials provides ad-
equate result of non-inferiority of BVS against DES in
treatment of CTO lesions [22].

Table 4 Intraprocedural and post-procedural aspect during intervention

PCI DES group Absorb group Test p value Sig.

No. = 40 No. = 20

Artery LAD 18 (45.0%) 9 (45.0%) 0.000a 1.000 NS

RCA 18 (45.0%) 9 (45.0%)

LCX 4 (10.0%) 2 (10.0%)

Antegrade or retrograde Antegrade 30 (75.0%) 15 (75.0%) 0.000a 1.000 NS

Retrograde 10 (25.0%) 5 (25.0%)

J score Median (IQR) 3 (3 – 4) 3 (3–4) − 0.679c 0.497 NS

Range 3–4 2–4

Pre-dilatation Done 40 (100.0%) 20 (100.0%) – – –

Post-dilatation Not done 2 (5.0%) 0 (0.0%) 1.034a 0.309 NS

Done 38 (95.0%) 20 (100.0%)

Stent length Mean ± SD 32.53 ± 9.46 29.40 ± 8.61 1.242b 0.219 NS

Range 15–48 18–38

DAPT Given 40 (100.0%) 20 (100.0%) – – –

TIMI flow intraprocedure II 2 (5.0%) 0 (0.0%) 1.034a 0.309 NS

III 38 (95.0%) 20 (100.0%)

Coronary perforation occurred 0 (0%) 1 (0.05%) 0.000a 1.000 NS

NS non-significant, S significant
aChi-square test
bIndependent t test
cMann-Whitney test
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Absorb-CTO-registry which included 35 patients with
true CTO lesion clearly showed that BVS use in CTO in
feasible with good mid-term efficacy and 6 months
follow-up by multi-slice computed tomography identifies
only 2 cases scaffold re-occlusion without any major ad-
verse event. Safety and feasibility of BVS implantation in
CTO has been confirmed in this registry [23]. These re-
sults were matched with our study results.
Another Ghost-CTO-registry which included 21 pa-

tients who had CTO lesions which treated by BVS and
followed up after 1 year by OCT showed overall favor-
able vascular response and healing profile [24]. These re-
sults are also comparable with our study.
In our study, the lesion location of CTOs were in left

anterior descending artery (LAD) in 45% of cases, right
coronary artery (RCA) in 45% of cases, and left circum-
flex artery (LCX) in 10% of cases.
In the current study, all patients had initial attempt of

wiring through antegrade approach, if antegrade ap-
proach was failed, then retrograde approach was tried.
Retrograde approach has been described initially via

the bypass grafts and more recently the use of septal col-
laterals has been described to be safe and efficient.
Retrograde approach for recanalization of CTO has

gained popularity recently with increased success rates
as shown in several case reports and small series of se-
lected patients [25].
Retrograde approach requires good special devices,

such as micro catheters, dedicated guide wires,
shorter guide catheters, or longer length guide wires,
and should be performed with experienced operators
and support staff.
Retrograde approach was successful in 15 (25%) pa-

tients, and was failed to cross CTO site in another 5
(4.0%) patients, those 5 patients had another trial of suc-
cessful antegrade approach. There were no significant
differences in respect to angiographic characteristics of
the lesion between success and failure groups.
However, the conventional factors such as severe calci-

fication, severe tortuosity, significant side branch at the
CTO site and CTO length, which are shown to be inde-
pendent predictors of successful procedure via antegrade
approach in various studies [26] are not shown to have
any significant impact on outcomes during retrograde
recanalization in our study.
There was no difference between both groups possibly

due to that conventional factors are not important when
the retrograde techniques are applied, as the wire

Fig. 2 a Coronary angiography of CTO of osteal LAD with J-CTO score complexity = 2. b Trial of antegrade approach c Successful retrograde
approach. d Successful revascularization of total LAD by DES
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Table 5 Post-procedural follo-up

EES group BVS group χ2 test p value Sig.

No. = 40 No. = 20

Mortality

1 month Negative 40 (100%) 20 (100%) – – –

Positive 0 (0%) 0 (0%)

6 months Negative 40 (100%) 20 (100%) – – –

Positive 0 (0%) 0 (0%)

1 year Negative 40 (100%) 20 (100%) – – –

Positive 0 (0%) 0 (0%)

Non-fatal MI

1 month Negative 40 (100%) 20 (100%) – – –

Positive 0 (0%) 0 (0%)

6 months Negative 40 (100%) 20 (100%) – – –

Positive 0 (0%) 0 (0%)

1 year Negative 39 (97.5%) 20 (100%) 0.508 0.476 NS

Positive 1 (2.5%) 0 (0%)

UA requiring hospitalization

1 month Negative 40 (100%) 20 (100%) – – –

Positive 0 (0%) 0 (0%)

6 months Negative 25 (62.5%) 14 (70%) 0.330 0.566 NS

Positive 15 (37.5%) 6 (30.0%)

1 year Negative 39 (97.5%) 20 (100%) 0.508 0.476 NS

Positive 1 (2.5%) 0 (0%)

Multi-slice CT (MSCT)

6 months Patent 36 (90%) 18 (90%) 0.000 1.000 NS

Occluded 4 (10%) 2 (10%)

1 year Patent 36 (90%) 18 (90%) 0.000 1.000 NS

Occluded 4 (10%) 2 (10%)

MI myocardial infarction, UA unstable angina

Fig. 3 First panel from the Lt. side: Coronary angiography of CTO of mid RCA with J-CTO score complexity = 2. Second panel: Post-BVS
implantation of 3 overlapped BVS Absorb (3.0 × 28; 3.5 × 28, and 3.5 × 28 mm (84 mm length). Third panel: OCT Post-BVS implantation. Fourth
panel: 6 months MSCT follow-up. Fifth panel: OCT 12 months post-BVS
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manipulation is done in retrograde fashion to gain ac-
cess to either true or false lumen and to complete the
procedure with adjunctive techniques.
Regarding procedure related complication in the

current study, there was no reported cases of mortality
or stent thrombosis, this might be due to operators ex-
perience and use of intense anti-platelet regimen and
limited number of patients.
One of the most fatal complications during CTO inter-

vention is coronary perforation and tamponade [21].
In spite of angiographic coronary perforation was fre-

quently observed during CTO treatment, so evaluating
the clinical significance of angiographic perforation is
critically important, and goal must be to avoid cardiac
tamponade.
In the current study, coronary perforation occurred

only in one patient (0.05%) of BVS group and was man-
aged successfully by simple balloon inflation without
progressing to cardiac tamponade.
Similar figure was reported by Morino et al. (2010)

and they reported incidence of 0.4%. These figures are
considered low compared with the previous reports (a
range of 0.8% to 1.9%) [21].
Potential hypotheses to explain low incidence of car-

diac tamponade are adequate hemostatic procedures as
needed, reduction of prolonged and aggressive antegrade
guide wire manipulation. Thanks to the introduction of
retrograde approaches. Although a careful evaluation is
required, procedural continuation could be considered
with angiographic coronary perforation.

Clinical outcome and follow-up
Concerning in-hospital outcome in the current study,
there was no reported mortality during hospitalization
period, Q wave myocardial infarction developed in 1.6%
of study population and non Q wave myocardial infarc-
tion developed in 2.4%.
Close figures were reported by Lemos et al. (2004)

who reported no death, TLR, TVR or Q wave MI, but
incidence of 7.4% of non Q wave MI [27].
After the introduction of DES, several studies demon-

strated that DES markedly reduce the incidence of
angiographic restenosis and repeat revascularization in
selected patients with relatively noncomplex lesions. In
patients with CTO lesions, there are several trials com-
paring the efficacy of DES with BMS but studies com-
paring individual DESs against BVS are limited [28].
Regarding 12-month clinical follow-up in our study,

no mortality occurred in all study population in both
arms, and at 6 months follow-up unstable angina oc-
curred in 37% with EES and 30% in BVS stent group
which agreement with other previous studies from mul-
tiple randomized controlled trials (RCT) while revealing

no significance between 2 groups about MACE at 12
months follow-up.
Our study shows non inferiority of BVS stent in CTO

comparable with EES which matched with absorb III
trial. However, our study of small population size limit
data to show advantage of BVS on DES.
The knowledge that PCI does not prevent MI or pro-

long life in stable or stabilized coronary disease is well
established. This was reinforced by the COURAGE and
OAT trials in which PCI did not provide incremental ben-
efits in hard end points such as MI or mortality above
contemporary medical management. However, because
COURAGE did not address CTOs specifically and OAT
addressed only subacute post-MI occlusions, the general-
ized ability of these trials to CTO is not clear [29]
Furthermore, the COURAGE nuclear substudy dem-

onstrated event reduction in patient with moderate to
severe ischemia. The CTO populations are often
enriched with patients with high ischemic burden who
may likely benefit from recanalization [30].
Coronary BVS are attractive therapeutic option in inter-

ventional cardiology; BVS backbone is made of poly-
lactoide and coated by thin layer of poly-dilactrole. It re-
leases everolimus and is fully degraded to H2O and CO2

in 2–3 years. BVS seems to offer several theoretical advan-
tage over metallic stent, as it gives temporary mechanical
support of vessel wall; therefore, long-term endothelial
function and structure are not affected, and a possible fu-
ture surgical revascularization is not compromised [31].

Limitations of the study
This study was limited by its small sample size in pa-
tients from a two medical centers. Second generation
BVS was not used for comparison as it is still under de-
velopment. We need longer follow up to detect the out-
come of BVS.

Clinical implication

○ We believe that 1st generation everolimus-eluting
bioresorbable vascular scaffold (BVS) stent associated
with less complication and less restenosis rate than
everolimus-eluting stent (EES) in chronic total occlu-
sion (CTO) recanalization guided by intracoronary
imaging.
○ Further follow-up data should be done on a large
scale in order to provide evidence for how to follow-up
and treat those patients.

Conclusion
In light of our findings, we conclude that our study
showed that 1st generation everolimus-eluting BVS is
non-inferior to EES for CTO revascularization. Further
studies are needed to clearly state which new smaller
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footprint BVS, faster reabsorption, magnesium-based
less thrombogenicity, and advanced mechanical proper-
ties is under development. We cannot dismiss the effi-
cacy and safety of new BVS technology. BVS by Abbott
should focus on simple and short lesion. Various studies
did not provide better outcome with long-term patency
in tortuous, long, calcified lesions. Biotronik, biomime
bioabsorbable stents came in and needs more compara-
tive study.
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