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Introduction 
 

Refractory angina pectoris is a chronic disabling condition affecting a growing number of patients (10-15%) 

with severe ischemic heart disease(1). It is generally defined as debilitating anginal complaints despite optimal 

medical therapy due to severe and/or diffuse coronary artery disease (CAD) without options for percutaneous 

or surgical revascularization procedures.  

Previous investigations showed that refractory angina significantly impacts patients’ quality of life. In 

particular, it is associated with a high incidence of hospitalizations and numerous physician visits. This 

recurrent syndrome of refractory angina frequently affects the overall wellbeing and may lead to anxiety and 

depression. Patients with refractory angina have a reduced life expectancy and represent the most fragile 

population among those with chronic ischemic heart disease (2-5). Of note, the only treatment option reserved 

for these sometimes young patients (60-65 years) is mostly limited to the classical anti-ischemic drugs (6).  

This "no-option" labelled population represents a therapeutic challenge for physicians, due to the high 

complexity and heterogeneity of these patients (7, 8). Indeed, we can delineate three different sub-groups of 

refractory angina patients:  

- Patients with refractory angina due to chronic total occlusions or diffuse coronary artery disease 

- Patients with refractory angina despite maximally achievable revascularization 

- Patients with refractory angina due to microvascular disease 

Patients of the first group are mostly poor candidates for surgical or percutaneous revascularization. Such 

interventions are technically demanding with higher than normal complexity and complication rate. This is 

due to the extreme expression of the atherosclerotic process in the coronary arteries. This array of severe 

coronary artery disease may concern a variety of coronary lesions, such as chronic total occlusions or very 

diffuse coronary disease with frequently repeated failures of previous revascularization interventions.  

Patients in the second group, despite all efforts and even after successful revascularization, remain 

symptomatic for angina: this is referred to as “residual” or “persistent” angina and affects up to 25% of patients 

after one year and up to 45% after 3 years following revascularization (9).  
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In the third group of refractory-angina, patients are affected by microvascular dysfunction: in this specific 

group of patients – mostly female and young (60-65 years of age) – the presence of anginal symptoms is 

associated with documented ischemia at non-invasive cardiac imaging tests and absence of epicardial coronary 

stenosis at angiography. Clinical implications and long-term outcomes in this group of patients are comparable 

with the typical chronic coronary syndromes, and therapeutic options are limited (7).  

These three sub-groups of refractory angina reflect the heterogeneity of presentations and pathophysiological 

basis of this clinical entity, accounting for the difficulties in finding an efficient therapeutic strategy to fit them 

all (10-12). A well selected and safe combination of therapies may offer better outcome than just “one-size fits 

all” strategy.  

Finally, optimizing the treatment of patients with refractory angina has also economic implications. Although 

percutaneous cardiac interventions may be more costly upfront, – one must bear in mind that on the other hand 

these patients already require high levels of healthcare, with need for increased rates of outpatient clinics 

evaluations and frequent hospitalizations (12-15). However, the economic implications of refractory angina 

go beyond the focus of this thesis, and their relevance will not be specifically investigated here.  

Aims of this thesis 

In this thesis, we sought to explore the possible role of percutaneous cardiac interventions in the treatment of 

patients with refractory angina. We will indeed not only describe the available approaches in this setting, but 

we will study how recent developments and improvements in materials, techniques and devices allow for a 

more efficient and less invasive approach. This doctoral dissertation will be divided into two major chapters. 

The first one (PART I) will centre on the evolution of percutaneous coronary intervention (PCI) in chronic 

total occlusions (CTO) and will comprise different aspects of CTO-PCI optimization. 

A relevant focus will be dedicated to the anatomical target for stent implantation. Extensive stenting after CTO 

recanalization is still a common practice, ending up in a so-called “full-metal jacket” of the occluded vessel. 

Despite the immediate satisfactory result, this condition is associated with long-term higher incidence of stent 

failure. We aimed to study the angiographic evolution of the segment distal to the stented CTO lesions from 

two large randomized clinical trials (namely, the PRISON III and the PRISON IV).  
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A major point of this dissertation will be dedicated to a novel approach for CTO-PCI, aiming at reducing the 

use of large bore guiding catheters, limiting the dual vascular access and favouring a trans-radial approach 

over a femoral approach. This novel approach, conceived and further developed by CZ and PA, will be 

described in this thesis from its first conceptual theorization, through the first retrospective description and 

finally to its prospective evaluation in a long series of consecutive unselected patients. 

In addition, another 3 chapters of this PART I will be dedicated to the performance of new tools and devices 

in the optimization of CTO PCI outcome. These will include one chapter about the use of long-tapered drug-

eluting stents and two chapters about the adoption of ultra-thin struts drug-eluting stents.  As last chapter of 

PART I, a contemporary comparison between antegrade and retrograde approach in CTO PCI will be reported.  

The second major chapter of this dissertation (PART II) will be dedicated to a recently introduced device for 

the treatment of refractory angina, namely the Coronary Sinus Reducer. The pathophysiological mechanisms 

of this technique differ totally from the classical percutaneous interventions of patients with CAD and may 

appear in some aspects counterintuitive. In fact, the Reducer device is implanted in the Coronary Sinus, namely 

the major venous conduit of the heart circulation, while PCI is performed in the arterial epicardial vessels. 

Furthermore, while PCI aims at resolving the presence of stenosis in the coronary arteries with a stent 

implantation to restore the original vessel’s diameter, the CSR aims at creating an iatrogenic narrowing in the 

(venous) vessel. The main mechanism of action of this device is based on the redistribution of myocardial 

perfusion from non-ischemic sub-epicardial areas to ischemic sub-endocardial layers (see Figure 1).  
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Figure 1. The Coronary Sinus Reducer (upper panel) and its physiological effects on the flow redistribution in the ischaemic 

myocardium (lower panel). 

After a general overview on the device characteristics, indications and mechanisms of action, we will provide 

new insights on the physiological consequences taking place after CSR implantation. We will explore the 

oxygen kinetics before and after CSR implantation in patients with refractory angina by means of 

cardiopulmonary exercise test (CPET).  

Subsequently we will explore the performance of the CSR in the settings of challenging clinical scenarios: first 

of all patients with diabetes mellitus type II and secondly patients with a failed attempt of CTO-PCI.   

In order to optimize CSR implantation and avoid the risk of potential complications, we will also provide an 

angiography-based description of the most common Coronary Sinus (CS) sub-type of anatomical variants and 

their procedural implications. Indeed specific morphologies of the CS (e.g. presence of venous valves or 

bifurcations) are predictors of longer procedural and fluoroscopic times and the occurrence of procedural 

complications. 

Finally, we will describe a possible mechanism for lack of efficacy of the CSR. We will show that the long 

term patency/endothelialisation of this novel device, via direct or indirect coronary sinus visualization, may 

negatively impact on its usual physiological effects.  
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Abstract 

Background. Coronary stenosis in the segment distal to chronic total occlusion (CTO) is a frequent finding 

after successful CTO revascularization.  

Objectives. Aim of this study is to investigate the angiographic outcome and clinical implications of these 

lesions. 

Methods. The PRISON III and IV trials, which enrolled patients with successfully recanalized occlusions 

treated with DES implantation, provided the data source for this analysis. The population was further divided 

according to the presence/absence of a stenosis>50% at quantitative coronary analysis(QCA) in the segment 

distal to the CTO lesion at baseline. Other measures included mean lumen diameter(MeanLD), minimal lumen 

diameter(MLD), reference vessel diameter(RVD). These measurements were performed at baseline and 8-9 

months follow-up angiography. Clinical follow-up was obtained at 1-year. 

Results. Out of the 294 CTO-patients suitable for the analysis, 121 presented with a stenosis>50% in the distal 

segment. Baseline QCA disclosed significantly lower vessel diameters in these patients, with more severe 

diameter stenosis(61±8% vs 31±9%, p<0.001). At angiographic follow-up, broad improvements in lumen 

diameter were observed in both groups, but resulted clearly higher in the subgroup of patients with basal binary 

stenosis(MeanLD: +31±22% vs +20±18%, p<0.001 and MLD +107±75% vs +30±31%, p<0.001). In 

particular, only 9(7.4%) of the 121 binary stenosis observed at baseline were present at follow-up procedure. 

Clinical outcome at 1 year disclosed comparable incidence of major cardiac adverse events in the two groups. 

Conclusions. Our results suggest that lesions in the segment downstream CTOs can be safely deferred from 

angioplasty and eventually re-assessed with follow-up angiography if judged untrustworthy. 
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Introduction 

Coronary chronic total occlusions (CTOs) represent still the highest challenge in percutaneous coronary 

intervention (PCI). Major developments have been introduced to increase procedural success of CTO-PCI, 

with a large armamentarium of techniques and technology available, ranging from retrograde approaches to 

complex devices for controlled sub-intimal tracking techniques1,2. Behind the technical difficulties of these 

lesions, indeed, lies a complex scenario of various physiopathological mechanisms3,4,5. In fact, CTOs represent 

also the ultimate stage of coronary atherosclerosis, with often heavily calcified lesions and high plaque burden 

upstream and downstream the occlusion itself. In addition, due to the modifications in blood flow in the 

occluded coronary artery, alterations of the vessel distally to the CTO can occur: in particular the absence of 

physiological antegrade flow may lead to negative vascular wall remodelling and plaque growth in this 

segment6-8. More specifically, high interest has been focused on the segment distal to the CTO lesions, with 

investigations available in the literature describing the angiographic evolution of this peculiar vessel segment 

after successful CTO recanalization9-13. Results from these reports broadly suggest that this segment generally 

undergoes, in variable degrees, improvements in diameters and plaque remodelling. Despite this, the clinical 

implications deriving from this phenomenon and a current strategy on how to deal with coronary stenosis in 

the segment distal to the CTO lesion have been, so far, unexplored. In this study, we analysed the angiographic 

evolution and the clinical impact of the stenosis located in the segment distal to CTO lesions in a large cohort 

of patients, combining data from two multicentre randomized clinical trials with mandatory angiographic 

follow up at 8-9 months.  
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Methods 

Data to perform the present analysis were drawn from the Primary Stenting of Occluded Native Coronary 

Arteries (PRISON) III and IV multicentre trials, whose design, major inclusion and exclusion criteria, 

endpoints, definitions and results have been previously described in details14-17. Briefly, after successful 

recanalization of native total or chronic total coronary occlusions (at least 1 month old), patients were 

randomized in a 1:1 fashion to receive either sirolimus eluting stents (SES) or zotarolimus eluting stents (ZES) 

in the PRISON III trial (304 patients), and to receive either a hybrid SES or everolimus eluting stents (EES) in 

the PRISON IV trial (330 patients). In both studies, procedural and technical choices (i.e. femoral or radial 

approach as well as antegrade or retrograde techniques) were left to the operator’s discretion. All patients 

received dual antiplatelet therapy prior to the procedure with the indication to maintain it for at least 12 months. 

Clinical follow-up was scheduled at 1, 6, 9 and 12 months. Angiographic follow-up was planned at 8-9 months 

in both trials.  

A total of 520 patients (239 out of 304 [75%] patients from PRISON III and 281 out of 330 [85%] patients 

from PRISON IV trial) underwent follow-up coronary angiography at the pre-specified time point and formed 

the cohort for the present study. Of note, only lesions older than 3 months were included in this analysis, thus 

fulfilling the definition criteria for chronic total occlusions. In addition, other major exclusion criteria for the 

current analysis were: 1) occlusion involving the distal segment of the major epicardial vessel without 

sufficient distal lumen available for assessment; 2) operator’s decision of stenting the distal segment at baseline 

procedure; 3) in-stent occlusion or sub-occlusion at follow-up angiography; 4) inadequate quality angiography 

for quantitative coronary analysis (QCA) of the distal vessel.  

Quantitative Coronary Analysis 

QCA was assessed offline in an independent angiographic core laboratory (St. Antonius Hospital Angiographic 

Core Laboratory, Nieuwegein, the Netherlands) with automatic edge detection software CMS version 5.3 

(Medis Medical Imaging Systems, Leiden, the Netherlands) by experienced operators blinded to clinical 

information and study’s purpose. The contrast-filled catheter was used for calibration. The projection was 

chosen to avoid, as far as possible, foreshortening or overlap of other arterial segments. Intracoronary 

isosorbide dinitrate was injected by protocol before the last acquisition in the baseline procedure and before 
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the first one in the follow-up procedure. All QCA measures were performed from an end-diastolic still-frame. 

The distal segment was defined as that immediately downstream the stented segment of the occlusion until the 

final bifurcation of the major epicardial vessel, and was thus analysed at the end of the index procedure and at 

follow-up angiography. The main parameter analysed in the present study was the presence of stenosis>50%, 

defined as binary stenonsis, in this segment. Other measures including reference vessel diameter (RVD, mm), 

minimum luminal diameter (MLD, mm), mean luminal diameter (MeanLD, mm), percentage of diameter 

stenosis (DS%, RVD - MLD/RVD x 100), mean lumen gain (MeanLG, MeanLD at follow-up - MeanLD after 

the baseline procedure), minimal lumen gain (MLG, MLD at follow-up - MLD after the baseline procedure), 

and lesions length were calculated at both baseline and follow-up procedures in each patient. In addition, a 

significant MeanLG was arbitrarily defined as an increase ≥0.10 mm and was adopted as binary value to 

investigate the predictors of late lumen gain in our study population. 

Study Outcome Measures 

In order to investigate the clinical and angiographic outcome in patients presenting with a significant stenosis 

in the segment downstream the CTO lesion at baseline procedure, the study population was further divided 

two subgroups based on the presence or absence of binary stenosis at quantitative coronary analysis. Clinical 

outcome was measured by the occurrence of all-cause death, myocardial infarction (MI) or target vessel 

revascularization at 1 year of follow-up as defined in the original studies14-15. Angiographic outcome was 

described by analysing the same segment distal to the CTO lesions in terms of persistence of binary stenosis 

at follow-up procedure, amount of lumen gain for mean and minimal lumen diameters and diameter stenosis-

percentage increase observed between the two procedures. 

Statistical Analysis 

Baseline and outcome data were analysed using descriptive statistics. Numerical values were expressed as 

mean ± standard deviation (SD) or median (interquartile range, IQR) as appropriate. Categorical variables 

were expressed as percentages. Comparisons of measured outcomes were performed using Pearson chi-square 

test for categorical variables and student t-test for continuous variables. A two tailed probability value of P 

<0.05 was considered statistically significant.  Multivariable logistic regression analysis was used to identify 

predictors of MeanLG. Demographic and angiographic characteristics with a significant value in univariate 
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analysis were included in the multivariable model. All statistical analyses were performed using SPPS version 

22.0 (SPSS, Inc., Chicago, IL, USA). 

Results 

Of the 634 patients forming the study populations of Prison III and Prison IV trials, 294 presented with CTOs 

eligible for assessment of baseline and follow-up distal vessel QCA (see study flowchart, Figure 1). Most 

common exclusion criteria from the analysis were lack of angiographic follow-up (114[17.9%] patients) and 

presence of distal segment stenosis downstream the occlusions which the operator decided to treat with PCI 

and stent implantation at baseline procedure (61[9.6%] patients).  

Figure 1: Patients enrolled in the present study, starting from the population of the PRISON III and IV trials.

 

Mean age was 62.5±9.8 years, with a female gender prevalence of 19.4% (57 patients). Most of the patients 

were in Canadian Cardiovascular Society (CCS) class for angina ≥2 (93.9%). Of note, 86 (29.3%) patients 

presented with history of myocardial infarction (MI), with a previous PCI in 57 (19.4%) cases and coronary 

artery by-pass graft (CABG) in 13 (4.4%). Left ventricle ejection fraction (LVEF) was >50% in 249 (84.7%) 

of them. At baseline angiography, multi-vessel involvement was disclosed in 121 (41.2%) patients. The most 

common location for CTO lesion was the right coronary artery (RCA, 146 cases [49.7]), followed by left 

anterior descending (LAD, 96 [31%]) and left circumflex (LCx, 51 [17.7%]). A collateral channel providing 

filling of the segment distal to the occlusion was present in 263 (90.4%) patients, which was retrograde in 

almost all of them. Complete results for baseline demographic and angiographic analysis are available in Table 

1. Of note, no major differences in demographic and angiographic baseline characteristics were observed 

between the patients excluded from the analysis and those included (see Supplemental File 1).  
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Table 1. Demographic and angiographic characteristics of the study population. 

 Study Population 

(n=294) 

Distal vessel 

Stenosis (n=121) 

No distal vessel 

stenosis (n=173) 

P Value 

 

Age  62.5±9.8 63±9.7 62.1±9.9 0.43 

Female Sex 57 (19.4%) 27 (22.3%) 30 (17.3%) 0.29 

CCS angina class    0.23 

I 18 (6.1%) 10 (8.3%) 8 (4.6%)  

II 174 (59.2%) 77 (63.6%) 97 (56.1%)  

III 69 (23.4%) 22 (18.2%) 47 (27.2%)  

VI 11 (3.7%) 3 (2.5%) 8 (4.6%)  

     

Smoking 85 (28.9%) 31 (25.6%) 54 (31.2%) 0.36 

Diabetes 55 (18.7%) 24 (19.8%) 31 (17.9%) 0.76 

Hypertension 164 (55.8%) 68 (56.2%) 96 (55.5%) 0.99 

Dyslipidaemia 203 (69%) 73 (60.3%) 130 (75.1%) 0.01 

Previous MI 86 (29.3%) 35 (28.9%) 51 (29.5%) 0.99 

Previous PCI 57 (19.4%) 25 (20.7%) 32 (18.5%) 0.65 

Previous CABG 13 (4.4%) 5 (4.1%) 8 (4.6%) 0.82 

Previous Stroke 22 (7.5%) 10 (8.3%) 12 (6.9%) 0.66 

LVEF    0.09 

>50% 249 (84.7%) 102 (84.3%) 147 (85%)  

30%-50% 34 (11.6%) 10 (8.3%) 24 (13.9%)  

<30% 11 (3.7%) 9 (7.4%) 2 (1.2%)  

     

Coronary Artery 

Disease 

   0.09 

1-vessel 173 (58.8%) 80 (66.1%) 93 (53.8%)  

2-vessels 91 (31%) 36 (29.8%) 55 (31.8%)  

3-vessels 30 (10.2%) 5 (4.1%) 25 (14.5%)  

Occluded Vessel    0.14 

RCA 146 (49.7%) 53 (43.8%) 93 (53.8%)  

LAD 96 (32.7%) 47 (38.8%) 49 (28.3%)  

LCX 52 (17.7%) 21 (17.4%) 31 (17.9%)  

Collateral Filling 264 (89.8%) 111 (91.7%) 153 (88.4%) 0.56 

Bridge Collaterals 131 (44.5%) 55 (45.4%) 76 (43.9%) 0.63 

Retrograde Filling 263 (89.4%) 110 (90.9%) 153 (88.4%) 0.73 

     

Calcifications 148 (50.3%) 62 (51.2%) 86 (49.7%) 0.81 

Occlusion Length 22±13 21±12 22±13 0.84 

Maximal Balloon 

Diameter (mm) 

2.88±0.52 2.91±0.44 2.86±0.57 0.54 

Maximal Balloon 

Pressure (atm) 

15±3 15±3 15±3 0.25 

Maximal Stent Diameter 

(mm) 

3.13±0.40 3.05±0.38 3.17±0.4 0.008 

Most Distal Stent 

Diameter (mm) 

2.9±0.38 2.81±0.35 2.97±0.4 <0.001 

Total Stent length (mm) 45.3±24.3 46.2±22.7 44.6±25.4 0.58 

Stent Number 1.8±0.9 1.8±0.8 1.8±0.9 0.98 
CABG: coronary artery bypass graft; CCS: Canadian cardiovascular society; LAD: left anterior descending artery; LCX: 

left circumflex; LVEF: left ventricle ejection fraction; MI: myocardial infarction; PCI: percutaneous coronary 

intervention; RCA: right coronary artery. 
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Baseline Quantitative Coronary Analysis 

After assessment of the segment distal to the CTO lesions, a binary stenosis (>50%DS) was detected in 121 

patients (41.1% of the study population). This sub-group of patients presented similar demographic 

characteristics to those without a binary stenosis at baseline (see Table 1). However, a significantly higher 

incidence of dyslipidaemia was observed in the latter. In addition, procedural characteristics disclosed a 

significantly higher implantation of smaller stents in patients with binary stenosis (in particular for the most 

distal stent, closer to the distal segment analysed), suggesting that vessels had smaller calibre in this sub-group. 

Complete QCA results are available in Table 2. 

The mean length of the segment downstream the occlusions examined with QCA was 39.2 ± 9.4 mm and 

similar in the two subgroups. Mean RVD of this segment was 2.09±0.41mm for patients with binary stenosis, 

and 2.35±0.45mm for those without (p<0.001). Consistently, the MeanLD resulted 1.64±0.37mm in the first 

group and 2.14±0.43mm in the latter (p<0.001), with a mean MLD of 0.82±0.24mm and 1.62±0.41mm 

respectively (p<0.001), resulting in a mean DS% of 61±8% in the sub-group with binary stenosis and 31±9% 

in the sub-groups without (p<0.001).  

Follow-up angiography Quantitative Coronary Analysis 

The same distal segment of the target vessel was analysed at follow-up angiography, with a mean segment 

length examined of 38.9±10.1mm. The RVD resulted significantly lower in patients with a binary stenosis at 

baseline than in the other subgroup (2.31±0.43mm vs 2.66±0.46mm respectively, p<0.001), as were the 

MeanLD (2.11±0.41mm vs 2.53±0.45mm respectively, p<0.001) and the MLD (1.58±0.42mm vs 

2.04±0.47mm respectively, p<0.001). As a result, DS% resulted 31±12% in the sub-group with binary stenosis 

at baseline and 23±10% in the other (p<0.001, see Figure 2). However, increases in diameter values were 

significantly higher in the subgroup with basal binary stensosis, with a percentage MeanLG of 31±22% in 

these patients, compared with 20±18% in the others (p<0.001). Similarly, MLG resulted greatly improved in 

the first subgroup (107±75% vs 30±31%, p<0.001). Finally, at follow-up procedure only 9 (7.4%) binary 

stensosis were detected in the first subgroup, including 1 progression to total occlusion, and 2 (1.2%) in the 
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latter (p=0.01), which were treated with percutaneous intervention in 5 cases (4 and 1 in the two subgroups 

respectively).  

Figure 2. Distribution of percentage diameter stenosis of patients with a binary stenosis at baseline 

procedure (median 58%, IQR 53-66%) and corresponding values at follow-up procedure (median 31%, IQR 

23-40%).

 

 

The QCA was also repeated for subgroup of lesions based on the location in the three major epicardial vessels, 

with broadly similar results (see Supplemental File 2). 

Clinical Outcome 

Clinical follow-up was available in all 294 patients. We observed 2 cardiac death, both in the subgroup of 

patients with absence of binary-stenosis at baseline procedure. Two MI infarction occurred in the same group. 

Of the 23 target vessel revascularization(TVR) observed in the study population, 10 (8.3%) occurred in the 

subgroup of patients with a binary stenosis at baseline procedure, while the remaining 13 (7.5%) were recorded 

in the other subgroup (p=0.83, see Table 3). 
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Table 2. QCA findings of the segment distal to the CTO lesion in the study population and according 

to the presence of binary stenosis at baseline. 

 All CTOs (n=294) Distal vessel Stenosis 

(n=121) 

No distal vessel 

stenosis (n=173) 

P Value 

Baseline Procedure     

Segment Length 39±9.3 39.3±9.1 38.8±9.5 0.66 

Distal Vessel 

Reference Diameter 
2.24±0.45 2.09±0.41 2.35±0.45 <0.001 

Mean Lumen Diameter 1.93±0.48 1.64±0.37 2.14±0.43 <0.001 

Minimal Lumen 

Diameter 
1.29±0.53 0.82±0.24 1.62±0.41 <0.001 

Diameter Stenosis% 43±17 61±8% 31±9% <0.001 

Binary Stenosis 121 (41.2%) 121 (100%) 0 NA 

     

Follow-up Procedure     

Segment Length 38.9±10.1 39.1±10.1 38.8±10 0.75 

Distal Vessel 

Reference Diameter 
2.52±0.48 2.31±0.43 2.66±0.46 <0.001 

Mean Lumen Diameter 2.36±0.48 2.11±0.41 2.53±0.45 <0.001 

Minimal Lumen 

Diameter 
1.85±0.51 1.58±0.42 2.04±0.47 <0.001 

Diameter Stenosis% 27±12% 31±12% 23±10% <0.001 

DS% improvement 17±16% 29±14% 8±11% <0.001 

Mean Lumen Gain 0.42±0.33 0.47±0.29 0.38±0.34 0.03 

Percentage Mean 

Lumen Gain  
25±20% 31±22% 20±18% <0.001 

Minimal Lumen Gain 0.56±0.45 0.76±0.43 0.42±0.41 <0.001 

Percentage Minimal 

Lumen Gain 
62±66% 107±75% 30±31% <0.001 

Binary Stenosis 11 (3.7%) 9 (7.4%) 2 (1.2%) 0.01 

CTO: chronic total occlusion. 

 

Table 3: Clinical events at 1 year follow-up. 

    

All CTOs 

(n=294) 

Distal vessel 

Stenosis (n=121) 

No distal vessel 

stenosis (n=173) 
P Value* 

PCI of distal vessel 

at baseline (n=61) 
P value† 

 

All-cause death       

  

Non-cardiac 

death 
0 0 0 NA 0 NA 

Cardiac death 2 (0.7%) 0 2 (1.2%) 0.51 0 NA 

Myocardial Infarction 2 (0.7%) 0 2 (1.2%) 0.51 0 NA 

Target vessel 

revascularization 
23 (7.8%) 10 (8.3%) 13 (7.5%) 0.83 11 (18%) 0.08 

Non-target vessel 

revascularization 
18 (6.1%) 10 (8.3%) 8 (4.6%) 0.22 7 (11.5%) 0.59 

*: p value for comparison between “Distal Vessel Stenosis” and “No distal vessel stenosis” subgroups. †: p 

value for comparison between “Distal Vessel Stenosis” and “PCI of distal vessel at baseline” subgroups. 
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In addition, the incidence of clinical events in the group of patients with binary stenosis at basal procedure was 

compared with the incidence of the same events in the group of patients excluded by the QCA assessment 

because of percutaneous intervention with stenting in the distal segment at baseline procedure. Of note, we 

observed a trend towards lower incidence of TVR in the first group (10[8.3%] vs 11[18%] respectively, 

p=0.08).  

Predictors of Lumen Gain at follow-up 

Association between baseline variables and a significant MeanLG was investigated by means of univariate and 

multivariate analysis. At univariate analysis age, smoking, the use of diuretics, the presence of collaterals 

channels, and basal MLD were predictors of significant MeanLG at angiographic follow-up. Once entered in 

the multivariate algorithm, however, only diuretics use, baseline MLD and presence of collaterals channels 

were confirmed predictors of significant MeanLG (see Table 4, Figure 3).  

 

Table 4. Predictors of significant lumen gain at univariate and multivariate analysis. 

 OR 95% CI P Value 

Univariate Model    

Age 1.02 0.99-1.05 0.06  

Smoking 0.70 0.50-0.98 0.04 

Diabetes 1.17 0.94-1.47 0.14 

Previous MI 0.89 0.64-1.25 0.51 

Calcifications 1.18 0.68-2.05 0.54 

Collateral Channels 1.92 1.04-3-55 0.03 

Statins Use 1.17 0.60-2.28 0.64 

Diuretics Use 2.08 0.98-4.41 0.05 

Baseline MLD 0.44 0.18-1-05 0.06 

Basline MeanLD 0.49 0.19-1.26 0.14 

    

Multivariate Model    

Age 0.99 0.96-1.02 0.82 

Smoking 1.01 0.53-1.95 0.95 

Diuretics Use 2.62 1.12-6.15 0.02 

Collateral Channels 2.75 1.35-5.61 0.005 

Baseline MLD 0.22 0.12-0.39 <0.001 

MeanLD: mean luminal diameter; MI: myocardial infarction; MLD: minimum luminal diameter. 
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Figure 3. Correlation between basal minimal lumen diameter and mean lumen gain as observed at follow-up 

procedure, stratified in the different coronary vessels. 

 

Discussion 

The main finding of this study is that patients presenting with a significant stenosis in the segment distal to the 

CTO lesion after successful recanalization have a clinical outcome comparable to those without evidence of 

vessel narrowing in the same segment, also, and especially, if not treated with additional PCI and stent 

implantation. In fact, we observed a comparable incidence of major adverse clinical events in both subgroups 

with and without significant disease downstream the CTO lesion, in particular as far as TVRs are concerned. 

This supports the concept that narrowings in the distal segments of CTO are, at least in part, due to 

physiological response of under-perfused vessels rather than pure atherosclerosis. In addition, a comparison 

with patients treated at baseline procedure with additional stenting in the distal segment of the CTO vessel 

disclosed a trend towards reduced need for TVR in patients with un-treated distal segment stenosis (8.3% vs 

18% respectively, p=0.08).  

Detailed angiographic analysis of our study population showed that these coronary segments generally undergo 

a relevant increase in lumen diameters after 8-9 months. In our experience, the incidence of binary stenosis in 

the same segment at follow-up procedure was reduced to 9(7.4%) of the 121 patients with baseline significant 

narrowing. Of note, we observed a percentage increase of 31±22% in mean lumen diameters and even of 

107±75% in minimal lumen gain, significantly higher than in the subgroup of patients without binary stenosis 



 

24 

at basaline (20±18% and 30±31% respectively, p for both <0.001). Not surprisingly, the decrease in percentage 

diameter stenosis observed at follow-up procedure was significantly higher in the first subgroup of patients 

(29±14% vs 8±11% respectively, p<0.001). However, the final percentage diameter stenosis in the distal 

segment disclosed a relatively mild, but statistically significant, lower value in the subgroup of patients with 

baseline stenosis (31±12% vs 23±10% respectively, p<0.001). On the other hand, it is important to underline 

that, as shown in the baseline angiographic and procedural data, the distal segment in the subgroup of patients 

with distal vessel narrowing was broadly smaller in diameter. This is also supported by the use of significantly 

smaller stents in this group (3.05±0.38mm vs 3.17±0.4mm respectively, p=0.008 for maximal stent diameter 

and 2.81±0.35mm vs 2.97±0.4mm respectively, p<0.001 for the most distally implanted stent). A broadly 

smaller vessel calibre in the first group may partly explain the relatively higher DS% at follow-up. Another 

possible explanation to this phenomenon could be that the most pronounced narrowing observed in the distal 

segment of CTO lesions is, at least in part, due to a mild degree of atherosclerosis. After physiological flow 

restoration by means of PCI, the vessel undergoes a subsequent positive remodelling with improvements of 

vessel diameters and decrease in relative stenosis, which however cannot fully disappear. 

This concept of distal lumen enlargement after CTO recanalization had already been suggested by previous 

smaller reports10-12. Variable degrees of luminal diameter gain were reported, ranging from 0.27±0.6mm to 

0.40±0.34mm, which also included results from IVUS analysis10-12. However, the clinical implications of this 

phenomenon have not been investigated yet. Our study is the first to report on the “benign” nature of vessel 

narrowing observed downstream the CTO lesions, with a strong tendency to spontaneous resolution when 

follow-up angiography is performed and an absolutely minimal clinical impact.  In fact, in our analysis 

involving nearly 300 patients, a stenosis >50% in the segment distal to the occlusion was observed in more 

than 40% patients at baseline procedure. This finding could have led to percutaneous treatment of these distal 

stenoses with additional stent implantation. Interestingly, of these stenoses, less than 8% (including 1 distal 

vessel occlusion) were observed at the follow-up procedure and eventually treated in only half of the cases. In 

this setting, a strategy of “watchful waiting” could potentially save nearly 95% of PCIs at the end of the 

baseline procedure. Moreover, around 10% of the patients out of 634 forming the original study population 

were not eligible for the current analysis because the operator performed a full coronary scaffolding, with stent 
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implantation up to the distal segment of the culprit vessel. This confirms that the evidence of diffuse narrowing 

in the segment downstream the CTO lesion may lead the operator to resort to additional PCI18.  

According to our results, a “watchful waiting” strategy is recommended for dealing with distal segment lesions 

after successful CTO recanalization.  Indeed, we believe that in case of significant residual stenosis at 

angiography,  the most appropriate strategy is that of avoiding treatment in the acute phase (immediately after 

CTO recanalization), and to schedule a control angiography after few weeks or months. This will allow further 

assessment of the distal segment with angiography and optionally physiology or intracoronary imaging, 

leading to a decision whether additional treatment is necessary or not. 

Figure 4. Illustrative case of late-lumen enlargement of the distal left circumflex. Panel A, final result after 

successful CTO recanalization, with corresponding QCA assessment (panel B). Same vessel at 9 months 

follow-up angiography (Panel C) and corresponding QCA measurements (Panel D). 
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Limitations 

The present analysis has the value of deriving from two multicentre randomized clinical trials where the 

angiographic follow-up was mandatory per protocol and a dedicated committee controlled clinical and 

procedural data entry. The purpose of these trials was, however, to compare the performances of different drug 

eluting stents in the settings of coronary occlusion recanalization. For this reason, the current analysis remains 

a hypothesis generating post-hoc investigation.  
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Abstract 

Background.  

Small observational studies demonstrate the feasibility of transradial approach (TRA) for chronic total 

occlusion (CTO) percutaneous coronary intervention (PCI). The aim of the current study is to assess technical 

success, complication rates and procedural efficiency in fully-TRA (fTRA) and transfemoral approach (TFA) 

in a large prospective European registry adopting the hybrid algorithm for CTO PCI (RECHARGE).  

Methods and Results 

We analyzed 1253 CTO PCI procedures performed according to the hybrid protocol in 17 European centers, 

comparing fTRA (single or bi-radial access) and TFA (single or bi-femoral or combined radial and femoral 

access). Fully-TRA was applied in 306 (24%) and TFA in 947 (76%) cases. The average J-CTO score was 

2.1±1.2 in fTRA and 2.3±1.1 in TFA (p=0.06).  Technical success was achieved in 85% in fTRA and 86% in 

TFA (p=0.51). Technical success was comparable for fTRA and TFA in different J-CTO score subgroups, 

after multivariable analysis and after propensity adjustment. In-hospital major adverse cardiac and cerebral 

events (MACCE) occurred in 2.0% in fTRA and 2.9% in TFA (p=0.40). Major access-site bleeding occurred 

in 0.3% in fTRA and 0.5% in TFA (p=0.66). Fully-TRA compared with TFA had similar procedural duration 

(80 [54-120]  vs 90 [60-121]  min, p=0.07), similar radiation dose (DAP 89 [52-163] vs 101 [59-171] 

gray*cm2, p=0.06) and lower contrast agent use (200 [150-310] vs 250 [200-350]  ml, p<0.01). 

Conclusions 

Fully-TRA CTO PCI is a valid alternative to TFA with a high rate of success, low complication rates and no 

decrease in procedural efficiency.  

  



 

32 

INTRODUCTION 

The transradial approach (TRA) for percutaneous coronary intervention (PCI) has gained widespread 

acceptance over the last decades. The radial artery is easily compressible, not surrounded by major venous 

and nervous structures, and an adequate collateral arterial network is present. As a result, the risk of vascular 

complications after TRA is negligible1. Multiple randomized trials demonstrated that a transfemoral 

approach (TFA) is associated with a significantly higher risk of bleeding, pseudo-aneurysm and 

arteriovenous fistula formation, cardiac events and mortality after PCI1,2. This has been demonstrated in PCI 

for stable coronary artery disease and acute coronary syndromes both with and without persistent ST-

segment elevation. Moreover, vascular complication rates after TFA are only modestly reduced with the use 

of vascular closure devices3.  

However PCI of chronic total occlusion (CTO) is mostly performed with (bilateral) femoral access to facilitate 

the use of large-bore guiding catheters for optimal support and freedom in technique selection. Nevertheless, 

previous reports suggest that TRA CTO PCI is feasible 4-6. The aim of the current study is to compare a fully-

TRA (fTRA) versus a TFA (including combined transradial-transfemoral approaches) regarding technical 

success, procedural characteristics and complications in the RECHARGE registry7, a large prospective 

multicentre cohort of CTO PCI procedures performed according to the state-of-art hybrid algorithm8. 

METHODS 

A total of 1253 CTO PCI procedures in 1177 patients in 17 centres in France, Belgium, the Netherlands, and 

the United Kingdom were prospectively and consecutively included in the RECHARGE registry between 

January 2014 and October 2015. The study complies with the Declaration of Helsinki, ethical approval was 

obtained in all centres and all patients provided written informed consent. All operators had performed a 

minimum of 25 hybrid procedures before starting enrolment and they were all certified operators for the 

controlled antegrade dissection re-entry (ADR) technique with CrossBoss and Stingray devices (Boston 

Scientific, Marlborough, Massechusetts).  

Case selection was based on symptoms, ischemia and/or viability rather than perceived likelihood of 

success. All CTO PCIs were presumed to be treated according to the hybrid algorithm. The choice of 

techniques, materials and access site was left at the discretion of the operator. 
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Arterial access 

Selection of arterial access site was made on a case-to-case basis, reflecting the operators’ considerations. 

Arterial access was categorized as either fTRA (single radial or biradial) or TFA (single femoral, bifemoral or 

combined radial and femoral).  

Baseline characteristics 

Demographics, medical history and lesion characteristics were obtained prior to CTO PCI in all patients. The 

Japanese chronic total occlusion (J-CTO) score and the PROGRESS CTO score were used to assess CTO 

lesion complexity9,10. 

Outcome measures and definitions 

Technical success was defined as CTO revascularization with <30% residual stenosis within the treated 

segment and restoration of antegrade TIMI flow grade 3. In-hospital Major Adverse Cardiac and Cerebral 

Events (MACCE) included death, stroke, periprocedural myocardial infarction (MI, ongoing chest pain with 

both electrocardiogram changes and elevated cardiac markers), urgent target vessel (TV) revascularization 

(TVR) or target vessel failure (TVF, TV occluded at follow-up). Major bleeding was defined as bleeding 

leading to death, severe hypotension, a drop in haemoglobin of ≥3 g/dl,  ≥2 units of whole blood packed cells 

transfusion, prolonged hospitalization, permanent injury or need for vascular surgery. Procedural time, 

exposure to radiation and contrast agent were also documented.  

Statistical analysis 

Categorical data are presented as numbers and percentages and compared using Chi-Square tests. Continuous 

data are presented as mean ± standard deviation or median ± interquartile range and compared using ANOVA 

or Mann-Whitney U tests as appropriate. Multivariable logistic regression analysis was used to identify 

predictors of technical success. Arterial access site and all demographic and angiographic characteristics with 

a significantly different prevalence between fTRA and TFA groups in univariable analysis were included in 

the multivariable model. A propensity analysis was carried out by use of a non-parsimonious logistic regression 

model for fTRA versus TFA. All variables listed in table 1 and 2 were included in this model, along with 

significant interactions. In patients with missing values, the multiple imputation method was adopted to obtain 
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a value to generate the propensity score, in order not to lose patients for the analysis. The score was then 

incorporated into subsequent proportional-hazards models as a covariate and was used to divide the population 

according to quintiles of propensity score. We also performed a 1:1 matched analysis without replacement on 

the basis of the estimated propensity score of each patient. The log odds of the probability that a patient 

received fTRA (the “logit”) was modelled as a function of the confounders that we identified and included in 

our dataset. Using the estimated logits, we first randomly selected a patient in the group receiving fTRA and 

then matched that patient with the patient in the TFA group with the closest estimated logit value (nearest 

neighbor matching method, caliper 0,2 SD). If more than one patient in the group receiving TFA met this 

criterion, we randomly selected one patient for matching. A 2-sided p-value of <0.05 was considered 

significant for all tests. All analyses were performed using SPSS version 22 (IBM SPSS Inc.). Additional 

statistical analyses (including more details about the propensity score and  inverse probability of treatment 

weight analysis) have been added in Supplemental file 1.  

RESULTS 

Of the 1253 cases enrolled, fTRA was applied in 306 (24%) cases and TFA in 947 (76%) cases. In the fTRA 

group, 159 cases were performed with unilateral and 147 with bilateral radial access. In the TFA group, 

unilateral femoral access was applied in 126, bilateral femoral access in 271 and combined radial and femoral 

access in 550 patients.  

Demographic characteristics 

Mean age was 66 ± 11 years. Fully-TRA and TFA groups differed significantly regarding gender (89% vs 85% 

male, p = 0.04), history of hypertension (69% vs 59%, p < 0.01) and peripheral vascular disease (18% vs 13%, 

p = 0.02). The prevalence of other cardiovascular comorbidities was high but well-balanced between groups 

as presented in Table 1.  

Angiographic characteristics 

The most common CTO-target vessel was the right coronary artery (61%), followed by the left anterior 

descending (23%), the circumflex (16%) and the left main (0.3%) coronary arteries as presented in Table 2. 

Lesion length >20mm (49% vs 62%, p <0.01), a blunt stump (41% vs 53%, p < 0.01), proximal cap ambiguity 
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(30% vs 38%, p = 0.02), and a diseased distal landing zone (40% vs 47%, p = 0.04)  were more common in 

the TFA group, and significant calcification (66% vs 56%, p < 0.01) and lack of ‘interventional’ collaterals 

(50% vs 29%, p < 0.01) were found more frequently in the fTRA group. As a result, the J-CTO score was 

lower in the fTRA group without reaching statistical significance (2.1 ± 1.2 vs 2.3 ± 1.1, p = 0.06), meanwhile 

the PROGRESS CTO was significantly higher in the fTRA group (1.4±1 vs 1.1±0.9, p<0.001). 

Table 1: Demographic characteristics of the RECHARGE study population. 

 fTRA 

(n=306) 

TFA 

(n=947) 

p-

value 

Age; mean ± SD (years ) 66 ± 11 65 ± 10 0.262 

BMI; mean ± SD  (kg/m2) 28 ± 5 28 ± 5 0.981 

Male (%) 273 (89) 800 (85) 0.040 

Current smoker (%) 62 (20) 209 (22) 0.507 

Hypertension (%) 213 (69) 558 (59) 0.001 

Dyslipidemia (%) 203 (68) 631 (67) 0.621 

Diabetes mellitus (%) 91 (30) 241 (26) 0.136 

Heart failure (%) 29 (10) 84 (9) 0.585 

Previous MI (%) 106 (35) 384 (41) 0.066 

Previous CABG (%) 48 (16) 169 (18) 0.366 

Previous CABG on target vessel 

(%) 

36 (12) 131 (14) 0.355 

Previous PCI (%) 172 (56) 542 (57) 0.725 

Previous stroke (%) 21 (7) 53 (6) 0.416 

Peripheral vascular disease  (%) 54 (18) 118 (13) 0.023 

Chronic Kidney Insufficiency 

(%) 

42 (14) 102 (11) 0.164 

LVEF ≥50%  (%) 155 (51) 533 (56) 0.140 

BMI: body mass index; CABG: coronary artery bypass graft; LVEF: left 

ventricular ejection fraction; MI: myocardial infarction; PCI: 

percutaneous coronary intervention; SD: standard deviation; fTRA: fully-

transradial access; TFA: transfemoral access.  
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Procedural outcomes 

Overall technical success was 85% (259 out of 306 patients) in the fTRA group and 86% (816 out of 947) in 

the TFA group (p = 0.51). Fully-TRA and TFA procedures were equally successful in all strata of the J-CTO 

score with success rates of 100% vs 99% (p = 0.99) in easy, 97% vs 94% (p = 0.52) in intermediate, 85% vs 

88% (p = 0.47) in difficult, and 72% vs 79% (p = 0.17) in very difficult lesions (see Figure 1).  

The successful crossing technique was antegrade wire escalation in 198 (76%) of fTRA patients and 

425 (52%) of TFA patients, antegrade dissection and re-entry in 33 (13%) of fTRA and 159 (19%) of TFA, 

and a retrograde techniques in 28 (11%) of fTRA and 232 (28%) of TFA. The average  number of approaches 

required was 1.5 ± 0.7 and was similar in both groups as demonstrated in Table 3. A retrograde technique was 

less frequently planned and/or applied in the fTRA group (42% vs 61%) compared with the TFA group. 

Antegrade dissection and re-entry as a planned and/or applied strategy was similar between groups (49% vs 

51%).    

 In the fTRA group, we observed similar procedure duration times (80 vs 90 min, p = 0.07) compared 

with the TFA group. The Air Kerma radiation dose was significantly higher (1.7 [1.1 – 2.9] vs 1.5 [0.9 - 2.6] 

Gray, p < 0.01) in the fTRA group, without difference in Dose Area Product dose (89 [52 – 163] vs 101 [59 – 

171] Gray*cm2, p = 0.06). On average, less contrast agent was used in the fTRA group (200 [150 – 310] vs 

250 [200 – 350] ml, p < 0.01). A higher average number of balloons, guidewires, stents and microcatheters 

were used in TFA. A ≥7F guide catheter was used in 42% of fTRA and 91% of TFA patients.  

MACCE occurred in 33 patients (2.6%), including 3 deaths (1 aortic dissection, 1 sudden death, 1 

shock after staged non-target vessel PCI), 3 strokes, and 27 myocardial infarctions (one of which was due to 

TVF requiring immediate TVR). Of these, 6 (2.0%) occurred in the fTRA group and 27 (2.9%) in the TFA 

group (p = 0.40). Major bleeding occurred in 24 (1.9%) patients. Of these, 16 were cardiac tamponades. 

Retroperitoneal bleeding occurred in 2 patients in the TFA group. Major access-site related bleeding occurred 

in 1 (0.3%) patient in the fTRA group and 5 (0.5%) in the TFA group (p = 0.66).  

 

 



 
 

37 

Table 2: Angiographic characteristics of the RECHARGE study population. 

 

 fTRA (n=306) TFA (n=947) p-value 

CTO target vessel   <0.001 

RCA (%) 149 (49) 610 (64)  

LAD (%) 75 (25) 215 (23)  

LCX (%) 81 (27) 119 (13)  

LMCA (%) 1 (0.3) 3 (0.3)  

Ostial lesion (%) 29 (10) 17 (8) 0.286 

In-stent occlusion (%) 30 (10) 96 (10) 0.862 

Lesion length ≥20mm (%) 150 (49) 585 (62) <0.001 

Clear stump (%) 223 (73) 671 (71) 0.497 

Blunt stump (%) 125 (41) 499 (53) <0.001 

Calcification (%) 203 (66) 526 (56) 0.001 

Tortuosity ≥45° (%) 112 (37) 314 (33) 0.253 

Re-attempt (%)* 53 (17) 215 (23) 0.050 

J-CTO score, mean ± SD  2.1 ± 1.2 2.3 ± 1.3 0.058 

PROGRESS score, mean ± SD 1.4 ± 1 1.1 ± 0.9 <0.001 

Proximal cap side-branch† 115 (38) 373 (39) 0.591 

Proximal cap ambiguity (%) 92 (30) 355 (38) 0.018 

Lack of “interventional” collaterals (%) 154 (50) 278 (29) <0.001 

Diseased distal landing zone (%) 122 (40) 442 (47) 0.038 

Distal cap at bifurcation (%) 77 (25) 268 (28) 0.286 

*Re-attempt defined as patient which were included for a second or third attempt of their CTO (i.e. already had a 

previous failed procedure). † Side-branch with a diameter >2mm, within <5mm of the proximal CTO cap. CTO: 

chronic total occlusion; LCx: circumflex; J-CTO: Japanese-CTO; LAD: left anterior descending; LMCA: left 

main coronary artery; RCA: right coronary artery; SD: standard deviation; fTRA: transradial access;  TFA: 

transfemoral access. 
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Table 3: Procedural characteristics. 

 fTRA 

(n=306) 

TFA 

(n=947) 

p-value 

Dual catheter injection (%) 48 86 <0.01 

Procedure time* (min) 80 (54-120) 90 (60-121) 0.07 

Fluoroscopy time* (min) 28 (17-50) 38 (22-56) <0.01 

Air Kerma dose* (Gray) 1.7 (1.1-2.9) 1.5 (0.9-2.6) <0.01 

Dose area product* (Gray*cm2) 89 (52-163) 101 (59-171) 0.06 

Contrast volume* (ml) 200 (150-310) 250 (200-350) <0.01 

    

Guidewires† (n) 4.4 ± 2.9 5.4 ± 4.0 <0.01 

Balloons† (n) 3.0 ± 2.4 3.6 ± 2.9 <0.01 

Stents† (n) 2.0 ± 1.0 2.5 ± 1.1 <0.01 

Stent length† (mm) 62 ± 31 76 ± 34 <0.01 

Microcatheters†  (n) 1.0 ± 0.6 1.2 ± 0.6 <0.01  

    

Antegrade wire escalation ¥(%) 288 (94) 709 (75) <0.01 

Antegrade dissection/re-entry¥ (%) 51 (17) 241 (25) <0.01 

Retrograde¥ (%) 54 (18) 367 (39) <0.01 

Final successful technique for CTO crossing   <0.01 

Antegrade wire escalation (%) 198 (76) 425 (52)  

Antegrade dissection/re-entry (%) 33 (13) 159 (19)  

Retrograde (%) 28 (11) 232 (28)  

Number of approaches† 1.4 ± 0.6 1.5 ± 0.6 <0.01 

*Median (interquartile range). †Mean ± standard deviation. ¥Applied as primary or 

secondary strategy. CTO: Chronic Total Occlusion; fTRA: fully-transradial access; TFA: 

transfemoral access. 

 

 Multivariable analysis 

On multivariable analysis, previous CABG on the CTO target vessel, CTO length >20mm, a blunt stump, 

significant calcification, moderate to severe tortuosity, lack of ‘interventional’ collaterals, a diseased distal 

landing zone, and planned and/or applied retrograde approach were associated with technical failure. There 
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was no statistically significant association between arterial access site and technical success, as presented in 

Table 4.  

Propensity-score Analysis 

The propensity-score model included 34 baseline and angiographic variables (table 1 and 2). Mean 

standardized differences of these variables between the two groups before and after propensity matching are 

available in Supplemental Figure A. In fTRA patients the median propensity score (0=TFA; 1=fTRA) was 

0.33 (interquartile range, 0.21 to 0.51) while in TFA patients the median score was 0.16 (interquartile range, 

0.10 to 0.26, see also Supplemental File 1 and Supplemental Figure B). The C-statistic for the propensity score 

model was 0.75, indicating acceptable discrimination. Procedural success according to propensity score 

quintiles is shown in figure 2, which highlights broadly comparable results in the different sub-groups. 

Propensity-score was also introduced in a bivariate analysis model together with access site, showing no 

statistically significant association between arterial access site and procedural success (see Table 4). The 

matching of patients performed in the study population yielded 144 patients treated via fTRA matched with 

144 patients treated via TFA. After propensity-score matching, comparisons in procedural outcomes were 

repeated according to the arterial approach. Comparable success rates were observed also in the matched 

cohort. However, a significantly higher rate of retrograde techniques and a significantly higher number of 

microcatheters were used in the TFA group. In fact, adoption of antegrade wire escalation technique was more 

common in the fTRA group, with a lower use of dual-catheter injection (see Table 5). After calculation of the 

IPTW, generalized estimation equations for procedural success in the two access groups generated an expected 

odd ratio for Procedural Success of 0,847 (Confidence Interval: 0,526 – 1,363) statistically non-significant (p-

value=0.49), thus supporting results deriving from the PS-matching and PS-stratified analyses (see 

Supplemental File 1 for more details). 
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Table 4: Predictors of technical success in CTO PCI in multivariable analysis. 

 Odds Ratio 95%-CI p-value 

Covariate Adjusted    

Radial access  0.88 0.58 – 1.34 0.56 

Male sex 0.95 0.57 – 1.57 0.84 

Peripheral vascular disease 0.89 0.56 – 1.41 0.62 

CTO target vessel    

     LAD vs RCA 1.08 0.68 – 1.73 0.75 

     LCx vs RCA 0.89 0.53 – 1.48 0.64 

Previous CABG on target vessel 0.50 0.32 – 0.80 <0.01 

CTO length >20mm 0.48 0.32 - 0.73 <0.01 

Blunt stump 0.62 0.40 – 0.96 0.03 

Severe calcification 0.57 0.39 – 0.84 <0.01 

Bending >45 degrees 0.60 0.42 – 0.87 <0.01 

Re-attempt 0.77 0.52 – 1.13 0.18 

No ‘interventional’ collaterals 0.40 0.25 – 0.63 <0.01 

Side branch >2mm 0.83 0.57 – 1.20 0.32 

Diseased distal landing zone 0.65 0.45 – 0.95 0.03 

Proximal cap ambiguity 0.64 0.42 – 0.99 0.04 

ADR planned or applied 0.88 0.60 – 1.09 0.51 

Retrograde planned or applied 0.49 0.31 – 0.77 <0.01 

Propensity Adjusted    

Fully-Radial access  0.90 0.60 – 1.35 0.62 

Propensity score (0.1 increase) 0.84 0.31 – 2.27 0.73 

ADR: Antegrade Dissection and Re-Entry; CABG: coronary artery bypass graft; CI: 

Confidence Interval; CTO: Chronic Total Occlusion; LCx: Circumflex Artery; LAD: 

Left Anterior Descending artery; PCI: Percutaneous Coronary Intervention; RCA Right 

Coronary Artery. 

Single-Catheter Access Sub-group Analysis 

An additional analysis on single-catheter access in the two vascular approach was carried to further analyse 

the performance of fTRA and TFA in this specific subset of CTO-PCI. A single guiding catheter access was 

adopted in 159 of the fTRA cases and 126 of the TFA cases. Previous MI, in-stent occlusion, blunt stump, 

and lesion length > 20mm were significantly more common in the TFA group, while severe calcification was 
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more common in the fTRA group. Other demographic and angiographic characteristics (as listed in Tables 1 

and 2) did not differ significantly between groups. The J-CTO score was 1.5 ± 1.0 in fTRA and 1.7 ± 1.1 in 

TFA (p = 0.16). The PROGRESS score was 1.6 ± 1.1 in both groups (p = 0.94).  Procedure time, 

fluoroscopy time and contrast use were not significantly different between groups. AWE was more common 

as the final successful crossing technique in fTRA (88 vs 68 percent, p < 0.01) and ADR was less common 

(1 vs 13 percent, p < 0.01). Technical success was achieved in 92% in fTRA and 86% in TFA (p = 0.13). 

Four major complications including 3 MI and 1 cardiac tamponade occurred in the TFA group, none in the 

fTRA group. 

Table 5: Procedural results of the study population after propensity score matching. 

 

 fTRA 

(n=144) 

TFA 

(n=144) 

p-value 

J-CTO score* 2.1±1.3 2±1.2 0.39 

PROGRESS Score* 1.2±0.9 1±0.8 0.15 

Procedural Success (%) 120 (83) 128 (89) 0.23 

Procedural Time (min)*  101 ± 68 91 ± 45 0.15 

Fluoroscopy Time (min)*  38 ± 28 40 ± 25 0.39 

Dual catheter injection (%) 72 (50) 121 (84) <0.0001 

Stents* (n) 2.1 ± 1.1 2.4 ± 1.2 0.04 

Microcatheters* (n) 1.0 ± 0.6 1.2 ± 0.6 <0.01  

    

Antegrade wire escalation† (%) 136 (94) 122 (84) 0.01 

Antegrade dissection/re-entry† (%) 25 (17) 33 (23) 0.30 

Retrograde† (%) 29 (20) 45 (31) 0.04 

    

Final successful technique for CTO crossing   0.14 

Antegrade wire escalation (%) 87 (72) 80 (62)  

Antegrade dissection/re-entry (%) 18 (15) 22 (17)  

Retrograde (%) 15 (12) 26 (10)  

Number of approaches† 1,4 ± 0,6 1,5 ± 0,7 0.39 

*Mean ± standard deviation. †Applied as primary or secondary strategy. CTO: chronic total occlusion; 

J-CTO: Japanese-CTO. fTRA: fully-transradial access; TFA: transfemoral access; 
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Figure 1: Procedural success in fully transradial approach (fTRA) and transfemoral approach (TFA) groups according to 

the Japanese – Chronic Total Occlusion (J-CTO) score. 

DISCUSSION 

This study supports that technical success rates in PCI for CTO using the hybrid algorithm with a fully 

transradial approach are high and similar to transfemoral CTO PCI.  

 No randomized trials comparing TRA and TFA for CTO PCI have been published to our knowledge, 

but several observational studies have shown promising results of TRA CTO PCI. In early reports by Rathore 

et al. and Yang et al., where most probably only antegrade techniques were adopted, transradial CTO PCI 

yielded technical success in 82% and 69% of cases, respectively4,11. On the other hand, Alaswad et al. described 

a contemporary cohort of CTO PCI applying the hybrid protocol with success in 93% of both TRA and TFA 

cases5. Of note, this cohort included only 73 purely transradial procedures. Our cohort with more than 300 

fully-transradial CTO PCI procedures is to our knowledge the largest published in the literature.  

A recent report from Tanaka et al has investigated the procedural success of 280 TRA against 305 

TFA CTO PCIs, with particular focus on CTO complexity. The authors reported relatively low and comparable 
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procedural success rates in the TRA and TFA groups in all-comers CTO (74.6% vs. 72.5% respectively, p = 

0.51), which even worsened when considering complex CTO lesions (J-CTO ≥3; 35.7% vs. 58.2% 

respectively, p = 0.04)12. Of note, patients with combined radial and femoral approaches were included in both 

groups, depending on where the antegrade catheter was inserted, i.e. the access site for the antegrade catheter 

was determining the TRA or TFA. Their findings resulted worse than those described in our analysis, a fact 

that can be explained by the wider enrolment period in Tanaka’s work, ranging from January 2005 to December 

2014. In our opinion, the most recent evolutions in the materials and technologies, as well as advanced 

techniques including the development of the hybrid approach, allow for improved procedural outcomes in the 

current practice. 

 

Figure 2: Procedural success in fully transradial approach (fTRA) and transfemoral approach (TFA) groups according to 
propensity-score quintiles. 

TRA has been widely adopted over the last years in both elective and primary PCI. There are robust 

data from randomized trials demonstrating a significantly lower risk of vascular complications, cardiac events, 

bleeding and mortality after both elective and primary TRA PCI2. No data on this matter from randomized 

studies or large registries exist in CTO PCI, but a significant effect is to be expected given the prolonged time 

of periprocedural anticoagulation with an activated clotting time usually maintained between 300 and 350 
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seconds in the presence of large-bore femoral arterial sheaths13. Major bleedings were rare in the current study 

with no significant difference between radial and femoral groups. However, considering the relevant advantage 

in terms of major bleeding conferred by TRA in all patients undergoing PCI, particularly pronounced in those 

with stable coronary syndrome as shown by a recent metanalysis by Ferrante et al.2, similar benefits have to 

be expected with higher number of patients also in the settings of CTO PCI. Moreover, an even greater 

difference would potentially be observed if also minor bleedings were taken into account, which however was 

not done for the present analysis. Of note, such potential benefits of fTRA in terms of safety are not 

counterbalanced by an expense in procedural success rates. In fact, in our analysis these were maintained high 

and comparable with the TFA group in different settings of technical difficulty, as reflected by J-CTO score 

(Figure 1). Furthermore, after propensity score adjustment and matching, our observations confirmed that 

fTRA had no significant impact on procedural success, which was maintained over 80% in the fTRA group 

(see table 4 and 5).  

At present, CTO PCI is still mostly performed with transfemoral or combined radial and femoral 

approach, and we identify as primary reason for this phenomenon the frequent choice of 8 French guiding 

catheters for both optimal support and optimal freedom in technique selection. However, the radial use of 

conventional 8 French sheaths has been demonstrated feasible.14  In addition, ongoing developments such as 

miniturization of endovascular devices (for example Stingray Low Profile for ADR and TrapLiner catheter 

allowing the trapping technique in 6 French guiding catheters) and the use of thin-walled sheaths (for example 

Glidesheath Slender, Terumo) or sheathless techniques to minimize the number of cases requiring large-bore 

arterial sheaths, make fTRA CTO PCI feasible in the majority of patients15. Indeed, the TRA in CTO PCI 

should not be directly perceived as a limitation to materials and techniques choices any longer, and the broadly 

promoted adoption of TFA for CTO PCI is, in our opinion, relatively overestimated. When performed in the 

hands of expert operators, with proper experience in radial access management and high confidence with TRA 

PCI, we believe that fTRA can be a valid and effective alternative to TFA even in the CTO setting. Finally, 

even if limited by the lower number of patients analysed, our findings were confirmed also in the sub-set of 

single-catheter access, where the absence collaterals for interventional techniques or visualization of the distal 

vessel furthermore hinder the success of CTO-PCI.  
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Our study has several limitations. First of all, despite extensive and careful statistical modelling, 

residual confounding related to selection bias cannot be completely excluded and should be kept in mind 

interpreting these results. Because of the observational study design, no causal relationship between arterial 

access site selection and technical success can be established. This relationship may be influenced by operator 

based predicted CTO lesion difficulty.  Differences in the angiographic characteristics of the CTO lesions in 

the transradial and transfemoral group are observed with a trend towards a lower J-CTO score in the fTRA 

group, with a higher average number of wires, microcatheters, balloons, stents and dual catheter injection 

required in the TFA group. Technical success rates were similar in fTRA and TFA groups also after 

stratification for J-CTO class, correction for angiographic characteristics in multivariable regression and in the 

propensity score analysis. The need for multiple imputation in calculating propensity score in almost all 

patients is a statistical expedient that, although widely accepted, might have underestimated confounding 

factors. Of note, caution should be paid when interpreting the comparison in procedural success between fTRA 

and TFA in the group with lowest propensity for radial approach (see Figure 2), where we disclosed a 

statistically non-significant, but numerically relevant, difference between the two approaches. In addition, the 

fact that the J-CTO score was lower and the PROGRESS-CTO was higher in fTRA compared to TFA is 

puzzling. It seems that TFA occlusions had more complexity features than fTRA, and the major adverse 

characteristic in fTRA was a higher absence of interventional collaterals, which drove the difference in 

PROGRESS-CTO score. These findings might be correlated to the fact that the prevalence of circumflex CTO 

was double in fTRA compared with TFA. The circumflex has less collaterals than other coronary arteries, and 

when there are, they are mainly epicardial and tortuous, hence non-interventional. Regardless of the 

explanation, this may introduce additional bias in the study. Lesion difficulty however does not seem to be a 

major confounding factor in the current study. Operators in our study have a minimum experience of 25 hybrid 

CTO PCI cases but are overall well experienced. This limits the generalizability of our findings to less 

experienced operators but supports the hypothesis that fTRA and TFA are equally technically demanding and 

thus equally successful in the hands of experienced CTO PCI operators. This is also supported by the fact that 

the current study does not confirm the previously raised concerns about lower efficiency of TRA for CTO PCI, 

as represented by more changes in CTO crossing strategies, longer procedure and fluoroscopy times, higher 

radiation doses and higher contrast agent requirement and the previously observed relationship between 
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experience and procedural success in TRA CTO PCI1,3,9,13. Moreover, the current study is not powered to detect 

differences in relatively rare adverse events such as major bleedings. Even with the aforementioned limitations, 

the present analysis supports the use of a fully-transradial approach, which proved feasible and with relatively 

high success rate, low complication rate and no decrease in procedural efficiency when compared to 

conventional fully transfemoral or combined transradial-transfemoral approaches.  
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Abstract 

Percutaneous recanalization of coronary chronic total occlusions (CTOs) traditionally relies on the use of dual 

access and large bore catheters, with trans-femoral approach adoption in most of the cases. Aim of this 

manuscript is to describe an alternative algorithm, that we called “Minimalistic Hybrid Algorithm”, in order 

to minimize the use of double access, large bore catheters, and femoral approach thus reducing patient’s 

discomfort and possibly procedural complications. This algorithm can be interpreted as an evolution of the 

classic “Hybrid Algorithm” and requires the operator to be confident with all techniques known in this 

conventional algorithm. Indeed, all possible techniques and approaches of the conventional hybrid approach 

to treat CTOs are included in a novel diagram for procedural strategy, which offers an alternative sequence of 

steps to limit, whenever possible, the invasiveness of the procedure. After dividing the cases in “simple” or 

“complex” CTO lesions according to the available complexity scores and to the “feeling”, knowledge and 

expertise of the operator, a systematic description of the procedural steps is provided. This includes antegrade 

and retrograde approaches, as well as sub-intimal and intra-luminal techniques, in order to maintain the simpler 

single-catheter transradial strategies in the first line for the simple CTO, and the adoption of more complex, 

double access and transfemoral ones in the further steps. The minimalistic hybrid algorithm herein described 

is a possible alternative sequence of steps in the setting of CTO recanalization, with the potential of limiting 

the use of double access, large bore catheters, and femoral approach.  
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Introduction 

Percutaneous coronary intervention (PCI) for revascularization of chronic total occlusions (CTO) has 

experienced  increasing interest and dedication in the last decade. Major steps forwards have been developed 

across these years, as the recently introduced and validated Hybrid Algorithm. By means of this novel 

approach, operators facing CTO PCI handle a wide range of different techniques and approaches, with the 

purpose of limiting procedural time, contrast dye administration and materials consumption, with additional 

optimization of the procedural success[1]. 

Until now, revascularization of CTO has traditionally relied on the femoral approach via large sheaths and 

catheters, as a guarantee of achieving maximal support for materials penetration and advancement into the 

CTO lesion. Indeed, the use of 8F guiding catheters, associated with long supportive femoral sheaths has the 

promise of offering higher back-up forces and a broadly more stable system. However, the extensive use of 

femoral approaches in coronary interventions has already been demonstrated to increase incidence of adverse 

events, including all-cause mortality, major adverse cardiac events (MACE), bleedings and major vascular 

complications. Of note, this phenomenon has been described not only in the setting of acute coronary 

syndromes, where the incidence of these events has already been reported higher than in radial procedures, but 

even more pronounced in those of stable coronary artery disease PCI [2]. 

Of interest, a recent sub-analysis of the RECHARGE registry investigating the procedural outcomes of CTO 

PCI performed by a fully-transradial (fTRA) approach has reported comparable success rates as compared 

with transfemoral procedures, including subgroups of patients with higher lesion complexity (J-CTO 

score≥3)[3]. Furthermore, when fTRA was used, the total amount of contrast dye administered resulted lower 

than in the transfemoral access population. These promising results, despite being derived from a single large 

registry, are in contrast with those derived from reports of less recent cohorts[4], which may suggest that 

evolutions in materials, techniques, methodology and operator expertise may nowadays significantly facilitate 

the procedural steps in this very complex setting of PCI. 

Aim of this manuscript is to describe an alternative, “evolved” version of the hybrid algorithm, called 

“Minimalistic Hybrid Algorithm”, which has the purpose of reducing patients’ risks and discomfort by 



 
 

53 

limiting, when possible, the adoption of femoral approach, use of large bore catheters and use of double access, 

however still allowing all techniques contemplated in the conventional hybrid algorithm.  

Rationale of the “Minimalistic Hybrid Approach” 

The primary goal of any algorithm in CTO revascularization is that of obtaining the highest procedural success 

rate, which should be balanced with acceptable safety profile and reasonable resources consumption. In the 

hybrid algorithm, this is achieved by adopting a revascularization strategy that maintains available all four 

possible options for crossing the CTO lesions, namely antegrade wire escalation (AWE), antegrade dissection 

re-entry (ADR), retrograde wire escalation (RWE) and retrograde dissection re-entry. These different 

approaches are then consecutively attempted until successful CTO crossing, with an order that reflects the 

operator’s preferences and the likelihood of success based on baseline angiography. In the “Minimalistic 

Hybrid Algorithm” all the four options are also kept into consideration, but the order in which they are 

attempted is focused on the priority of performing the procedure minimizing double access, large bore 

catheters, and femoral approach.  

In the settings of techniques with highest level of complexity (including ADR with CrossBoss-Stingray), 

however, the authors believe that a complete exclusion of the trans-femoral approach is, beside theoretically 

possible, not fully justified. In fact, there are still specific advanced CTO PCI techniques that require an 8F 

guiding catheter (e.g. proximal cap puncture with real-time IVUS-guidance), which is commonly utilized 

through a trans-femoral access. 

For this reason, a possible flowchart including all conventional CTO revascularization techniques will be 

presented, leaving those mandating large sheath’s support as the last alternative. 
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Description of the Algorithm 

A diagram showing the complete “Minimalistic Hybrid Algorithm” is available in Figure 1.  

As a first step, the CTO lesion is accurately assessed at basal angiography, with specific focus on presence of 

proximal cap ambiguity, presence of possible microchannels within the body of the CTO, presence of 

competitive flow in the distal segment after the CTO to assess the presence of different collateral circulations 

and all features included in the scores for CTO complexity [5,6]. Good contralateral injections is also 

mandatory in this step and if not present in the baseline angiogram performed before the CTO attempt, it can 

be done in the same session of the CTO just before starting the CTO procedure. This basal evaluation is crucial 

for dividing every case in a “Simple” or “Complex” CTO scenario. 

 

Figure 1. Diagram showing the “Minimalistic Hybrid Algorithm”. 

“Simple” CTO scenario 

This is generally defined by the presence of a clear proximal cap and/or presence of microchannel in the body 

of the CTO lesion itself, associated with a lower CTO complexity score (in the majority of the cases: J-CTO≤1 

and Progress≤1). However, this scenario reflects those CTO where the operator feels”a priori” confident in 



 
 

55 

crossing the occlusion with relative ease, besides the classifications scores. This subgroup of lesions is safely 

and successfully treated with AWE in most of the patients. Definitely, a broad expertise of the operator is 

required to judge properly this type of CTO. If, during the procedure, the operator encounters unexpected 

difficulties, a rapid switch to the “Difficult CTO scenario” algorithm is always feasible and prompt. 

A first approach is made through a single 6F catheter procedure via transradial access without contralateral 

injection, and attempts of CTO lesion crossing by means of soft wires (e.g. Fielder XT-A or Fielder XT-R) 

with support of a microcatheter, avoiding, if possible, sub-intimal space penetration. In case of failure, the 

operator should evaluate the presence of interventional collaterals and the likelihood of success of a possible 

retrograde approach, if compared with further antegrade attempts with step up to stiffer wires (this evaluation 

has been done already before the beginning of the antegrade attempt, by means of proper inspection of the 

angiogram done before the current procedure or by acquisition of additional angiograms of the donor vessel in 

the same session of the CTO before starting the attempt). If the retrograde approach is judged more feasible 

and with a higher chance of success, than the same radial access could be converted to a retrograde access and 

adopted to attempt retrograde collateral crossing. If successful collateral crossing is achieved by reaching the 

distal cap of the CTO lesion through the collaterals, a second 6F transradial access can be positioned and 

adopted for the antegrade approach to the CTO lesion, which will then be recanalized by means of RWE or 

reverse controlled antegrade-retrograde subintimal tracking (R-CART).  

If the retrograde approach is judged less feasible or in case of failure in collateral crossing, advanced antegrade 

approaches represent the remaining available strategies (including ADR). For this reason, a larger catheter 

should be adopted for maintaining available the ADR technique by means of CrossBoss-Stingray, thus a 7F 

(or 8F) transradial or transfemoral access should be placed, and the already present transradial access used for 

the contralateral injection. The procedure can then be finalized with either an AWE with stiffer guidewires 

(e.g. Gaia) and contralateral injection to control proper pathway of the wire or with ADR technique.  

“Complex” CTO scenario 

Lesions not fulfilling the criteria for the previous group are included here. These CTOs generally present with 

ambiguous cap and other adverse features generating higher complexity scores (generally, J-CTO>1 and 

PROGRESS>1). Also in these cases, a key role is played by the presence (or absence) of interventional 
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collaterals, which allow (or prevent) applicability of retrograde approaches. Indeed, the first step in cases with 

good collateral channels for retrograde techniques is represented by 6F transradial access and cannulation of 

the donor vessel, with the purpose of attempting retrograde collateral crossing thus reaching the distal cap of 

the CTO lesion. If successful passage of the collaterals, the next step would consist of antegrade approaching 

the CTO lesion with another 6F transradial access and conclude the CTO recanalization by means of RWE or 

R-CART techniques. In case of absent interventional collaterals or failed retrograde channels crossing, the 

possible use of ADR should be taken into account, thus a 7F (or 8F) transradial or transfemoral sheath inserted, 

maintaining the first 6F trans-radial access for contralateral injections (including a step-up to 8F of one trans-

radial access when vascular size and patient’s constitution allow for it). Following these steps, all possible 

antegrade and retrograde techniques can be attempted to cross the complex CTO lesions.  

As an additional general suggestion, when radial access is not available or not obtained (for example in case 

of failure to puncture the radial artery or in case of spasm), an ulnar approach can also be considered in order 

to achieve a “wrist-approach”, without resorting to trans-femoral access [7].  
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Discussion 

In this manuscript, we have described a novel advanced algorithm with the potential of highly reducing the 

use of large bore transfemoral access in CTO-PCI. At present, the use of transfemoral access in this setting is 

still considered the “way to go” for maximized procedural success rates. However, a fully-transradial approach 

in CTO revascularization has proven feasible and comparably successful in a recent report by our group [3]. 

This is confirmed, at least, in majority of lesion complexity settings (as expressed by J-CTO score). On the 

other hand, the use of transfemoral approach cannot be fully excluded from the armamentarium of CTO 

operators, especially considering that some advanced techniques (e.g. ADR with CrossBoss-Stingray and 

“stick and swap” technique, with additional balloon, catheter-extension or IVUS-guided re-entry) specifically 

demand for higher catheter diameters. Of note, in some cases the need for large catheters (7F or even up to 8F) 

is also fulfilled through trans-radial access when patient’s constitution allows for it, which would result even 

more preferable over trans-femoral puncture when the patient has already received procedural anticoagulation.  

For these reasons, the algorithm herein described has the purpose of increasing a “minimalistic” vascular 

access for CTO procedures by encouraging the use of radial or ulnar approaches in most of the cases but also 

acknowledging the use of femoral access when necessary. In addition, ongoing developments such as 

miniturization of endovascular devices (for example Stingray Low Profile for ADR, TrapLiner device[already 

available in the US, soon also in Europe]) and the use of sheathless techniques can limit the amount of cases 

requiring large-bore arterial sheaths or femoral approach in a consistent number of patients[8]. In addition, the 

use of dedicated devices such as the Glidesheath Slender (GSS, Terumo, Tokyo, Japan) can facilitate the 

adoption of TRA with 7-F guiding catheters, minimizing the outer diameter of otherwise large bore sheaths. 

Potential advantages of a widespread adoption of this strategy would consist in reduced rates of adverse clinical 

events, including all-cause death, MACEs and major bleedings[2], associated also with a reduced discomfort 

of the patient after the procedure. Furthermore, the adoption of a single catheter only and the use of smaller 

catheters through the radial approach is associated with less contrast dye administration[3], with a possible 

minor impact on kidney function. Moreover, the use of smaller catheters also may reduce the risk of intra-

catheter thrombosis (as less hardware can be passed through smaller catheters at the same time), another 

potentially dreadful complication of CTO PCI if proper anticoagulation is not achieved and maintained. 
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In order to overcome the lack of support offered by the trans-wrist access, some expedients should be adopted. 

First of all, the use of microcatheters is always mandatory, for both antegrade and retrograde approaches, when 

performing CTO PCI. In addition, the use of catheter-extensions (such as Guideliner or Guidezilla) can provide 

the needed back-up force for cap penetration, collaterals crossing and catheter stability. Another trick is 

represented by the guiding catheter choice, which should favour slightly oversized  “aggressive” curves when 

working in the left coronary system (e.g. Extra-BackUp 4 or 4.5 instead of 3.5). Similarly, the use of more 

supportive guiding catheters should be the first line of choice when working in the right coronary artery (e.g. 

Amplatz left instead of Judkins right catheter). Furthermore, despite transradial access is normally 

characterised by lower diameter catheters, the possibility of performing the anchoring-balloon technique is a 

concrete option for 6F guiding in the majority of the cases. 

 

Limitations 

The strategy we have described here has the advantage of offering a possible evolution to the conventional 

Hybrid Approach for CTO recanalization with higher adoption of trans-wrist access thus having the potential 

to reduce procedural vascular-related complications rate and patients discomfort after the procedure. This 

algorithm has not the purpose to overcome previously reported algorithms, but is a possible alternative 

specifically dedicated to expert CTO operators interested in limiting the use of large-bore dual catheter trans-

femoral access.  

However, this algorithm presents also some limitations. First of all, in case of failure of advanced techniques 

after double-radial access achievement, the operator is forced to obtain a third vascular (femoral) access for 

more complex techniques (ADR with the CrossBoss-Stingray device or IVUS-guided dissection-reentry), 

when a step-up to 8F is not possible in one trans-radial access. However, we believe that this is relatively 

uncommonly necessary, when successful collateral crossing and distal cap penetration is achieved, especially 

in the “simple” CTO settings. Secondly, there are some infrequent anatomical and technical conditions where 

the minimalistic hybrid approach cannot be applied in details, such as ipsilateral retrograde techniques[9,10], 

CTOs involving grafts that demand selective injection for collaterals filling and other peculiar settings (e.g. 

subclavian stenosis, arterial-venous fistula…). In these settings, resorting to larger bore catheters and 
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transfemoral approach may be indicated as a first-line option. Third, gaining a second vascular access after the 

beginning of the procedure may (in some cases) require a femoral puncture with an augmented activated 

clotting time (ACT>300 seconds). Despite not demonstrated yet, this may theoretically expose the specific 

patient to an higher risk of bleedings and vascular complications. 

Finally, the application and feasibility of this minimalistic hybrid approach, besides commonly followed in 

our centre with satisfactory results, has still to be demonstrated in clinical practice. 

Conclusions 

We propose an alternative “minimalistic” hybrid approach for CTO-PCIs, with the aim of reducing large bore 

catheters and double access adoption. According to the available data, the advantages of a widespread 

reduction of transfemoral access also in this complex setting of PCI, could be translated into a significant 

decrease of procedural-related complication and adverse clinical events.  
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Abstract 

Background. Percutaneous recanalization of coronary chronic total occlusions(CTOs) traditionally relies on 

the use of dual-access and large bore catheters, with trans-femoral approach adoption in most cases.  

Objectives. Aim of this manuscript is to describe the outcomes of an alternative hybrid algorithm, called 

“Minimalistic Hybrid Algorithm”, which has the purpose to minimize the use of double access, large bore 

catheters, and femoral approach in order to minimize the risk of vascular complications and patient’s 

discomfort, without compromising efficacy. 

Methods. In this single-centre registry, a “minimalistic” approach was attempted in consecutive patients 

undergoing CTO PCI between March 2016 and October 2017. Data regarding the applicability of this 

algorithm and the related procedural success rates were collected, together with common demographic and 

angiographic characteristics.  

Results. Of the 100 CTO PCI performed in the study period, 91(91%) were successfully approached according 

to the novel algorithm. Mean J-CTO score of all minimalistic procedures was 1.9±1.2, with 31(34%) patients 

presenting with J-CTO score≥3. In 52 procedures the approach consisted of single-catheter access, 49(94.2%) 

of which were trans-radial. Out of the 39 patients approached with dual-catheters, 26(69.2%) were bi-radial 

and 8(21%) radial-femoral. Procedural success in patients approached with the minimalistic algorithm was 

89%, in line with the results of large-multicenter experiences nowadays available. 

Conclusions. Our results show that an alternative algorithm limiting the routine use of large bore catheters 

and trans-femoral approach is feasible in the clinical practice and yields good procedural outcomes.  
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Introduction 

Percutaneous coronary intervention (PCI) for revascularization of chronic total occlusions (CTO) has 

experienced constantly increasing interest and dedication in the last decade. In this context, the development 

of the so-called “Hybrid Algorithm” has contributed to the observed improvements in procedural success rates, 

allowing operators to move across a wide range of different techniques and approaches, with the purpose of 

limiting procedural time, contrast dye administration and materials consumption[1].  

Revascularization of CTO is nowadays relying on the trans-femoral access and use of large bore guiding 

catheters for most of the cases, as a guarantee of achieving maximal support for gear penetration and 

advancement into the CTO lesion. On the other hand, the extensive use of femoral approaches in coronary 

interventions, despite the promise of offering higher back-up forces and stability, has already been 

demonstrated to increase incidence of adverse events, including all-cause mortality, major adverse cardiac 

events (MACE), bleedings and major vascular complications[2]. Moreover, this phenomenon is even more 

evident when 8F catheters are adopted instead of 6F[3]. 

Aim of this manuscript is to describe the first results of an alternative version of the hybrid algorithm, called 

“Minimalistic Hybrid Algorithm”, which has the purpose of reducing patients’ risk of vascular complications 

by limiting, when possible, the adoption of femoral approach, use of large bore catheters and use of double 

access. 

  



 
 

65 

Methods 

Study population 

The main objective of this observational, retrospective and independent study is to evaluate the clinical 

applicability and procedural success rates of a “minimalistic hybrid algorithm” for CTO revascularization, 

which is specifically meant for expert CTO-operators and has the purpose of significantly reducing the need 

for standard contralateral injection, routine use of large bore catheters and trans-femoral approach in CTO PCI.  

All consecutive patients undergoing percutaneous revascularization of a CTO lesion in our institution, 

performed by a “hybrid operator” (PA), between March 2016 and October 2017 were enrolled. Chronic total 

occlusions were defined as an occluded coronary segment with TIMI flow 0 for ≥3 months duration[4]. CTOs 

were treated according to the appropriate use criteria previously developed[5]. In short, all patients were aged 

>18 years and had symptoms of angina and/or evidence of ischemia on functional testing. 

Study procedure 

This modified version of the hybrid algorithm, as the original algorithm, aims at optimizing the procedural 

times and success chances by maintaining readily available all four possible options for crossing the CTO 

lesions, namely antegrade wire escalation (AWE), antegrade dissection re-entry (ADR), retrograde wire 

escalation (RWE) and retrograde dissection re-entry. The novelty of this new approach is found in the order in 

which they are attempted, which is focused not only on the “a priori” chance of crossing the CTO segment, 

but also on the priority of performing the procedure minimizing double access, large bore catheters, and 

femoral approach. A synthetic diagram of the minimalistic hybrid approach is shown in Figure 1. 

According to this algorithm, lesions with lower complexity scores, presence of microchannel or non-

ambiguous cap could be approached with a single 6F catheter (trans-radial or trans-ulnar) without contralateral 

injection and by means of AWE with soft wires (e.g. Fielder XT-A or XT-R, Asahi Intecc, Nagoya, Japan) 

supported by a microcatheter. In fact, this sub-group of lesions are safely and successfully treated with AWE 

in most of the cases. If this first option proves unsuccessful, more advanced techniques are considered. In fact, 

in presence of interventional collaterals, the same radial/ulnar access should be converted to a retrograde access 

and adopted to attempt retrograde collateral crossing, then followed (in case of successful retrograde collateral 
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crossing) by a second 6F trans-radial/ulnar access for antegrade approach and procedural completion by means 

of RWE or reverse-controlled antegrade and retrograde subintimal tracking(R-CART). Otherwise, the 

remaining technical approaches include AWE with higher-tipload wires and possibly ADR, which could 

require larger catheters (7F or more), commonly achievable with conventional trans-femoral access.  

For more complex CTO scenarios, the procedure is planned according to the presence (or absence) of 

interventional collaterals which allow (or prevent) applicability of retrograde approaches. As before, in cases 

with “interventional” collateral channels, a 6F trans-radial/ulnar access provides cannulation of the donor 

vessel in order to cross the collateral channels and is followed, if successful, by antegrade approach for the 

CTO lesion with another 6F trans-radial/ulnar access to conclude the CTO recanalization by means of RWE 

or R-CART techniques. In case of absent interventional collaterals or failed retrograde channels crossing, the 

possible use of ADR should be taken into account, thus at least a 7F sheath trans-radial (or trans-femoral) 

should be inserted, maintaining the first 6F trans-radial access for contralateral injections. 

Common angiographic features were collected, including complexity scores such as the Japanese CTO (J-

CTO) and PROGRESS (Prospective Global Registry for the Study of Chronic Total Occlusion 

Intervention)[6,7], which were calculated by independent analyzers.  

The approach to the CTO recanalization procedure was defined “minimalistic” for all single-radial/ulnar or bi-

radial/ulnar procedures, or when a radial/ulnar + femoral access was adopted with the intent of performing 

ADR technique by means of CrossBoss-Stingray devices (Boston Scientific, Marlborough, MA; preferably 

performed with at least a 7F catheter for antegrade approach). All other cases, including the impossibility of 

achieve a wrist access because of absence of pulsation, failed radial/ulnar cannulation and presence vascular 

contraindications, were considered “conventional” approach.  

Outcome parameters 

Technical success was defined as the achievement of <30% residual diameter stenosis within the stent segment 

and antegrade TIMI flow grade 3. Procedural success was defined as technical success plus the absence of in-

hospital adverse events (all-cause death, myocardial infarction [MI], stroke, recurrent angina requiring target 

vessel revascularization [TVR] with PCI or coronary artery bypass 
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Graft [CABG], tamponade requiring pericardiocentesis or surgery)[8]. Myocardial infarction was defined as 

ongoing chest pain, electrocardiogram changes and positive cardiac enzymes measured ad hoc (CK-MB>3 

times the upper reference limit), requiring prolonged hospital stay. Clinical follow-up was obtained by means 

of clinical evaluation or telephone contact when clinical visit was not possible. 

Statistical analysis. Baseline and outcome data were analysed using descriptive statistics. Numerical values 

were expressed as mean ± standard deviation (SD) or median (interquartile range, IQR) as appropriate. 

Categorical variables were expressed as percentages. All statistical analyses were performed using SPSS 

version 22.0 (SPSS, Inc., Chicago, IL, USA). 

 

 

Figure 1. Diagram showing the “Minimalistic Hybrid Algorithm”. 
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Results 

During the study period, 100 consecutive patients underwent an attempt to percutaneous CTO recanalization 

in our institution. A “minimalistic approach” was applied in 91 (91%) of them, while in the remaining 9 

patients a “conventional approach” was adopted. Of note, in 5 patients of the “conventional approach” group 

a minimalistic algorithm was considered but not attempted because of absence of radial/ulnar available access 

in 4 cases and previously documented stenosis of left subclavian artery in one patient. In the other 4 cases a 

“conventional” approach was performed because of the early phase of the “minimalistic” approach adoption 

(including proctored procedures with physicians with less CTO experience thus better trained with 

conventional approaches). Baseline demographic characteristics of the two groups are presented in Table 1. 

Table 1: Baseline characteristics 

 

 Minimalistic Approach(n=91) Conventional Approach (n=9) 

Demographics   

 Male gender 77(84.6%) 6(66.7%) 

 Age, mean±SD 64.7±9.9 67.6±0.5 

 BMI, mean±SD 28.3±4.2 29±4.1 

CV risk factors   

 Smoking 44(48.4%) 4(44.4%) 

 Diabetes Mellitus 15(16.5%) 3(33.3%) 

 Hypertension 62(68.1%) 8(88.9%) 

 Dyslipidemia 74(81.3%) 6(66.7%) 

 Positive family history 55(60.4%) 4(44.4%) 

Medical history   

 Myocardial infarction 33(36.3%) 4(44.4) 

 PCI  43(47.3%) 8(88.9%) 

 CABG 9(9.9%) 2(22.2%) 

Pre-procedural   

 Proven ischemia 77(84.6%) 7(77.8%) 

 Modality*   

  Treadmill 25(27.5%) 0 

  MRI 19(20.9%) 4(44.4%) 

  SPECT 37(40.7%) 4(44.4%) 

 LVEF, mean±SD(%) 53±12 49±11 

 LVEF<40% 12(13.2%) 1(11.1%) 

BMI: Body mass index. CABG: Coronary Artery Bypass Grafting. CV: Cardio-Vascular. LVEF: Left 

ventricular ejection fraction. MRI: Magnetic Resonance Imaging. PCI: Percutaneous Coronary Intervention. 

SD: standard deviation. SPECT: Single-photon Emission computed tomography. *In 5 patients two ischemia-

detection investigations were performed. 

Procedural results 

Angiographic and procedural characteristics are shown in table 2 and 3. From an angiographic standpoint, 

CTOs were mostly located in the RCA, and collaterals channels (mainly retrograde) were highly represented 
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in both groups. Of note, all CTO complexity scenarios were observed in the minimalistic approach group, with 

a J-CTO score of 1.9±1.2 and PROGRESS of 0.9±0.9. More specifically, very complex CTO lesions (namely, 

J-CTO score≥3) constituted one third (33.2%) of the patients in the “minimalistic approach” group, with only 

a slightly higher prevalence of re-try lesions in the “conventional approach” group.  

Table 2. Angiographic characteristics 

 

 Minimalistic Approach(n=91) Conventional Approach (n=9) 

Culprit vessel   

 RCA 52(57.1%) 6(66.7%) 

 LAD 28(30.8%) 1(11.1%) 

 LCX 11(12.1%) 2(22.2%) 

Collaterals   

 Antegrade 6(6.6%) 0 

 Retrograde 55(60.4%) 8(88.9%) 

 Both 29(31.9%) 1(11.1%) 

    

 Bypass 1(1.1%) 1(11.1%) 

 Septal 30(33%) 4(44.4%) 

 Epicardial 27(29.7%) 2(22.2%) 

 Septal+epicardial 32(35.2%) 2(22.2%) 

J-CTO score   

 Easy 10(11%) 0 

 Intermediate 30(33%) 2(22.2%) 

 Difficult 20(22%) 3(33.3%) 

 Very difficult 31(34%) 4(44.4%) 

 Mean±SD  1.9±1.2 2.3±1 

J-CTO score components   

 Blunt Stump   24(26.4%) 3(33.3%) 

 Calcium 56(61.5%) 5(55.6%) 

 Bending 48(52.7%) 5(55.6%) 

 Length>20 mm 37(40.7%) 5(55.6%) 

 Re-try lesion 7(7.7%) 3(33.3%) 

PROGRESS CTO score 0.9±0.9 1.2±0.7 

 Ambiguous Cap 22(24.2%) 5(55.6%) 

 LCX vessel 11(12.1%) 2(22.2%) 

 Absence of interventional 

collaterals 

26(28.9%) 1(11.1%) 

 Proximal tortuosity 28(30.8%) 2(22.2%) 

AWE: Antegrade wire escalation. ADR: antegrade dissection re-entry. J-CTO: Japanese chronic total 

occlusion.  LAD: left anterior descending. LCX: left circumflex; PROGRESS: Prospective Global Registry 

for the Study of Chronic Total Occlusion Intervention; RCA: right coronary artery. RWE: retrograde wire 

escalation. R-CART: reverse controlled antegrade and retrograde subintimal tracking.  

 

According to the minimalistic algorithm, patients of this group were approached with a fully trans-radial/ulnar 

access in 83 cases (91%), including 4 fully-ulnar approaches (3 single ulnar and 1 bi-ulnar access). On the 
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other hand, the combination of radial-femoral access was used in 8(8.8%) patients, where an ADR technique 

with CrossBoss-Stingray was “a priori” judged necessary, even if actually applied in 6 of them and successfully 

concluded in 5 cases. Furthermore, the vast majority (86.8%) of antegrade catheters in the “minimalistic 

approach” were 6F in size. In addition, all available techniques were successfully adopted in patients with a 

minimalistic algorithm, including 20 (24.7%) R-CART techniques. Overall procedural success in the 

minimalistic group was 89%, and in no cases a switch to “conventional approach” with additional trans-

femoral access placement was necessary (see Table 4 for procedural success rates according to the J-CTO 

score).   

Table 3. Procedural characteristics 

 

 Minimalistic Approach(n=91) Conventional Approach (n=9) 

Procedural Success 81(89%) 8(88.9%) 

Access site   

 Single Femoral 0 3(33.3%) 

 Radial and Femoral 8(8.8%) 6(66.7%) 

 Single Radial 50(54.9%) 0 

 Bi-radial 26(28.6%) 0 

 Single Ulnar 3(3.3%) 0 

 Bi-Ulnar 1(1.1%) 0 

 Radial and Ulnar 3(3.3%) 0 

Catheter Size    

 Antegrade 6F 79(86.8%) 5(55.6%) 

 Antegrade 7F 4(4.4%) 0 

 Antegrade 8F 8(8.8%) 4(44.4%) 

 Retrograde 6F 39(42.8%) 6(66.6%) 

First technical approach   

 AWE 55(60.4%) 1(11.1%) 

 ADR 6(6.6%) 1(11.1%) 

 Retrograde 30(33%) 7(77.8%) 

Successful technical 

approach for CTO crossing 

  

 AWE 52(64.2%) 1(12.5%) 

 ADR 5(6.2%) 1(12.5%) 

 RWE 3(3.7%) 1(12.5%) 

 R-CART 21(25.9%) 5(62.5%) 

Guide-Extension Use 19(20.9%) 0 

Number of stent implanted 1.6±0.9 1.3±0.9 

Total stent length* (mm) 57±34 50±36 

Contrast Volume* (ml) 244(±144) 299(±174) 

Procedural time* (min) 90(±54) 125(±50) 

Fluoroscopy Time* (min) 56(±32) 61(±23) 

* Mean (SD); AWE: Antegrade wire escalation. ADR: antegrade dissection re-entry. R-CART: reverse 

controlled antegrade and retrograde subintimal tracking. 
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Clinical outcome 

A low incidence of peri-procedural complications was observed in the “minimalistic approach” group (see 

Table 5). One cardiac death was observed few hours after the procedure (a failed attempt to recanalize a mid-

RCA), caused by an “ab extrinseco” obstruction of the outflow tract of the right ventricle after perforation of 

a small side-branch of the proximal RCA (possibly due to hydraulic perforation caused by contrast injection 

meanwhile the guiding catheter was wedging in the ostium of the RCA) and consequent leakage with 

hematoma formation. In the same group of patients, another two perforations were observed, one of which 

resulting in cardiac tamponade and requiring pericardiocentesis after successful recanalization of a mid-RCA, 

the other involving a septal branch and treated conservatively (balloon inflation in place and protamine 

administration with no hemodynamic consequences) after failed septo-septal ipsilateral crossing in a mid-LAD 

occlusion. Of note, two donor-artery dissections, one per group, were observed during the procedure and 

treated with stent implantation. No other procedure-related or vascular access-related complications were 

recorded. At clinical follow-up (median duration 327 [IQR: 149-448] days), the incidence of adverse cardiac 

events was low, with 3 all-cause deaths, 1 myocardial infarction and 3 target vessel revascularizations.  

Table 4. Procedural success stratified according to the J-CTO score. 

  Minimalistic Approach(n=91) Conventional Approach (n=9) 

Procedural Success 81(89%) 8(88.9%) 

J-CTO      

  0 10/10(100%) 0 

  1 30/30(100%) 2/2(100%) 
 

2 17/20(85%) 3/3(100%) 

  3 or more 24/31(77.4%) 3/4(75%) 

J-CTO: Japanese chronic total occlusion. 

 

Single-catheter vs Dual-catheters procedures 

Patients of the “minimalistic” group were further analyzed according to the adoption of single-catheter or dual-

catheters techniques. The main angiographic and procedural features are listed in Table 6. A total of 52 (57.1%) 

procedures were conducted via single-catheter trans-wrist access, with a procedural success rate of 90% (5 

failures). Details about the 5 failed procedures are available in Supplementary File 1. The vast majority of 
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patients treated with single-catheter procedure presented with a J-CTO score≤1, but all 5 patients with failed 

recanalization had a J-CTO score≥2. In 4 of these failed cases, a dual catheter procedure was not initiated 

because of ipsilateral retrograde collaterals in three  patients and a total lack of collaterals in the last one, thus 

making useless the adoption of a second catheter (see Supplementary File 1).  Of note, 94.2% of all successful 

single-catheter procedure in the minimalistic approach group were conducted with a 6F catheter, and in three 

cases (including 1 failure) a 7F catheter insertion through the radial/ulnar artery was also possible. 

On the other hand, in the subgroup of dual-catheter adoption (39 patients), the most frequent access was bi-

radial (27 patients, 69.2%), followed by radial-femoral (8 patients, 20.5%), radial-ulnar (3 patients, 7.7%) and 

bi-ulnar (1 patient, 2.6%). In all cases where a femoral-radial approach was attempted, the antegrade trans-

femoral catheter was 8F in size, while only 6F catheters were adopted for all retrograde approaches, 

independently on the antegrade-catheter access. The procedural success rate in the dual-catheter subgroup was 

87.1%, with 5 failed recanalizations of very difficult CTO lesions (J-CTO score≥3, see Supplementary File 1 

for further details). Of note, the mean J-CTO score in the group of patients with dual-catheter approach was 

significantly higher (2.62±0.98 in the successful procedures and 3.4±0.55 in the failed cases), with the majority 

of cases (26 out of 39, 66.6%) presenting with J-CTO score≥3 (see Figure 2).  

Table 5: Clinical events at complete follow-up. 

    Minimalistic Approach(n=91) Conventional Approach (n=9) 

Peri-procedural Complications   

 Death 1(1.1%) 0 

 Tamponade 1(1.1%) 0 

 Perforation 2(2.2%) 0 

 

Donor Artery Dissection 1(1.1%) 1(11.1%) 

Myocardial Infarction 3(3.3%) 0 

 Vascular Complications 0 0 

Follow-up at 1 year   

All-cause death 3(3.3%) 0 

  

Non-cardiac death 2(2.2%) 0 

Cardiac death 1(1.1%) 0 

Myocardial Infarction 1(1.1%) 0 

Target vessel revascularization 3(3.3%) 0 
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Table 6. Procedural characteristics in the “Minimalistic” population according to the use of single or 

dual-catheter access and to successful or failed procedure. 

 

 Single Catheter Procedure (n=52) Dual-Catheter Procedure (n=39) 

Success (n=47) Failure (n=5) Success (n=34) Failure (n=5) 

Access site     

 Single Radial  45(86.5%) 4(7.7%) NA NA 

 Single Ulnar 2(3.8%) 1(1.9%) NA NA 

 Bi-radial NA NA 25(64.1%) 2(5.1%) 

 Bi-Ulnar NA NA 1(2.6%) 0 

 Radial and Ulnar NA NA 3(7.7%) 0 

 Radial and Femoral NA NA 5(12.8%) 3(7.7%) 

Catheter Size      

 Antegrade 6F 45(86.5%) 4(7.7%) 27(81.8%) 2(40%) 

 Antegrade 7F 2(3.8%) 1(1.9%) 1(3%) 0 

 Antegrade 8F 0 0 5(15.2%) 3(60%) 

 Retrograde 6F NA NA 33 (100%) 5(100%) 

J-CTO score* 1.13±0.82 2.4±0.55   2.62±0.98 3.4±0.55 

 Easy 10(19.2%) 0 0 0 

 Intermediate 24(46.2%) 0 6(15.4%) 0 

 Difficult 10(19.2%) 3(5.8%) 7(17.9%) 0 

 Very Difficult 3(5.8%) 2(3.8%) 21(53.8%) 5(12.8%) 

PROGRESS score* 0.89±0.9 1.6±1.14 0.88±0.88 1.2±0.45 

First technical approach for 

CTO crossing 

    

 AWE 45(86.5%) 3(5.8%) 6(15.4%) 0 

 ADR 1(1.9%) 0 3(7.7%) 2(5.1%) 

 Retrograde 1(1.9%) 2(3.8%) 25(64.1%) 3(7.7%) 

Guide-Extension Use 7(13.5%) 0 12(30.8%) 0 

Number of stent implanted 1.6±0.71 NA 2.09±0.9 NA 

Total stent length* (mm) 52±22 NA 79±30 NA 

Contrast Volume* (ml) 163±99 306±131 320±122 482±141 

Procedural time* (min) 52±27 99±38 129±44 178±30 

Fluoroscopy Time* (min) 23±17 55±31 66±25 90±19 

* Mean (SD); AWE: Antegrade wire escalation. ADR: antegrade dissection re-entry. J-CTO: Japanese chronic 

total occlusion.  LAD: left anterior descending. LCX: left circumflex; PROGRESS: Prospective Global 

Registry for the Study of Chronic Total Occlusion Intervention; RCA: right coronary artery. RWE: retrograde 

wire escalation. R-CART: reverse controlled antegrade and retrograde subintimal tracking. 
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Discussion 

This is the first description of a systematic approach to CTO revascularization that aims at reducing the 

invasiveness of these procedures by minimizing the use of double access, large bore catheters and femoral 

approach in order to reduce patient’s discomfort and procedural complications rates. In our single-centre 

experience, this approach resulted feasible in 91% of CTO PCI, covering all range of lesion difficulties as 

expressed by the J-CTO score, which resulted 1.21±0.84 in single-catheter procedures and 2.94±0.98 in dual-

catheters procedures. In addition, all technical choices, ranging from AWE to the more complex R-CART or 

ADR with CrossBoss-Singray, were successfully adopted when judged appropriate by the operator. 

Furthermore, the final procedural success rates achieved with this “minimalistic hybrid algorithm” was 89%, 

in line with other large experiences published by dedicated operators adopting the conventional hybrid 

algorithm[1]. 

The feasibility of a fully-trans-radial approach in CTO PCI has already been documented, with promising 

results in terms of lesions complexity applicability and procedural success rates when compared with the 

conventional trans-femoral approach[9]. The benefits deriving from an increased use of trans-radial an lower 

size catheters in this setting would likely generate the same improvements in terms of immediate vascular 

complications and long-term clinical outcome observed for general PCI procedures[2,3]. In fact, many 

operators still perform CTO PCI with standard double-femoral access with 8F sheaths, while our findings 

suggest that in nearly 90% of the cases a “minimalistic” approach could be adopted without reducing the 

procedural success rates, thus allowing a fully-radial approach in 90% of them and a single-catheter procedure 

in almost 60% of all lesions. Of note, the need for a trans-femoral access was, in our experience, frequently 

associated with the need for ADR technique with CrossBoss-Stingray device. From a pure theoretical 

standpoint, recent device developments (Stingray Low Profile), “slender” sheaths, and sheathless techniques 

can improve a fully-radial use of this technique with 7F catheters[10]. The availability of the TrapLiner 

(Teleflex, Minneapolis, MN) will further facilitate ADR through a 6F sheath, making the vast majority of CTO 

PCI techniques available through a fully transradial approach. On the other hand, there are still specific 

advanced CTO PCI techniques that require an 8F guiding catheter (e.g. proximal cap puncture with real-time 
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IVUS-guidance), which is commonly utilized through a trans-femoral access. For these reasons, the authors 

believe that a complete exclusion of this approach is not justified.  

Of note, an improved adoption of trans-radial approach may need some additional adaptations in order to 

perform well in variable scenarios. For example, the relatively inferior back-up force offered by trans-radial 

catheters can be overcome by the use of slightly oversized and more “aggressive” catheters (usually Amplatz 

left for the RCA and extra backup for the left coronary artery) and by the adoption of Guiding Catheter 

Extensions (e.g. GuideLiner, Vascular Solutions, Minneapolis, MN; or Guidezilla, Boston Scientific). These 

devices were used in 21% of the “minimalistic” procedures of our registry. 

 

Figure 2. Illustrative cases of difficult CTO lesion (J-CTO score 4: length >20 mm, bending >45°, calcium and retry 

lesion [A and B]) successfully approached and recanalized according to the “minimalistic hybrid algorithm”. First trans-

radial 6F EBU 4 catheter approaches retrogradely; septals channels crossing with Fileder XT-R (Ashai Intecc, Nagoya, 

Japan) wire in TurnpikeLP microcatheter (Vascular Solutions, Minnesota, USA) to reach distal cap of CTO lesion (C). 

Subsequent second trans-radial 6F access to bring a JR4 catheter to antegradely approach the CTO lesion and perform R-

CART with two Pilot 200 (Abbott Vascular, Santa Clara, California) wires (D). Final result after stent implantation and 

adequate post-dilation (E). 

 

Specific data regarding the radial approach in big registries and trials are mostly missing, with percentage 

ranging from 11.8% in the ER-CTO12 to 27% in the PROGRESS cohort13. On the contrary, the purpose of 

applying the minimalistic algorithm in our centre resulted in a strong prevalence (83 of the total 100 CTO PCIs 

performed in the study period) managed fully via a trans-wrist approach. Of note, no vascular complications 
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were reported in the population analysed in this manuscript. In fact, most of patients were approached with a 

fully trans-wrist access, while only 17 patients received a singular femoral arterial puncture. Indeed, data from 

larger registries on CTO PCIs indicated an overall incidence of vascular complications of about 2.5%[1], but 

reliable comparisons with the alternative algorithm herein described would require larger sample of analysis. 

In conclusions, our results, together with other experience available in the literature[8,10], suggest that the 

dual trans-femoral access is nowadays not necessarily the “way to go” through CTO PCI. Potentially, trans-

femoral access can be limited to cases with absence of alternative available access in the wrist, absolute need 

for 8F catheters (such as for IVUS guided procedure) in patients with small radial/ulnar arteries, or known lack 

of good guiding catheter trackability (or spasm) along the radial/ulnar-brachial-subclavian route, as in one of 

the cases in this series. 

Limitations 

The present study has several limitations. First, this is a single-center retrospective study, with a descriptive 

design mainly based on the expertise of a single operator who developed this alternative algorithm. For this 

reason, our algorithm has not the purpose to take place of the original hybrid algorithm, but to suggest that 

alternative approaches aiming at reducing invasiveness of the CTO recanalization procedure are feasible and 

should be developed, also in an operator-tailored manner. Secondly, in case of failure of advanced techniques 

after double-radial access achievement, the need for larger catheters to perform ADR with the CrossBoss-

Stingray system would force the operator to obtain a third vascular (trans-femoral) access in cases where 

upgrading one radial access to 7F would result not feasible. However, this eventuality is relatively uncommon, 

especially for easier CTO lesions, and was never observed in our registry. Third, the relatively small number 

of patients considered in the analysis poses limitations to eventual conclusive speculations, and bigger cohorts 

are necessary for further assessment of this algorithm’s performances. Fourth, in case of “special” anatomies 

(for example, ipsilateral collaterals, use of grafts for CTO attempts) the algorithm needs to be modified 

accordingly thus not following the proposed version of the flowchart. Finally, high radial/ulnar skills in 

“standard” PCI are needed before implementing this type of algorithm in CTO procedures. 
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 Abstract 

Objectives. Aim of this study is to prospectively assess the feasibility of the “Minimalistic Hybrid 

Approach”(MHA) algorithm for chronic total occlusion(CTO) percutaneous coronary intervention(PCI). 

Background. We recently described the MHA, with focus on the classic hybrid strategies(antegrade[AWE] 

or retrograde wire escalation[RWE], antegrade[ADR] or retrograde dissection-re-entry[RDR]), and also on 

access site(favouring “wrist” approach: radial, ulnar, distal radial), introducer French size(favouring 6 French 

catheters) and non-routine initial use of dual injection.  

Methods. The MHA was prospectively attempted in 56 consecutive CTO PCI in 54 patients. Technical success 

was defined as the achievement of TIMI 3 antegrade flow with residual stenosis <30%, procedural success 

was defined as technical success without in-hospital major adverse cardiovascular events. 

Results. Mean Japanese-CTO(J-CTO) score was 2.04±0.95(J-CTO score≥3 in 30.4%). The lesion-based 

technical and procedural success were 94.6%(53/56: 3 failures, 2 in the same patient) and 91.1%(51/56: 3 

failures, 1 tamponade requiring pericardiocentesis and 1 periprocedural infarction), the patient-based successes 

were: technical 98.1%(53/54) and procedural 94.4%(51/54). In 34 procedures(60.7%), the approach was single 

catheter(always trans-wrist besides one femoral). Out of the 22(39.3%) lesions approached with dual catheters, 

one was bi-femoral, the rest was bi-wrist. In 29 cases(51.8%) AWE represented the successful technique, ADR 

in 5(8.9%) and retrograde in 19(33.9%); 3(5.4%) were failures. 

Conclusions. The current study shows that the MHA algorithm is feasible in almost every CTO lesion and it 

can lead to extremely successful results once applied by operators well acquainted with the wrist approach and 

with established experience using the full spectrum of the hybrid algorithm techniques. 
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Introduction 

Current success in percutaneous coronary chronic total occlusion (CTO) revascularisation in experienced 

hands is very high (85-95%). This is due mainly to refinement of techniques and material, and increased 

expertise but also to the clear definition of algorithms that help making the procedure as efficient and as safe 

as possible, mainly by limiting “failure mode” situations. The current most commonly used algorithms are 

the Hybrid, the Asia-Pacific, and the Euro-CTO algorithms (1-3). Despite some inter-algorithm differences, 

they all rely on four major approaches to tackle the CTO: antegrade or retrograde and  true-to-true lumen or 

dissection and re-entry. Specifically, in the hybrid algorithm, the names for the different techniques are: 

antegrade wire escalation (AWE), antegrade dissection re-entry (ADR), retrograde wire escalation (RWE), 

retrograde dissection re-entry (RDR) (4).  

One of the major beliefs of all these algorithms is the importance of the baseline dual injection to define 

properly the CTO and to plan the strategic approach to it (5). Moreover the techniques applied in the 

algorithms have been initially developed using large bore (7 or 8 French) guiding catheters to allow 

accommodation of additional hardware during the percutaneous coronary intervention (PCI), if needed. 

These large bore guidings are preferentially inserted via the femoral approach as their compatibility with the 

wrist approach can be anatomically limited. Moreover, the wrist approach has commonly been seen as an 

approach with less support than the femoral one in complex procedures (6). 

In order to improve the safety of the CTO PCI, to reduce its invasiveness and to maintain a high efficiency, 

we recently developed an new algorithm which tries to merge the classic techniques of the hybrid algorithm 

(thus AWE, ADR, RWE, RDR) with access site and introducer French size, combined with non-routine use 

of  initial dual injection. We called this algorithm “Minimalistic Hybrid Approach” (MHA), as it tends to 

minimize initial dual injection to selected cases and it favours wrist approach (radial, ulnar, distal radial) and 

6 or 7 French guiding catheters (7). 

We already published our retrospective experience related to this algorithm (8), showing its feasibility, thus 

aim of the current study is to prospectively validate the MHA algorithm in a cohort of unselected consecutive 

CTO patients.   
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Methods 

The main objective of this observational independent study is to evaluate prospectively the clinical 

applicability and procedural success rates of a redefined version of the MHA algorithm for CTO PCI, which 

is specifically meant for CTO operators with established experience in the classic hybrid approach and in wrist 

approach. 

Study procedure: an updated refined version of this algorithm is presented in Figure 1 and 2. In order to decide 

the starting set-up of the PCI, attention is given to two main angiographic characteristics of the coronary 

anatomy: 1) precise assessment of the type of collateral circulation for the vessel distal to the CTO and 2) 

planned hybrid strategy scheme to tackle the CTO. The first characteristic is based on the presence of 

contralateral or ipsilateral collaterals as main collaterals for distal vessel visualisation only, or to be used as 

potential interventional collaterals. The second characteristic is based on the choice of the strategy with the “a 

priori” presumed highest chance of success: this choice is based substantially on the known angiographic 

characteristics used in the classic hybrid algorithm to decide the strategy with the maximum chance to succeed. 

According to these 2 parameters, a different “dynamic” set-up is foreseen, adapting access site (single or dual 

initial access) and French (F) size (6 French or 7 French) to the chosen strategy and adjusting it during the 

procedure in case of failure of the first strategy chosen and progressive step-up to a second, third or fourth 

procedure. Figure 1 and 2 explain in detail the possible scenarios. 

One of the major differences with the classic hybrid algorithm is that a dual injection is not always needed at 

the beginning of the PCI. A “stepwise” dual injection (thus similar to a normal coronary angiography, with 

one single access site) can be obtained before starting the PCI if the information from the baseline angiogram 

is not sufficient. It is important to emphasize the need for at least two, or even better three or four properly 

done set-up angiographic shots of the contralateral vessel to be able to guide in a safe way the additional steps 

of the procedure. The first assessment concerns the type of collaterals available to visualize the vessel distal to 

the CTO or the type of collaterals available to be attempted for retrograde options. There may be mainly 

ipsilateral collaterals (thus visible injecting in the same coronary were the CTO is) or contralateral collaterals 

(thus visible injecting another coronary artery or a bypass). 
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If the main collaterals are ipsilateral, the advice of the MHA algorithm is to start the procedure with a single 7 

French trans-wrist guiding catheter (Figure 2). This will allow every technique (AWE, ADR, RWE, RDR). In 

case of retrograde techniques performed using a single guiding catheter, externalisation should be used with 

caution and priority should be given to tip-in or rendezvous manoeuvres (9). In case of difficulties with a single 

guiding catheter, a second guiding catheter can always be added from the contralateral wrist for “ping-pong” 

techniques (9). 

If the collaterals originate from the contralateral vessel or a bypass, there are 4 options, based on the highest 

“a priori” chance of success using the same flowchart of the classic hybrid algorithm. 

First option: AWE with good contralateral retrograde options as second choice (Figure 1A). A single 6 French 

trans-wrist catheter is inserted and AWE is attempted with “blind” wiring. This means that an attempt is done 

to pass the CTO, using a microcatheter and a soft tip, eventually tapered, wire (our main wire choice in this 

setting is Fielder XT-R, Asahi Intecc, Nagoya, Japan), based only on tactile and visual feedback of the wire. 

The potential drawback of this technique is the lack of angiographic confirmation of correct wire positioning 

by contralateral injection. The advantage (in experienced hands) is that no extra access is required and with 

experience there is an extremely high chance to predict correct wire positioning just by tactile and visual 

feedback, without angiographic confirmation. If AWE with “blind” approach fails (the wire does not cross or 

it ends up in the subintimal space), no further antegrade attempt is done with more aggressive wires, but a 

conversion to retrograde strategies is done as second step. The peculiarity of this retrograde attempt is the 

following: the same 6 French access is used by switching the antegrade guiding catheter for a retrograde one 

that suites the donor vessel. Thus a second access is not obtained yet and the retrograde attempt is initiated 

using one single access. If successful passage of the retrograde wire and microcatheter to the distal CTO vessel 

is achieved, a second 6 French guiding is inserted from the contralateral wrist to finalize the retrograde 

procedure (RWE or RDR). If no passage of retrograde wire or microcatheter is achieved, a second 7 French 

guiding from the contralateral wrist is inserted to attempt advanced AWE (with stiff wires and contralateral 

angiographic guidance) or ADR. It is important to mention that ADR includes all possible techniques in which 

the hardware ends up in the subintimal space and attempts aim to regain the true lumen. Thus wire-based, 

device-based (such as Stingray or dual lumen microcatheters) and intravascular ultrasound-based techniques 

are included. 
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Second option: AWE without contralateral options (Figure 1B). A single 6 French trans-wrist catheter is 

inserted and AWE is attempted with “blind” wiring. If AWE with “blind” approach fails, the same access is 

used for a 6 French guiding meant to allow retrograde visualisation of the CTO vessel and a second 7 French 

guiding catheter is inserted from the contralateral wrist to attempt advanced AWE (with stiff wires and 

contralateral angiographic guidance) or ADR. In case of failure of these antegrade techniques, the operator can 

still consider to attempt high-risk retrograde procedures if he/she believes there is a space for it, since a 6 

French guiding catheter is already in positon in the donor artery. 

Third option: direct retrograde option (Figure 1C). A single trans-wrist 6 French guiding is inserted in the 

donor vessel. If successful passage of the retrograde wire and microcatheter is achieved, a second 6 French 

guiding is inserted from the contralateral wrist for the CTO vessel to finalize the retrograde procedure (RWE 

or RDR). If no passage of retrograde wire or microcatheter is achieved, a second 7 French guiding from the 

contralateral wrist is inserted to attempt advanced AWE (with stiff wires and contralateral angiographic 

guidance) or ADR. 

Fourth option: direct ADR option (Figure 1D). A set-up with two guiding catheters is planned from the 

beginning of the procedure, with 7 French trans-wrist guiding for the CTO vessel and 6 French contralateral 

trans-wrist guiding for the donor vessel. This option allows for ADR right away and it allows also for all other 

techniques (advanced AWE, RWE, RDR). 

Of course, in case of unavailability of an adequate wrist access, the use of a femoral approach still allows 

application of the other parameters of the MHA (French size, attempt to minimize dual injection). 

Study population: all consecutive patients undergoing PCI of a CTO lesion in our institution, performed by an 

originally “hybrid operator” (PA), between 1st February and 31st December 2019 were enrolled. Chronic total 

occlusions were defined as an occluded coronary segment with TIMI flow 0 for ≥3 months duration. CTOs 

were treated according to the appropriate use criteria previously developed (10). In short, all patients were 

aged >18 years and had angina or angina-equivalent symptoms and/or evidence of ischemia on functional 

testing. All patients gave written informed consent to be part of the prospective national Belgian Working 

Group of Chronic Total Occlusion (BWGCTO) registry (11), allowing the investigators to use the anonymized 

data of the patients for scientific purposes. The BWGCTO registry has been approved by the local Ethics 
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Committee. The current prospective MHA registry is a single center subgroup analysis of the BWGCTO 

registry. Moreover, a short movie with the procedural highlights of each CTO PCI has been prospectively 

created using Windows Movie Maker (Microsoft Corporation, Redmond, Washington, United States) and all 

procedures have been prospectively posted in LinkedIn (www.linkedin.com) by the operator under the hashtag 

#MinimalisicHybridApproach. 

Procedural and outcome parameters: common angiographic features were collected, including complexity 

scores such as the Japanese CTO (J-CTO), Prospective Global Registry for the Study of Chronic Total 

Occlusion Intervention (PROGRESS) and EuroCTO scores (12-14), which were calculated by independent 

analyzers. 

Technical success was defined as the achievement of <30% residual diameter stenosis within the treated 

segment and antegrade TIMI flow grade 3 (even in absence of stent deployment). Procedural success was 

defined as technical success plus the absence of in-hospital adverse events (all-cause death, myocardial 

infarction [MI], stroke, recurrent angina requiring target vessel revascularization [TVR] with PCI or coronary 

artery bypass Graft [CABG], tamponade requiring pericardiocentesis or surgery) (15). Myocardial infarction 

was defined as ongoing chest pain, electrocardiogram changes and positive cardiac enzymes measured ad hoc, 

requiring prolonged hospital stay. Clinical follow-up was obtained by means of clinical evaluation or telephone 

contact. 

Statistical analysis: baseline and outcome data were analysed using descriptive statistics. Continuous values 

were expressed as mean ± standard deviation or median [interquartile range] as appropriate. Categorical 

variables were expressed as percentages, 95% confidence intervals (CI) of the most important categorical 

outcomes have been also calculated. 

  

http://www.linkedin.com/
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Results 

Of the 56 CTO PCI performed in the study period in 54 patients (2 failures were reattempted), all were 

successfully approached according to the novel MHA algorithm. Baseline patient and lesion characteristics are 

given in Tables 1 and 2. Of note, mean J-CTO score was 2.04±0.95 (J-CTO score≥3 in 30.4% CTO). The 

lesion-based technical and procedural success were respectively 94.6% (95%CI: 85.1%-98.9%; 53/56: 3 

failures, 2 in the same patient) and 91.1% (95%CI: 80.4%-97%; 51/56: 3 failures [one also leading to 

periprocedural infarction], 1 tamponade requiring pericardiocentesis and covered stents, leading to 

periprocedural infarction and 1 periprocedural infarction). All technically successful cases ended up with drug 

eluting stent implantation, besides one case in which there was successful recanalization of a right coronary 

artery with ADR leading to a relevant dissection, thus the operator decided to accept the result after balloon-

only angioplasty and plan the drug-eluting stenting procedure a few weeks later. The patient-based success 

rates were: technical 98.1% (95%CI: 90.1%-100%; 53/54) and procedural 94.4% (95%CI: 84.6%-98.8%; 

51/54). Concerning the procedural aspects, as shown in Table 3, 34 PCI (60.7%) were performed via a single 

catheter. In all but one case, this was done via a single wrist access. The single femoral case occurred in a 

patient who had no palpable pulsations either radial or ulnar in both arms (the patient had undergone several 

radial and ulnar procedures). Out of the 22 (39.3%) lesions approached with dual catheters, only 1 was bi-

femoral (due to lack of palpable pulsations in both radial and ulnar arteries in a patient with several wrist 

interventions in the past), the rest was bi-wrist. Concerning the hybrid techniques to tackle the CTO, AWE 

represented the successful technique in 29 cases (51.8%), ADR in 5 (8.9%) and retrograde techniques in 19 

(33.9%). As mentioned, failure occurred in 3 cases (5.4%). One was a single wrist procedure, where a first 6 

French AWE attempt with “blind” wiring failed, then a retrograde approach from the same access site was 

initiated but crossing of the retrograde collaterals was unsuccessful. The patient did not want to proceed to a 

more complex attempt with a second access site and advanced AWE or ADR techniques and the procedure 

was aborted. A second attempt was planned a few weeks later and was successful with advanced AWE 

techniques via a bi-wrist set-up with 7 French antegrade and 6 French retrograde accesses. The other two 

failures occurred in the same patient. The lesion was a flush ostial, extremely calcified, right coronary artery 

CTO. The first try was a bi-wrist 6 French attempt, the second was a bi-femoral attempt, 7 French antegrade 

and 6 French retrograde. Both attempts failed. 
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Clinical follow up is available in Table 4. Periprocedural events occurred in 3 patients. One periprocedural 

infarction occurred in a successful but complex right coronary artery CTO PCI performed in a post-CABG 

patient via bi-radial 6 French approach. Another periprocedural infarction occurred in a patient in whom, after 

successful proximal left anterior descending recanalization (using RDR via ipsilateral collaterals) and stenting, 

an additional stent implantation in the mid-segment lead to a massive perforation with tamponade requiring 

pericardiocentesis and covered stents, with final successful resolution of the perforation. A third periprocedural 

myocardial infarction occurred during the second failed attempt of the flush ostial right coronary artery 

previously described. The attempt was done bi-femoral, and it was primarily retrograde. Due to (unexplained) 

entrapment of the gear in the retrograde septal collaterals, strenuous pulling was needed to remove successfully 

the gear, however leading to donor vessel dissection (sealed with additional stenting) and final periprocedural 

infarction. 

At a median follow up of 184 [110-280] days, 6 patients (11.1%, 95%CI: 4.2%-22.6%) experienced at least 

one MACE, including the 3 periprocedural MI. The rest of the events were 4 TVR: 2 reattempts (as previously 

described, one leading to a periprocedural MI), 1 planned TVR at the distal edge of a previously implanted 

stent for the CTO and 1 planned TVR after balloon-only recanalization with residual extensive dissection, as 

already previously described. No cardiac deaths occurred, two non-cardiac deaths (lung carcinoma in both 

cases) were reported. In terms of vascular complications, only 1 pseudoaneurysm of the distal radial artery was 

reported and successfully treated by thrombin injection. 
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Discussion 

The set-up for CTO PCI is strongly related to personal preferences, to the training received and to the “CTO 

school” followed. Several operators still tackle the majority of the CTO with bi-femoral 8 French guidings. 

This set-up is definitely one of the oldest CTO set-ups, however it is very effective in terms of keeping all 

techniques open for any situation. In the last years, due also to miniaturisation of the CTO equipment and to 

increased operators experience, different set-ups have been proposed. What is likely most commonly adopted 

nowadays is a 7-8 French antegrade access (mainly femoral) and a 6-7 French retrograde access (femoral or 

radial). In selected cases, some operators more prone to the radial access are approaching CTO with a bi-radial 

access (7 French antegrade and 6 French retrograde). Despite strictly bi-radial procedures are already somehow 

“minimalistic”, we believe we can move one step further. Basically, we are challenging the “dogma” of the 

need for dual injection in all CTO (5). An access site avoided is a potential reduction in the risk of possible 

complications and securing the possibility of using the safest access when needed in the future. However, this 

avoidance should not lead us to pay a price in terms failure rate. Our MHA algorithm tries to merge all these 

concepts by focusing on the specific characteristics of each CTO. First of all, several CTO have only or mainly 

ipsilateral collaterals, thus making a contralateral injection superfluous. Secondly, in our initial experience 

during our learning curve, several CTO could be passed relatively easily with AWE techniques using soft wires 

without real need of the retrograde injection (despite the contralateral guiding catheter being in place) to 

confirm correct wire positioning. The right position of the wire in the true lumen distal to the CTO was already 

clear in the mind of the operator, based on visual and tactile feeling. Based on these specific learning points, 

we developed the current MHA algorithm. We believe that a potential simplification of the classic hybrid 

algorithm by reducing the rate of dual injection can be advocated in experienced hands. Indeed, in the current 

prospective study and in our previous retrospective study (8), we were able to perform CTO PCI with a single 

catheter in more than 50% of the cases (60.7% in the current registry, and 57.1% in the retrospective one). 

This simplification may lead to major advantages. Specifically access site related complications, patient 

comfort, post-procedural nursing workload and hospital stay may be reduced as less access sites, smaller 

French sheaths and routine wrist approach are used as compared to the currently suggested approaches (even 

fully radial, routinely using dual catheters: 7 French antegrade and 6 French retrograde). Despite recognizing 

the importance of the classical dual injection as basis for the proper assessment of the majority of CTO in non-
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experienced (or less experienced) operators, we strongly believe that experienced operators may consider 

avoiding initial dual injection in selected cases in order to reduce the potential damage to the patient, still 

without losing the chance to achieve an optimal PCI result. Moreover, a contralateral injection can always be 

added at any point during the procedure from the contralateral wrist in case of issues or unsuccessful AWE 

attempts, as exemplified in our flowchart in Figure 1 and 2. 

In summary, our MHA algorithm includes the following prototypical types of set-ups in CTO with 

predominant contralateral collaterals: single 6 French guiding catheter for simple AWE, dual 6 French catheter 

for retrograde options, dual catheter (7 French antegrade and 6 French retrograde) for advanced AWE or ADR. 

In cases of CTO with ipsilateral collaterals, one single 7 French guiding catheter seems enough to tackle all 

CTO. As shown here, many CTO can be tackled using 6 French guiding catheters, challenging once more the 

absolute need of large bore (7 or 8 French) antegrade guiding catheters. Particularly, we are convinced that 

almost every retrograde procedure can be successful with two 6 French guidings. In the current series, only 

32% of the CTO were attempted with 7 French antegrade guidings: 13 in the single catheter group, including 

all the cases with ipsilateral collaterals, and 5 in the dual catheter group. All the retrograde guidings were 6 

French. 

In the MHA algorithm large focus is given to wrist access. The policy is: “always wrist access, unless not 

feasible”. Any wrist access is considered valuable (radial, ulnar, distal radial). While the evidence favouring 

radial versus femoral approach is established and well known, additional proof is mounting, showing ulnar 

and distal radial accesses as valid alternatives to radial and still potentially better than femoral approach. 

Importantly, nowadays wrist access can be relatively easily obtained also with 7 French sheaths and catheters, 

considering several technological developments such as slender sheaths or sheath-less guiding catheters. 

Therefore, in the current era, the wrist approach can be advocated as default access in any complex CTO 

scenario, as also supported by recent data (16-17). 

In general, it is important to emphasize the fact that experience in CTO PCI and expertise in wrist approach 

are needed for this MHA algorithm. We do not recommend a beginner CTO operator to approach CTOs with 

this algorithm. However, several steps of the classic hybrid algorithm (for examples techniques such as ADR 

and RDR) may be learned during the initial learning curve with the classic hybrid approach and simply 
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transposed to the MHA. Probably the major difference between the classic hybrid algorithm and the MHA 

algorithm is AWE without contralateral injection. This approach could be introduced in the beginning by 

placing routinely a guiding for contralateral injection, with the idea not to use it if not only for final 

confirmation of correct wire position, once the lesion has been passed with a wire, based only on tactile and 

visual feeling. 

The present study has limitations. This is a single-center study based on the expertise of a single operator. For 

this reason, our algorithm has not the purpose to replace the original hybrid algorithm, but to suggest that 

alternative approaches aiming at reducing invasiveness of the CTO recanalization procedure are feasible and 

may be developed, also in an operator-tailored manner. The small number of patients considered in the analysis 

poses limitations to eventual conclusive speculations, and bigger cohorts are necessary for further assessment 

of this algorithm’s performance. Finally, high trans-wrist skills in “standard” PCI are needed before 

implementing this type of algorithm in CTO procedures.  

Conclusions 

The current study shows that the MHA algorithm is feasible in almost every CTO lesion and it can lead to 

extremely successful results once applied by operators well acquainted with the wrist approach and with 

established experience using the full spectrum of the hybrid algorithm techniques. 
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Figure Legends 

Figure 1. Flowchart of the “Minimalistic Hybrid Algorithm” for chronic total occlusions with contralateral 

collaterals. Panel A: primarily antegrade wire escalation (AWE), followed by retrograde options. Panel B: 

primarily antegrade wire escalation (AWE), without suitable retrograde options. Panel C: primarily retrograde 

case. Panel D: primarily antegrade dissection re-entry (ADR) case. MC: microcatheter, RDR: retrograde 

dissection re-entry, RWE: retrograde wire escalation, 6F: 6 French, 7F: 7 French. 

Figure 2. Flowchart of the “Minimalistic Hybrid Algorithm” for chronic total occlusions with ipsilateral 

collaterals. ADR: antegrade dissection re-entry, AWE: antegrade wire escalation, RDR: retrograde dissection 

re-entry, RWE: retrograde wire escalation, 6F: 6 French, 7F: 7 French. 
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ABSTRACT 

Background. Coronary chronic total occlusions (CTO) usually coexist with diffusely diseased coronary 

segments proximal and/or distal to the CTO segment. During percutaneous treatment of CTO, multiple 

overlapping stents are often needed to treat these long lesions.  

Objectives. Aim of this study is to report the first use of long, tapered coronary sirolimus-eluting stents (SES) 

in this setting. 

Methods and Results. This is a retrospective analysis of 100 consecutive patients undergoing CTO 

recanalization following the hybrid algorithm. Procedural success rate was 89% (11 failures). Among the 

successful cases, “conventional” drug-eluting stents(DES) were used in 40(44.9%) patients, while in 49(55%) 

patients long-tapered SES were attempted with a success rate of 98% (1 cross-over to regular stents). Total 

stent length in the long-tapered DES group was higher compared to the “conventional” stenting group 

(76±28mm vs 46±22mm, p<0.001), with a similar total number of stent (1.6±0.8 vs 1.9±0.8). At QCA, 

proximal and distal segment involvement was more extended in patients undergoing long-tapered stenting, 

with longer overall lesion length. No differences in periprocedural complications and clinical outcomes at a 

mean follow-up of 303±179 days were observed. 

Conclusions. The use of long tapered coronary DES is technically feasible and safe for the percutaneous 

treatment of CTOs, especially for patients presenting with long lesions.  
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Introduction 

Coronary chronic total occlusions (CTOs) prevalence ranges from 18 to 52% among patients undergoing 

coronary angiography in daily practice1-4. Some reports from observational studies have suggested improved 

cardiovascular outcome and better quality of life after successful CTO revascularisation5-7. Percutaneous 

coronary intervention (PCI) of CTOs remains challenging but, thanks to relevant developments in tools and 

techniques, the success rate has increased to more than 80%8,9.  

Further improvements in outcome may be achieved by optimization of balloons and stents. After successful 

recanalization of the CTO segment, multiple overlapping stents are frequently needed to properly treat the 

occluded segment and the diseased coronary bed commonly found upstream and/or downstream. Overlapping 

stents are known to have increased risk for in-stent restenosis and stent thrombosis10-12.  In addition, most 

branching coronary arteries show a reduction in diameter of about 0.25mm over 10-20 mm segment length13. 

A novel dedicated long-tapered DES may overcome these challenges, with a recent report by Valero et al. 

describing a positive experience with this device in the settings of general PCI14. 

This is the first report on the use of such a long-tapered DES, specifically designed to tackle length and tapering 

issues typical of long and diffusely diseased segments related to CTO lesions.  

Material and Methods 

Study population 

In this observational, retrospective and independent study, we describe the performance of long-tapered 

sirolimus-eluting coronary stent (Biomime Morph, Meril Lifescience, Vapi, India) for the treatment of CTOs. 

The main objective was to evaluate the clinical applicability of these stents in long diffused lesions, which are 

a common finding in CTO treatment.  

The study population comprised consecutive patients that were percutaneously treated for a CTO lesion 

between March 2016 and October 2017 in our institution by one operator (PA) applying the hybrid algorithm. 

Chronic total occlusions were defined as an occluded coronary segment with TIMI flow 0 for ≥3 months 

duration15. CTOs were treated according to the appropriate use criteria that have previously been developed16. 
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In short, all patients were aged >18 years, had symptoms of angina and/or evidence of ischemia on functional 

testing. 

Study procedure and devices 

The Japanese CTO (J-CTO) score and PROGRESS (Prospective Global Registry for the Study of Chronic 

Total Occlusion Intervention) score were calculated by independent analysers and used to describe the 

complexity of the CTO lesion17,18.  

CTO-PCIs were performed according to the hybrid algorithm, leaving the operator free in choice of strategies. 

Strategies included antegrade wire escalation(AWE), antegrade dissection re-entry(ADR), retrograde wire 

escalation(RWE), and reverse controlled antegrade and retrograde subintimal tracking(R-CART).  

After recanalization of the diseased segments and subsequent predilatation, stent implantation was performed 

at the discretion of the operator, using either conventionally available 2nd generation drug-eluting stents, or the 

novel Biomime Morph stent. The Biomime Morph stent is a sirolimus-eluting tapered coronary stent 

specifically designed to treat long diffused lesions, thus avoiding multiple stent implantation with overlapping 

segments. Indeed, the operator choice of adopting this stent was mainly based on major lesion length and vessel 

tapering as disclosed by angiography after predilation of the CTO lesion.  This device consists of a Cobalt 

Chromium (L605) platform with 65µm strut thickness, whose cell design structure is hybrid, with open cells 

in the body of the stent and close cells at the edges. In addition, it maintains a high radial strength without 

compromising flexibility. The stents are coated with 1.25ug/mm2 Sirolimus formulated with biodegradable 

polymer mix of PLLA+PLGA and mounted on a newly created extra support balloon catheter with ½ sized 

tapered diameters. For the present study, we used the currently available proximal-to-distal diameters of 3.5-

3.0, 3.0-2.5, 2.75-2.25mm, and lengths of 30, 40, 50 and 60 mm (see Figure 1). The device has Conformité 

Europeen (CE) mark from October 2015. 

Outcome parameters 

Procedural success was defined as the achievement of <30% residual diameter stenosis within the stent 

segment and antegrade TIMI flow grade 3. Device success was defined as the ability of the study device 
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(Biomime Morph) to reach and cross the CTO lesion, with a final residual stenosis <30%, absence of more 

than type B coronary dissection post-angioplasty and a final TIMI 3 flow in the culprit vessel.  

In-hospital major adverse cardiac events included peri-procedural myocardial infarction, dissection of the 

donor coronary artery requiring intervention, perforation (with need for percutaneous or surgical drainage), 

tamponade, cerebrovascular accident, cardiogenic shock, target vessel failure requiring urgent repeat vessel 

revascularization with PCI or coronary artery bypass grafting, and death.  Myocardial infarction was defined 

as ongoing chest pain, electrocardiogram changes and positive cardiac enzymes measured ad hoc, requiring 

prolonged hospital stay. Clinical follow-up was obtained by means of clinical evaluation or telephone contact 

when clinical visit was not possible. 

Quantitative Coronary Analysis 

Quantitative Coronary Analysis (QCA) was performed offline by an independent operator (CZ) using the 

software QAngio® XA 7.1 (Medis Medical Imaging, Leiden, The Netherlands). Angiograms were chosen in 

the projections allowing the best possible visualization of the stenosis. The contrast-filled catheter was used 

for calibration. From an end-diastolic still-frame, CTO’s reference diameter(RD, mm) and lesion length(LL, 

mm) were calculated, taking advantage of dual catheter injections when necessary. Regarding proximal and/or 

distal diseased segments, LL(mm), minimum luminal diameter(MLD, mm) and percent diameter 

stenosis(DS,%) were obtained after successful recanalization and predilation. Finally, post-procedural result 

was analysed by means of in-stent and in-segment MLD, RD and DS. 

Statistical analysis 

Baseline and outcome data were analyzed using descriptive statistics. Numerical values were expressed as 

mean±standard deviation(SD) or median(interquartile range, IQR) as appropriate. Categorical variables were 

expressed as percentages. Comparisons between groups were performed using Pearson chi-square test for 

categorical variables and student t-test for continuous variables. A two tailed probability value of p<0.05 was 

considered statistically significant.  All statistical analyses were performed using SPSS version 22.0(SPSS, 

Inc., Chicago, IL, USA). 
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Results 

During the study period, 100 consecutive patients underwent an attempt to percutaneous CTO recanalization. 

Procedural success was obtained in 89 of these (89%) and the unsuccessful cases were excluded from the 

subsequent analysis, since no stent was implanted. Among successful cases, conventional stent implantation 

was performed in 40 cases (44.9%), while a Biomime Morph stent was adopted in the remaining 49 (55%). 

No significant differences were observed in baseline demographic and pre-procedural parameters (see Table 1). 

Table 1: Baseline characteristics 

 

 Regular stenting(n=40) Biomime Morph(n=49) p value 

Demographics    

 Male gender 34(87.2%) 37(75.5%) 0.18 

 Age, mean±SD 66±10.3 63.1±9.6 0.18 

 BMI, mean±SD 28.9±4.8 27.8±3.8 0.21 

CV risk factors    

 Smoking 18(45%) 22(44.9%) 0.99 

 Diabetes Mellitus 10(25%) 6(12.2%) 0.17 

 Hypertension 31(77.5%) 31(63.3%) 0.17 

 Dyslipidemia 32 (80%) 39(79.6%) 0.99 

 Positive family history 25(62.5%) 30(61.2%) 0.99 

Medical history    

 Myocardial infarction 13(32.5%) 22(44.9%) 0.28 

 PCI 15(37.5%) 29(59.2%) 0.06 

 CABG 2(5%) 7(14.3%) 0.18 

Pre-procedural    

 Proven ischemia 34(85%) 40(81.6%) 0.78 

 Modality   0.64 

  Ergometry 10(29.4%) 7(17.5%)  

  MRI 8(23.5%) 13(32.5%)  

  SPECT 16(47%) 20(50%)  

 LVEF, mean±SD(%) 52.8±12 51.6±12.8 0.64 

 LVEF<40% 5(12.5%) 7(14.3%) 0.99 

BMI; Body mass index. CABG: Coronary Artery Bypass Grafting. CV; Cardio-Vascular. LVEF; Left 

ventricular ejection fraction. MRI; Magnetic Resonance Imaging. PCI; Percutaneous Coronary Intervention. 

SD; standard deviation. SPECT; Single-photon Emission computed tomography. 

Procedural results 

Angiographic and procedural characteristics are shown in table 2 and 3. From an angiographic standpoint, 

CTOs were mostly located in the RCA, while retrograde collaterals were the most frequent in both stenting 

groups, with predominant septal course.  The preferred access site was radial or bi-radial and was not 

significantly different in the two groups (Regular stenting 85% vs Biomime Morph 73.5%, p= 0.09).  
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Of note, significantly more difficult CTO lesions were observed in the Biomime Morph group, as indicated by 

an average higher J-CTO score (1.33±1.05 in the regular stenting group vs 2.16±0.5 in the Biomime Morph 

group), mainly driven by a higher rate of lesion length>20 mm in the same group (22.8% vs 57.1%, p=0.001). 

However, the PROGRESS score resulted substantially equal in the two groups.  

Consistently with the differences in lesion difficulty, revascularization techniques adopted in the Biomime 

Morph group were also more frequently complex and advanced. In fact, AWE was the preferred technique in 

the Regular stenting group (77.4% vs 44.9% in the Biomime Morph), while a significantly higher adoption of 

R-CART technique was observed in the Biomime group (12.5% vs 40.8%, respectively, p= 0.006).  

One device failure was observed in the Biomime group, where a Biomime Morph 3.5-3.0 x 50 mm was not 

able to cross the CTO lesion located in the mid-segment of the left anterior descending coronary after 

successful AWE, even after adequate predilation. In this case, a switch to conventional stent implantation was 

performed, with deployment of three shorter Orsiro sirolimus eluting stents (Biotronik, AG, Berlin, Germany). 

In the regular stenting group 45% of the patients were treated with 1 stent, whereas in the Biomime Morph 

group 18 patients (36.7%) received only 1 Morph, while the remaining required additional stent implantation, 

which was a conventional stent in 26 cases (53.1%). Total stent length achieved in the Biomime Morph group 

was significantly higher than in the regular stenting group (76±28mm vs 46±22 mm, p<0.001). Finally, the 

use of a catheter extension (e.g. GuideLiner or Guidezilla) was required in 12 patients (24.5%) of the Biomime 

Morph group and in 7 patients of the conventional stents group (17.5%, p=0.45). 

Clinical outcome 

Post-procedural complication rates for both groups were low and comparable (p=0.62). One dissection 

occurred in each group: one donor artery (right coronary artery) ostial dissection treated with additional 

stenting in the both groups during R-CART for circumflex CTO. In addition, one periprocedural MI was 

observed in the Biomime Morph group, due to occlusion of a large septal branch after ADR recanalization of 

a left anterior descending CTO, which however did not cause relevant clinical consequences. Finally, one wire-

caused perforation of distal right posterior descending artery was observed in the Biomime Morph group after 

a successful ADR technique (with CrossBoss-Singray system), which leaded to pericardial hematoma 

requiring pericardiocentesis few hours after the procedure. 
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Table 2. Procedural characteristics 

 

 Regular stenting(n=40) Biomime Morph(n=49) p value 

Culprit vessel   0.93 

 RCA 23(57.5%) 30(61.2%)  

 LAD 12(30%) 13(26.5%)  

 RCX 5(12.5%) 6(12.2%)  

Collaterals   0.11 

 Antegrade 5(12.5%) 1(2%)  

 Retrograde 20(50%) 33(67.3%)  

 Both 14(35%) 15(30.6%)  

    0.21 

 Bypass 0 2(4.1%)  

 Septal 18(45%) 14(28.6%)  

 Epicardial 11(27.5%) 14(28.6%)  

 Septal+epicardial 10(25%) 19(38.8%)  

Access site   0.09 

 Single Femoral 1(2.5%) 1(2%)  

 Radial and Femoral 3(7.5%) 8(16.3%)  

 Single Radial 26(65%) 20(40.8%)  

 Bi-radial 8(20%) 16(32.7%)  

 Single Ulnar 2(5%) 0  

 Bi-Ulnar 0 1(2%)  

 Radial and Ulnar 0 3(6.1%)  

Successful technical 

Approach 

  0.006 

 AWE 31(77.4%) 22(44.9%)  

 ADR 1(2.5%) 5(10.2%)  

 RWE 3(7.5%) 2(4.1%)  

 R-CART 5(12.5%) 20(40.8%)  

J-CTO score   0.002 

 Easy 8(20%) 2(4.1%)  

 Intermediate 19(47.5%) 12(24.5%)  

 Difficult 6(15%) 16(32.7%)  

 Very difficult 7(17.5%) 19(38.8%)  

 Mean±SD 1.33±1.05 2.16±0.5 <0.001 

PROGRESS CTO score   0.62 

 0 13(33.3%) 18(36.7%)  

 1 19(48.7%) 18(36.7%)  

 2 4(10.3%) 9(18.4%)  

 3 3(7.7%) 4(8.2%)  

 Mean ± SD 0.92±0.87 0.98±0.95 0.77 

AWE; Antegrade wire escalation. ADR; antegrade dissection re-entry. J-CTO: Japanese chronic total 

occlusion.  LAD: left anterior descending. PROGRESS: Prospective Global Registry for the Study of Chronic 

Total Occlusion Intervention; RCA; right coronary artery. RCX; ramus circumflexus. RWE: retrograde wire 

escalation. R-CART; reverse controlled antegrade and retrograde subintimal tracking. 

Clinical Follow-up 

Clinical follow-up was available in all patients, with an average duration of 303±179 days. We observed no 

all-cause deaths in the conventional stent group and two (4.1%) in the Biomime group (p=0.49), one of which 

was due to non-cardiac causes (lung cancer) 6 months after CTO PCI, the other was due to terminal heart 
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failure in a patient with very poor left ventricular function after percutaneous edge-to-edge mitral valve repair, 

13 months after CTO PCI. The incidences of myocardial infarction and target vessel revascularizations were 

similar in the two groups (see table 4). Finally, there was a trend towards higher non-target vessel 

revascularization in the conventional stent group, which however was almost entirely due to staged procedures 

after the CTO recanalization (see table 4). 

Table 3. Stenting characteristics 

 

 Regular stenting(n=40) Biomime Morph(n=49) p value 

Stent Numbers    

Patients with N Stents Implanted(%)   0.44 

 1 18(45%) 18(36.7%)  

 2 18(45%) 20(40.8%)  

 3 3(7.5%) 9(18.4%)  

 4 1(2.5%) 2(4.1%)  

Number of Stents per patient*  1.6(±0.8) 1.9(±0.8) 0.13 

Total Number of Stents per cohort 

Regular Stents 

Biomime Morph Stents 

65 

 

- 

93 

37 

56 

 

Patients receiving Regular Stent 40(100%) 26(53.1%)  

Total stent length, mm 46 ± 22 76 ± 28 <0.001 

Max post dilatation pressure 18(±5) 19(±3) 0.12 

Use of Catheter Extension 7(17.5%) 12(24.5%) 0.45 

Stent Type     

Patients with specific stent implanted   <0.001 

 Biomatrix 3(7.5%) 0  

 Orsiro 4(10%) 15(30.6%)  

 Resolute 7(17.5%) 1(2%)  

 Synergy 11(27.5%) 3(6.1%)  

 Xience 10(25%) 1(2%)  

 Promus Premier 1(2.5%) 0  

 Fire Hawk 3(7.5%) 3(6.1%)  

 Coroflex Neo 1(2.5%) 3(6.1%)  

 Direct RX 0 1(2%)  

 Biomime Morph    

 Diameter(mm) Length(mm)    

 2.75-2.25 30 NA 1(2%)  

  40 NA 2(4%)  

  50 NA 1(2%)  

  60 NA 1(2%)  

 3.00-2.50 30 NA 4(8.1%)  

  40 NA 5(10.2%)  

  50 NA 7(14.3%)  

  60 NA 9(18.4%)  

 3.50-3.00 40 NA 5(10.2%)  

  50 NA 2(4%)  

  60 NA 21(42.8%)  

* Mean (SD); 
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Table 4: Clinical events at follow-up. 

    Regular Stenting (n=40) Biomime Morph (n=49) p value 

All cause Death 0 2 (4.1%) 0.49 

  

Non cardiac death 0 1(2%) 0.99 

Cardiac death 0 1(2%) 0.99 

Myocardial Infarction 1(2.5%) 0 0.99 

Target vessel revascularization 1(2.5%) 2(4.1%) 0.99 

Non-target vessel revascularization      

  

Total number 5(12.5%) 1(2%) 0.09 

Planned-nTVR 5(12.5%) 0 0.02 

nTVR: non-target vessel revascularization; 

QCA results 

At QCA, pre-procedural CTO-reference diameter showed a mild trend to higher values in patients treated with 

conventional stents than in the Biomime Morph group (2.96±0.646mm vs 2.76±0.48mm respectively, p=0.10). 

After the procedure, however, this value was not significantly different in the two groups. A possible 

explanation for this phenomenon is the more common presence of ostial location of CTO lesions in the 

Biomime group, together with a different pattern of segment disease involvement herein described. Besides 

CTO lesion length appeared pronouncedly higher in the Biomime Morph group (14.4±9.5mm vs 

24.6±14.3mm, p<0.001), the two groups showed also significant differences regarding the overall diseased 

segment proximally and distally to the CTO lesions itself. In particular, a proximal-segment involvement was, 

although not statistically significant, more frequent in the Biomime group (36.8% vs 55.6%, p=0.12), which 

however appeared significantly more diffuse than in the conventional stenting group (12.2±5.9mm vs 

22±15.1mm, p=0.02). Similarly, the distal segment involvement was equally common in both groups (69.2% 

vs 82.2% respectively, p=0.20) but with significantly longer segments in the Biomime group (19.9±9.8mm vs 

25.6±10.2mm respectively, p=0.04). Consistently with these findings, the total length of the diseased segment 

(including CTO) was significantly higher in Biomime Morph group (32.4±19.7mm vs 50.6±25.4mm, p 

<0.001). Post-procedural analysis showed good and comparable results in both groups (see table 5). 
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Table 5: Quantitative Coronary Analysis results in the two treatment groups. 

    Regular Stenting Biomime Morph p value 

Pre-procedure       

  

Reference Diameter*, mm 2.96(±0.66) 2.76(±0.38) 0.10 

Occlusion Length*, mm 14.4(±9.5) 24.6(±14.3) <0.001 

After Pre-dilation      

  

Proximal Involvement 14(36.8%) 25(55.6%) 0.12 

Proximal LL*, mm 12.2(±5.9) 22(15.1) 0.02 

Proximal RD*, mm 3.07(±0.85) 2.78(0.35) 0.17 

Proximal MLD*, mm 1.80(0.67) 1.60(0.54) 0.36 

Proximal DS%* 42%(±14%) 43%(18%) 0.92 

Distal Involvement 27(69.2%) 37(82.2%) 0.20 

Distal LL*, mm 19.9(±9.8) 25.6(±10.2) 0.04 

Distal RD*, mm 2.51(±0.49) 2.28(0.40) 0.17 

Distal MLD*, mm 1.34(±0.45) 0.93(0.36) 0.01 

Distal DS%* 46%(±15%) 58%(15%) 0.02 

Total Diseased Segment 

Length*, mm 
32.4(±19.7) 50.7(±25.4) <0.001 

Post-procedure      

  

In-stent RVD*, mm 3.11(±0.5) 2.99(±0.42) 0.22 

In-stent MLD*, mm 2.53(±0.41) 2.41(±0.42) 0.18 

In-stent DS%* 18%(±8%) 19%(8%) 0.55 

In-segment RVD*, mm 2.72(±0.62) 2.69(±0.47) 0.17 

In-segment MLD*, mm 1.97(±0.68) 2.02(±0.54) 0.85 

In-segment DS%* 28%(16%) 24%(19%) 0.37 

* Mean(±SD). LL: lesion length; RD: reference diameter; MLD: minimal lumen diameter; DS%: percentage 

diameter stenosis. 

Table 6: Maximal length for most commonly used conventional stents.  

Stent Name (Company) Size (mm) Longest Available (mm) Strut Thickness (µm) 

Resolute Onyx™(Medtronic Inc., 

Minneapolis, MN, USA) 
2.25–4.00 38 89 

Orsiro(BIOTRONIK AG, Berlin, Germany) 

 

2.00-3.00 

3.00-4.00 

40 

40 

61 

80 

Xience PROx(Abbott Vascular, Diegem, 

Belgium) 
2.00-2.25 28 81 

  

2.50-3.50 

4.00 

48 

38 

81 

81 

PtCr Synergy™(Boston Scientific, Natick, 

MA, USA) 

2.25 

2.50-4.00 

38 

48 

74 

74 

Promus Premier(Boston Scientific, Natick, 

MA, USA) 
2.25 32 81 

  2.5-4.00 38 81 

Ultimaster®(Terumo Corporation, Shibuya-

ku, Tokyo, Japan) 
2.25-4.00 38 80 

BioMatrix NeoFlex(Biosensors 

Interventional Technologies, Singapore) 

2.25&4.00 

2.50-3.50 

29 

36 

120 

120 

Magmaris(BIOTRONIK AG, Berlin, 

Germany) 
3.00-3.50 25 150 
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Discussion and limitations 

This is the first report on the use of long-tapered coronary stents for the treatment of CTOs. Our preliminary 

results demonstrate the safety and efficacy of the study device in this setting. In fact, we observed a high device 

success rate (only 1 failure in delivering a 50mm long-tapered stent), a low incidence of peri-procedural 

complications (1 dissection in both groups one peri-procedural MI in the Biomime Morph group and one 

perforation leading to pericardial hematoma drained surgically) and a promising incidence of clinical events 

at a mean of 10 months of follow-up. Baseline demographic and angiographic characteristics of the present 

study population are in line with those described in other CTO studies, especially as far as the technical 

difficulty of the procedures is concerned, as reflected by the J-CTO score4-9,25. Of note, severely diffuse disease 

was observed in our population, requiring multiple stent implantation in nearly 60% of all patients, with 

subsequent need for overlapping stents segments. The clinical impact of multiple stenting in the subset of 

CTO-PCI is at present unknown, but previous experiences in general population have proved an adverse 

outcome10-12. From this standpoint, the use of conventional second generation DES is limited by a maximum 

length of 48mm, which is even not available for all DES type (see table 6). In our analysis, mean lesion length 

in the group treated with these devices was 32±19mm, which translated into a need for at least two stents 

implanted in more than half of the cases (total stent length 46±22mm). Similar data were reported in other 

recent studies on CTO-PCI8-9. 

 

Figure 1. Picture of a 60 mm long-tapered 3.5 to 3.0 mm stent. Panel above, tapering of the balloon. Panel 

below, tapering of the stent mounted on the balloon during inflation at nominal pressure. 

 

The Biomime Morph stents have been designed to overcome limitations of conventionally used DES. The 

purpose of the tapered stent system is to treat long lesions in diffusely diseased coronary arteries, thus covering 

long segments of the culprit vessel (potentially from the proximal to the distal portions) with increased 

adaptability to arterial anatomy (preserving vessel conformability, providing homogenous radial force, 
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reducing mechanical stress and maintaining stent-arterial wall ratio along the stented segment). As shown in 

our study, mean lesion length in this group was 50.7±25.4mm, significantly higher than in the conventional 

stenting group (p<0.001), with most of the cases (nearly 65%) requiring additional stent implantation other 

than the first Biomime Morph. The features of this dedicated stent allowed for covering a significantly longer 

diseased segment (total segment length 76±28mm in the Biomime Morph vs 46±22mm in the regular stenting 

group, p<0.001) while keeping a substantially equal number of devices necessary. If treated with 

conventionally available DES, this group of patients would have received certainly more DES with even more 

overlapping segments. Similarly, if widely adopted also in the lesions treated with conventional DES, this 

device could have been sufficient to cover the whole lesion alone, theoretically avoiding multiple stent 

implantation and subsequent stent overlap in many patients. This fact was not observed in our registry, 

however, since the adoption of the Biomime Morph stent was limited to those patients with longest lesions 

length. It is also important to note the significantly more frequent adoption of advanced CTO PCI techniques 

(e.g. R-CART) in the Biomime group. This supports the good performance of these long-tapered DES in the 

technically most complex procedures, which, in the specific case of the R-CART technique may even benefit 

from the stable support offered by the externalized wire. Of note, the use of guiding catheter extensions (such 

as GuideLiner or Guidezilla), was relatively more frequent in the Biomime Morph group, observation which, 

however, did not result statistically significant (see Table 3). 

The present study has several limitations. First, the study has a descriptive design, with the purpose to present 

the first results using long-tapered stents in CTO PCI, therefore no randomisation was performed, thus possible 

bias in the device choice may have occurred. In fact, the choice of stent type was done by the operator, based 

on the lesion length, vessel characteristics and other angiographical feature. Third, the relatively small number 

of patients considered in the analysis poses limitations to eventual conclusive speculations, especially for long 

term comparison with conventional stents in terms of clinical events, and bigger trials are necessary for further 

assessment of this device’s performances. Similarly, potential clinical advantages from reduction of multiple-

overlapping stents thanks to application of this device were not derivable in our analysis, and require large 

sample (ideally randomized) trial for further evaluation. Forth, the study device currently available does not 

include a stent with 4.0-3.5mm in diameter, which limits its applicability in coronaries where this size is 

required. Of note, this contributed to the possible selection bias in device choice in our experience. Finally, the 
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long term patency of these stents is still not completely known, thus long term (angiographic) follow up is 

required to confirm the clinical good performance of these devices.  

Conclusion  

The use of long-tapered coronary stents is technically feasible and safe for the percutaneous treatment of 

patients with CTOs, especially for those patients with very long lesions. In addition, by limiting the need for 

multiple stent implantation and thus overlapping-segments, the use of these devices may have the potential to 

improve the long-term clinical outcome after CTO recanalization.  
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Abstract 

Objectives. The PRISON-IV trial showed inferior outcome in patients with chronic total occlusions(CTOs) 

treated with the ultrathin-struts(60µm for stent diameter ≤3mm, 81µm >3mm) hybrid-sirolimus eluting stents 

(SES) compared with everolimus eluting stents (EES, 81µm). The aim of this study is to investigate if the use 

of smaller stents (≤3mm) was responsible for the inferior outcome reported in the trial.  

Methods. In the PRISON-IV trial 330 patients with CTO lesion were randomized 1:1 to receive either hybrid-

SES or EES. The hybrid-SES failed to reach the non-inferiority primary endpoint of in-segment late lumen 

loss at 9-month angiographic follow-up. In this sub-analysis, we divided the population according to the 

different size of stents implanted in those receiving only stents with diameter ≤3mm (Group-A, 178 patients), 

only stents >3mm (Group-B, 59 patients) and those receiving stents of both sizes (Group-C, 93 patients). 

Results. Baseline and procedural characteristics were comparable in the three groups. At angiographic follow-

up, most of the adverse outcomes occurred in Group A, with higher incidence of binary restenosis in the 

Hybrid-SES versus EES (10.3% vs 1.3%, p=0.03) and augmented in-stent diameter stenosis (26.04±18.59% 

vs 21.24±12.84, p=0.06). Similarly, optical coherence tomography, which was performed in 60 patients at 

follow-up, documented a mild trend towards lower values of minimum in stent area in Hybrid-SES arm of 

Group A (4.4±1.02mm2 vs 5.0±1.28mm2 respectively, p=0.16). 

Conclusions. The present analysis suggests that the inferior performance of the ultra-thin hybrid-SES in CTO-

PCI is particularly pronounced when smaller stent (≤3 mm diameter) are adopted, if compared with EES. 
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Introduction 

Procedural success rates in percutaneous treatment of coronary chronic total occlusions (CTOs) have certainly 

improved in the last years1,2, with continuous benefits deriving from developments in materials, devices and 

techniques. The clinical advantages of a full coronary revascularization by means of CTO recanalization, as 

shown in some reports, may lead to improved long-term survival in patients presenting with both stable 

coronary artery disease (CAD) and acute coronary syndrome (ACS)3-5. In addition, the long-term incidence of 

cardiac adverse events resulted higher in this population than in patients presenting with non-CTO lesions6-8. 

On the other hand, CTOs often present adverse plaque characteristics (e.g. large calcium deposit, superior 

lesion length, diffuse disease upstream and downstream the CTO lesion itself) challenging the performance of 

currently available devices, even in the era of second-generation drug eluting stents (DES). Moreover, 

unconventional approaches (including all sub-intimal techniques) are commonly adopted to create a functional 

but not physiological lumen to the distal vessel, thus creating an additionally unfavourable premise for long-

term clinical success9. In these settings, all DES features (ranging from strut thickness and composition to the 

polymer and drug eluted) are involved in the procedural and clinical success, as already demonstrated in the 

past for regular percutaneous coronary intervention (PCI)10-13. In the PRISON IV randomized multicentre trial, 

successfully reanalysed CTO lesions were randomly allocated in a 1:1 fashion to stent implantation with 

Orsiro, a hybrid ultrathin-strut sirolimus-eluting stent (SES, Biotronik, Berlin, Germany) or Xience, a thin-

strut (81µm) everolimus-eluting stents (EES, Abbott Vascular, Santa Clara, California)14. The SES study 

device did not meet the primary non-inferiority endpoint of in-segment late lumen loss (LLL) estimated by 

Quantitative Coronary Analysis (QCA) at 9 month of angiographic follow-up, mainly because of an increased 

rate of focal in-stent restenosis in the SES group. The aim of the present analysis is to investigate the role of 

the “real” ultrathin-struts SES (Orsiro with diameter ≤3 mm) in the less favourable angiographic outcome 

described for this device in the PRISON IV trial.  
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Methods 

This is a sub-analysis from the PRISON IV multicentre trial, whose design, major inclusion and exclusion 

criteria, endpoints, definitions and results have been previously described in detail (NCT01516723)2,14. Briefly, 

after successful recanalization of native total or chronic total coronary occlusions, 330 patients were 

randomized in a 1:1 fashion to receive either a hybrid Orsiro SES or the Xience Prime/Xpedition EES. Of note, 

the SES consists of a cobalt-chromium platform covered with a biodegradable polymer, made of ultrathin 60 

µm struts for stent diameters ≤3 mm and 80 µm struts for diameter >3 mm, as indicated by the manufacturers. 

On the other hand, the EES with durable polymer presents a cobalt-chromium platform with a strut thickness 

of 81 µm. Procedural and technical choices were left to the operator’s discretion, and included both femoral 

and radial approaches as well as antegrade and retrograde techniques. All patients received dual antiplatelet 

therapy prior to the procedure with the indication to maintain it for at least 12 months. Clinical follow-up was 

scheduled at 1, 6, 9 and 12 months. Angiographic follow-up was mandatory at 9 months.  

In the present analysis, we investigated the hypothesis that the thinner struts platform of the SES with diameter 

≤3 mm may have been responsible for the inferior angiographic outcome observed in the Prison IV trial. For 

this reason, patients were further divided according to the diameter size of the stent received into the following 

groups: Group A (n=178), patients receiving only stents with diameter ≤3 mm; Group B (n=59), patients 

receiving only stents with diameter >3mm; Group C (n=93), patients receiving both stents with diameter >3mm 

and ≤3mm. 

Endpoints of this analysis included angiographic outcomes as in-stent late lumen loss, MLD, in-stent 

percentage of diameter stenosis, binary restenosis and re-occlusions at 9 months. Moreover, data regarding 

lumen and stent areas as assessed with optical coherence tomography (OCT) were included to support the 

angiographic findings.  

QCA was assessed offline in an independent angiographic core laboratory (St. Antonius Hospital Angiographic 

Core Laboratory, Nieuwegein, the Netherlands) with automatic edge detection software CMS version 5.3 

(Medis Medical Imaging Systems, Leiden, the Netherlands), by experienced personnel blinded to clinical 

information and allocated stent. QCA measures included the proximal-edge, distal-edge and in-stent diameters 

of the reference vessel (RVD), the minimal luminal diameters (MLD), percentages of diameter stenosis 
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(difference between RVD and MLD/RVD x 100), and LLL (difference between MLD after the procedure and 

MLD at follow-up). Binary restenosis was defined as a diameter stenosis>50% inside the stented segment at 

angiographic follow-up. 

The full OCT analysis, methodology and results have been described previously15. Briefly, 30 patients were 

assessed with OCT during the 9-month follow-up procedure in both groups. All images were recorded with a 

frequency domain OCT imaging system (C7XR™ or OPTIS™ OCT imaging system; St. Jude Medical, St. 

Paul, MN, USA). OCT analyses were performed offline by the local core laboratory (University Hospital 

Leuven, Leuven, Belgium) in a blinded fashion. Quantitative strut level analysis was performed every third 

frame (0.6 mm interval) along the entire target segment. A dedicated automated software system developed at 

the Leuven Medical Imaging Centre was used for quantitative OCT analysis16. The OCT measurements 

included mean and minimum lumen area, together with stent mean, minimum and maximum area. 

Baseline and outcome data were analysed using descriptive statistics. Numerical values were expressed as 

mean ± standard deviation (SD) or median (interquartile range, IQR) as appropriate. Categorical variables 

were expressed as percentages. Comparisons between groups were performed using Pearson chi-square test 

for categorical variables and student t-test for continuous variables. A two tailed probability value of P <0.05 

was considered statistically significant.  All statistical analyses were performed using SPPS version 22.0 

(SPSS, Inc., Chicago, IL, USA).  
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Results 

Demographic data between the two devices were evenly distributed in the three sub-groups (see Table 1). Of 

note, left ventricle ejection fraction (LVEF) showed a trend toward worse values in the EES cohort of Group 

A (7.6% vs 18.7% of patients with LVEF<50%, p=0.07). Similarly, angiographic baseline characteristics were 

comparable in the two treatment arms of all three sub-groups (see Table 2). The only significant difference 

was noted in Group C, where coronary lesions in the EES group showed a proximal blunt stump more 

frequently than in the SES group (64% vs 39.5% respectively, p=0.02), with a mean J-CTO score broadly 

comparable (2.4±1.1 vs 2±1.1 respectively, p=0.09). The prevalence of calcified pattern in the CTO lesion was 

high (from 60% to 76%) and comparable in all the groups. The most successful recanalization technique was 

antegrade wire escalation (AWE) in all sub-groups without significant differences between the treatment arms; 

however in Group C a trend toward more common adoption of retrograde techniques can be observed, resulting 

in broadly longer stented segments if compared with the two remaining groups (see Table 2). Consistently 

with the sub-groups division, the mean stent diameter was 2.85±0.22 mm in Group A, 3.67±0.24 mm in Group 

B and 3.55±0.16 mm in Group C, without significant differences between the two treatment cohorts.  

Complete QCA results for all the study groups are listed in Table 3. In Group A, post-procedural in-stent RVD, 

MLD and DS were similar in the SES and EES group. At 9 month follow-up, the proximal and distal RVDs 

increased in both treatment groups (p=ns), while in-stent RVD remained stable. In-stent MLD showed a trend 

toward lower values in the SES group when compared with the EES group (2.06±0.61 mm vs 2.21±0.48 mm, 

p=0.08), with a strong tendency to higher in-stent DS (26.04±18.59% and 21.24±12.84% respectively, p=0.06), 

and a similar in-stent LLL. The binary restenosis rate, however, was significantly higher in the SES group: 8 

(10.3%) vs 1 (1.3%), p=0.03. 

In Group B reference diameters after PCI were similar and higher than in Group-A, reflecting the mean stent 

diameter implanted in this population, with also similar in-stent MLD and DS. At 9 month follow-up, all RVDs 

slightly increased in both treatment groups (p=ns), with comparable in-stent MLD and DS. In addition, in-

stent LLL resulted low and comparable in the two cohorts (0.03±0.78 mm vs 0.02±0.41 respectively, p=0.97), 

as was the incidence of binary restenosis. 
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Table 1: Demographic characteristics in the three groups of the study population. 

  

  

  

Small Stents(n=178) Large Stents(n=59) Both(n=93) 

SES(n=92) EES(n=86) p-value SES(n=30) EES(n=29) p-value SES(n=43) EES(n=50) p- value 

Age 63±9 62±10 0,68 62±11 63±10 0,76 63±10 62±11 0,71 

Male Sex 60(65%) 66(77%) 0,1 28(93,3%) 25(86,2%) 0,42 34(79,1%) 46(92%) 0,13 

Smoking   0,37   0,21   0,69 

Never 38(41,8%) 26(31%)  11(36,7%) 5(17,2%)  11(26,2%) 16(32,7%)  

Stopped >6 weeks 31(34,1%) 29(34,5%)  9(30%) 12(41,4%)  14(33,3%) 15(30,6%)  

Current 22(24,2%) 29(34,5%)  10(33,3%) 12(41,4%)  17(40,5%) 18(36,7%)  

Diabetes    0,91   0,29   0,68 

Non-Iinsulin Dependent 14(15%) 14(16%)  3(10%) 6(20,7%)  11(25,6%) 11(22%)  

Insulin-Dependent 3(3,3%) 2(2,4%)  0 1(3,4%)  0 0  

Dyslipidemia 62 67,4%) 57(66,3%) 0,59 19(63,3%) 17(58,6%) 0,1 27(62,8%) 29(58%) 0,62 

Hypertension 47(51%) 55(64%) 0,16 18(60%) 17(58,6%) 0,91 21(48,8%) 26(52%) 0,59 

Family History 42(45,7%) 49(57,6%) 0,17 14(46,7%) 17(58,6%) 0,62 23(53,5%) 21(42%) 0,4 

Renal Impairment (GFR)*   0,3   0,51   0,26 

 Normal (>60) 80(92%) 65(84,4%)  22(84,6%) 25(89,3%)  34(89,5%) 45(95,7%)  

 Mild (45-59) 5(5,7%) 8(10,4%)  3(11,5%) 2(7,1%)  4(10,5%) 2(4,3%)  

 Moderate (30-44) 2(2,3%) 2(2,6%)  0 1(3,6%)  0 0  

 Severe (<30) 0 2(2,6%)  1(3,8%) 0  0 0  
Left Ventricle Ejection 

Fraction    0,07   0,32   0,37 

>50% 85(92,4%) 70(81,4%)  24(80%) 26(89%)  35(81%) 43(86%)  

30%-50% 7(7,6%) 12(14%)  6(20%) 3(10,3%)  4(9,3%) 6(12%)  

<30% 0 4(4,7%)  0 0  4(9,3%) 1(2%)  

History          
Previous myocardial 

infarction 27(29,3%) 26(30,2%) 0,38 11(36,7%) 7(24,1%) 0,37 14(32,6%) 15(30%) 0,28 

Previous coronary-artery 

by-pass graft 3(3,3%) 5(5,8%) 0,48 1(3,3%) 2(6,9%) 0,61 2(4,7%) 4(8%) 0,68 

Previous ercutaneous 

coronary intervention 28(30,4%) 24(27,9%) 0,74 4(13,3%) 7(24,1%) 0,33 15(34,9%) 19(38%) 0,83 

Previous Stroke 5(5,4%) 7(8,2%) 0,43 5(16,7%) 3(10,3%) 0,7 3(7%) 1(2%) 0,49 
*Glomerular Filtration Rate (ml/min/1.73m2);  
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Table2: Angiographic and procedural features in the three groups of the study population. 

  Small Stents Large Stents Both 

  SES(n=92) EES(n=86) p-value SES(n=30) EES(n=29) p-value SES(n=43) EES(n=50) p- value 

Occluded vessel   0,24   0,86   0,79 

Right Coronary Artery 40(43,5%) 27(31,4%)  21(70%) 22(75,9%)  33(76,7%) 38(76%)  

Left Anterior Descendant 32(34,8%) 35(40,7%)  8(26,7%) 6(20,7%)  8(18,6%) 8(16%)  

Left Circumflex 20(21,7%) 24(27,9%)  1(3,3%) 1(3,4%)  2(4,7%) 3(6%)  

Collateral Filling 88(95,7%) 84(97,7%) 0,68 28(93,3%) 28(96,6%) 0,61 41(95,1%) 47(94%) 0,89 

Bridge Collaterals 43(46,7%) 36(41,9%) 0,55 13(43,3%) 14(48,3%) 0,79 17(39,5%) 20(40%) 0,55 

Retrograde Collaterals 82(89,1%) 75(87,2%) 0,81 28(93,3%) 29(100%) 0,49 42(97,7%) 48(96%) 0,24 

Catheter Size   0,53   0,34   0,27 

5 2(2,2%) 5(5,8%)  0 0  0 0  

6 83(90,2%) 75(87,2%)  29(96,7%) 26(89,7%)  39(92,9%) 44(88%)  

7 5(5,4%) 3(3,5%)  1(3,3%) 1(3,4%)  1(2,4%) 5(10%)  

8 2(2,2%) 3(3,5%)  0 2(6,9%)  2(4,8%) 1(2%)  

Vascular Access   0,74   0,21   0,37 

Single Access          

Femoral 41(44,6%) 44(51,2%)  15(50%) 11(37,9%)  7(16,3%) 10(20%)  

Radial 31(33,7%) 26(30,2%)  7(23,3%) 12(41,4%)  13(30,2%) 13(26%)  

Double Access          

Radial/Femoral 10(10,9%) 10(11,6%)  7(23,3%) 3(10,3%)  20(46,5%) 18(36%)  

Femoral/Femoral 9(9,8%) 6(7%)  1(3,3%) 3(10,3%)  3(7%) 9(18%)  

Radial/Radial 1(1,1%) 0  0 0  1(0,6%) 0  

Recanalization Technique   0,73   0,53   0,88 

Antegrade Wire Escalation          

Single Wire 79(86,8%) 77(90,6%)  26(86,7%) 26(89,7%)  27(64,3%) 31(62%)  

Parallel Wire 3(3,3%) 4(4,7%)  0 0  3(7,1%) 5(10%)  

Antegrade Dissection Re-entry          

Mini STAR/LAST 1(1,1%) 0  0 0  1(2,4%) 0  

Crossboss/Stingray 1(1,1%) 0  0 0  2(4,8%) 1(2%)  

Retrograde          

Retrograde Wire Escalation 4(4,4%) 2(2,4%)  3(10%) 2(6,9%)  4(9,5%) 5(10%)  
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Kissing wire 2(2,2%) 2(2,4%)  1(3,3%) 0  1(2,4%) 1(2%)  

Reverse CART 1(1,1%) 0  0 1(3,4%)  4(9,5%) 7(14%)  

Primary Approach   0,57   0,99   0,99 

Antegrade 84(91,3%) 81(94,2%)  26(86,7%) 26(89,7%)  31(72,1%) 37(74%)  

Retrograde 8(8,7%) 5(5,8%)  4(13,3%) 3(10,3%)  12(27,9%) 13(26%)  
Japanese-ChronicTotalOcclusion 

score 

Mean 1,6±1 1,7±1 0,37 1,9±1,3 2,3±1,1 0,27 2±1,1 2,4±1,1 0,09 

Risk group   0,13   0,77   0,37 

0 (easy) 13(14,1%) 5(5,8%)  4(13,3%) 1(3,4%)  3(7%) 2(4%)  

1 (intermediate) 31(33,7%) 36(41,9%)  8(26,7%) 6(20,7%)  13(30,2%) 7(14%)  

2 (difficult) 31(33,7%) 24(27,9%)  8(26,7%) 10(34,5%)  11(25,6%) 18(36%)  

≥3 (very difficult) 17(18,4%) 21(24,5%)  10(33,3%) 12(41,3%)  16(37,2%) 23(46%)  

Variables          

Blunt Stump 32(34,8%) 39(45,3%) 0,17 14(46,7%) 17(58,6%) 0,44 17(39,5%) 32(64%) 0,02 

Calcification 56(60,9%) 53(61,3%) 0,99 18(60%) 19(65,5%) 0,79 29(67,4%) 38(76%) 0,49 

Bending 8(8,7%) 8(9,3%) 0,99 9(30%) 14(48,3%) 0,18 13(32,6%) 12(24%) 0,48 

Lenght 39(42,4%) 41(47,7%) 0,55 15(50%) 15(51,7%) 0,99 23(53,5%) 24(48%) 0,68 

Re-try 1(1,1%) 1(1,2%) 0,99 0 0 NA 0 1(2%) 0,99 

Stent Diameter 2,87±0,21 2,83±0,24 0,19 3,69±0,24 3,65±0,23 0,56 3,54±0,18 3,55±0,15 0,92 

Stent Balloon Pressure 14,6±3 14,9±3,1 0,49 14,7±3,6 14,5±3,1 0,86 15,6±2,9 15,1±3,1 0,47 

Post-dilation 27(29,3%) 34(39,5%) 0,16 12(40%) 9(31%) 0,59 18(41,9%) 15(30%) 0,28 

Non-Compliant balloon 23(85,2%) 26(74,3%) 0,47 10(83,3%) 8(88,9%) 0,99 15(83,3%) 12(80%) 0,99 

Post-dilation diameter 3,15±0,37 3,14±0,36 0,92 3,98±0,6 3,89±0,41 0,69 3,72±0,3 3,6±03 0,28 

Post-dilation pressure 18±4,2 18±4,1 0,97 19,1±4,3 21,7±4,2 0,2 18,5±4,9 20,1±2,8 0,28 

Total stent lenght 45±21 40±20 0,12 41±22 39±16 0,63 73±24 81±24 0,16 

Number of Stents 1,76±0,8 1,67±0,8 0,47 1,66±0,8 1,41±0,5 0,17 2,88±1,07 2,82±0,85 0,75 

TIMI-flow final   0,37   1   0,99 

0 0 1(1,2%)  0 0  0 0  

1 0 0  0 0  0 0  

2 1(1,1%) 0  0 0  1(2,3%) 1(2%)  

3 91(98,9%) 85(98,8%)  29(100%) 30(100%)  42(97,7) 49(98%)  
*Mean±SD;  
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  Small Stents(n=178) Large Stents(n=59) Both(n=93) 

  SES(n=92) EES(n=86) p-value SES(n=30) EES(n=29) p-value SES(n=43) EES(n=50) p- value 

Pre-procedure 
         

Occlusion Lenght 19,3±12,6 18,7±9,8 0,76 20,8±9,1 19,9±8,9 0,74 22,4±13,8 25,1±21,6 0,49 

Proximal RVD 2,44±0,87 2,57±0,93 0,32 2,71±0,88 2,96±1 0,33 2,68±1,24 2,52±1,22 0,54 

Post-procedure          

Proximal RVD 2,96±0,35 2,97±0,37 0,81 3,71±0,49 3,70±0,47 0,99 3,65±0,49 3,46±0,37 0,04 

Proximal Edge RVD 2,92±0,35 2,93±0,37 0,9 3,66±0,47 3,63±0,43 0,84 3,61±0,48 3,44±0,37 0,06 

Proximal Edge MLD 2,77±0,42 2,76±0,37 0,9 3,55±0,53 3,52±0,45 0,78 3,29±0,44 3,36±0,45 0,45 

Proximal DS% 4,98±8,92 5,23±8,27 0,85 2,69±9,6 3,17±6,02 0,82 8,25±10,70 2,12±8,62 0,003 

Distal RVD 2,28±0,38 2,26±0,42 0,77 3,02±0,31 2,97±0,36 0,56 2,48±0,41 2,45±0,36 0,74 

Distal Edge RVD 2,33±0,36 2,32±0,39 0,88 3,07±0,3 3,03±0,36 0,66 2,54±0,4 2,51±0,34 0,69 

Distal Edge MLD 2,28±0,39 2,30±0,38 0,78 3,05±0,33 3,01±0,41 0,72 2,52±0,4 2,48±0,33 0,65 

Distal DS % 2,01±9 0,58±10,01 0,32 0,71±5,07 0,47±8,78 0,89 0,35±9,66 0,66±8,3 0,87 

In-stent RVD 2,73±0,35 2,71±0,4 0,81 3,4±0,38 3,36±0,38 0,71 3,16±0,58 2,97±0,38 0,07 

In-stent MLD 2,24±0,33 2,23±0,36 0,74 2,81±0,37 2,81±0,24 0,98 2,43±0,42 2,36±0,41 0,43 

In-stent DS% 17,54±7,49 17,75±7,15 0,85 17,23±7,19 16±5,91 0,48 22,79±6,97 20,92±7,11 0,21 

9-Month Follow-Up          

Proximal RVD 3,04±0,35 3,1±0,46 0,34 3,88±0,54 3,73±0,59 0,35 3,78±0,55 3,56±0,40 0,05 

Proximal Edge RVD 2,93±0,59 3,01±0,57 0,39 3,67±0,93 3,7±0,57 0,91 3,75±0,55 3,47±0,68 0,06 

Proximal Edge MLD 2,78±0,6 2,86±0,59 0,4 3,38±0,97 3,52±0,66 0,55 3,6±0,55 3,37±0,75 0,13 

Proximal DS% 5,05±7,8 4,78±11,01 0,86 7,86±9,47 4,78±9,61 0,25 3,63±8,15 2,84±10,12 0,71 

Distal RVD 2,36±0,39 2,44±0,42 0,26 3,26±0,46 3,33±0,82 0,73 2,71±0,35 2,64±0,42 0,4 

Distal Edge RVD 2,37±0,51 2,45±0,49 0,29 3,19±0,79 3,36±0,78 0,47 2,76±0,34 2,63±0,57 0,23 

Distal Edge MLD 2,33±0,54 2,41±0,52 0,32 3,11±0,81 3,2±0,58 0,65 2,73±0,38 2,57±0,59 0,17 

Distal DS % 1,43±8,61 1,38±9,04 0,97 2,43±6,51 2,98±12,3 0,84 1,23±8,04 1,99±11,78 0,75 

In-stent RVD 2,69±0,58 2,76±0,51 0,4 3,51±0,86 3,6±0,69 0,67 3,2±0,44 3,03±0,66 0,22 

In-stent MLD 2,06±0,61 2,21±0,48 0,08 2,76±0,79 2,79±0,46 0,86 2,44±0,4 2,23±0,62 0,1 

In-stent DS% 26,04±18,59 21,24±12,84 0,06 24,30±19,54 21,55±11,32 0,54 23,43±9,83 28,54±15,05 0,09 

In-stent LLL 0,19±0,60 0,05±0,42 0,1 0,03±0,78 0,02±0,41 0,97 0,01±0,32 0,15±0,55 0,19 

In-stent Binary Restenosis 8(10,3%) 1(1,3%) 0,03 2(8%) 0 0,23 1(2,9%) 2(4,8%) 0,99 

Re-occlusion 2(2,2%) 1(1,2%) 0,99 1(3,3%) 0 0,99 0 1(2%) 0,99 

Table3. Quantitative Coronary Analysis (QCA) results in the three groups of the study population. 
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Table 4. Optical Coherence Tomography findings in the three groups of the study population  

  Small Stents (n=39) Large Stents (n=11) Both (n=10) 

  SES (n=17) EES (n=22) p-value SES (n=7) EES (n=4) p-value SES (n=6) EES (n=4) p- value 

Lumen Measurements 
         

Mean Lumen Area (mm2)* 5.8±1.28 5.8±1.39 0.92 9.0±2.91 8.7±0.97 0.77 8.5±2.36 7.3±1.06 0.45 

Minimum Lumen Area (mm2)* 3.7±1.45 4.0±1.37 0.72 7.1±2.3 6.8±0.9 0.64 4.9±0.99 4.3±0.56 0.45 

 

Stent Measurements          

Mean Stent Area (mm2)* 5.8±1.05 6.1±1.36 0.26 8.9±2.44 8.8±0.91 0.92 8.1±1.65 8.0±1.67 1 

Minimum Stent Area (mm2)* 4.4±1.02 5.0±1.28 0.16 7.6±2.06 7.4±1.0.6 0.92 5.5±0.87 5.4±0.95 0.91 

Maximum Stent Area (mm2)* 7.2±1.52 7.5±1.7 0.33 11.1±2.42 10.5±1.17 1 11.1±3.32 11.2±1.45 0.91 

*: mean ± standard deviation. 

 

In Group C, reference diameters after PCI were higher in the SES arm (proximal RVD 3.65±0.49 mm and 3.46±0.37 mm respectively, p=0.04), showing a 

significantly higher proximal percentage DS in the same population (8.25±10.70% vs 2.12±8.62% respectively, p=0.003). On the other hand, similar in-stent RVD 

and in-stent DS were observed. At 9 month follow-up, proximal RVD was significantly higher in the SES group (3.78±0.55 mm vs 3.56±0.40mm, p=0.05), while 

in-stent MLD, in-stent LLL and the incidence of binary restenosis were comparable in the two cohorts (Figure 1). 

A complete list of OCT results for the three study groups is shown in Table 4. In Group A, mean lumen area and minimum lumen area were very similar in both 

study arms. Broadly lower values, although statistically non-significant, were observed for minimum stent area and mean stent area in the SES group (4.4±1.02mm2 

vs 5.0±1.28mm2 and 5.28±1.05mm2 vs 6.1±1.36mm2 respectively).  

In Group B, measurements of lumen minimal and mean area were similar in SES and EES. Stent mean, minimal and maximum area were also not significantly 

different between the two study arms, but of note, SES values tended to be higher than those in the EES arm. Similar findings were reported in Group C.  
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Discussion 

The ultrathin struts (60 µm) of the hybrid SES were designed to limit the arterial injury and amount of metallic-

body placed with stent implantation, thus hindering two possible mechanisms responsible for restenosis. The 

present sub-analysis from the PRISON IV trial suggests that the relatively inferior performance of this device 

is confirmed when smaller stents (≤3 mm in diameter) are adopted, which indeed consist of those with the 

ultra-thin struts. In fact, in this population (Group A), despite similar baseline patients characteristics and 

comparable angiographic (e.g. J-CTO score) and procedural (stent diameter and inflation pressure, post-

dilation, use of NC-balloons) features, the follow-up QCA disclosed a strong trend toward higher in-stent DS 

(26.04±18.59% vs 21.24±12.84%, p=0.06) and a statistically significant, nearly 8-fold higher, incidence of 

binary-restenosis (p=0.03). A possible explanation for these observations could be the reduced radial strength 

offered by the ultra-thin struts devices, as potentially supported by the OCT analysis, which showed a mild 

trend toward lower stent area values in this group. An alternative explanation could be identified in a lower 

neo-intimal inhibition operated by the hybrid SES, with more pronounced effects in vessel with smaller 

diameter. Indeed, these findings were not confirmed  in the population receiving larger stents (>3mm in 

diameter, Group B), where the SES struts thickness is equal to 80 µm (as that of all EES stents), despite the 

low number of patients included in this group poses relevant limitations in drawing firm conclusions. In fact, 

similar evolutions in RVDs were observed in the two groups between post-procedural analysis and follow-up, 

without any increase in in-stent LLL or binary restenosis rate, which, on the contrary, resulted similar to those 

of the EES cohort in Group A. Consistent findings were observed in the OCT analysis, with stent area values 

substantially identical in the two groups. Finally, findings from the hybrid Group C, where stent of both sizes 

(≤3mm and >3mm) were used, are unavoidably less clearly oriented. In this group, the total stent length 

resulted higher than in the other two groups, with need for more stents implanted (see Table 2). The common 

adoption of different number of both stent sizes (small and large), with the respective different lengths, makes 

the two cohorts of this group highly heterogeneous and thus not appropriate for clear interpretation.  

In the settings of complex coronary lesions, such as CTOs, the benefits of the ultra-thin struts in terms of 

reduced vascular injury and thrombogenicity are possibly counterpartyed by an inferior vessel-wall supportive 

strength. The high prevalence of calcified lesions (ranging from 60% to 76% of patients in the different 
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cohorts) and a generally greater lesion length (more than 20 mm in almost 50% of cases) could be possible 

elements hindering the performance of the ultra-thin struts SES in the present settings. However, larger and 

dedicated trials are needed to confirm our findings. 

 

Figure 1: Incidence of binary restenosis in the two cohorts of treatment stratified in the three Groups of 

analysis. 

Limitations 

Data presented in this sub-analysis derived from the randomized Prison IV trial, which makes our findings 

solid. However, some limitations must be acknowledged. First, the study was not designed to assess 

angiographic differences in the sub-group of patients receiving stent with diameter ≤3 mm. Second, QCA 

results, although clearly oriented, especially in Group A, are limited by the absolute low number of patients 

analysed in the cohort. Third, the clinical implications of these findings were not investigated in this sub-

analysis, thus caution should be used before translating our results into clinical indications. In addition, the 

OCT analysis was carried out in an exploratory way, without mandatory assessments in the two groups of 

treatment, with consequent limited number of examinations available. Finally, OCT analysis was performed 

only during the 9-month follow-up procedure, thus comparison with basal post-procedural results was not 

possible.  
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Abstract 

Aims. Available data indicate mixed outcomes after using retrograde techniques for chronic total 

occlusion(CTO) recanalization, with generally higher need for repeat revascularization. Aim of this study is to 

analyse the angiographic and clinical outcome of patients treated with retrograde techniques in the PRISON-

IV trial.  

Methods and Results. This is a post-hoc sub-analysis from the randomized PRISON-IV trial. Briefly, 330 

patients with a successfully recanalized CTO lesion were randomized 1:1 to receive either hybrid-SES or EES. 

The hybrid-SES failed to reach the non-inferiority primary endpoint of in-segment late lumen loss at 9-month 

angiography follow-up. In the present analysis, we divided the population according to the first technical  

approach, namely antegrade (n=285) or retrograde approach (n=45). Demographic characteristics were similar 

between the two groups, while angiographic features disclosed higher CTO lesion complexity in the group 

treated with retrograde techniques (J-CTO score: 1.8±1.1 vs 2.6±1.1 respectively, p<0.001), with longer 

occlusions (17.6±10mm vs 28.8±18.7mm, p<0.001) and longer stented segment (48.9±24.4mm vs 

73.1±33.2mm, p<0.001). Quantitative coronary analysis disclosed similar results at follow-up angiography, 

with a non-significantly higher in-stent late-lumen loss in the retrograde group (0.08±0.52mm vs 

0.18±0.56mm, p=0.32). Clinical follow-up at 12-months showed similar outcome, with a non-significantly 

higher target-lesions revascularization rate in the retrograde group (6% vs 11.1% respectively, p=0.2). 

Significant improvements in angina functional class were observed in both groups.  

Conclusions. The present analysis supports the benefits of retrograde techniques in CTO revascularization, 

with non-significant differences in angiographic and clinical outcomes at late follow-up. 
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Introduction 

Coronary chronic total occlusions (CTOs) represent a complex setting for percutaneous coronary intervention 

(PCI), which has experienced in the last decade relevant increases in operator dedication and procedural 

success rates. This phenomenon is also related to the relevant improvements in materials (e.g. microcatheters 

and dedicated wires) and techniques (from antegrade dissection and re-entry [ADR] to all retrograde 

techniques), which considerably augmented the number of possible approaches to cross the coronary occluded 

lesion. Of note, in the early years of CTO revascularization experience, before the adoption of the retrograde 

approaches, the success rate of these procedures was below 70%1. Together with all other improvements, the 

introduction of retrograde techniques has led to a major step forward in CTO success rates (now around 86%), 

as shown in the recent RECHARGE registry2, where it was successfully applied in 20% of cases and accounted 

for 24% of all successful procedures2. On the other hand, the use of retrograde techniques in CTO PCI has 

been associated with longer procedural time, increase use of contrast dye and fluoroscopy3, and in some 

experiences also to higher rates of further revascularization4. 

To our knowledge, the contemporary evidence lacks angiographic late-outcomes after retrograde approach in 

CTO revascularization. Aim of this study is to investigate the angiographic and clinical outcome of patients 

undergoing CTO recanalization by means of retrograde techniques in the settings of the Primary Stenting of 

Occluded Native Coronary Arteries (PRISON) IV trial.  

Methods 

This is a sub-analysis of the PRISON IV trial, whose design, major inclusion and exclusion criteria, endpoints, 

definitions and results have been previously described in details5,6. Briefly, after successful recanalization of 

native total occlusions (i.e. at least 1 month old) or chronic total coronary occlusions (at least 3 months old), 

330 patients were randomized in a 1:1 fashion to receive either a hybrid SES or everolimus eluting stents 

(EES). Procedural and technical choices, including the antegrade or retrograde techniques, were left to the 

operator’s discretion. All patients received dual antiplatelet therapy prior to the procedure with the indication 

to maintain it for at least 12 months.  

Of the 330 patients enrolled in the trial, 45 (13.6%) underwent a primary approach of CTO revascularization 

by means of retrograde techniques. Aim of the present study is to compare this population with the rest of 
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enrolled patients in terms of demographic characteristics, angiographic findings, procedural features and 

clinical outcome. 

Angiographic Outcome 

Angiographic follow-up was mandatory scheduled at 9 months from the baseline procedure. Quantitative 

coronary analysis (QCA) was assessed offline in an independent angiographic core laboratory (St. Antonius 

Hospital Angiographic Core Laboratory, Nieuwegein, the Netherlands) with automatic edge detection software 

CMS version 5.3 (Medis Medical Imaging Systems, Leiden, the Netherlands) by experienced operators blinded 

to clinical information and study’s purpose. The contrast-filled catheter was used for calibration. The 

projection was chosen to avoid, as far as possible, foreshortening or overlap of other arterial segments. 

Intracoronary nitrates were injected by protocol before angiography, and all QCA measures were performed 

from an end-diastolic still-frame. Measures including reference vessel diameter (RVD, mm), minimum luminal 

diameter (MLD, mm), mean luminal diameter (MeanLD, mm), percentage of diameter stenosis (DS%, RVD - 

MLD/RVD x 100), and lesion length were calculated at both baseline and follow-up procedures in each patient. 

A binary stenosis was defined as a lesion with DS%> 50%. 

Clinical Outcome 

All clinical events included in the PRISON IV trial were included in this sub-analysis5,6. Death, myocardial 

infarction (defined as the presence of new significant Q waves or an elevation of creatine kinase or its MB 

isoenzyme to at least twice the upper reference limit) and clinically driven target lesion revascularization 

(defined as revascularization due to a stenosis within a 5-mm border proximal or distal to the stent) were 

recorded as major adverse cardiac events (MACEs)7. These were adjudicated by an independent clinical event 

committee. Clinical follow-up was obtained during hospitalization, and at 1, 6, 9, and 12 months. 

Statistical Analysis 

Baseline and outcome data were analysed using descriptive statistics. Numerical values were expressed as 

mean ± standard deviation (SD) or median (interquartile range, IQR) as appropriate. Categorical variables 

were expressed as percentages. Comparisons of measured outcomes were performed using the Fisher exact 

test to compare binary and categorical variables and student t-test for continuous variables. A two tailed 
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probability value of P <0.05 was considered statistically significant.  All statistical analyses were performed 

using SPPS version 22.0 (SPSS, Inc., Chicago, IL, USA).  

Results 

A primary approach to CTO lesion revascularization by means of retrograde techniques was attempted in 45 

(13.6%) of all patients enrolled in the PRISON IV trial. Of these lesions, 5 (11.1%) were finally recanalized 

by means of antegrade wire escalation (AWE) techniques, because of failure in collateral channels crossing. 

In the group undergoing a primary antegrade revascularization attempt, 1(0.4%) switch to retrograde 

techniques (reverse controlled antegrade and retrograde subintimal tracking[R-CART]) was observed. 

Detailed descriptions of demographic and angiographic baseline characteristics are shown in Table 1 and 2. 

Of note, most of the occluded vessel in the group of retrograde approach were represented by the RCA (81.6%), 

significantly higher than in the group of antegrade approach (50.2%, p<0.001). In addition, the incidence of 

previous PCI and specifically previous attempt on target CTO lesion were significantly higher in the retrograde 

approach group. This is also consistent with the significantly more common presence of re-try lesions in this 

group (33.3% vs 10.2% in the antegrade approach group, p<0.001). Moreover, a broadly higher procedural 

complexity was observed in the retrograde-approach group, as shown by the higher J-CTO score and other 

procedural features, including fluoroscopy time and amount of radiation and contrast dye given. Of note, 

retrograde procedures were more frequently performed on longer lesions (28.8±18.7mm vs 17.6±10 mm 

p<0.001), with consequent need for more stents per patient (2.6±1.2 vs 1.9±0.9, p<0.001) and higher total stent 

length (73.2±33mm vs 48.9±24.5mm, p<0.001). Finally, the mean stent diameter was significantly larger in 

the retrograde approach group (3.4±0.3mm vs 3.2±0.4mm, p<0.001). 

Periprocedural complications were equally distributed in the two groups of patients, with the exception of 

donor artery dissection, which only occurred in 2 patients of the retrograde approach group (p=0.02). Of note, 

the incidence of periprocedural tamponade requiring pericardiocentesis was not significantly different in the 

two groups (1[2.2%] in the retrograde approach vs 2[0.7%] in the antegrade approach, p=0.36). Full description 

of procedural-related complications is available in Table 3. 
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TABLE 1 Baseline Clinical Characteristics 

 Antegrade 
(n=285) 

 

Retrograde 
(n=45) 

 

p value 
 

Age (yrs.) 62,2±10,0 64,9±9,6 0,10 

Male 224 35 0,51 

Estimated occlusion duration 
    >3 months 

261(91.6) 44(97.8) 0.22 

Initial presentation 
   Stable AP 
   Unstable AP 
   ACS* 
   Coincidental finding  
   Unclassified 

 
202(71.6) 

19(6.7) 
30(10.6) 

9(3.2) 
22(7.8) 

 

 
28(63.6) 

3(6.8) 
5(11.4) 
2(4.5) 

6(13.6) 

0,72 
 

CCS angina class 
   No 
   I 
   II 
   III 
   IV 

 
32(11.3) 
10(3.5) 

167(57.8) 
62(21.8) 
13(4.6) 

 
4(9.1) 

5(11.4) 
23(52.3) 
8(18.2) 
4(9.1) 

0.11 

LVEF 
   >50% 
   30%-50% 
   <30% 

 
247(86.7) 
32(11.2) 

6(2.1) 

 
36(80)  
6(13.3)  
3(6.7) 

0.09 

Risk factors 
   Smoking 
      Never 
      Stopped > 6 weeks 
      Current 
 
   Diabetes mellitus 
      Non-insulin requiring 
      Insulin requiring 
 
   Hyperlipidaemia  
   Hypertension 
   Familial risk of cardiovascular disease 

 
 

93(33.0) 
100(35.5) 
89(31.6) 

 
52 (18,3) 
32(65.3) 
17(34.7) 

 
189(66.3) 
162(56.8) 
143(50.4) 

 
 

14(32.6) 
10(23.3) 
19(44,2) 

 
13(28.8) 

6(50)  
6 (50) 

 
22(48.9) 
22(48.9) 
23(51.1) 

0.04 
 
 
 
 
 

0.15 
0.57 

 
 

0.08 
0.22 
0.51 

 

Renal condition (GFR [ml/min/1.73 m2]) 
   Normal (>60) 
   Mildly decreased (45–59) 
   Moderate decreased (30–44) 
   Severely decreased (<30) 

  
233(88.6) 

23(8.7) 
4(1.5) 
3(1.1) 

 
38(95) 
1(2.5) 
1(2.5) 

0 

0.47 

History 
   Previous MI 
   Previous intervention 
      PCI 
      CABG 
   Previous attempts at TLR 
   Previous stroke  

 
81(28.4) 

 
74(26) 
13(4.6) 

29(10.3) 
20(7) 

 
19(42.2) 

 
23(51.1) 

4(8.9) 
15(34.9) 

4(8.9) 

 
0.15 

 
0.001 
0.26 

<0.001 
0.72 

 

Values are mean ± SD or n (%).  
ACS = acute coronary syndrome; AP = angina pectoris; CABG = coronary artery bypass grafting; CCS = Canadian 
Cardiovascular Society; GFR = glomerular filtration ratio; LVEF = left ventricular ejection fraction; MI = myocardial 
infarction; PCI = percutaneous coronary intervention; TLR = target lesion revascularization.  
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TABLE 2 Baseline Procedural Characteristics 

 Antegrade 
(n=285) 

 

Retrograde 
(n=45) 

 

p value 
 

Coronary artery disease 
   1-vessel 
   2-vessel 
   3-vessel  

 
183(64.2) 
85(29.8) 
17(6.0) 

 
30(66.7) 
11(24.4) 

4(8.9) 

0.62 

Occluded vessel 
   RCA 
   LAD 
   RCX 

 
143(50.2) 
93(32.6) 
49(17.2) 

 
39(86.7) 

4(8.9) 
2(4.4) 

<0.001 

Collateral filling 
   Bridge collaterals 
   Retrograde filling 

271(95.1) 
130(45.6) 
259(90.9) 

45(100) 
13(28.9) 
45(100) 

0.31 
0.10 
0.11 

TIMI flow grade pre-procedure 
   0 
   1 
   2 
   3 

 
263(92.3) 

22(7.7) 
0 
0 

 
43(95.6) 

2(4.4) 
0 
0 

0.76 

Stent Implanted 
   Everolimus-eluting stent 
   Hybrid Sirolimus-eluting stent 

 
144(50.5) 
141(49.5) 

 
21(46.7) 
24(53.3) 

0.75 

Catheter size (F) 
   5 
   6 
   7 
   8 

 
5(1.8) 

259(91.2) 
11(3.9) 
9(3.2) 

 
2(4.4) 

37(82.2) 
5(11.1) 
1(2.2) 

0.11 

Sheath location 
   Single-catheter access 
      Femoral 
      Radial 
   Dual-catheter access 
      Radial/femoral 
      Femoral/femoral 
      Radial/radial 

 
 

126(44.2) 
95(33.3) 

 
40(14.0) 
23(8.1) 
1(0.4) 

 
 

0 
7(15.6) 

 
28(62.2) 
10(22.2) 

0 

 
 
 
 

<0.001 

Primary approach 
   Antegrade 
   Retrograde 

 
285(100.0) 

0 

 
0 

45(100) 

 

Recanalization technique 
   Antegrade wire escalation 
      Single wire 
      Parallel wire 
   Antegrade dissection re-entry 
      Mini STAR/LAST 
      Crossboss/stingray 
   Retrograde technique 
      Retrograde wire escalation 
      Kissing wire 
      Reverse CART 

 
 

263(92.9) 
13(4.6) 

 
2(0.7) 
4(1.4) 

 
0 
0  

1(0.4) 

 
 

3(6.8) 
2(4.5) 

 
0 
0 
 

21(46.7%) 
7(15.9) 

12(27.3) 

<0.001 

Contrast (ml)*  199.5±104.1 302.0±107.7 <0.001 

Radiation DAP (Gy$cm2)* 107479 ± 
115828 

261529 ± 
166479 

<0.001 
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Fluoroscopy time (min)* 18.01±16.2 52.2 ± 21.0 <0.001 

Occlusion length (mm) 17.6±10 28.8±18.7 <0.001 

J-CTO score 1.8±1.1 2.6 ± 1.1 <0.001 

J-CTO score risk group 
   0 (easy) 
   1 (intermediate) 
   2 (difficult) 
   3 (very difficult) 

 
28(9.8) 

93(32.6)  
90(31.6)  
74(26.0) 

 
0 

8(17.8) 
12(26.7)  
25(55.6) 

<0.001 

J-CTO variables 
   Blunt Stump 
   Calcification    
   Tortuosity 
   CTO length >20mm 
   Retry lesion 

 
120(42.1)  

 176(61.8) 
57(20) 

130(45.6) 
29(10.2)  

 
31(68.9) 
37(82.2) 
8(17.8) 
6(57.8) 

15(33.3) 

 
0.01 
0.07 
0.84 
0.15 

<0.001 

Stent diameter (mm) 3.2±0.4 3.4±0.3 <0.001 

Stent balloon pressure (atm) 15.5±3.4 15.2±3.7 0.73 

Post-dilation 93(32.6) 22(48.9) 0.43 

Noncompliant balloon 76(80.9) 18(81.8) 0.89 

Post-dilation diameter (mm) 3.4±0.5 3.7±0.4 0.01 

Post-dilation pressure (atm) 18.7±4.0 19.1±5.3 0.70 

Total stent length (mm) 48.9±24.5 73.16±33.20 <0.001 

Number of stents 1.9±0.9 2.6±1.2 <0.001 

TIMI flow grade post-procedure* 
   0 
   1 
   2 
   3 

 
1(0.4) 

0 
3(1.1) 

280(97.9) 

 
0 
0 
0 

46(100) 

0.810 

Values are mean ± SD or n (%).  
CART = controlled antegrade and retrograde tracking; CTO = chronic total occlusion; J-CTO = 
Multicenter CTO Registry in Japan; LAST = limited antegrade subintimal tracking; LAD = left anterior 
descending coronary artery; RCA = right coronary artery; RCX = ramus circumflex; STAR = subintimal 
tracking and re-entery; TIMI = Thrombolysis in Myocardial Infarction; other abbreviations as in 
Table 1.  
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Quantitative Coronary Analysis 

Complete results of the QCA are shown in Table 4. Similar basal characteristics were observed in the two 

groups, with evidence of significantly longer CTO-lesions in the group approached with retrograde techniques. 

At the end of the procedure, vessels in the retrograde approach group were significantly larger in diameters 

than in the antegrade-approach group, including proximal reference diameter (3.53±0.41mm vs 3.22±0.52mm 

respectively, p<0.001), in-stent reference diameter (3.14±0.36mm vs 2.90±0.49mm respectively, p=0.01) and 

in-segment reference diameter (3.20±0.33mm vs 2.91±0.48mm respectively, p<0.001). These results are 

consistent with the higher lesion length and total stented length observed in the retrograde approach group. 

These differences were confirmed, even if less pronounced, in the follow-up angiography, with higher 

proximal reference diameter (3.64±0.44mm vs 3.33±0.57mm respectively, p=0.01) and in-segment reference 

diameter (3.27±0.35mm vs 3.02±0.54mm respectively, p=0.01). Of interest, in-stent late lumen loss resulted 

non-significantly higher in the group of retrograde approach (0.18±0.56mm vs 0.08±0.52mm respectively, 

p=0.32, see Figure 1) as was the in-segment late lumen loss (0.13 ± 0.60mm vs 0.07±0.55mm respectively, 

p=0.55). Finally, rates of binary in-stent and in-segment restenosis, including re-occlusions, were all similar 

in the two groups (all p=non-significant, see Figure 2). 

TABLE 3 Periprocedural Complications 

 Antegrade 
(n=285) 

 

Retrograde 
(n=45) 

 

p value 
 

Pericardiocentesis 2(0.7) 1(2.2) 0.36 

Donor artery dissection 0 2(4.4) 0.02 

Dissection Distal Coronary Bed 
   TIMI flow grade 2 
   TIMI flow grade 3 
 

5(1.8) 
2(0.7) 
3(1.1) 

0 
0 
0 

1 

Minor stroke 1(0.4) 1(2.2) 0.25 

Vascular intervention 1(0.4) 0 1 

Values are n (%). 
Abbreviations as in Tables 1 and 2.   

 

  



 
 

139 

TABLE 4 Angiographic Outcomes 

 Antegrade 
(n=246) 

Retrograde 
(n=35) 

p value 
 

Pre-procedure 
   Occlusion length 
   Proximal RVD (mm) 

 
17.6±10 
2.6±0.97 

 
28.8±18.7 
2.51±1.25 

 
<0.001 

0.61 

After pre-dilation 
   Proximal RVD (mm) 
   Distal RVD (mm) 
   MLD RVD (mm) 
   MLD (mm) 
   % Diameter stenosis 

 
2.43±0.59 
1.72±0.57 
2.17±0.49 
0.84±0.41 

61±17 

 
2.38±0.77 
1.80±0.48 
2.30±0.64 
0.86±0.40 

60±18 

 
0.58 
0.38 
0.74 
0.83 
0.71 

Post-procedure 
   Proximal RVD (mm) 
   Proximal edge RVD (mm) 
   Proximal edge MLD (mm) 
   Proximal % diameter stenosis 
   Distal RVD (mm) 
   Distal edge RVD (mm) 
   Distal edge MLD (mm) 
   Distal edge % diameter stenosis 
   In-stent RVD (mm) 
   In-stent MLD (mm) 
   In-stent % diameter stenosis 
   In-segment RVD (mm) 
   In-segment MLD (mm) 
   In-segment % diameter stenosis 

 
3.22±0.52 
3.17±0.51 
3.02±0.53 
4.74±8.68 
2.44±0.47 
2.49±0.46 
2.46±0.47 
1.09±8.80 
2.90±0.49 
2.37±0.42 

18.22±6.98 
2.91±0.48 
2.44±0.43 

16±7 
 

 
3.53±0.41 
3.49±0.41 
3.35±0.53 

4.18±10.54 
2.59±0.42 
2.64±0.40 
2.63±0.43 
0.21±9.78 
3.14±0.36 
2.47±0.39 

21.22±9.25 
3.20±0.33 
2.60±0.41 

19±10 
 

 
<0.001 
<0.001 
<0.001 

0.70 
0.49 
0.43 
0.27 
0.12 
0.01 
0.14 
0.54 

<0.001 
0.02 
0.06 

 

9 months follow-up 
   Proximal RVD (mm)  
   Proximal edge RVD (mm)  
   Proximal edge MLD (mm) 
   Proximal % diameter stenosis  
   Distal RVD (mm)  
   Distal edge RVD (mm)  
   Distal edge MLD (mm)  
   Distal edge % diameter stenosis 
   In-stent RVD (mm)  
   In-stent MLD (mm)  
   In-stent % diameter stenosis  
   In-segment RVD (mm)  
   In-segment MLD (mm)  
   In-segment % diameter stenosis  
   In-stent late lumen loss (mm)  
   In-segment late lumen loss (mm) 
   In-stent binary restenosis  
   In-segment binary restenosis 
    Reocclusions  

 
3.33±0.57 
3.24±0.70 
3.07±0.72 
4.93±9.33 
2.61±0.57 
2.63±0.64 
2.58±0.62 
1.51±9.47 
2.97±0.68 
2.30±0.61 

23.88±15.03 
3.02±0.54 
2.38±0.63 

22±16 
0.08±0.52 
0.07±0.55 

12(4.9) 
12(4.9) 
4(1.4) 

 
3.64±0.44 
3.51±0.75 
3.41±0.84 

3.02±10.27 
2.83±0.50 
2.79±0.69 
2.70±0.72 
3.12±8.57 
3.10±0.67 
2.33±0.60 

26.75±17.22 
3.27±0.35 
2.50±0.62 

24±18 
0.18±0.56 
0.13±0.60 

2(5.7) 
2(5.7) 
1(2.2) 

 
0.01 
0.03 
0.01 
0.26 
0.04 
0.16 
0.27 
0.34 
0.31 
0.80 
0.30 
0.01 
0.31 
0.46 
0.32 
0.55 
0.83 
0.83 
0.68 

In-stent restenosis lesion classification* 
    Focal type Ic 
   Total occlusion, type IV 

 
12(4.9) 
4(1.4) 

 
2(5.7) 
1(2.2) 

 
0.83 
0.68 

Values are mean ± or n (%).  
*Mehran’s in-stent restenosis lesion classification. 
MLD = minimal luminal diameter; RVD = reference vessel diameter; other abbreviations as in Table 1.  
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Clinical Outcome 

Clinical follow-up at 12 months was available in all patients of the retrograde approach group, while 2 patients 

were lost to follow-up and 1 subject withdrew consent in the antegrade approach group. The incidence of 

adverse clinical events resulted non-significantly different in the two groups (see Table 5). A non-significantly 

higher need for target lesion revascularization was observed in the retrograde approach group (11.1% vs 6% 

respectively, p=0.20, see Figure 2). Similar trends were observed for the two composite endpoints: the 

incidence of target vessel failure (namely, the composite of cardiac death, myocardial infarction, and clinically 

driven target vessel revascularization) resulted 11.1% in the retrograde approach group and 7% in the antegrade 

approach group, p=0.36, while MACEs occurred in 13.3% and 6% respectively, p=0.11. Angina graded by 

CCS score was significantly reduced in both groups from the index procedure to 12-month follow-up, with 

nearly 91% patients reporting to be angina-free. 

TABLE 5. Canadian Cardiovascular Society Angina Grading and Clinical Events at 12 Months  

 Antegrade 
(n=285) 

 

Retrograde 
(n=45) 

 

p value 
 

CCS angina grading at 12 months  
   0 
   I 
   II 
   III 
   IV 

 
261(91.6) 

5(1.8) 
12(4.2) 
1(0.4) 

 
41(91.1) 

0 
3(6.7) 

0 

0.83 
 

TLR 
   Clinically driven 
   OCT driven 

17(6.0) 
15(5.3) 
2(0.7) 

5(11.1) 
5(11.1) 

0 

0.20 
0.17 
1.00 

Target vessel revascularization, non-TLR 3(1.1) 0 1.00 

Myocardial Infarction* 1 (0.4) 1(2.2) 0.25 

Stent thrombosis  
   Definite or probable 
   Possible  

2(0.7) 
2(0.7) 

0 

1(2.2) 
0 

1(2.2) 

0.36 
1.00 
0.14 

Timing 
   Late † 

 
2 

 
1 

 

Death 
   Cardiac 
   Noncardiac 

 
2(0.7) 

0 

 
1(2.2) 
1(2.2) 

 
0.36 
0.14 

Composite endpoints 
   Target vessel failure 
   Major adverse cardiac events 

 
20(7.0) 
17(6.0) 

 
5(11.1) 
6(13.3) 

 
0.36 
0.11 

Values are n(%) or n. Number of patients with Canadian Cardiovascular Society scores of O, I, II, III, and IV and percentages 
are reported, and p values are 2-sided and calculated using the Fisher exact test. Number of events (Kaplan-Meier 
estimates at 365 days [percentage]) are reported, and p values are 2-sided and calculated using log-rank tests.  
*Defined as the presence of new significant Q waves or an elevation of creatine kinase or its MB isoenzyme to at least 
twice the upper limit.  
†Defined as stent thrombosis > 30 days.  
OCT = optical coherence tomography; TLR = target lesion revascularization; other abbreviations as Table 1.  
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Discussion 

Since introduction of retrograde approach for CTO recanalization, procedural success rates in CTO PCI has 

experienced general improvements with nowadays peaks of nearly 90% of success in most recent registries. 

First, our analysis supports the relevance of the retrograde approach in CTO revascularization procedures. In 

fact, in the PRISON IV trial, where only successfully recanalized CTO were enrolled, the use of retrograde 

approach was adopted in 45 patients (13.6% of the total population) and accounted for 12.4% of all successful 

techniques. This result is broadly in line with those of other bigger registries2,8. In addition, this technical 

approach was essentially adopted when lesion complexity resulted significantly higher, as demonstrated by the 

mean J-CTO scores in the two groups (2.6±1.1 vs 1.8±1.1 respectively, p<0.001) with more than half cases in 

the retrograde approach presenting with J-CTO≥3.  Also this findings is in line with recent experiences, 

including the big registry of the expert Asian operators10. The higher complexity of these cases explain the 

longer occlusion length, longer total stent length and higher stent number observed in the same group. The 

higher stent diameter in this group, finally, also reflects scenarios where unfavourable angiographic features 

often demand additional stenting also in the segment proximal to the occlusion itself. 

 

Figure 1. Graphical comparison between median(IQR) in-stent late lumen loss in the two groups. Antegrade 

approach: 0.05(-0.23 ─ 0,29mm); Retrograde approach: 0.10 (-0.15 ─ 0.45mm). P value: 0.70. 
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Secondly, the angiographic outcome of lesions approached with retrograde techniques was substantially 

comparable with those treated with antegrade techniques in terms of in-stent and in-segment binary stenosis. 

Of note, detailed quantitative coronary analysis disclosed a non-significant trend towards higher in-stent and 

in-segment late lumen loss in those patients. At present, very few reports on angiographic results of CTO PCI 

with retrograde recanalization techniques are available9, and correlation between angiographic late lumen loss 

and clinical events remains speculative. According to our findings, occlusions treated with retrograde 

techniques demonstrated a trend toward higher late lumen loss for both in-stent and in-segment assessments, 

although statistical significance was not reached, possibly because of limited sample size. In any case, the late 

loss in our cohort of retrograde CTO PCI remains broadly favourable, also considering the fact that CTO 

treated with retrograde techniques were technically more challenging. 

 

Figure 2. Percentage incidence of target lesion revascularization at 1-year follow up in the two groups (A). 

Percentage incidence of angiographic binary re-stenosis (DS%>50%) in the two groups (B). Both p values: 

non-significant. 
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Finally, the clinical outcome of patients treated with retrograde techniques resulted, in our analysis, 

substantially comparable to those treated conventionally. It is important to notice that patients in both groups 

experienced a significant benefit in functional class, with nearly 91% of them declaring to be angina free at 

follow-up visit in both groups, thus supporting the efficacy of retrograde recanalization procedures in terms of 

symptoms improvement. On the other hand, we observed a mild non-significant trend towards higher rates of 

TLR in the retrograde approach group, with numerically relevant difference (11% vs 6% respectively), partly 

explained by the higher complexity of the CTO treated with retrograde techniques, and possibly also because 

of relatively low number of patients analysed . A consistently higher incidence of TLR in this setting has 

already been reported by Michael et al, who indicated, in their registry of 41 patients with retrograde CTO 

PCI, an incidence of TLR of 45% at two years follow-up, with most of the events occurring in the first year 

after the procedure4. Our findings are more in line with those of a large experience from the Euro CTO club, 

describing a need for further revascularization in 8.6% of the 1395 patients with retrograde CTO PCI enrolled3, 

and with those of the recent RECHARGE registry (target vessel failure at 1 year: 13% for retrograde wire 

escalation and 7% for retrograde dissection and re-entry techniques)11. 

In conclusion, our analysis supports the benefits of retrograde approach in CTO PCI, which allowed for 12% 

success in difficult procedures in the settings of the PRISON IV randomized trial and yielded a clinical 

outcome comparable to the more conventional antegrade approach. In addition, this is one of the very few 

angiographic follow-up available for assessing the long-term outcome of retrograde techniques applied in the 

settings of CTO, which disclosed a mild trend towards higher late lumen loss when these techniques were 

applied, although statistically non-significant and numerically broadly favourable.  

Limitations 

This study presents several limitations. First, the study was not primarily designed to assess angiographic and 

clinical differences in the subgroup of patients treated with retrograde techniques. Second, our results are 

limited by the relatively low number of patients analysed in the group of retrograde approach, thus caution 

should be used before extrapolating definitive conclusions from these findings.  
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The Orsiro hybrid ultrathin-strut sirolimus-eluting stent(SES) platform with biodegradable polymer(Biotronik, 

Berlin, Germany) was designed to overcome potential drawback of earlier generation DES. Recent evidence 

supported the significantly improved outcome of patients treated with ultra-thin strut DES in conventional PCI, 

with significantly low incidences of target vessel revascularization(TVR) and stent thrombosis(ST)1,2. 

However, data regarding the long-term performance of this device in the settings of chronic total 

occlusions(CTOs) are still lacking. 

In the Primary Stenting of Occluded Native Coronary Arteries(PRISON)-IV multicentre-trial, 330 patients 

with successfully recanalized coronary occlusion were randomized 1:1 to receive either an hybrid-SES or a 

conventional Everolimus-ES(EES, Xience, Abbott Vascular, Santa Clara, California)3. The SES study device 

did not meet the primary non-inferiority endpoint of in-segment late lumen loss(LLL) estimated by 

Quantitative Coronary Analysis(QCA) at 9 month of angiographic follow-up, caused mainly by an increased 

rate of focal in-stent restenosis in the SES group, which translated into a significant higher incidence of target 

lesion revascularization(TLR) at 1-year follow-up. In this study, we investigate whether these differences were 

translated into relevant clinical discrepancies at three years. 

By study protocol, all patients were scheduled for a clinical evaluation at 3-years after the baseline procedure. 

The clinical study design and primary endpoints have been described previously3. Secondary endpoints 

included death, myocardial infarction(MI), target lesion revascularization(TLR) and stent thrombosis. Clinical 

events definitions have been described previously in details. All composite and individual outcomes assessed 

at 3 years were adjudicated by an independent clinical events committee. 

The baseline clinical, angiographic and procedural characteristics described previously were comparable 

between the two groups. Clinical follow-up at 3 years was completed in 94.6% patients of both SES and EES 

groups (8 deaths and 1 lost to follow-up in the EES group and 4 deaths, 4 lost to follow-up and 1 consent 

withdrawn in the SES group). At 3-year follow-up, 19(11.7%) and 22(13.4%) patients were on DAPT in the 

SES and EES groups, respectively(p=0.37). Similar incidences of cardiac death were observed in the SES and 

EES groups (2[1.2% vs 3[1.8%] respectively), as for MI(3[1.8% vs 4[2.4%] respectively) and TVR non-

TLR(2[1.2% vs 4[2.4%] respectively, all p=NS).  The rate of TLR at 3 years was resulted significantly higher 

in the SES arms compared to the EES arm(19[11.5%] vs 7[4.2%], p=0.023], difference mainly driven by the 
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events in the first year of follow-up. Indeed, Kaplan-Meier curves for TLR between 1 and 3 years were 

relatively flat and parallel between the two arms, showing very few events during this time(Figure-1). Only 

one additional subject in the EES treatment arm experienced a definite ST through the second and third year. 

Overall MACEs at 3 years trended higher in the SES group(22[13.3%] vs 11[6.7%] respectively, p=0.06). 

The data from the PRISON IV trial represents the longest follow-up available for the ultra-thin hybrid SES in 

the settings of total coronary occlusions. After the first year, the incidence of TLR and MACEs in the two 

study groups is constant and low. However, an overall significantly higher rate of TLR is observed in the 

hybrid-SES arm at complete follow-up, mainly driven by those happening in the first year after CTO 

revascularization. The incidence of ST was low and comparable in the two groups. The clinical outcomes 

presented here suggest that the relatively sub-optimal performance of ultra-thin hybrid-SES in CTO is 

maintained at long-term follow-up, with, however, most of the adverse events taking place in the first year 

after implantation. Additional studies are warranted to further evaluated if the 25% reduction in strut thickness 

in SES up to 3.0mm in diameter might actually compromise the radial strength needed in these selected 

complex coronary lesions4. 
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Figure 1. Kaplan-Meyer and landmark analysis curves for survival from MACEs (panels A-B) and from TLR 

(Panel C-D) in the two study groups. 

  



 

152 

References 

1. Bangalore S, Toklu B, Patel N, Feit F, Stone GW. Newer Generation Ultra-Thin Strut Drug-Eluting 

Stents versus Older Second-Generation Thicker Strut Drug-Eluting Stents for Coronary Artery 

Disease: A Meta-Analysis of Randomized Trials. Circulation 2018; 

doi:10.1161/CIRCULATIONAHA.118.034456.  

2. Kandzari DE, Mauri L, Koolen JJ, Massaro JM, et al. Ultrathin, bioresorbable polymer sirolimus-

eluting stents versus thin, durable polymer everolimus-eluting stents in patients undergoing coronary 

revascularisation (BIOFLOW V): a randomised trial. Lancet. 2017;390:1843-1852. 

3. Teeuwen K, van der Schaaf RJ, Adriaenssens T, et al. Randomized Multicenter Trial Investigating 

Angiographic Outcomes of Hybrid Sirolimus-Eluting Stents With Biodegradable Polymer Compared 

With Everolimus-Eluting Stents With Durable Polymer in Chronic Total Occlusions: The PRISON IV 

Trial. JACC Cardiovasc Interv. 2017;10:133-143. 

4. Zivelonghi C, Teeuwen K, Agostoni P, et al. Impact of ultra-thin struts on restenosis after chronic total 

occlusion recanalization: Insights from the randomized PRISON IV trial. J Interv Cardiol. 2018;doi: 

10.1111/joic.12516. 

  



 
 

153 

Part II 

 

 

 

 

 

 

 
  

The role of the Coronary Sinus 

Reducer in patients with 

refractory angina 

 

 

CHAPTER   10 



 

154 

Chapter 10 

The coronary sinus reducer: a validate option for “no-option” labeled patients. 

Clinical evidences and new perspectives. 

Michele Bellamoli MD1, Carlo Zivelonghi, MD2, Federico Marin MD1, Flavio Luciano Ribichini MD1,  

Stefan Verheye MD PhD2, Pierfrancesco Agostoni MD PhD2 

1Division of Cardiology, Department of Medicine, University of Verona, Italy; 2Department of Cardiology, 

ZNA Middelheim, Antwerpen, Belgium 

 

 

 

 

 

 

 

 

 

 

 

 

 

Published in the Revista Argentina de Cardioangiología Intervencionista 2019;(01):0021-0025 

  

  



 
 

155 

ABSTRACT  

Refractory angina pectoris is a condition characterized by the presence of debilitating angina symptoms despite 

optimal medical therapy due to severe and/or diffuse coronary artery disease (CAD) not amenable for 

revascularization either by percutaneous or surgical approach.  

The coronary sinus Reducer (CSR) is a percutaneous device designed to increase coronary sinus pressure to 

achieve a redistribution of the arterial coronary blood flow from the sub-epicardial layers towards the ischemic 

sub-endocardium in patients with refractory angina. The aim of this review is to provide a description of the 

Reducer, to report results from clinical studies available up to date and to discuss about future employment 

and perspectives.  
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Introduction 

Refractory angina pectoris is a chronic disabling condition affecting a growing number of patients (10-

15%) with severe ischemic heart disease (1). It can be defined as the presence of debilitating angina despite 

optimal medical therapy due to severe and/or diffuse coronary artery disease (CAD) not amenable for 

revascularization either by percutaneous or surgical approach.  

Life expectancy for these patients doesn’t differ significantly from other patients with chronic ischemic heart 

disease (2, 3), but their quality of life is poorer, their incidence of re-hospitalization is higher (4), and they 

frequently experience depression and anxiety because of their disease (5). Moreover, patients with refractory 

angina should be managed with many anti-ischemic drugs and are relatively young (60-65 years) (6). 

This "no-option" labeled population represents a complex and heterogeneous group (7, 8). Most of them are 

not good candidates for revascularization due to several technical implications, such as the presence of 

complex coronary total occlusions, highly diffuse coronary artery disease, recurrent coronary restenosis after 

percutaneous coronary revascularization (PCI) or occluded bypass after coronary artery bypass graft surgery 

(CABG). Other patients continue complaining about disabling angina despite successful revascularization: this 

is called “residual” or “persistent” angina and is supposed to affect 25% of patients after one year and 45% 

after 3 years following revascularization (9). Furthermore, another group of patients suffer from micro-

vascular angina in the absence of significant epicardial coronary stenosis (7).  

This wide range of clinical entities may explain the difficulties in assessing the effectiveness of various 

proposed therapeutic alternatives (10-12). The impact of refractory angina in terms of healthcare costs indicates 

the need for expanding strategies for the treatment of these patients (12), which has been currently limited 

mainly to traditional anti-anginal therapy and lifestyle changes in the past few years (13, 14). In fact, several 

novel anti-ischemic drugs such as ivabradine or ranolazine, and alternative therapies like transmyocardial laser 

revascularization, extracorporeal shockwave therapy, spinal cord stimulation, gene therapy or cell therapy 

brought only limited benefits in this population (11, 15).  

 

The coronary sinus Reducer (CSR) is a novel percutaneous implantable device designed to narrow the 

coronary sinus (CS) in order to reduce angina burden in patients experiencing refractory angina; it received 

CE approval in November 2011. The concept of narrowing the coronary sinus comes from Beck’s and others 
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heart surgeons interventions (16, 17), who started performing a surgical restriction of the main cardiac vein to 

obtain redistribution of myocardial blood flow into ischemic territories, with encouraging results. This 

promising technique was then almost forgotten due to the rapid development of surgical and percutaneous 

revascularization procedures, but recently the increasing number of patients with refractory angina called back 

this idea. Therefore, the CS Reducer has been developed and introduced in clinical practice as a new device 

for the treatment of these patients (18, 19).  

 

Device and implantation procedure   

The CSR is a stainless steel mesh pre-mounted on an hourglass shaped balloon catheter, intended to 

be percutaneously implanted to create a controlled narrowing into the CS, to finally increase coronary venous 

pressure (Figure 1). The device is provided in a single size suitable for CS diameters ranging from 9 to 14 mm.  

Through a percutaneous approach from the right-jugular vein, a 6 French (Fr) diagnostic catheter 

(Multipurpose or Amplatz left) is advanced to measure right atrial pressure (RAP) and to selectively gain the 

CS, which is injected to assess the anatomy. RAP over 15 mmHg represents a contraindication to the 

implantation, to avoid treating patients with uncontrolled heart failure. Then, the 6 Fr diagnostic catheter is 

exchanged with a 9 Fr guiding catheter, which is positioned distally into the CS, allowing to advance the 

Reducer up to the place chosen for the implant. The 9 Fr guiding catheter is then retracted and the Reducer 

balloon is inflated by the help of contrast injection to guide correct implantation. After deflation and retrieval 

of the balloon, a final angiogram evaluates the positioning and excludes any complications such as perforations 

(Figure 2). After the procedure, a short period of dual antiplatelet therapy with aspirin and clopidogrel is 

recommended (usually one month).  

Insight the mechanism of action  

The potential benefit in reducing coronary sinus diameter in ischemic heart disease is based on the 

findings first described by Camici et al(7), later by Banai et al(18). In a normal heart, during exercise, the 

sympathetic-mediated vasoconstriction of the sub-epicardial vessels leads to an increase of blood flow to the 

sub-endocardial layers (20): in patients with obstructive CAD this mechanism is dysfunctional (21). In 

addition, in ischemic heart disease, the high left ventricular end-diastolic pressure worsen the sub-endocardial 

ischemia increasing coronary flow resistance. A controlled narrowing of the CS in ischemic myocardium raises 
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the pressure in the venous drainage system, inducing arterial capillaries dilatation and reducing flow 

resistances, leading to a redistribution of blood from the less ischemic sub-epicardium to the more ischemic 

sub-endocardium (22) (23). This beneficial effect was first observed pre-clinical experiments in animals (24-

27). The effect of the Reducer starts once the endothelialization of the device has completed, so it takes a few 

months after implantation (18, 22).  

Another potential mechanism of action is linked to the possible angiogenic effect of the device (28). 

This theory is still debated, and comes from histological findings of myocardial neo-angiogenesis after the 

introduction of a small balloon pump into the CS designed to reduce acute ischemic injury after myocardial 

infarction in the early nineties (27).  

Patient selection and contraindications 

The best candidate for Reducer implantation is a patient with all these features: 1) stable angina with 

Canadian Cardiovascular Society (CCS) class II-IV; 2) objective evidence of myocardial ischemia in the left 

coronary artery distribution; 3) optimized antianginal medical therapy; 4) no further options for coronary 

surgical or percutaneous revascularization (29).  

Not good candidates are patients with no objective evidence of myocardial ischemia or limited 

ischemia on the right coronary artery (RCA) territory: the venous drainage from the RCA is usually ensured 

by the middle cardiac vein (MCV), inserting next to the CS ostium, distally from the Reducer implantation 

site. However, an atypical implantation of the Reducer in the MCV in a patient with RCA related-ischemia has 

recently been reported without peri-procedural complications (30), suggesting the possibility of an off-label 

procedure in such patients when CS anatomy is unfavorable and MCV is of suitable size. Reducer is 

furthermore not advisable in cases of heart failure with severe systolic impairment (ejection fraction <30%) 

which could benefit from cardiac resynchronization therapy, in patients with mean RAP >15 mmHg or in 

recent (< 3 months) PCI or CABG. (29) 

The non-responders: new evidences  

CSR implantation results in an improvement in symptoms in about 70-80% of patients (29); the reason 

why the remaining percentage does not benefit is still matter of debate. Factors such as angina related to 

ischemia on the right coronary territory, coexisting heart failure related symptoms or non-angina chest pain 

are proposed (29).  
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However, the most physiological supported hypothesis to date is that an inadequate pressure gradient 

across the Reducer could significantly influence the device’s efficacy. This is more likely to happen in patients 

with a well-developed alternative coronary venous drainage system, as recently suggested by San Raffaele’s 

interventionalists (31). Therefore, measuring the difference between right atrial pressure (corresponding to CS 

pressure) at the baseline and the CS systolic wedge pressure after Reducer implantation could help detecting 

non-responders: such patients might have scarce CS pressure increment as compared to responders. Excluding 

coronary artery disease progression at follow-up or malposition/thrombosis of the device by CT scan is 

otherwise important in case of non-responding (31).  

 

Procedural complications  

CSR implantation has shown to be a safe procedure with a very low rate of peri-operative 

complications (29); however several troubles as CS dissection during catheter or wire manipulation, direct or 

late device migration, pericardial tamponade due to CS rupture may theoretically occur. In the COSIRA trial 

(22) only one case of peri-procedural myocardial infarction was registered in the treatment group, with no 

evidence of device migration or occlusion at CT angiography.  

The first systematically described managed case of CS perforation was recently reported by Bernardo 

Cortese et al(32): after implantation of the device and balloon retrieval, they noticed free extravasation of 

contrast in the left atrium due to CS rupture. No hemodynamic impairment occurred: the patient was 

successfully treated with protamine sulfate administration and a semi-compliant balloon inflation for 5 minutes 

was performed. No pericardial effusion was detected at echo and the patient was discharged two days later. 

Thus, in this case, a potential life-threatening complication was successfully managed without serious 

implications.  

 

Efficacy performances in clinical studies  

The feasibility, safety and efficacy of the Reducer implantation were first evaluated in pre-clinical 

experiments in swine models, showing a reduction in extent and severity of myocardial ischemia (33) (29). 

Then, further studies in men assessed the role of the device in improving quality of life and parameters of 

ischemia in patients with refractory angina.   
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The first-in-man study was a multicenter, non-randomized prospective study (18) involving 15 patients 

with refractory angina treated with the Reducer at 3 medical centers. All procedures were completed with no 

adverse events. Most of the patients (85%) reported a reduction in CCS angina class; clinical improvement 

started a few weeks after the procedure. The extent and severity of myocardial ischemia assessed by 

dobutamine echocardiography and by thallium SPECT studies were significantly reduced in 8 out of 13 

patients and 4 out of 10 patients respectively at 6 months follow-up (18).  

Data about 21 patients treated with the Reducer in two centers (Antwerp Cardiovascular Center, 

Belgium, and Tel Aviv Medical Center, Israel) were published in Eurointervention in 2014 (34). Patients with 

refractory angina not susceptible for surgical or percutaneous coronary revascularization, with objective 

evidence of myocardial ischemia and ejection fraction ≥25% were included. The implant of the Reducer was 

associated with a significant improvement in angina class in 85% of the cases; medium CCS class values 

decreased significantly at six months follow-up from an average of 3.3 ± 0.6 to 2.0 ± 1.0. Clinical improvement 

started a few weeks after the procedure and was maintained at follow-up. In addition, wall motion severity 

index (WMSI) at stress assessed by dobutamine echocardiography at 6 months follow-up improved 

significantly; summed stress score (SSS) and summed difference score (SDS) at thallium stress scans were 

significantly reduced, demonstrating an improvement in the extent and severity of the ischemic segments after 

CSR implantation (34).  

To date, the only randomized sham-controlled trial evaluating the efficacy of CS reducer as a treatment 

for refractory angina is the COSIRA trial (COronary SInus Reducer for treatment of refractory Angina) (22). 

The study involved 11 clinical centers; a total of 104 patients were randomized. Participants were randomly 

assigned in a 1:1 ratio to undergo either implantation of the Reducer (treatment group, 52 patients) or the sham 

procedure (control group, 52 patients). The study was double-blinded: neither the patients nor cardiologists 

evaluating the clinical status at baseline and follow-up were aware of the treatment arm. The primary endpoint 

of the study was the reduction in angina symptoms evaluated by CCS score: 18 out of 52 patients (35%) in the 

treatment group versus 8 out of 52 (15%) in the control group had an improvement of at least two CCS classes. 

This improvement was significant (p = 0.02) (22). An improvement of at least one CCS class was registered 

in 71% of patients in the treatment group (37 of 52 patients) compared to 42% (22 of 52) in the control group 

(p = 0.003). In addition, quality of life assessed with the Seattle Angina Questionnaire (SAQ) was significantly 
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improved in the Reducer group as compared to the control group. No significant between-groups differences 

were found in improvement in exercise time during ergometry or in the extent of ischemia evaluated by stress 

echocardiography or myocardial scintigraphy at 6 months follow-up (22).  

Data from a retrospective registry in Utrecht about 23 patients treated with the Reducer were published 

in 2016 by Abawi et al. (35). Patients with refractory angina despite optimal medical therapy (CCS class 2-4) 

with CAD not suitable for revascularization and documented inducible myocardial ischemia underwent 

Reducer implantation. Unlike the COSIRA (22), which included only patients with a positive dobutamine 

stress echocardiography at the baseline, in this registry all forms of proven inducible ischemia were admitted. 

In line with previous studies (18, 22, 34) the CSR implantation in these patients was proven to be safe with no 

procedural-related complications. The efficacy endpoint (any reduction in CCS class and revascularization 

free survival) was reached in most of the patients (74%, 17 patients) few weeks after the procedure (35).  

Recently, new data from real-world experiences with Reducer implantation have been published. 

Giannini and others from San Raffaele Scientific Institute in Milan reported their results coming from 50 

consecutive patients treated with Reducer between March 2016 and August 2018 (36). They demonstrated an 

improvement of at least one CCS angina class in 80% of patients and of two CCS angina class in 40% of 

patients at 4 months follow-up, with a preserved result at 1 year. They also reported an improvement in quality 

of life assessed by Seattle Angina Questionnaire (SAQ) and 6-min walking test distance, without any device-

related adverse event during the procedure or at follow-up. Reducing in antianginal drugs was possible for 

19% of the patients at follow-up. No data regarding reduction in objective myocardial ischemia assessed by 

imaging techniques were reported.  

Results from another single-center experience in Tel-Aviv were published by Konigstein and others 

in Eurointervention on July 2018 (37). 48 patients underwent Reducer implantation and then were evaluated 

at 6 months and 1-year follow-up. No peri-procedural or long-term adverse events were recorded. The main 

findings of the study can be summarized in 3 points. First, Reducer implantation was associated with 

significant reduction of angina severity and improvement in quality of life, as reflected by the SAQ. Second, 

exercise duration evaluated by Treadmill exercise test and 6 minute-walking test distance increased. Third, but 

not less important, ejection fraction at stress increased and wall motion severity index (WMSI) improved 

significantly when evaluated by means of dobutamine echocardiography at six-months follow-up. (37) 
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In the multi-center “Reduce” clinical registry (38) data from one hundred forty one consecutive 

patients who underwent Reducer implantation at 3 high volume medical centers (San Raffaele Hospital in 

Milan, Tel-Aviv medical center and Antwerp Cardiovascular center) were collected and analyzed. Patients 

with obstructive CAD with no-option for further revascularization, suffering from chronic disabling angina 

(CCS class 2-4) and with pre-implant objective demonstration of myocardial ischemia by physical or 

pharmacological stress tests were treated with Reducer. No peri-procedural or long-term complications 

occurred; mean CCS class and all SAQ items improved significantly; the number of anti-ischemic drugs 

prescribed was significantly reduced during a median follow-up of 14 months. The choice to perform a further 

ischemia testing during follow-up was left to treating physician, thus data regarding objective ischemia 

reduction after Reducer implantation were not complete and consistent. However authors reported a significant 

reduction in ischemia extent assessed by myocardial scintigraphy  (available in 37 patients) and a significant 

reduction in inducible ischemia evaluated by dobutamine stress echocardiography (available in 42 patients) 

(38).  

To date, data regarding the improvement in objective parameters of ischemia following Reducer 

implantation are still limited to restricted non-randomized cohorts. In the last few years cardiac magnetic 

resonance became the gold standard imaging technique to evaluate myocardial viability and its use will spread 

more and more to assess myocardial perfusion and ischemia. What we need now is to evaluate the role of 

dipyridamole stress cardiac magnetic resonance with myocardial perfusion reserve index (MPRI) calculation 

to objectively measure the effect of Reducer implantation. Available data in this setting come from Giannini’s 

experience in Milan in patients with refractory angina without obstructive coronary artery disease treated with 

Reducer (39). Eight patients underwent CS Reducer implantation for the treatment of microvascular angina: 

all 3 patients that underwent dipyridamole CMR with MPRI calculation in this group were found to have an 

increasing MPRI of the ischemic segments and an increasing mean MPRI of the whole ventricle after 

intervention. CMR with MPRI was also employed by Konigstein and others in 15 patients undergoing CS 

Reducer implantation with a demonstration of an increasing global MPRI from baseline to 4 months follow-

up (1.46 ± 0.40 to 1.80 ± 0.78) (29). Larger studies with longer follow-up are now required in this setting to 

objectively assess the reduction in ischemia burden with this accurate technique in patients treated with 

Reducer.  
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Further ongoing studies will evaluate the impact of CSR on refractory angina in larger number of 

patients. A multi-center observational clinical study (Reducer-I - NCT02710435) will include 400 patients 

from 40 centers in Europe with a 5 years extended follow-up; a phase III multi-center, randomized, double 

blinded, sham-controlled clinical trial will enroll 380 patients from more than 30 centers across North America 

(COSIRA II).  

 

Future perspectives  

The prevalence of refractory angina is still increasing in relation to the increase in survival of patients 

with ischemic heart disease and the aging of the population. CS Reducer should be always considered in this 

setting, where appropriate indications exist, because of the safety of its implant, the proven efficacy in reducing 

anginal symptoms and in improving the quality of life of these patients (22).  

The use of CS Reducer is now diffusing in Europe due to previously cited promising clinical findings and 

experiences, but remains still under adopted. Future perspectives and broadening of its indications will be 

matter of upcoming literature. Reducer implantation in patients suffering from microvascular angina without 

obstructive CAD as already be tested in small series (39), enlightening promising results. What should be 

attempted now is to go beyond the purpose for which Reducer is currently approved: hence to demonstrate a 

possible role of this device in terms of increased survival in patients with highly diffuse coronary artery disease 

not eligible for revascularization regardless of symptoms, as recently proposed by Lozano et al. (40). The 

mortality rate in this group still remains very high, and positive results in decreasing the ischemia burden after 

Reducer implantation (37) (39) (29) may be a solid start point to test in a clinical study the employment of CS 

Reducer in this population. However, evaluating the impact on myocardial ischemia with advanced techniques 

such as stress cardiac magnetic resonance in larger groups of patients treated with Reducer will be the first 

step to start exploring this new exciting perspective (41).  
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 Figure 1. The Reducer device. Above: expanded device (note the three different diameters determining the 

hourglass shape). Below: expanded device mounted on the delivery balloon with their hourglass shape. 

 

 

 

 

Figure 2. Angiographic image of the coronary sinus (A) Deployment of the Reducer in the coronary sinus 

(B) Final angiographic control after Reducer implantation (C) 
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Abstract 

Aims. Refractory angina is still a major public health problem. The Coronary Sinus Reducer (CSR) has 

recently been introduced as an alternative treatment to reduce symptoms in these patients. Aim of this study is 

to investigate objective improvements in effort tolerance and oxygen kinetics as assessed by cardiopulmonary 

exercise testing (CPET) in patients suffering from refractory angina undergoing CSR implantation. 

Methods and Results. In this multicentre prospective study, patients with chronic refractory angina 

undergoing CSR implantation were scheduled for CPET before the index procedure and at 6-month follow-

up. Main endpoints of this analysis were improvements in VO2 max and in VO2 at anaerobic threshold (AT). 

Clinical events and improvements in symptoms were also recorded. A total of 37 patients formed the study 

population. CSR implantation procedure was successful and without complications in all. At follow-up CPET 

significant improvement in VO2 max (+0.97 ml/kg/min [+11.3%], 12.2±3.6 ml/kg/min at baseline vs 13.2±3.7 

ml/kg/min, p=0.026), and workload (+12.9[+34%]; 68±28 W vs 81±49W, p=0.05) were observed, with non-

significant differences in VO2 at AT (9.84±3.4 ml/kg/min vs 10.74±3.05 ml/kg/min, p=0.06). Canadian 

Cardiovascular Society (CCS) grade improved from a mean of 3.2±0.5 to 1.6±0.8 (p<0.01), and significant 

benefits in all Seattle Angina Questionnaire variables were shown. 

Conclusions. In patients with obstructive coronary artery disease suffering from refractory angina, the 

implantation of CSR was associated with objective improvement in exercise capacity and oxygen kinetics at 

CPET, suggesting a possible reduction of myocardial ischemia.  
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Introduction 

Available data from large registries suggests that the number of patients suffering from refractory angina is 

constantly increasing. It is estimated that 5-10% of patients with a history of ischaemic heart disease suffer 

from angina, refractory to medical and interventional therapies, and 30% of patients following 

revascularization suffer from persistent angina [1-4]. These patients present with recalcitrant angina symptoms 

despite optimal medical treatment, with lack of revascularization options. In addition, they are considered at 

higher risk for new hospitalizations and increased incidence of adverse cardiac events [1]. The coronary sinus 

Reducer (CSR) was recently introduced as a therapeutic option in patients with refractory angina who are not 

candidates for coronary revascularization. This hourglass balloon-expandable mesh is implanted in the 

coronary sinus (CS), creating, once completely covered by ingrowth of tissue, an iatrogenic narrowing with 

augmented backwards pressure. The narrowing forces re-distribution of coronary flow from the non-ischemic 

sub-epicardial areas to the ischemic sub-endocardial layers of the myocardium, thus relieving ischemia and 

angina symptoms [5]. Benefits in terms of angina relief and improvements in quality of life have been 

demonstrated in the majority of patients by the first randomized trial and from “real life” registries[6-7]. In 

addition, data showing improvement in objective evidence of myocardial ischemia - as shown by enhanced 

myocardial perfusion at cardiac MRI - , in diastolic function, as well as very long term follow up safety and 

efficacy data have been published. [8-14] 

Nevertheless, more robust evidence of effect of the CSR on myocardial ischemia is required. Cardiopulmonary 

exercise test (CPET) detects myocardial ischemia with higher sensitivity than conventional ECG-stress test 

[15]. Indeed patients with exercise-induced silent or symptomatic ischemia have been found to have lower 

peak-VO2 and oxygen pulse compared with non-ischemic controls, also in absence of ECG changes [15]. In 

addition, decreased VO2 at anaerobic threshold (AT) has also been consistently shown to be related to the 

presence [15-19] and the extent [20] of myocardial ischemia. The aim of this study was to investigate objective 

improvement in effort tolerance and in oxygen kinetics parameters by CPET in patients with refractory angina 

treated with CSR implantation. 

  



 
 

173 

Methods 

This is a prospective, 2-center, international registry conducted at Antwerp Cardiovascular Center, Ziekenhuis 

Netwerk Antwerpen (ZNA) Middelheim (Antwerp, Belgium) and Tel Aviv Medical Center, Tel Aviv 

University Medical School (Tel Aviv, Israel). All consecutive patients referred to the study centres for 

evaluation for CSR implantation were considered for cardiopulmonary exercise test before the procedure and 

scheduled for a follow-up CPET at 6 months when eligible. All patients had evidence of reversible myocardial 

ischemia at non-invasive imaging stress-tests, left ventricular ejection fraction of more than 25%, and no option 

for revascularization according to the local heart team decision. Indication for CSR implantation included 

age>18 years, obstructive coronary artery disease with chronic refractory angina, Canadian Cardiovascular 

Society (CCS) grade II to IV despite maximally tolerated antianginal medical therapy for at least 30 days 

before screening. Medical therapy included beta-blockers, calcium-channel blockers, nicorandil, ivabradine, 

and short-acting/long-acting nitrates used at maximum tolerated doses. Clinical outcome was established with 

variation in CCS score and in quality of life as assessed with the Seattle Angina Questionnaire (SAQ). By 

protocol, the same anti-angina medical treatment was maintained before CSR implantation and at follow-up, 

to avoid possible confounders in clinical/CPET benefits.  

Device and implantation procedure  

The Reducer’s mechanism of action and implantation technique were described in details elsewhere[5]. In 

short, the Reducer is a stainless steel balloon-expandable mesh designed to establish narrowing of the CS. 

It’s available in a single size, adaptable to the tapered anatomy of the CS by the balloon inflation pressure 

(diameter 3 mm in the mid portion, 7-13 mm at both ends). The procedure consists of selectively cannulating 

the CS from the right internal jugular vein, generally achieved with a diagnostic multi-purpose catheter. A 

dedicated 9-F guiding catheter is exchanged over a wire and used to deliver the Reducer. Implantation is 

performed by inflating the semi-compliant balloon in order to conform adequately to the CS anatomy. A 

final angiogram is always performed to confirm proper positioning of the device.  

Dual antiplatelet therapy was maintained for 6 months after the implantation. 
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Cardiopulmonary Exercise Test 

Cardiopulmonary exercise testing was carried out on an electromagnetic bicycle ergometer (Ergo-metrics 

800S, Sensormedics, Yorba Linda, CA, USA), using a standardized protocol in the two study centres. Each 

patient was examined with the same protocol in the pre-implantation evaluation and at 6 month follow-up. 

Breath-by-breath minute ventilation (VE), carbon dioxide production (VCO2), and oxygen consumption (VO2) 

were measured using a Medical Graphics metabolic cart (ZAN, nSpire Health Inc, Germany). Peak-VO2 was 

defined as the highest averaged 30-second VO2 during exercise. Whenever possible, the test was conducted, 

by protocol, until patient’s exhaustion.  

 The AT is calculated according to the modified V-slope method. The slope of the ventilation vs. volume of 

exhaled carbon dioxide (VCO2) relationship (VE/ VCO2 slope) was evaluated, excluding, when present, its 

final nonlinear portion due to acidotic ventilatory drive. Heart rate reserve was calculated as the difference 

between the predicted maximal heart rate, based on age, and the measured heart rate at peak VO2. The O2 pulse 

was determined by dividing the VO2 by the simultaneously measured heart rate. Blood pressure was measured 

at rest and every two minutes during the exercise and recovery phases. 

Statistical Analysis 

Baseline and outcome data were analysed using descriptive statistics. Numerical values were expressed as 

mean ± standard deviation (SD) or median (interquartile range, IQR) as appropriate. Categorical variables 

were expressed as percentages. Comparisons of measured outcomes were performed using the Fisher exact 

test to compare binary and categorical variables and paired student t-test for continuous variables. A two tailed 

probability value of P <0.05 was considered statistically significant.  All statistical analyses were performed 

using SPPS version 22.0 (SPSS, Inc., Chicago, IL, USA).  
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Results 

During the study period, a total of 94 patients underwent CSR implantation in the two study centres. Of these, 

37 patients were eligible to participate and were included in the present study (13 in the centre of Antwerp and 

24 in the centre of Tel Aviv). Most of the patients treated with CSR were referred to us from different hospitals, 

and this represented the major reason for not participating in the present study; other reasons consisted of 

incapability of performing the CPET and presence of a pacemaker. 

 Demographic baseline characteristics of the study population are shown in detail in Table 1. Briefly, the 

majority of patients were males, with a mean age of 68±9 years, history of previous CABG in more than 70% 

of cases. All suffered from chronic angina CCS class III (73%) or IV (24.3%), except one (2.6%) who was in 

CCS grade II (see Table 2). The implantation procedure was successful and uncomplicated in all patients.  

Table 1. Demographic baseline characteristics of the study population. 

  Total Population (n=37) 

Age 68±9 

Male gender 27(71.1%) 

BMI 26.1±4.3 

Hypertension 31(81.6%) 

Diabetes 23(60.5%) 

Current or Previous Smoking 20(52.6%) 

Hypercholesterolemia 34(89.5%) 

Previous PCI 10(26.3%) 

Previous MI 20(52.6%) 

Previous CABG 28(73.7%) 

Previous Stroke 4(10.5%) 

Peripheral Vascular Disease 9(23.7%) 

Left Ventricular Ejection Fraction 55±11 
BMI: body mass index; CABG: coronary artery bypass graft; MI: myocardial infarction; PCI: percutaneous coronary 

interventions; 

Clinical Outcome 

All patients presented at the scheduled 6-month follow-up visit. Improvement in angina symptoms was 

observed in 32 patients (86.5%), with a mean improvement in CCS grade at follow up of 1.6±0.8 (see Table 2 

for complete details). As per protocol, only very limited differences in anti-anginal medications were recorded, 

with a mean of 1.9±1.1 drugs per patient at baseline vs 1.8±1.1 at follow-up (p=0.77; see Table 1 and 2 for 

additional information). In particular, the rate of use of beta-blockers was comparable at baseline and at follow-
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up. No adverse cardiovascular events were reported during the follow-up period. Baseline and follow-up 

Seattle Angina Questionnaires for assessment of quality of life were available for 31 patients (84%), and 

showed consistent and significant improvement in all variables of the questionnaire (all p<0.01, see Table 2 

for further details). 

Table 2. Clinical characteristics after CSR implantation in the study population. 

 Baseline (n=37) Follow-up (n=37) p Value 

Canadian Cardiovascular Society class 3.2±0.48 1.6±0.8 <0.01 

I - 20(54.1%)   

II 1(2.6%) 10(27%)   

III 27(73%) 7(18.9%)   

IV 9(24.3%) -   

Seattle Angina Questionnaire       

Physical Limitation 44.39±21.78 63.66±21.53 <0.01 

Angina Stability 30.11±25.75 58.75±36.57 <0.01 

Angina Frequency 42.15±30.06 69.65±29.02 <0.01 

Treatment Satisfaction 54.65±26.08 79.74±21.21 <0.01 

Quality of Life 26.52±17.37 52.43±23.64 <0.01 

Anti-anginal medication       

Beta-blockers 24 (64.9%) 26 (70.3%)   

Calcium Channels Blockers 17 (45.9%) 16 (43.2%)   

Nitrates 26 (70.3%) 25 (67.6%)   

Ivabradine 4(10.8%) 3 (8.1%)   

Ranolazine - -   

Number of Anti-anginal medications 1.9±1.1 1.8±1.1 0.77 

0 2 (5.4%) 1(2.7%)   

1 11 (29.7%) 14 (37.8%)   

2 13 (35.1%) 11 (29.7%)   

3 10 (27%) 10 (27%)   

>3 1(2.7%) 1(2.7%)   
 

Cardiopulmonary Exercise Test (CPET) 

All patients performed the CPET with the same protocol at baseline and at 6-month follow-up. Full results of 

the CPETs are available in Table 3.  Both at baseline and follow-up, the exercise was interrupted due to 

physical exhaustion in 64% of patients, while the onset of anginal symptoms was the reason for the test 

interruption in the remaining 36% (p=NS). Significant ST-segment changes suggestive of ischemia were 

detected in 43% of baseline CPETs, while 28% were positive at the follow-up test (p=NS).  
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An overall better performance was observed at follow-up CPET, with significant improvements in terms of 

exercise workload (+12.9[+34%]; 68±28 W at baseline vs 81±49W at follow-up, p=0.05), VO2 max (+0.97 

ml/kg/min [+11.3%], 12.2±3.6 ml/kg/min at baseline vs 13.2±3.7 ml/kg/min at follow-up, p=0.026, see 

Figure1) and VCO2 at AT (0.64±0.29 L/min at baseline vs 0.79±0.24 L/min at follow-up, p=0.04). Of note, 

improvements in VO2 max and VO2 at AT occurred in 78.4% of patients. An illustrative case of CPET 

performance at baseline and after CSR implantation is shown in Figure 2. 

However, improvement in VO2 at AT resulted non-significant (9.84±3.4 ml/kg/min vs 10.74±3.05 ml/kg/min, 

p=0.06). No significant changes were detected for the other parameters in the CPET, including respiratory 

exchange ratio (see Table 3 for further details).  

Table 3. Cardiopulmonary exercise test results in the study population. 

  pre - CSR post - CSR p-Value 

Work Load (W) 68±28 81±49 0.05 

Exercise Time (s)  309±84 335±101 0.26 

    

VO2 at AT (L/min) 0.78±0.31 0.83±0.23 0.16 

VO2 at AT (ml/kg/min) 9.84±3.4 10.74±3.05 0.06 

VO2 max (L/min) 0.96±0.32 1.02±0.28 0.09 

VO2 max (ml/kg/min) 12.2±3.6 13.2±3.7 0.026 

        

VCO2 at AT (L/min) 0.64±0.29 0.79±0.24 0.04 

VCO2 at AT (ml/kg/min) 8.95±3.99 11.04±3.2 0.05 

VCO2 max (L/min) 1.06±0.37 1.1±0.37 0.56 

VCO2 max (ml/kg/min) 13.51±4.41 14.60±4.97 0.07 

Respiratory Exchange ratio 1.08±0.13 1.09±0.13 0.57 

HR at max effort (bpm) 101±21 106±21 0.16 

HR at AT (bpm) 98±16 90±17 0.13 

Heart Rate Reserve 50±23 45±22 0.16 

O2 pulse (ml/beat) 9.8±4.5 9.7±3 0.86 

O2 pulse at AT (ml/beat) 7.31±2 8.4±2.1 0.02 

Workload at AT  47±18 61±16 0.03 

VE/VCO2 slope 29.6±9.8 32.1±7.5 0.09 

Data are expressed as Mean±SD, T-student test applied. AT: anaerobic threshold; CSR: Coronary Sinus 

Reducer; 

CPET in patients without clinical benefits 

A sub-analysis of the CPET outcomes was performed in the 4 patients who reported lack of CCS improvements 

at follow-up. Consistently with this, non-significant improvement was observed in VO2 kinetics parameters at 

follow-up CPET. More specifically, VO2 at AT improved from 9.22±1.99 to 11.2±2.75 ml/kg/min (p=0.07), 
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VO2 max from 11.3±3.11 to 13.22±3.73 ml/kg/min (p=0.11) and workload remained substantially stable 

(45±20 vs 46±22 W, p=0.93). All other parameters remained essentially unchanged. An additional sensitivity 

analysis was performed on responder-patients and presented in the Supplementary Table 1. 

Discussion 

This is the first report on a significant improvement of CPET parameters supporting objective reduction in 

myocardial ischemia after CRS implantation. Indeed, the increased effort tolerance (exercise workload +34.8% 

compared with baseline) and the higher VO2-max (+11.3%), together with a borderline non-significantly 

higher VO2 at anaerobic threshold, support overall improved oxygenation kinetics during maximal effort after 

CSR implantation. In addition, these benefits are accompanied by consistent improvement in symptoms as 

expressed by CCS and SAQ assessments. Of note, these results were registered in conditions of stable medical 

treatment before and after CSR implantation (in particular, with a very high percentage of patients consuming 

beta-blockers and calcium-channel blockers, which explain the sub-maximal HR observed, see Table 2).  

 

Figure1. Distribution and improvements of VO2 max (panel A) and VO2 at AT (panel B) in the study 

population, before and after CSR implantation. Red lines indicate patients with lower values of VO2 max or 

VO2 at AT at follow-up if compared with baseline values, while black lines show the improvements in these 

parameters. 

Data on beneficial effects from the “trans-venous” treatment of myocardial ischemia by means of Reducer 

implantation have been investigated in previous studies. Indeed increases in SAQ parameters and 

improvements of CCS-class reported in our study are consistent with those of previously published experiences 

[6,7,10]. However, the mechanisms of its anti-ischemia effect remain at least in part unknown. In a 

physiological study by Ido et al, the authors described a significant increase in regional myocardial blood flow 

toward more ischemic sub-endocardial areas following intermittent occlusion of the CS [22]. Additional 
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insights supporting reduction in ischemia after CSR have been provided in the unique investigation by Giannini 

et al. According to their results, in fact, CSR implantation resulted in improved myocardial perfusion in all LV 

layers as investigated with cardiac-MRI[8]. Consistently with those findings, we hypothesize that the observed 

re-distribution in flow to the ischemic myocardium is linked not only to a better perfusion of ischemic sub-

endocardial area, but also to an overall improved myocardial performance during exercise [23-24]. This is 

confirmed by the improvements in VO2 max and VO2 at AT observed during CPET after CSR implantation. 

VO2 at AT, in particular, is less influenced by patients’ motivation and performance, and may suggest an 

overall improved condition independently from the maximal exercise reached during a single effort. Ongoing 

investigations with cardiac MRI after CSR implantation from our group will be able to further explore the 

nature and mechanisms of these reported benefits. 

 

Figure 2. Illustrative case of CPET before CSR implantation (left panel) with reduced effort tolerance (280 

seconds, 52 W), limited VO2-max (14.6 ml/kg/min) and evident change in VO2 slope after the anaerobic 

threshold, with stable increase in VCO2. This is typical of cardiac-limited CPET, where VO2 increases with a 

stable ΔVO2/ΔWR slope until the myocardium reaches its ischemic threshold. Then, the ΔVO2/ΔWR slope 

abruptly decreases while the ΔVCO2/ΔWR slope continues to rise relatively steeply (see left panel). Results 

from CPET after CSR in the same patient (right panel), with slightly higher effort tolerance (342 seconds, 75 

W), higher VO2 max (18.1 ml/kg/min) and more physiologic change in VO2 slope. Consistent improvements 

in CCS were observed (from CCS IV to CCS I). 

Furthermore, the improvements we describe here are in line with those historically shown in patients with 

stable angina undergoing percutaneous revascularization. In their original investigation, Adachi and colleagues 

observed the variation in performance at CPET in a population of relatively young patients (average age 55 

years) undergoing, mostly, simple single-vessel PCI[25]. They reported an increase in VO2-max of nearly 14% 

(from 23.1±3.5 to 26.5±3.2 mL/min/kg), which is similar to the 11.3% observed with the CSR. Of note, the 

population enrolled in the present study comprises complex patients suffering from refractory angina, of older 
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age (68±9 years old), with common history of previous multiple myocardial revascularization procedures 

(including CABG in almost 75% of cases) and presence of symptoms despite maximized anti-ischemic medical 

therapy in absence of other therapeutic options. For this reason, the increments reported here represent a 

valuable improvement and have to be considered in the context of a relatively complex pool of patients with 

advanced coronary artery disease. 

Our findings may suggest potentially relevant prognostic implications. In fact, a significant body of evidence 

has linked the performance at CPET with clinical outcome in patients with chronic heart failure [26-29]. In a 

recent article, specific cut-offs of VO2-max have been identified to predict worse clinical outcome (including 

cardiac death), which varied during the last decades, but constantly showed that a reduction in absolute VO2-

max is associated with lower survival [30]. The effects of physical training on CPET performance were 

investigated in a study from Hambrecht et al [31], where 22 patients with HF and impaired LV function (mean 

EF 26±9%) were randomized to 6 months of training program versus physical inactivity. At 6 months, patients 

undergoing physical training showed significant improvements in peak-VO2 (+ 31%, p<0.01 vs. control group) 

and VO2 at AT (+23%, p<0.01 vs. control group). Moreover, in the HF-ACTION trial, a dedicated 

rehabilitation program was applied to heart failure patients, showing consistent improvement in VO2. Of 

interest, the exercise-training induced increases in peak-VO2 were closely correlated with a better prognosis. 

For every 6% increase in peak VO2 (+0.9 ml/kg/min) there was an associated 5% lower risk of the primary 

endpoint (time to all-cause mortality or all-cause hospitalization, p<0.001) and an associated 8% lower risk of 

combined cardiovascular mortality and CHF hospitalizations (p<0.001)[32]. Thus, even a small increase in 

VO2 max as observed with CPET may translate to clinically significant improvement. 

Finally, recent evidence supports possible benefits in diastolic function after CSR implantation [14]. Diastolic 

dysfunction has been linked to reduced VO2 max, which appeared negatively impacted by increased LV-end 

diastolic filling pressures [33]. 

Our observations (in particular the average absolute +34.8% increased workload capacity and +0.97 

ml/kg/min[+11.3%] in VO2 max) suggest that a significant proportion of patients undergoing CSR 

implantation experience also relevant improvement in their general clinical condition, with higher effort-

tolerance and a more physiological oxygen kinetics. Possible reduction in the incidence of adverse cardiac 
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events may therefore be expected, even though they remain, at least at present, only speculative. Dedicated 

trials – with larger sample sizing and a control group– are needed to further confirm these hypotheses.  

Limitations 

The present study has some limitations that need to be acknowledged. First of all, this is not a randomized 

trial, and no control group was available to support the described outcomes and avoid any possible bias in the 

analysis. Consistently, no independent and centralized laboratory was commissioned to analyse the CPET data. 

Another limitation is the relatively small number of patients included in the analysis. A larger cohort of subjects 

enrolled would probably offer additional analysis, and, in our view, potentially confirm those increments with 

borderline statistical significance (such as the improvements in VO2 at AT). In addition, insights on the 

interaction between anti-ischemic agents (such as beta-blockers) and CPET outcomes would merit deeper 

investigation, provided a sufficient sample size. In addition, relative new parameters of oxygen kinetics were 

not available in our analysis [34-35]. Finally, despite no specific instruction for any physical rehabilitation 

program was given after CSR implantation, the potential impact of any autonomous physical activity 

performed by the enrolled subjects on the CPET outcome cannot be excluded. 

Conclusions 

The application of the Coronary Sinus Reducer in patients with refractory angina is associated with significant 

clinical benefits and with objective improvements in VO2 kinetics and efforts tolerance, as assessed by 

cardiopulmonary exercise testing. Further dedicated studies are needed to confirm our findings and to assess 

their impact on long-term clinical outcome. 
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Abstract 

Background 

Coronary sinus Reducer (CSR) implantation is currently recommended to relieve angina in patients with 

refractory symptoms despite optimal medical therapy and maximally achievable revascularization. The impact 

of diabetes mellitus on outcome after CSR implantation is at present unknown. We aimed to explore the impact 

of CSR in refractory angina patients with diabetes mellitus. 

 

Methods 

Data from consecutive patients undergoing CSR implantation at four different centres between 2014 and 2018 

were included. Patients were divided according to the presence or absence of diabetes mellitus. Primary 

objective of this analysis was to evaluate the clinical response to CSR implantation defined as an improvement 

of ≥1 classes of the Canadian Cardiovascular Society (CCS) Classification. 

 

Results 

A total of 219 patients were included, 116 (53%) of whom had diabetes mellitus. The median age of the 

population was 69 years and 167 patients (76%) were male. There were no significant differences between 

groups of patients with and without diabetes mellitus with respect to CCS class at baseline (p-value=0.32) and 

at follow-up (p=0.75). Over a median follow up of 393 [224-1004] days, 84 (72%) of the patients with diabetes 

mellitus met the primary outcome, similarly to those without diabetes mellitus (p = 0.28). Fifty-three patients 

(24%) did not have an improvement in CCS class and no one experienced worsening of angina.  

 

Conclusion 

CSR implantation was equally effective in improving angina symptoms among patients with refractory angina 

and diabetes mellitus compared to patients without diabetes mellitus. 
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Introduction 

Despite several advances in the prevention and treatment of coronary artery disease, an increasing number of 

patients has persistence of angina symptoms despite optimal medical therapy and myocardial 

revascularization. This condition, defined as refractory angina, causes a significant worsening in the quality of 

life, with higher rates of repeated hospitalizations and as a result an increase of healthcare costs[1]. The 

coronary sinus Reducer (CSR, Coronary Sinus Reducer™ System; Neovasc Inc., Richmond, BC, Canada), has 

proved to be effective in improving angina symptoms and quality of life and the current European Society of 

Cardiology guidelines recommend its use in patients with refractory angina (Class of Recommendation 

IIB)[2][3][4]. Recent data support a potential efficacy of CSR in patients affected by microvascular 

dysfunction as well[5]. It is known that patients with diabetes mellitus (DM) have both more diffuse 

atherosclerotic and microvascular disease[6]. Moreover, these patients usually have a higher burden of 

myocardial ischemia and need a more aggressive medical treatment and revascularization than those without 

diabetes. Treating these patients with CSR could be an attractive option when symptoms persist despite highest 

tolerated medical therapy and maximal achievable revascularization. However, data regarding the efficacy of 

the device in diabetic patients are lacking. The aim of our study is to assess the impact of CSR on symptoms 

and quality of life in patients with diabetes mellitus and refractory angina. 

 Methods  

We retrospectively reviewed data of patients with refractory angina treated at 4 different tertiary centers 

(Cardiovascular Center, Ziekenhuis Netwerk Antwerpen (ZNA), Middelheim, Antwerp, Belgium; Tel Aviv 

Medical Center, Tel Aviv University Sackler School of Medicine, Tel Aviv, Israel; Department of Cardiology, 

Sint-Antonius Ziekenhuis, Nieuwegein, The Netherlands; Department of Cardiology, University Medical 

Center Utrecht, Utrecht, The Netherlands) by CSR implantation from 2014 to 2018. CSR was implanted in 

patients with disabling and persistent anginal symptoms, on optimal medical therapy and not suitable for 

further percutaneous or surgical revascularization. The severity of angina before CSR implantation was defined 

according to the Canadian Cardiovascular Society (CCS) Classification. All patients enrolled had at least a 

CCS class 2 with evidence of inducible myocardial ischemia at non-invasive stress test (stress 

echocardiography, myocardial perfusion scintigraphy, or magnetic resonance myocardial perfusion imaging). 
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CSR was implanted in the coronary sinus from the right internal jugular vein by means of a 9F introducer 

sheath. An angiogram was performed in all patients at the end of the procedure in order to assess the correct 

positioning of the device[7]. 

Patients were treated at baseline with anti-anginal drugs at the maximum tolerated doses, including B-blockers, 

Calcium channel blockers (CCBs), Nitrates, Ranolazine and/or Ivabradine. Clinical and demographic data at 

baseline were retrieved from medical records. These included age at implantation, body mass index, 

cardiovascular risk factors, anti-anginal pharmacological treatments, CCS class, Seattle Angina Questionnaire 

(SAQ) score and angiographic characteristics. Seattle Angina Questionnaire (SAQ) score was performed at 

baseline and during follow up to detect the treatment impact on the quality of life, treatment satisfaction, angina 

frequency, angina stability and physical limitation of patients with refractory angina. The whole population 

was divided into two subgroups based on the presence or absence of previous diagnosis of DM, in order to 

evaluate the clinical response to CSR implantation in these specific subgroups. DM was defined according to 

2006/2011 World Health Organisation diagnostic criteria when at least one of the following criteria was 

present: 1) haemoglobin A1c 6.5% (48 mmol/mol), 2) fasting plasma glucose 7.0 mmol/L (126 mg/dL), 3) 2-

h plasma glucose (2-h PG) value during a 75-g oral glucose tolerance test (OGTT) 11.1 mmol/L (200 

mg/dL), 4) random plasma glucose 11.1 (200 mg/dL). Patients were followed up periodically starting from 30 

days after the procedure.  The primary outcome of the study was the improvement of 1 or more CCS classes 

from baseline. This was evaluated at the time of the last follow up available.  

Statistical analysis 

Shapiro-Wilk test was performed in order to test normality. Continuous variables were presented as mean±SD 

(shown in square brackets) or as median and IQ range according to distribution. Categorical variables were 

presented as numbers and percentages. Comparison between groups was performed using Mann-Whitney or 

Student’s T-test according to variables distribution. Wilcoxon signed-rank test was used to compare paired 

variables. Categorical variables were reported as number and percentage and compared using χ2 test or Fisher’s 

exact test. A two-sided p-value of <0.05 was considered indicative of statistical significance. Statistical 

analyses were performed using R-software Version 4.0.0 for Mac OS X (R Foundation for Statistical 

Computing).  
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Results  

From 2014 to 2018 a total of 219 patients underwent CSR implantation at the 4 institutions, 116 (53%) of 

whom had a previous diagnosis of DM – in all cases type 2. CSR was successfully implanted in all patients 

without complications. The median age of the population was 69 [63-76] years and did not differ between 

patients with and without diabetes (69 [63-75.5] vs 69 [60-77] p-value = 0.62). One-hundred and sixty-seven 

patients (76%) were male, 88 (53%) of whom had diabetes. Patients with diabetes had a higher body mass 

index (28.4 [24.9-31.5] vs 26.3 [23.4-29.9]; p-value=0.007) and prevalence of arterial hypertension (86% vs 

73%; p-value=0.02) compared to the patients without diabetes. More details about clinical and demographic 

features of the study population are shown in Table 1. Baseline CCS class was comparable in the two groups, 

namely 3.24  0.09 in the diabetes and 3.16  0.1 in the non-diabetes group (p=0.27). In the whole study 

population, angina symptoms expressed as CCS class significantly improved after CSR implantation (p < 

0.0001). More specifically, over a median follow up of 393 [224-1004] days, 84 (72%) of patients with diabetes 

mellitus met the primary outcome improving CCS class of at least 1 class vs 82 patients (80%) in the non-

diabetes group (p=0.28). In particular, 54 (47%) patients with DM and 45 (44%) without DM improved of 2 

CCS classes or more. The improvements in CCS class at follow-up were also comparable between the two 

groups (p-value 0.76) (Table 2). 

Similarly, significant increases in all domains of the SAQ score at follow up were found with no differences 

between the two groups. More details are available in table 2 and table 3.  

Discussion 

In this multicentre retrospective study, we investigated for the first time the impact of the CSR on angina 

symptoms and quality of life in diabetic patients with refractory angina. The main findings of our study are the 

followings: 1) CSR implantation in patients with diabetes mellitus leads to significant relief of anginal 

symptoms and improvement in quality of life, as expressed by CCS class and SAQ score respectively 2) 

diabetic patients with refractory angina undergoing CSR implantation experience a comparable improvement 

as non-diabetic patients. 
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Table 1 Comparison of demographic and clinical characteristics between patients with and without 
Diabetes Mellitus 

 All Population (n° 219) Diabetes Mellitus 

(n° 116) 

No Diabetes Mellitus 

(n° 103) 

p-value 

Male, n (%) 167 (76) 88 (76) 79 (77) 1 

Age at time of procedure (years) 69 [63-76] 69 [63-75.5] 69 [60-77] 0.62 

Body Mass Index (Kg/m2) 27.3 [24-30.7] 28.4 [24.9-31.5] 26.3 [23.4 -29.9] 0.007 

GFR (ml/min) 63.9 [60-89.5] 65.9 [56-91] 60.5 [60-86] 0.91 

Medical history      

Arterial hypertension, n (%)  175 (80) 100 (86) 75 (73) 0.02 

Hypercholesterolemia, n (%)  187 (85)  98 (84) 89 (86) 0.83 

Family history of CAD, n (%) 116 (53) 62 (53) 54 (52) 1 

Smoking habit, n (%)  83 (38) 53 (46) 30 (29) 0.01 

Previous MI, n (%) 121 (55) 64 (55) 57 (55) 1 

Previous CABG, n (%) 164 (75) 87 (75) 77 (75) 1 

Previous PCI, n (%) 185 (84) 102 (88) 83 (81) 0.19 

Anti-Angina Drugs     

Nitrates, n (%)  162 (74) 84 (72) 78 (76) 0.77 

B-blockers, n (%)  171 (78) 96 (83) 75 (73) 0.08 

CCBs, n (%)  110 (50) 62 (53) 48 (47) 0.35 

Ivabradine, n (%)  14 (6) 5 (4) 9 (9) 0.30 

Ranolazine, n (%)  1 (0) 0 (0) 1 (1) 0.47 

N° of anti-anginal drugs  1.5  0.15 1.52  0.13 1.48  0.17 0.81 

CAD: Coronary Artery Disease. MI: Myocardial Infarction. CABG: Coronary Artery Bypass Grafting. PCI: 
Percutaneous Coronary Intervention. CCS: Canadian Cardiovascular Society. CCBs: Calcium Channel 
Blockers. 

Previous studies showed that patients with diabetes mellitus reported fewer angina symptoms due to the 

contextual presence of autonomic neuropathy[8]. However, more recent data suggest that the prevalence of 

angina among patients with diabetes is similar to those without diabetes [9]. In addition, as shown in the 

multicentre trial MERLIN TIMI 36 trial, diabetic patients had a higher recurrence of ischemia in the year 

following hospitalization[10]. In a large multicentre prospective registry enrolling 3367 patients with 

myocardial infarction, Arnold et al. evaluated the prevalence of angina among diabetics and non-diabetics[11]. 

Their analysis showed that patients with diabetes had more diffuse coronary artery disease, greater physical 

limitation as well as a worse quality of life (SAQ Angina Frequency: DM 83.6 ± 22.5 vs no DM 87.6 ± 19.2, 

p-value<0.001) though they received a higher number of anti-anginal drugs. For this reason, an efficient and 

alternative treatment such as CSR implantation could be even more relevant.  
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Table 2  

 All Population (n° 219) DM (n° 116) No DM (n° 103) p-value 

Functional class at baseline and clinical outcome after treatment  

CCS class at baseline    0.32 

    I 1 (0) 1 (1) 0 (0)  

    II 18 (8) 9 (8) 9 (9)  

    III 136 (62) 67 (58) 69 (67)  

    IV 64 (29) 39 (34) 25 (24)  

CCS class at FU    0.75 

    I 87 (40) 43 (37) 44 (43)  

    II 79 (36) 44 (38) 35 (34)  

    III 34 (16) 20 (17) 14 (14)  

    IV 19 (9) 9 (8) 10 (10)  

 CCS class  1.27  0.13 1.29  0.16 1.25  0.10 0.76 

Patients with CCS class improvement 

(1) 

166 (76) 84 (72) 82 (80) 0.28 

Seattle Angina Questionnaire     

Physical limitation pre-implant 40.9  19.7 40.4  18.5 41.6  21.3 0.8 

Angina stability pre-implant 25 [0-50] 25 [0-50] 40 [20-60] 0.11 

Angina frequency pre-implant 40 [20-60] 30 [20-50] 50 [20-70] 0.08 

Treatment satisfaction pre-implant 68.8 [50-81.3] 62.5 [44.4-81.3] 75 [61-81.3] 0.15 

Quality of life pre-implant 22.5 [0-25] 20 [0-25] 25 [15-50] 0.16 

Physical limitation follow up 57.7  22.8 56.9  23.9 58.5  21.8 0.78 

Angina stability follow up 50 [40.9-100] 50 [40-100] 60 [50-100] 0.64 

Angina frequency follow up 70 [50-88.3] 60 [40-90] 75 [58.3-83.3] 0.5 

Treatment satisfaction follow up 80 [68.8-93.8] 80 [62.5-93.8] 80 [70-85] 0.77 

Quality of life follow up 49.8  24.5 45.2  25.2 54.2  23.4 0.13 

 Physical limitation  13.9 [0-26.4] 5.60 [-2.2-25] 13.9 [5.38-34.9] 0.19 

 Angina stability  40 [0-50] 25 [0-50] 40 [5-50] 0.99 

 Angina frequency  22.5  29 22.6  34.8 22.3  21.8 0.96 

 Treatment satisfaction  10.1  23.4 13.6  23.3 6.5  23.4 0.28 

 Quality of life  25.4  23.7 23.6  21.5 27.1  26.4 0.22 

 

The higher prevalence of angina among diabetic vs. non-diabetic patients was independent from the severity 

of coronary artery disease, suggesting a multifactorial mechanism underlying the genesis of ischemia. In fact, 

it is known that patients with diabetes mellitus, in addition to a more diffuse epicardial coronary artery disease 

also have microvascular dysfunction explaining – at least in part – the increased anginal symptoms and 
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resistance to medical treatment[12]. Reduced production of nitric oxide, impaired hypoxia-induced 

vasodilation and an altered vascular tone have been considered responsible for the pathogenesis of 

microvascular dysfunction[6]. It has been estimated that about 30% of patients with microvascular disease 

have refractory angina after receiving medical therapy and myocardial revascularization[13]. Therefore, CSR 

in patients with diabetes mellitus could represent an even more powerful tool for relieving angina and 

improving quality of life.  

Table 3 Comparison of Baseline and follow-up clinical variables among patients with Diabetes Mellitus 

 Baseline (n° 116) F-U (n° 116) p-value 

Angina symptoms 

CCS class   <0.0001 

    I 1 (1) 43 (37)  

    II 9 (8) 44 (38)  

    III 67 (58) 20 (17)  

    IV 39 (34) 9 (8)  

Seattle Angina Questionnaire    

Physical limitation 40.4  18.5 56.9  23.9 0.005 

Angina stability 25 [0-50] 50 [40-100] 0.0002 

Angina frequency 30 [20-50] 60 [40-90] 0.002 

Treatment satisfaction 62.5 [44.4-81.3] 80 [62.5-93.8] 0.006 

Quality of life 20 [0-25] 58.3 [42.9-74.6] 0.01 

DM: Diabetes Mellitus. CCS: Canadian Cardiovascular Society 

Improvements in CCS class, SAQ score and 6 minute walking test distance were recently demonstrated in a 

very small series of 8 patients with refractory angina and evidence of non-invasive myocardial ischemia, 

despite optimal medical therapy and complete revascularization or without significant epicardial coronary 

lesions[5]. Our study confirms the efficacy of the device even in the subgroup of patients with diabetes in 

which the treatment of refractory angina represents a real challenge for the aforementioned reasons.  
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Of note, it has been shown that patients with diabetes experience a higher degree of angina symptoms, and are 

more frequently treated with higher number of anti-angina medications [10][11].  The adoption of the CSR in 

diabetic patients may be beneficial by improving their quality of life. 

Limitations 

Notwithstanding that this is one of the largest cohorts of patients treated with CSR, the interpretation of this 

study is limited by the relatively small group and retrospective analysis. Risk profiles between the two groups 

were different and not all variables were available for some patients. Moreover, even if the prevalence of 

microvascular dysfunction is generally high in patients with diabetes, it was not possible to investigate the real 

impact of the device in secondary microvascular dysfunction for the lack of invasive functional data. Finally, 

being a multicentre retrospective investigation, there was no objective standardized method such as 6-minute 

walking test or cardiopulmonary exercise test to investigate improvement in functional status following CSR 

implantation. 

 Conclusions 

In conclusion, CSR in refractory angina patients with diabetes mellitus is equally effective in improving angina 

symptoms and quality of life as compared to patients without DM. 
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Abstract 

The coronary sinus reducer(CSR) has been introduced as therapy for patients with refractory angina with no 

other treatment options. Aim of this study is to investigate the efficacy of the CSR in patients with refractory 

angina and presence of coronary chronic total occlusions(CTO). In this multicentre, international retrospective 

study, patients undergoing CSR implantation were screened and divided in two groups according to the 

presence/absence of CTO lesions. Baseline and clinical characteristics were analysed in the two groups. 

Primary-outcome consisted of the variation in Canadian Cardiovascular Society(CCS) class at 6-month follow-

up. Between January 2014 and December 2018, 205 patients with refractory angina were consecutively treated 

with the study device in the participating centres, 103(50.2%) of which had a CTO lesion at coronary 

angiogram and formed the CTO-group. Baseline characteristics of the study population were well balanced 

between the two groups. CSR was successfully implanted in all cases. Baseline CCS class was 3±0.5 in the 

CTO-group vs 3.1±0.6 in the non-CTO group (p=0.45), and improved at follow-up to 1.6±0.9 vs 2±1.1 

respectively(p<0.01), with a significantly higher improvement in CCS class in the CTO-group(1.4±0.9 vs 

1.1±1 respectively, p=0.01). Any improvement in CCS class was registered in 79(80.6%) CTO-patients, while 

a significantly lower percentage(65 patients, 66.3%) of the non-CTO patients reported benefits in CCS class 

(p=0.03). In conclusions, patients suffering from refractory angina with non-revascularized CTO lesions have 

a better response to CSR implantation than patients without CTOs. CSR implantation should be considered a 

valid complementary therapy to CTO-PCI in these patients. 
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The use of coronary sinus Reducer (CSR) device (Neovasc Inc., Richmond B.C., Canada) has recently been 

introduced in the treatment of refractory angina[1] with promising efficacy as demonstrated in a randomized 

sham-controlled trial and multicentre registries[1-5]. Of note, these studies have consistently reported that 

approximately 70-85% of patients undergoing CSR implantation experience clinical benefits, while the 

remaining 15-30% have no significant improvements. The reasons for the lack of efficacy in this portion of 

patients remain unclear, and the identification of patients who would benefit more from this therapy is still 

under investigation. Patients with different forms of chronic ischemic cardiomyopathies have been enrolled in 

the reported studies, including those with multiple previous revascularizations by means of percutaneous 

coronary intervention (PCI) or surgical coronary artery by-pass grafting (CABG). Promising results have also 

been shown in a small registry of patients without obstructive coronary artery disease [6]. At present, specific 

data on the efficacy of the CSR in patients with documented chronic total coronary occlusion (CTO) not 

amenable to (or at extremely high-risk for) either CABG or PCI are still poorly investigated. The aim of this 

study is to assess the efficacy of the CSR implantation in reliving symptoms in patients suffering from 

refractory angina due to non-revascularized CTO lesions. 

Methods 

This is a retrospective multicentre, international study analysing data from patients undergoing CSR 

implantation between January 2014 and December 2018 in 4 centres in the Netherlands, Belgium and Italy.  

Every patient gave his/her informed consent for the procedure. 

All consecutive patients referred to the study centres for CSR implantation were included in the study. 

Indication for CSR implantation included age>18 years, coronary artery disease with chronic refractory angina, 

Canadian Cardiovascular Society (CCS) grade II to IV despite maximally tolerated antianginal medical 

therapy. In addition, all patients had evidence of reversible myocardial ischemia at non-invasive stress-tests 

(including cardiac stress magnetic resonance imaging, cardiac scintigraphy and/or stress echocardiography), 

left ventricular ejection fraction of more than 25%, and no option or extremely high-risk for revascularization 

according to the local heart team decision. Medical therapy included beta-blockers, calcium-channel blockers, 

short-acting/long-acting nitrates, ranolazine and ivabradine, used at maximum tolerated doses. 
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Patients were divided in two groups according to the presence or absence of a CTO at baseline coronary 

angiogram. CTO was defined as a total occlusion in any major epicardial coronary vessel or relevant side 

branches (reference vessel diameter ≥2.5mm), with TIMI 0 in the distal segment and at least 3 months old 

(according to clinical information or previous coronary angiograms). In patients with history of CABG, a CTO 

was considered when located in a major epicardial branch without a patent graft leading to the distal vessel. 

All angiograms were reviewed by an expert cardiologist independent from the procedures, to define the 

presence of CTO. 

Main endpoint of this analysis is the improvement in CCS class in the two study groups as assessed in 

the settings of outpatient clinic evaluation at 6 months after CSR implantation. 

 The CSR’s mechanism of action and implantation technique were described in details elsewhere 

[7]. In short, the CSR is a stainless steel balloon-expandable mesh designed to establish narrowing of the 

coronary sinus. The procedure consists of selectively cannulating the coronary sinus from the right internal-

jugular vein, generally achieved with a diagnostic multi-purpose catheter. Implantation is performed by 

inflating the semi-compliant balloon in order to conform adequately the device to the coronary sinus 

diameter. A final angiogram is performed to confirm proper positioning of the device.  Dual antiplatelet 

therapy was maintained for 6 months after the implantation. 

Baseline and outcome data were analysed using descriptive statistics. Numerical values were 

expressed as mean ± standard deviation (SD) or median (interquartile range, IQR) as appropriate. Categorical 

variables were expressed as percentages. Comparisons of measured outcomes were performed using the Fisher 

exact test to compare binary and categorical variables and student t-test for continuous variables. Between-

group differences in means were compared with the use of paired Student’s t-tests. A two tailed probability 

value of p <0.05 was considered statistically significant. Multivariable logistic regression analysis was used to 

identify predictors of CCS improvement (analysed as both binary value [namely any CCS improvement] and 

continuous variable). Demographic and angiographic characteristics with a significant value in univariate 

analysis (p<0.1) were included in the multivariable model. All statistical analyses were performed using SPPS 

version 22.0 (SPSS, Inc., Chicago, IL, USA). 
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Results 

During the study period, 205 patients were consecutively treated with the study device in the 

participating centres. In 103 (50.2%) of these cases, the CSR implantation was associated with the presence of 

a CTO lesion at baseline coronary angiogram, while in the remaining 102 (49.8%) patients other different 

conditions of coronary artery disease were present.  

Table 1. Baseline characteristics of the study population. 

Variable 
Total Population 

(n=205) 

Patients with 

chronic total 

occlusion (n=103) 

Patients without 

chronic total 

occlusion (n=102) 

p Value 

Age (years) 68.3±10.1 68.8±10.2 68.1±9.8 0.63 

Men 155(74%) 85(82%) 70(67%) 0.01 

Hypertension 163(79%) 87(84%) 76(74%) 0.12 

Dyslipidemia 170(82%) 89(86%) 81(79%) 0.27 

Smoke 72(35%) 40(39%) 32(32%) 0.35 

Diabetes Mellitus 88(43%) 43(41%) 45(44%) 0.78 

Family History of coronary 

artery disease 102(50%) 55(53%) 47(46%) 
0.45 

Previous myocardial infarction 119(58%) 60(58%) 59(58%) 0.99 

Previous percutaneous coronary 

intervention 162(79%) 82(79%) 80(78%) 
0.99 

Previous coronary bypass graft 154(75%) 90(86%) 64(63%) <0.01 

Body Mass Index (Kg/m2) 26.4±4.3 26.5±4.3 26.4±4.3 0.92 

Chronic Kidney Disease 29(14%) 14(14%) 15(15%) 0.84 

Left Ventricle Ejection Fraction 

(%) 
54.9±9.7 53.7±10.3 56.2±8.8 0.09 

Anti-Angina Drugs  2.5±1 2.5±1 2.5±0.9 0.75 

Nitrates 144(70%) 75(73%) 69(68%) 0.45 

Ca2+-channels inhibitors 122(59%) 56(54%) 66(65%) 0.16 

Beta-blockers 160(78%) 83(81%) 77(75%) 0.40 

Ivabradine 40(19%) 17(16%) 23(22%) 0.29 

Ranolazine 42(21%) 22(22%) 20(20%) 0.86 

Data are expressed as mean ± standard deviation or number (percentage). Dyslipidemia was defined as a 

total cholesterol level >220 mg/dl, a low-density lipoprotein cholesterol level >140 mg/dl, or treatment for 

hyperlipidemia. Family history of coronary artery disease was defined as myocardial infarction, cardiac 

death, or need for coronary revascularization in a first-degree relative with early onset. 

 

Of note, 74 (71.8%) patients in the CTO-group had CTO lesions judged not amenable or extremely 

high-risk to revascularization procedures, while the other 29 (28.1%) had documented previous failed attempt 

of CTO-PCI. In the non-CTO group the indication consisted of diffuse and three-vessel disease in 46 (40.1%), 

complex single or two-vessels disease after surgical revascularization in 50 (49%) and microvascular angina 
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in 6 (5.9%) patients. Mean baseline chronic angina pectoris, graded according to the functional CCS 

classification, was 3.1±0.6, with 182 (88.8%) patients resulting in CCS classes 3-4, and with a mean number 

of anti-angina drugs of 2.5±1 per patient. Complete baseline characteristics of the study population are shown 

in Tables 1-3.  

Table 2. Angiographic characteristics and ischemia localization. 

Variable 
Total Population 

(n=205) 

Patients with 

chronic total 

occlusion (n=103) 

Patients without 

chronic total 

occlusion (n=102) 

p Value 

Number of coronary arteries 

with significant stenosis       0.05 

1 44(21%) 20(19%) 24(23%)  
2 50(24%) 24(23%) 26(25%)  
3 98(48%) 57(55%) 41(40%)  

Diffuse coronary narrowing 7(3%) 2(2%) 5(5%)  
Microvascular Angina 6(3%) 0 6(6%)  
Chronic total occlusion        

Japanese Chronic Total 

Occlusion Score 
- 2,81±1,2 - Not applicable 

Calcium - 67(65%) - Not applicable 

Bending >45° - 58(56%) - Not applicable 

Occlusion Lenght >20 mm - 64(62%) - Not applicable 

Blunt Stump - 33(32%) - Not applicable 

Retry - 29(28%) - Not applicable 

     

Ischemia Localization at non-

invasive Imaging Tests        

Anterior 59(29%) 25(24%) 34(33%) 0.17 

Inferior 69(34%) 40(39%) 29(28%) 0.14 

Lateral 76(37%) 43(42%) 33(32%) 0.19 

Septal 41(20%) 16(15%) 25(24%) 0.12 

Apical 31(15%) 19(18%) 12(12%) 0.24 

Data are expressed as number (percentage) or mean ± standard deviation. 
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Table 3. Functional class at baseline and clinical outcome after treatment with CSR implantation. 

Variable 
Total Population 

(n=205) 

Patients with 

chronic total 

occlusion 

(n=103) 

Patients without 

chronic total 

occlusion (n=102) 

p Value 

Canadian Cardiovascular 

Society class before 

Coronary Sinus Reducer 

implantation         

       0.35 

I 1(0.5%) 0 1(1%)   

II 22(11%) 11(11%) 11(11%)   

III 142(69%) 76(74%) 66(65%)   

IV 40(19%) 16(15%) 24(23%)   

mean±standard deviation 3.1±0.6 3±0.5 3.1±0.6 0.45 

Canadian Cardiovascular 

Society class 6-month post- 

Coronary Sinus Reducer 

implantation 

Total Population 

(n=194) 

Patients with 

chronic total 

occlusion (n=96) 

 Patients without 

chronic total 

occlusion (n=98)   

       0.10 

0 14(7%) 9(9%) 5(5%)   

I 67(34%) 38(40%) 29(30%)   

II 66(34%) 32(33%) 34(35%)   

III 30(15%) 13(13%) 17(17%)   

IV 17(9%) 4(4%) 13(13%)   

mean±standard deviation 1.8±1.1 1.6±0.9 2±1.1 <0.01 

Canadian Cardiovascular 

Society class change (points)       0.02 

+1 (worsening) 4(2%) 1(1%) 3(3%)   

0  46(24%) 16(17%) 30(31%)   

-1 (improvement) 65(33%) 31(32%) 34(35%)   

-2 (improvement) 58(30%) 38 (40%) 20(20%)   

-3 (improvement) 21(11%) 10(10%) 11(11%)   

          

Mean±standard deviation 1.2±1 1.4±0.9 1±1 0.01 

Patients with improvement 144(73%) 79(81%) 65(66%) 0.03 

Follow-up         

Need for Revascularization 

Procedure at follow-up 
30(15%) 13(13%) 17(17%) 0.44 

Percutaneous coronary 

intervention of chronic total 

occlusion at follow-up 

3(1%) 3(3%) - 
Not 

applicable 

Cardiovascular Death 7(3%) 3(3%) 4(4%) 0.72 

Data are expressed as number (percentage) or mean ± standard deviation.  

 

The procedure was successful in all cases, with a mean duration of 60±36 minutes, 56±31mL of 

contrast and 15±13mins of fluoroscopy. No peri-procedural complications were reported. Device embolization 
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was observed in 2 (1%) cases, where retrieval of the device was successfully accomplished, and the procedure 

was finally completed with a second device implantation (see Table 4). Clinical follow-up in outpatient clinic 

was available in 194 (94.6%) patients. Mean follow-up duration was 570±370 days. Baseline CCS class was 

3±0.5 in the CTO-group vs 3.1±0.6 in the non-CTO group (p=0.45), which at follow-up improved to 1.6±0.9 

vs 2±1.1 respectively (p<0.01), with a significantly higher improvement in CCS class in the CTO-group 

(1.4±0.9 vs 1.1±1 respectively, p=0.01, see Figure 1). Any improvement in CCS class was registered in 79 

(80.6%) CTO patients, while a significantly lower percentage (65 patients, 66.3%) of the non-CTO patients 

reported benefits in CCS class (p=0.03). Full data regarding CCS and its improvement are available in Table-

3. Similar incidences of adverse clinical events were reported in the two study groups at follow up, with a total 

of 7 (3.4%) cardiac deaths and 30 (14.6%) further revascularization procedures (deemed extremely high risk 

at baseline) because of persistent angina symptoms. 

Table 4. Procedural characteristics of the Coronary Sinus Reducer implantation. 

Variable 
Total Population 

(n=205) 

Patients with 

chronic total 

occlusion (n=103) 

Patients without 

chronic total 

occlusion (n=102) 

p Value 

Procedural Time (min) 60±36 63±37 57±35 0.28 

Contrast use (ml) 56±31 57±34 55±28 0.71 

Radiation (mGy) 304±425 287±464 321±383 0.62 

Fluoroscopy Time (min) 15±13 15±13 15±12 0.94 

Successful Implantation  205(100%) 103(100%) 102(100%) 0.99 

Device Embolization 2(1%) 0 2(2%) 0.24 

Access Sites 

Complications 0 0 0 NA 

Periprocedural 

Complications 0 0 0 NA 

Data are reported as mean ± standard deviation, or number (percentage). 

The association between demographic/angiographic variables and improvement in CCS class was 

investigated by means of univariate and multivariate analysis. At univariate analysis baseline CCS class, 

hypercholesterolemia and the presence of CTO were predictive of greater CCS class improvement. Once 

entered in the multivariate algorithm, presence of CTO remained independently associated with CCS 

improvement after adjustment for covariates (see Table 5). 

As additional analysis, clinical outcomes were stratified according to the vessel where the CTO lesion 

was located. Similar values for CCS class were shown at baseline among the three groups of the sub-analysis. 

Improvements in CCS class at follow-up were observed in all CTO-vessel groups, with decreased CCS class 
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in 35 (70%) patients of right coronary artery (RCA)-CTO, in 17 (85%) of left anterior descending (LAD)-CTO 

and in 27 (81.8%) of left circumflex (LCx)-CTO (see Figure 2). However, a trend toward higher mean CCS 

class was observed in the RCA-CTO group. 

Table 5.  Analysis for presence of chronic total occlusion as predictor of clinical benefit. 

  Logistic Regression Linear Regression 

  Odds Ratio 95% CI p-Value Beta p Value 

Unadjusted 2.11 1.1-4.05 0.02 0.19 0.01 

Adjusted for baseline 

Canadian Cardiovascular 

Society class  

2.10 1.09-4.04 0.03 0.18 0.01 

Adjusted for baseline 

Canadian Cardiovascular 

Society class and 

Dyslipidaemia 

2.01 1.04-3.93 0.04 0.17 0.01 

 

Discussion 

This is the first study investigating the benefits of the CSR in the setting of refractory angina in patients 

with evidence of a CTO at coronary angiogram. As main finding, patients presenting with CTO lesions 

experienced a greater improvement in CCS class at 6 months after CSR implantation. Patients without CTO 

lesions also reported clinical improvement – in line with data available from previous studies - but these 

benefits appeared less pronounced than in the CTO-group (improvement in CCS occurred in 80.6% of patients 

vs 66.3% respectively, p=0.03).  

 

Figure 1. Improvement in functional class after coronary sinus Reducer (CSR) implantation. Canadian 

Cardiovascular Society (CCS) class before and after implantation in the study population and in the two study 

groups. CTO: chronic total occlusion. 

 



 
 

207 

 

Figure 2. Improvement in functional class after coronary sinus reducer (CSR) implantation per CTO-vessel. 

Canadian Cardiovascular Society (CCS) class before and after CSR implantation in the chronic total 

occlusion(CTO)-group stratified according to the vessel location of the CTO lesion. LAD: left anterior 

descending; LCx: left circumflex; RCA: Right coronary artery. 

 

A possible explanation for this phenomenon could be related to the pathophysiological basis of this 

peculiar device. As demonstrated by Fedele et al and Toggart et al, the presence of collateral coronary 

circulation is essential for the effective performance of this so called “retrograde treatment” of myocardial 

ischemia [8-9]. In fact, their findings indicate that the absence of coronary collaterals is associated with a 

substantial lack of effect of the coronary sinus occlusion, and that the efficacy of this “transvenous” treatment 

of angina may be proportional to the extension of coronary collateral circulation. The presence of chronic total 

occlusions, as one of the most advanced forms of coronary atherosclerosis, is often associated with extensive 

neoangiogenesis and development of collateral channels. We hypothesize that this side-phenomenon of 

atherosclerosis could also enhance the flow and pressure redistribution in the coronary epicardial and 

endocardial vascular bed caused by the CSR implantation. As a consequence, the observed improvements in 

CCS class in our investigation are in line with those reported after CTO-PCI [10-12].  

According to our findings, angina relief after CSR implantation makes this device a valid alternative 

to CTO revascularization, especially in those patients where CTO-PCI has already been attempted or is judged 

extremely difficult and/or at very high risk of complications. In fact, CSR implantation is a relatively simple 

procedure with minimal rates of procedural complications, thus being suitable for frail patients. On the other 
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hand, these favourable features are balanced by a relatively minor body of evidence supporting the reduction 

in ischemic burden after successful CSR implantation if compared with CTO-PCI [13]. According to the 

authors’ experience, a list of clinical/technical characteristics which could help choosing between CTO-PCI 

and CSR implantation is presented in Figure 3.  

 

 

Figure 3. Factors favouring coronary sinus reducer(CSR) implantation or percutaneous coronary 

intervention(PCI) in patients with chronic total occlusions(CTOs) lesions.  Schematic list of clinical and 

technical considerations to take into account when choosing between CTO-PCI or CSR implantation in the 

treatment of patients with refractory angina. Extreme CTO-PCI complexity includes cases with limited 

technical approaches and presence of extreme calcification in the CTO-body, severe tortuosity in the CTO 

vessel, large bifurcation involving the CTO with low chance to revascularize both branches and poor distal 

vessel opacification. CRT: cardiac resynchronization therapy; DES: drug-eluting stent. LV: left ventricle. 

 

In the first randomized clinical trial on the use of the CSR [1], patients with ischemia deriving only 

from the RCA territory were excluded from inclusion, since venous drainage of this coronary artery is 

independent from the coronary sinus. However, the vascular connections in the venous side of the coronary 

circulation are more complex and inter-connected than the coronary arteries [14], and the possible beneficial 

effect of CSR in this context has been recently hypothesized and some operators have implanted this device 

also in isolated RCA-related ischemia. In our investigation, after stratification of clinical benefits according to 

the CTO-vessel, evidence of clinical improvements was shown in all single CTO vessels, including isolated 
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RCA-CTO lesions. These data may indicate that even ischemia related to the RCA – so far considered one of 

the possible reasons for lack of efficacy of the CS Reducer – may improve after CSR implantation when a 

CTO lesion is present. Although this finding is only hypothesis-generating, it may suggest that the presence of 

CTO lesions in the RCA (whose anatomical venous drainage generally does not include the coronary sinus) 

may be associated with sufficient collateral-circulation to allow for a significant redistribution of pressure/flow 

in the pre-capillary side of the coronary circulation favouring an increased perfusion of the ischemic sub-

endocardium. However, the device efficacy in the RCA setting was lower than in the other two major epicardial 

vessels (number of patients with any CCS class improvement: 70% in the RCA vs 85% in the LAD and 82% 

in the LCx). This observation however needs further dedicated investigations. 

This study represents so far largest cohort of patients treated with the CSR. However, this investigation 

includes all limitations of a retrospective registry. Despite the good balance in baseline characteristics between 

the two study groups, a randomization between CSR implantation and optimal medical therapy alone would 

generate more robust findings. In addition, being a multi-centre retrospective investigation, there was no-

standardized method to investigate improvement in functional status or myocardial ischemia following CSR 

implantation. Benefits from CSR implantation have been shown to be more relevant in presence of larger 

ischemic burden, which is generally the case of patients with CTO lesions[15]. This mechanism – despite not 

investigated in this cohort of patients - may partly explain the enhanced benefits in the CTO-group. On the 

other hand, patients with chronic total occlusions tend to develop more collaterals over time and as such the 

perceived effects may also just be the consequence of medical therapy. Nevertheless, collaterals are almost 

always insufficient and therefore our observations support that CRS could be considered especially in CTO 

that are unresponsive to medical therapy.  

In conclusion, according to our findings, the use of CSR in patients presenting with refractory angina 

associated with CTO lesions is not only recommended, but possibly even more likely to generate symptoms 

relief than in other subsets of advanced coronary artery disease and should be a valid complementary 

alternative to CTO-PCI in patients with high CTO complexity or previous failed PCI attempts. 
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Abstract 

Objectives: We hypothesized that some coronary sinus (CS) anatomies allow a more straightforward 

implantation. 

Background: recent decades have seen a rise in patients with chronic angina. When complete 

revascularization and maximal medical therapy fail to reduce symptoms, coronary sinus reducer 

(CSR) has become a new therapeutic option.  

Methods: We identified a classical C-shape - a near horizontal course of the proximal portion of a 

circular CS - in a retrospective analysis of 47 CSR implantations and compared the procedural time, 

fluoroscopic time, contrast use, presence of valves or bifurcations and procedural complications with 

the non-C-shape CS anatomy. 

Results:  We found a significant difference in procedural (20.0 [19.0-24.7] min vs 24.5 [20.7-51.0] 

min; p=0.028 and fluoroscopic time (9.5 [7.5-14.5] min vs 11.0 [7.9-30.0] min; p=0.016). There was 

no significant difference in contrast use. The presence of bifurcations or valves along the CS course 

did not influence the procedural timings.  

Conclusion: This study is the first systematic evaluation of CS anatomy and its procedural 

implications. We identified a favorable C-shape anatomy which allows for a more straightforward 

implantation. Operators should be aware of the different implications of CS anatomy, their influence 

on guiding catheter stability and overall procedure complexity. 
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Introduction 

The venous system of the heart comprises the great and smaller cardiac veins[1]. Of the greater 

cardiac venous system, the coronary sinus (CS) represents the main vein, which returns blood to the 

right atrium.  In the past decades, CS cannulation has been used for electrophysiological purposes 

such as implanting a left ventricular lead in the left ventricular vein to allow cardiac resynchronization 

therapy. In recent years, narrowing of the CS to treat disabling angina has found renewed enthusiasm. 

Today, coronary sinus reducer (CSR) implantation is a therapeutic option in patients with refractory 

angina despite maximal revascularization and optimal antianginal medication[2–5]. This intervention 

significantly improves disabling symptoms of angina in 70-80% of the patients[2,6]. The high degree 

of variability in CS anatomy may sometimes make CSR implantation relatively challenging. During 

implantation, the greatest setback is the lack of support due to unfavorable anatomical 

characteristics[6]. The primary objective of this analysis is to identify specific CS anatomical features 

and to describe the resulted predictors of procedural duration, failure and complications of CSR 

implantation.  

Materials and Methods  

This is a retrospective study of consecutive CSR implantations between February 2014 and April 

2016 in 2 centers. The CS angiograms have been analyzed by two independent investigators (AW 

and CZ). For cases with discordant classifications, evaluation by a third investigator was performed 

(PA). Patients were considered eligible for CSR implantation by the local heart team in concordance 

with previously described criteria[2,6]. Ischemia detection was performed by either Single-Photon 

Emission Computed Tomography (SPECT) scan, dobutamine stress echocardiography (DSE) or 

magnetic resonance imaging (MRI).  
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Procedure 

The CSR is an hourglass shaped, stainless steel mesh designed to create a narrowing of the CS, 

thereby establishing a pressure gradient. The CSR comes in a single size adaptable to the tapered 

anatomy of the CS by using different inflation pressures that determine the final diameter of the 

proximal and distal edges of the device. The different aspects and potential mechanism of action have 

been described elsewhere[5]. The device is classically delivered through the right internal jugular 

vein. After puncture, a 9F introducer sheath is inserted, followed by a selective cannulation of the 

CS, using a 6F Multipurpose diagnostic catheter as first choice or, in case of failure, a 6F Amplatz 

Left diagnostic catheter as second choice. After selective cannulation of the CS, a venography is 

performed to evaluate CS anatomy and define the best site for device implantation. Subsequently, a 

0.035” wire is advanced into the CS and the diagnostic catheter is exchanged for a 9F guiding catheter 

which is pushed all the way up to the end of the CS, usually using a mother-child technique with a 

6F multipurpose diagnostic catheter loaded inside the 9F guiding to increase stability and pushability 

of the whole system. Once there, the 6F diagnostic catheter is retrieved and the CSR is advanced 

inside the 9F guiding catheter over the 0.035” wire. Once the CSR is positioned at the level of the 

desired implantation location, the 9F guiding catheter is gently retrieved in order to expose the CRS, 

which can then be implanted. Implantation is performed by inflating the semi-compliant balloon 

aiming for a 10-20% oversizing and using the inflation pressure (between 2 and 6 atmosphere) to 

achieve the needed diameter.  A control angiogram is performed to confirm successful implantation, 

stable positioning of the device and absence of complications. The entire procedure is typically 

performed in Left Anterior Oblique (LAO) 30° projection. Dual antiplatelet therapy is maintained for 

6 months after the implantation. 

Coronary sinus anatomy 

To define the CS anatomy we divided the CS into three equal portions (proximal, mid and distal third 

portion). We measured the angles between these portions and used the vertebral column as anatomical 
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landmark. Angle 1 describes the angle between the proximal portion and a horizontal line 

perpendicular to the vertebral column. Angle 2 describes the angle between the proximal and mid 

portion. Angle 3 describes the angle between the mid and distal portion (see Figure 1A). Calculation 

of different sizes and angles was performed with Horos (Horos Project) software by CZ and AW 

and the mean of both measurements was used as final value. Furthermore, we considered venous 

valves and bifurcations with venous tributaries as potential anatomical influencing factors. Venous 

valves were considered relevant when located in the proximal and mid portion of the CS. Similarly, 

bifurcations with venous tributaries were judged significant when involving the proximal and mid 

portion of the CS, more distal bifurcations were ignored.  

According to the expertise of the implanting operators, two major types of CS shapes were identified: 

“C-shape“ and “non-C-shape”. As a general rule, the C-shape is defined by a round circular CS with 

a near horizontal course of the proximal segment in the LAO 30° position (figure 1A and Figure 1B) 

and with a value of angle 1 arbitrarily chosen above -20  degrees. The other shapes were labelled as 

non-C-shape, with a steep orientation of the proximal portion being a typical marker of this shape 

(Figure 1C and 1D). In this analysis, patients were subsequently divided into two groups based on 

their CS shape. 

Statistical analysis 

Baseline and outcome data were analyzed using descriptive statistics. Numerical values are expressed 

as mean ± standard deviation (SD) or median [interquartile range (IQR)] as appropriate. Categorical 

variables are expressed as percentages. Comparisons of measured outcomes were performed using 

the Fisher’s exact test to compare binary and categorical variables, paired Student t-test for continuous 

variables with normal distribution and the Mann-Whitney U test for continuous variables with non-

normal distribution. A two tailed probability value of P <0.05 was considered statistically significant.  

All statistical analyses were performed using SPSS version 25.0 (SPSS, Inc., Chicago, IL, USA). 
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Results 

A total of 47 CSR implantations were performed in the study period. Out of these 47 procedures, 3 

failures were registered, namely 2 device-dislocations and 1 CS dissection (see detailed description 

of the cases in Supplementary material 1). Clinical and demographic characteristics of the study 

population are presented in Table 1. In brief, the population comprised mainly older males (mean age 

67.6  9.4 years) with a high incidence of cardiovascular risk factors: 48.9% had diabetes mellitus; 

68.1% arterial hypertension and 55.3% dyslipidemia. Moreover, 70.2% had a previous coronary 

artery bypass grafting (CABG) and 72.3% had a previous PCI. The mean Canadian Cardiovascular 

Society (CCS) grading scale score was 3.3  0.7 before and 2.0  1.1 after implantation. An 

improvement in anginal symptoms translated by a mean CCS class improvement of 1.4  1.0 was 

observed. A total of 31 patients (65.9%) had a greater than or equal to 1 CCS class improvement.  

Table 1: baseline patient characteristics.  

Characteristic Study Population 

(n=47) 

C-Shape CS 

(n=23) 

Non-C-Shape 

(n=24) 

Age (years) 67.6  9.4 70.1  7.6 65.1  10.4 

Male gender 33 (70.2%) 17 (73.9%) 16 (66.7%) 

Body Mass Index (kg/m2) 28.5  4.5 29.9  3.9 27.1  4.6 

Diabetes Mellitus 23 (48.9%) 15 (65.2%) 8 (33.3%) 

Dyslipidemia 26 (55.3%) 11 (47.8%) 15 (62.5%) 

Arterial Hypertension 31 (68.1%) 16 (69.6%) 16 (66.7%) 

Family History of coronary artery 

disease 

26 (55.3%) 13 (60.9%) 13 (54.2%) 

Active smoker 9 (19.1%) 5 (21.7%) 4 (16.7%) 

Previous CABG 33 (70.2%) 19 (82.6%) 14 (58.3%) 

previous myocardial infarction 25 (53.2%) 14 (60.9%) 11 (45.8) 

Previous PCI 34 (72.3%) 17 (73.9%) 17 (70.8%) 

Ischemic territory   

      Anterior 23 (48.9%) 14 (60.9%) 9 (37.5%) 

      Inferior 19 (40.4%) 11 (47.8%) 8 (33.3%) 

      Lateral 24 (51.1%) 13 (56.5%) 11 (45.8%) 

      Apical 5 (10.6%) 4 (17.4%) 1 (4.1%) 

      Septal 12 (25.5%) 6 (26.1%) 6 (25.0%) 

CCS angina class pre-implantation 3.3  0.7 3.3  0.6 3.3  0.7 

CCS angina class post-implantation 2.0  1.1 2.0  1.2 2.0  1.2 

CCS angina class improvement 1.4  1.0 1.3  1.0 1.4  1.0 

CCS class improvement  1  

(number of patients) 

31 (65.9%) 14 (60.9%) 17 (70.8%) 

Medication  

      Beta blocker 34 (72.3%) 17 (73.9%) 17 (70.8%) 

      Calcium channel blocker 28 (59.6%) 16 (69.6%) 12 (50.0%) 

      Nitrate 37 (78.7%) 19 (82.6%) 18 (75.0%) 

      Ivabradine 4 (8.5%) 1 (4.3%) 3 (12.5%) 

      Ranolazine 0 (0.0%) 0 (0.0%) 0 (0.0%) 
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There were no relevant differences between the different subgroups in terms of baseline clinical 

characteristics. The median procedure time was 23 (19-29) min, the median fluoroscopic time was 

10 (8-18) min and the median contrast usage was 50 (40-70) millilitres. 

All procedural angiograms were of good quality and could be analyzed with standard criteria. C-

shape anatomy was identified in 23 patients (49%), while the remaining had non-C-shape anatomy 

(24 patients, 51%). As expected, there was a significant difference comparing angle 1 between the C-

shape and the non-C-shape (-2.69.9 degrees vs -29.010.2 degrees; p<0.001). 

Table 2: procedural characteristics. 

Characteristic Study 

population 

(n=47) 

C-shape CS 

(n=23) 

Non-C-

Shape CS 

(n=24) 

P value 

Procedural time (minutes) 23.0 [19.0-

29.0] 

20.0 [19.0-

24.7] 

24.5 [20.7-

51.0] 

0.028 

Fluoroscopic time 

(minutes) 

10.1 [1.7-17.6] 9.5 [7.5-

14.5] 

11.0 [7.9-

30.0] 

0.016 

Contrast agent (ml) 50.0 [40.0-

70.0] 

47.5 [38.7-

62.5] 

50.0 [40.0-

70.0] 

0.491 

Early bend 7 (14.9%) 0 (0%) 7 (29.2%) NA 

Valve 20 (42.6%) 10 (43.5%) 10 (41.7%) 1.000 

Bifurcation 41 (87.2%) 19 (82.6%) 22 (91.7%) 0.416 

          in the Proximal CS  33 (70.2%) 14 (60.9%) 19 (79.2%) 0.436 

          in the Mid CS 8 (17.0%) 5 (21.7%) 3 (12.5%) 0.436 

Catheter used to engage 

the CS 

   0.494 

             Multipurpose 36 (76.6%) 19 (82.6%) 17 (70.8%)  

             Amplatz Left 11 (23.4%) 4 (17.4%) 7 (29.2%)  

Ostial size (mm) 11.6  3.1 12.2  3.2 11.5  3.2 0.454 

Angle 1 (degrees) -16.1  16.6 -2.6  9.9 -29.0  10.2 <0.001 

Angle 2 (degrees) 140.5  13.4 130.1  7.3 150.4  10.0 <0.001 

Angle 3 (degrees) 129.8  14.7 132.9  9.3 126.7  18.2 0.148 

Data are expressed as number (percentage), meanstandard deviation or median [IQR] as 

appropriate. 

When comparing C-shape with non-C-shape CS anatomy there was a significant difference in 

fluoroscopic time (9 [7-14] min vs 11 [8-30] min; p=0.016) and procedural time (20 [19-25] min vs 

24 [21-51] min; p=0.028). A summary of procedural characteristics can be found in Table 2. 
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In patients with a non-C-shape CS anatomy, we identified a subgroup of subjects with an even 

stronger association with prolonged procedural and fluoroscopic times. This subgroup consists of 

patient where the CS anatomy describes a particularly pronounced early bending (>90°) in the 

proximal portion. The numerically relevant difference (see Figure 2A and B) in terms of procedural 

time (51 [25-122] min vs 23 [20-40] min; p=0.188) and fluoroscopic time (39 [10-70] min vs 11 [8-

24] min; p=0.095) was however statistically non-significant when compared to the rest of the non-C-

shape group, likely due to the low number of patients analyzed (7 pronounced early bends vs 17 non-

C-shape CS). 

 

Figure 1: A: Schematic overview of the different angle measurements in a C-shape anatomy. A1 

(Angle 1) is the angle between a horizontal line parallel with the vertebra and the proximal portion 

of the CS. A2 (Angle 2) is the angle between the proximal and mid portion; of the CS B: Angiography 

of an illustrative C-shape CS anatomy in the LAO 30° projection.; C: Schematic overview of the 

different angle measurements in a non-C-shape anatomy. D: Angiography of an illustrative non-C-

shape CS anatomy in the LAO 30° projection 

 

In the C-shape group the traditional Multipurpose diagnostic catheter was successfully adopted to 

engage the ostium of the CS in 19 patients (82.6%). In 4 patients (17%) exchange for an Amplatz 
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Left diagnostic catheter was necessary. In the non-C-shape group the multipurpose diagnostic catheter 

was successful in 17 patients (71.%), whereas exchange for Amplatz Left diagnostic catheter was 

needed in 6 patients (29%) Despite the numerical difference there was no statistically significant 

difference. 

The presence of bifurcations or valves in the proximal and mid segments of the CS were not 

associated with prolonged procedural or fluoroscopic time (median procedural time without 

bifurcation 22 [19-40] min and with bifurcation 23 [19-28] min; p=0.691 and median fluoroscopic 

time without bifurcation 8 [7-23] min and with bifurcation 10 [8-18] min; p=0.550; median procedural 

time without valve 23 [19-18] min and with valve 21 [19-31] min; p=0.541 and median fluoroscopic 

time without valve 10 [8-16] min and with valve 9 [7-21] min; p=0.753). 

Contrast use was not significantly different between non-C-shape and C-shape anatomy (50 [40-70] 

mL vs 47[39-62] mL ; p=0.392). Regarding the entire patient population we noted that when an 

Amplatz Left diagnostic catheter was needed, the difference in fluoroscopic time showed a trend 

toward longer duration when compared with the multipurpose catheter (18 [8-45] min versus 10 [8-

15] min; p=0.061). 

Failures 

We observed a total of 3 implantation failures, being 2 dislocations and 1 dissection. The dislocations 

happened in a 77 and a 76-year-old male. Both patients had a non-C-shape CS anatomy and a 

bifurcation in the proximal portion. One patient had a valve and in the other case there was an early 

bending in the proximal portion of the CS. The dissection occurred in a 87 year old female with a C-

shape CS anatomy, a valve in the proximal portion of the CS and a bifurcation. An Amplatz Left 

diagnostic catheter was used and it presumably caused the dissection due to excessive push against 

the valve. For further details, these cases are described separately in the supplementary material. No 

patient had clinical sequelae related to the failed implantation.   
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Discussion 

The main finding of this investigation is that specific CS anatomy characteristics determine the CSR 

implantation complexity. The non-C-Shape CS anatomy has shown to be a less favorable anatomy 

and is associated with longer fluoroscopic and procedural times and an overall more complex 

procedure.  In contrast, the C-shape CS anatomy allows a normally faster and more straightforward 

implantation.  

A possible explanation for this association is that the more gradual progression of the CS anatomy 

allows for a more homogeneous distribution of the back-up forces along the C-shaped CS itself, thus 

providing increased stability of the catheter once positioned deeply in the CS. This further increases 

the back-up force often needed to deliver the CSR and allows for sufficient stability to retract the 9F 

guiding catheter and place the device in the desired target zone. On the contrary, the typical steep-

angle of the non-C shape represents an adverse anatomy, where the mechanical forces determining 

the catheter stability become concentrated on the CS take-off. In these cases, when extra support is 

required to advance the CSR, the stability offered by this steep-angle is not sufficient to provide extra 

back-up, and the entire system (9F guiding catheter, wire and CSR) tends to fall backwards.  

For these reasons additional attention should be paid to obtain optimal alignment and stable guiding 

positioning before advancing the CSR outside of the 9F guiding catheter. Of note, retrieval of the 

device is often not feasible once outside the guiding catheter, due to slight flaring of the CSR mounted 

on the balloon with the risk of impingement of the proximal CSR edge against the tip of the guiding 

catheter, thus blocking safe CSR retrieval. Possible techniques to face these delicate steps have been 

previously described [7] and may significantly simplify this passage.  

As far as complications are concerned, CSR implantation is a safe and smooth procedure in most 

cases, and the rate of complications in this study was consistent with previous registries [8–10]. We 

observed here 3 procedural failures, of which 2 dislocations in a non-C-shape CS anatomy and 1 

dissection, all occurred in the early phase of CSR implantation. Migration of the CSR has been already 
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described, as well as possible techniques for retrieval [7,11].  Dissection of the CS may arise due to 

manipulation of the guiding or guidewires. Because the guiding and wire are maneuvered against the 

blood flow, a CS dissection rarely evolves into major clinical sequelae and will mostly heal 

spontaneously. Despite the feeling that valves and bifurcations could make selective cannulation more 

challenging and could be a source of complications (see case descriptions – Supplementary File 1), 

we could not associate the presence of valves nor bifurcations with longer procedural or fluoroscopic 

time or complications – mainly due to the limited size of the study population and to the known low-

incidence of these adverse events. It is however interesting to note that both dislocations observed 

here occurred in a non-C-shape anatomy and that the only dissection occurred due to the presence of 

a venous-valve. Indeed, the number of patients and events analyzed in this manuscript is not sufficient 

to draw any solid conclusion, and this association remains only hypothesis-generating. 

Finally, this article is, to our knowledge, the first systematic description of the CS anatomy in relation 

to the implantation of the CSR. Gokhroo et al. have made a classification with regard to CS anatomy 

with specific focus for electrophysiological procedures. Their approach was different from ours in 

the sense that they used coronary arterial injections, made their analysis in the right anterior oblique 

(RAO) projection and their primary goal was to define suitable anatomies for left ventricular lead 

placement.   

Limitations 

Some limitations need to be acknowledged. First, this is a retrospective analysis of a limited number 

of patients undergoing CSR implantation. Secondly, the CS anatomy was classified based on the 

experience of dedicated operators who started to use this device since the very beginning of its 

adoption and recognized these anatomical shapes as those with more complex implantations. 

However, this classification remains – at least in part – a subjective definition. Finally, non-significant 

associations were shown between unfavorable anatomies and adverse outcome, mainly due to the low 
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statistical power. For this reason, the impact of this non-C-shape anatomy on complications remains 

hypothesis-generating and should be confirmed in larger cohorts of patients. 

Conclusions 

Our study is the first description of the CS anatomy in the setting of CSR implantation. We identified 

the unfavorable non-C-shape CS anatomy, which is associated with a more complex implantation, 

longer procedural and fluoroscopic time and could potentially lead to more complications. Upon 

implantation, the operators should identify the occurrence of this anatomy and pay extra care in 

following the procedural steps to obtain optimal device stability and to avoid incurring in troublesome 

situations.  

 

Figure 2. Procedure time (A) and  fluoroscopic time(B) difference early in the study groups. 
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Introduction  

Available data from large registries suggests that the number of patients suffering from refractory angina is 

constantly increasing, with esteemed percentages ranging from 5-10% of patients with history of ischaemic 

heart disease[1]. Indeed, progresses in percutaneous coronary revascularization had led to a more extensive 

application of percutaneous coronary interventions (PCI) in coronary artery disease, with however increasing 

rates of complex scenarios (e.g. complex chronic total occlusions, diffuse vessel disease or small vessel 

disease) where revascularization treatment is often sub-optimal. Moreover, these patients are considered at 

higher risk for new hospitalizations and increased incidence of adverse cardiac events[1], given the complexity 

and extension of coronary artery disease commonly disclosed at angiography. 

The coronary sinus Reducer (CSR) was recently introduced as a new therapeutic option in patients with 

refractory angina and no possibilities for coronary revascularization. Briefly, this hourglass balloon-

expandable stent is released in the coronary sinus (CS), creating, once completely covered by neointimal tissue, 

a iatrogenic stenosis and augmenting upstream coronary veins pressure. The effect of these pathophysiological 

changes is that of re-distributing the coronary flow from the non-ischemic sub-epicardial areas to the ischemic 

sub-endocardial areas, thus relieving angina symptoms[2]. Data from the first randomized trial and from “real-

life” registries[3-4] suggest that a majority of patients treated with this device experiences improvements in 

terms of angina relief and efforts tolerance. However, a consistent percentage of patients, from 15 to 30%, 

reports no clinical benefits after CSR implantation. The reasons for this lack of effectiveness are at present 

unknown, with only one report[5] describing changes in CS pressure during CSR implantation as potential 

predictor of clinical response. We report here an alternative explanation to this phenomenon. 
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Case Series  

During the first two years of CSR adoption in our centre, 43 patients underwent successful implantation of this 

device, with no peri-procedural complications or reported adverse cardiac events. Of these, 5 patients showed 

no clinical improvement at 6 months follow-up in our outpatient clinic evaluation. For this reason, we decided 

to perform an angiographic assessment in order to exclude possible coronary artery disease (CAD) progression, 

to exclude late device-related complications or to evaluate possible options for highly complex PCI.  

Patient 1 was a 76 year old male, with history of multivessel PCI, who underwent CSR implantation because 

of refractory angina (Canadian Cardiovascular Society [CCS] Class III) and evidence of anterior-apical 

ischemia at stress scintigraphy. Clinical course was uneventful, but 6 months after CSR implantation the patient 

reported not only lack of clinical benefits, but even a reduced effort tolerance and more frequent angina 

episodes. Given the unexpected deterioration in symptoms, the patient was scheduled for a new angiographic 

assessment, including a direct CS injection in order to exclude possible complications related to the device 

itself, such as CSR thrombosis. No CAD progression was disclosed at coronary angiogram, and direct CS 

injection excluded device thrombosis but showed clear flow of contrast through the CSR struts, suggesting an 

incomplete struts coverage (see Figure 1, panel A - bottom). We also performed a deep intubation of the CS 

through the CSR lumen, in order to measure continuous pressure recording during catheter pull-back, with no 

evidence of pressure drop across the device (see Figure 1, panel B). 

Patient 2 was a 75 year old male, with history of coronary artery by-pass graft (CABG) and multiple PCI after 

graft-failure, with evidence of ischemia in the antero-lateral wall at stress cardiac magnetic resonance imaging 

(MRI). The patient received a CSR because of refractory angina persistently in CCS class III despite optimal 

medical therapy. No clinical benefits were observed at 6-month follow-up. Coronary angiography was again 

performed in order to rule out possible CAD progression, and prolonged angiographic recording after selective 

injection of the left coronary system, allowed to visualize the venous-phase of the contrast flow through the 

CS. Also in this patient, contrast passage was appreciable through the CSR struts or behind its structure in the 

narrow part of the device (see Figure 1, panel A - top), suggesting that the device’s surface was not completely 

covered.  
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Similar findings (incomplete endothelium coverage with contrast flow) where observed in patient 3, 4 and 5. 

All these patients were known for having previous CABG and refractory angina, with no options for 

percutaneous revascularizations and evidence of ischemia at non-invasive imaging assessment (none of which 

disclosed isolated/prominent inferior wall ischemia). In all these patients the CSR implantation occurred 

uncomplicated with no adverse events reported during clinical follow-up, but none of them showed appreciable 

improvements and were classified as “non-responders”. Coronary angiograms with prolonged injections and 

recording times consistently revealed lack of narrowing at the site of CSR implantation, in line with what 

observed and showed for the first two patients (see Figure 1). 

 

 

Figure 1. Incomplete struts coverage 12 months after Coronary Sinus Reducer implantation as seen by end-

phase of left coronary injection and by selective coronary sinus injection (Panel-A). Panel-B: pressure curve 

during gentle pull-back through the reducer, showing no variations in pressure between up-stream and down-

stream measurements. 

  



 

232 

Discussion 

In the 5 patients herein described, a flow of contrast was appreciable through the CSR struts or behind its 

structure in the narrow part of the device 6 months after implantation (see Figure1, panel A), suggesting that 

the device’s surface was not completely covered by endothelium. In addition, in the only case where a selective 

CS injection was performed, continuous pressure recording was registered during catheter pull-back through 

the CSR, with no evidence of pressure difference across the device (see Figure1, panel B). These findings lead 

to our hypothesis that alterations in the endothelialisation process may be responsible for the lack of efficacy 

observed in at least some of CSR non-responders.  

As per device design, the CSR is meant to undergo complete strut endotelialization – generally requiring 1 to 

3 months - in order to create the effective narrowing responsible for the increase in coronary venous pressure. 

Without endothelialisation of the device, the blood-flow can run outside its structure and no effective stenosis 

is generated. The stainless steel structure of the CSR was chosen to best fit with the vascular features of the 

CS (by adjusting deployment pressure to the diameter of the CS) and to trigger complete strut coverage in a 

relatively short period (1-3 months) after device implantation.  

Our observations, despite limited by the relative low number of patients investigated and in some cases by the 

use of indirect visualization of the CS (via long left coronary artery injections), may provide additional insights 

in exploring the pathophysiological mechanisms of CSR failure. Indeed, if confirmed by larger reports, our 

hypothesis may suggest future directions to improve the efficacy of this new and promising device. In fact, 

together with anatomical variability of the vascular vein system [5], where however our possibilities of 

intervention are limited, device improvements aimed at favouring strut coverage may allow for even higher 

clinical benefits in patients with refractory angina. 

Conclusion 

Alterations in the endothelialisation process of the coronary sinus reducer may be responsible for the lack of 

efficacy observed in CSR non-responders. Device improvements aimed at favouring strut coverage may allow 

for even higher clinical benefits in patients with refractory angina. 
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DISCUSSION 

Refractory angina continues to represent a challenge for the general cardiologist and a field of constant interest 

for researchers: more than 1000 articles have been published on this topic in the last 20 years, with a net trend 

toward increase if compared with the previous decades.  

Together with the progressive advances in technical possibilities for percutaneous revascularization, the 

clinical conditions of our patients has also showed a clear increase in complexity. This phenomenon can – at 

least in part – explain the augmented attention of researchers and cardiologists to this clinical issue and its 

related treatment strategies. It should also be mentioned that refractory angina is responsible for a high burden 

of healthcare costs, being estimated that $10.4 billion are invested every year for hospitalization and outpatient 

clinic visits in these patients, with clear trends toward constant increases for the next years.  

This doctorate thesis has mainly two objectives: 1) investigating different modalities of optimization of PCI in 

chronic total occlusion; 2) providing additional evidence of efficacy of the Coronary Sinus Reducer 

implantation in patients with refractory angina.  

Both aims have the purpose to optimize and improve the treatment of patients with refractory angina. To 

achieve these aims, we performed several clinical investigations with different study design, ranging from 

hypothesis-generating retrospective registries to large multicentre randomized trials.  

One goal of these investigations was that of simplifying vascular access in CTO PCI by encouraging the trans-

radial approach (TRA). There is indeed a large body of evidence showing reduced incidence of all major 

adverse cardiovascular events (not only limited to bleeding risk, but also including occurrence of myocardial 

infarction and death) when this vascular access is preferred to the trans-femoral one. As authors and operators, 

we firmly believe that such benefits seen in general percutaneous interventions could be translated also to the 

settings of chronic total occlusions. The first main objective was that of showing that TRA is safe and feasible 

without losing ground in terms of procedural success. Our studies were the first to promote the use of a fully-

transradial access in CTO PCI. Indeed, in the RECHARGE registry we could demonstrate a comparable 

technical success in the fully-transradial group if compared with the classical femoral approach (85% vs 86% 

respectively, p=0.51). This parameter of success remained comparable in all strata of J-CTO complexity, with 

very success rates. These results were also confirmed after propensity score analysis and matching. Even 
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though the first positive results in the RECHARGE study were originally driven by selected operators – who 

were acquainted with radial access also in very complex settings – it is nowadays becoming more and more 

often the “way to go” in CTO PCIs according to many expert operators.  

After this first achievement, we decided to push this concept of “miniaturization” of CTO PCI approach even 

further. The novel “minimalistic hybrid algorithm” was developed not only with the goal of promoting trans-

radial access in CTO PCI, but also with the purpose of reducing the French size of guiding catheters and 

limiting the dual vascular approach to the necessary cases. The theoretical postulation of this algorithm was 

firstly published to show how the different CTO-PCI techniques could be adopted and switched from one to 

the other in order to avoid the “failure mode” and maximize the procedural success. In this initial form, the 

Minimalistic Hybrid Algorithm divided CTO PCIs in two scenarios – namely “simple” and “complex” – and 

the corresponding flowchart of techniques and vascular access approaches were presented in increasing steps 

of complexity and invasiveness. Indeed, the simpler scenarios represent those where the Minimalistic 

Algorithm differs most from the classic Hybrid Algorithm, allowing for the least invasive approach (i.e. single 

trans-radial 6F guiding catheter), while further advancements in the flowchart lead to a final approach (namely 

that with maximal complexity and need for largest bore catheters) which highly resembles the standard Hybrid 

Approach.  

Results of the applicability and efficacy of this Minimalistic Hybrid Approach were shown at first in our single-

center registry (see Chapter 4). Procedural success was 89%, and complexity of these CTO lesions resulted 

comparable to that of large registries and trials showing similar success rates.  

After this initial retrospective experience, we also decided to prospectively analyse the reproducibility of these 

findings in redefined version of this algorithm that could fit better with the diversity of real-cases CTO 

scenarios.  In this redefined version, multiple “minimalistic approaches” were described according to the pre-

chosen strategy to cross the CTO lesion (see Figures in Chapter 5). In this prospective registry, technical and 

procedural success resulted even higher (94%) with comparable degree of lesion complexity: mean J-CTO 

score 2.04±0.95 (J-CTO score≥3 in 30.4%). In addition to confirming the already positive results of the first 

“version” of the Minimalistic Hybrid Algorithm, this further advancement not only showed a very high 

applicability in a real life population of consecutive patients, but refined the scenarios and dedicated steps of 
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the algorithm. These changes showed additional improvements in terms of successful adoption of single-

guiding and trans-wrist approach.  

The pursuit of optimization of percutaneous revascularization of chronic total occlusions further developed in 

this thesis with the analysis of the performance of new devices and technique currently available.  

We could show that the performance of very-long tapered drug-eluting stents is substantially comparable with 

the standard DES, with the potential advantage of avoiding stents overlap and increased adaptability to arterial 

anatomy (preserving vessel conformability, providing homogenous radial force, reducing mechanical stress 

and maintaining stent-arterial wall ratio along the stented segment). This increased vessel-adaptability is 

theoretically provided by the hybrid structure of this device, with open cells in the body of the stent and close 

cells at the edges.  

In two sub-analysis of the PRISON IV trial, we investigated the reasons for the inferiority of the SES group in 

the settings of CTO-PCI. First of all, we specifically assessed the angiographic and clinical outcome in patients 

treated with stent with diameter ≤3.0 mm. This choice was driven by the structural differences in study device 

(namely, the Orsiro SES): in fact, Orsiro SES with diameter >3.00 mm have a strut thickness of 81 µm, while 

in those with diameter ≤3.0 mm the strut thickness is 60 µm. For this reason, the expected advantages (or 

pitfalls) of the ultra-thin struts DES should be mostly appreciable in patients treated with smaller Orsiro stents. 

As shown in our investigation, the inferior performance of the Orsiro SES observed in the PRISON IV trial 

was particularly suboptimal when smaller stents (≤3 mm in diameter) were adopted. In fact, in this specific 

sub-group we observed a statistically significant, nearly 8-fold higher, incidence of binary-restenosis (p=0,03) 

if compared with the control group. We hypothesize that potential advantages of the ultra-thin struts structure 

– indeed associated with the reduced traumatic damage and vessel inflammation after implantation – may be 

counterbalanced by a significant lower radial force needed in highly calcified lesions such as CTOs.  

In the second sub-analysis, we investigated the specific impact of retrograde approach in CTO-

revascularization on angiographic and clinical outcome. The main finding of this sub-analysis is that the use 

of retrograde techniques – despite generally applied in settings of higher technical complexities (as expressed 

by the higher J-CTO score (2.6±1.1 vs 1.8±1.1 in antegrade approaches, p<0.001) – allowed for an 

approximately 12% higher success rate without being associated with peri-procedural or long-term adverse 
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outcome. Of note, limited data about the angiographic outcome of CTO PCI are available, and the substantially 

comparable incidence of in-stent restenosis and in-segment lumen loss between ante- and retrograde 

techniques in our cohort represents a very reassuring finding.  

Finally, we presented the very-long term clinical outcome of the PRISON IV trial. At 3-year follow-up, the 

group of patients treated with the hybrid SES still showed a significantly higher incidence of MACEs. This 

significant difference was, however, driven from the higher incidence of TLR/TVR taking place in the first 

year of follow-up, as shown in the landmark analysis of the KM survival curves. According to our findings, it 

seems reasonable to believe that the majority of events happening in the group of SES should be limited to the 

first year after the implantation.  

In the second portion of this thesis, we investigated the potential role of the Coronary Sinus Reducer as 

alternative therapeutic option in patients with refractory angina and demonstrated ischemia. An updated 

overview on the evidence about the device’s mechanisms of action, its clinical benefits and future applications 

is discussed in a recent review from our group. 

Moreover, we investigated the potential benefits of CSR implantation in terms of functional capacity and 

ischemia detection. We collected and compared data of cardiopulmonary exercise test (CPET) before and 6 

months after Reducer positioning, showing significant improvements in CPET after CSR implantation. Indeed 

patients showed a significantly higher effort-tolerance and improved parameters of oxygen kinetics (including 

VO2 max) at six months. These changes indicate the reduced angina burden in the study population, its 

consequential higher tolerance to effort reflecting into an increased conditioning, potentially based on the 

reduction in myocardial ischemia. Of note, similar results and similar improvements were originally described 

after PCI in patients with stable angina, and even more interestingly, increases in oxygen kinetics parameters 

at CPET in patients with known heart failure have been associated with increased survival.  

Specific analysis were then performed to report on the CSR efficacy in subgroups of patients with high 

cardiovascular risk profile and aggressive forms of refractory angina, such as diabetic patients and those with 

known chronic total occlusions. Indeed, these two clinical scenarios represent settings of advanced forms of 

clinical susceptibility to vascular damage and aggressive atherosclerotic involvement.  
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We could show for the first time that patients with diabetes mellitus not only experienced a significant 

improvement in symptoms after CSR implantation, but also that the clinical benefits are substantially 

comparable with patients without DM. Similarly, patients with CTO lesions at coronary angiogram also 

showed to respond well to CSR implantation. In this case, the improvements observed in CCS classification 

and other quality of life parameter were not only significant after Reducer positioning, but even of larger entity 

if compared with patients without CTO lesions. This interesting finding could be referred to the extensive 

development of coronary collateralization in patients with CTO lesions: this represents the pathophysiological 

substrate for the CSR mechanism of action. As a result, despite being burdened by a more advance and severe 

form of atherosclerosis, patients with chronic total occlusion may paradoxically benefit from Reducer 

implantation even more. Put together, these encouraging results further support the adoption of the Reducer 

also in complex patients with severely debilitating symptoms. 

In addition, we proposed a new anatomical classification of the coronary sinus, with specific focus on the 

critical steps for a smooth CSR implantation. Despite its application is limited to this unique procedure, this 

classification may help the operator in choosing the best materials and techniques during Reducer positioning. 

The deriving approach facilitates the procedural steps, shortening procedural and fluoroscopic times, avoiding 

incurring in troublesome situations and potentially limiting procedural complications. In fact, besides 

considering the shape of the coronary sinus in a standard RAO projection, we took also into account the 

possible presence of venous valves or bifurcation as possible predictors of technical difficulty.  

Finally, in the last research letter we described a possible “mechanisms of failure” of the CSR. We reported 

the cases of 4 patients without clinical improvements where a substantial lack of struts-endothelialisation 

was observed at selective or non-selective coronary sinus angiography. Our hypothesis is that, in case of lack 

or limited device endothelialisation, the device is not able to generate the increased gradient in venous 

pressure responsible for flow redistribution in the ischemic myocardium. As a consequence, no 

improvements in symptoms can be expected. Our proposed “mechanism of failure” generated additional 

consciousness in the potential pitfalls of this device and stimulated an intriguing international discussion 

with our colleagues also dedicated to CRS implantation. 
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Future Perspectives 

The treatment of patients with refractory angina represents a real challenge for the general cardiologist, where 

the sometimes extreme clinical complexity is counterbalanced by a growing toolbox of treatment options and 

technical approaches.  

The beginning of a therapeutic relation with a “refractory angina” patient may be also seen as the start of a 

long journey, where we physicians follow him/her from the first step (the diagnosis) through the multiple roads 

of his/her future (indeed, the various treatment options). However, the central point of all this journey and its 

crossroads (namely, the treatment choices) is represented by patient selection, which will determine if the road 

will lead to harsh mountains (treatment failure/poor clinical response) or to joyful plains (clinical 

improvement). 

As current CTO-studies have reported very high rates of procedural success (~90%), future efforts should be 

dedicated to the identification of patients who will benefit more from this complex revascularization. In this 

setting, an ongoing prospective registry from our group (the PETS-CTO registry), will shed some light on the 

clinical evolution of all patients diagnosed with a coronary chronic total occlusion, based on their clinical 

management (PCI vs CABG vs medical therapy, Clinical Trial Number: NCT04145167). This registry is not 

a randomized-control trial, but indeed a real-life registry, where consecutive patients (without any sort of 

exclusion criteria) will be included and analysed. Interesting findings are also expected from the REVISE-

CTO randomized trial (currently enrolling - NCT03756870) where benefits in terms of ischemic burden and 

therefore in functional outcomes will be investigated in a 1:1 comparison between CTO-PCI vs optimal 

medical therapy in patients with an ischemic threshold (>12.5%) on cardiac imaging. In addition, the 

availability of very large database (e.g. the European CTO registry, comprising approximately 25000 CTO 

procedures) and the growing integration of artificial intelligence algorithms in medicine (e.g. Deep Learning) 

would potentially lead patient selection for revascularization to a deeper and more efficient level. Together 

with other study-groups, we already started applying these technologies in the settings of refractory angina, 

especially with the goal of developing efficient prediction scores for procedural success, complications rate 

and clinical improvement. 
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In addition, continuous technical development will also allow to treat patients with refractory angina in 

alternatives ways. As the Coronary Sinus Reducer represented a totally different approach to coronary 

revascularization, new devices and technologies now under investigation (such as transcutaneous electrical 

nerve stimulation, angiogenesis by gene or cell therapy, trans-myocardial laser extravascular angiogenesis…) 

will provide us with alternative tools in our armamentarium. Dedicated trials are needed to investigate their 

safety and efficacy. 

As refractory angina represents a growing finding in our clinical practice, the future of its treatment will likely 

consist of a rich toolbox of different and or combined approaches. Indeed, the real challenge will not consist 

of crossing the most complex total occlusions or re-opening extremely calcified lesions, but finding the most 

suitable and efficient treatment option for every single patient.  

After all, our efforts should always be directed to significant symptom relief aiming at improving patient’s 

quality of life.  
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SUMMARY 

As detailed in the Introduction paragraph, this thesis aims at investigating the clinical challenges for the 

interventional cardiologist in the treatment of patients with refractory angina, and is divided in two different 

parts. In the first part (Chapters 1-9) we explore the current limitations and potential improvements of the 

percutaneous revascularization of chronic total occlusions. In the second part (Chapters 10-15), we reports on 

clinical benefits associated with the Coronary Sinus Reducer implantation.  

In Chapter 1, we described the angiographic evolution of the segment distal to chronic total occlusions. More 

specifically, we showed that angiographic stenosis observed immediately after CTO recanalization have a 

“natural” tendency toward regression in the first 6 months after CTO-PCI. As a result, stent implantation in 

this segment should not be guided by the angiographic appearance of a residual stenosis, because this segment 

of the vessel will likely grow enough with time.  

In Chapter 2, we presented a subanalysis of the RECHARGE registry, comparing the efficacy of a fully-

transradial approach in CTO PCI versus the conventional transfemoral one. The main finding was that this 

approach resulted in comparable technical success in all different degrees of CTO-PCI complexity, with 

potential benefits in terms of vascular-related complications.  

Chapters 3-5 described the postulation and clinical application of the Minimalistic Hybrid Approach (MHA) 

in CTO-PCI. This new “algorithm” is first presented as theoretical concept (Chapter 3) which the authors 

developed as a further advancement of the TRA approach in CTO percutaneous interventions. After the 

description of the principles behind the MHA, we reported the first retrospective analysis of authors experience 

following this algorithm (Chapter 4). These data were important to support the definition of the MHA, 

showing that the algorithm could be applied in a very high percentage of cases (namely 90%) and with a high 

technical success (89%). Furthermore, in Chapter 5, we reported data from the prospective application of the 

MHA, where all consecutive CTO PCI from our center were approached following this algorithm.  

In the Chapters 6-9, we discussed possible advancements in techniques and materials related to CTO-PCI 

procedures. 
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The first investigation is a retrospective analysis of consecutive CTO-PCI with the use of long-tapered DES 

(Biomime Morph). We tested for the first time the safety and efficacy of these specific devices, consisting of 

40 or 50 or 60 mm long sirolimus eluting stents, in the settings of CTO PCI, with promising results.  

In Chapter 7, we further investigated the impact of stent-struts thickness in the long-term outcome of CTO-

PCI. This is a sub-analysis of the PRISON-IV trial, aiming at investigating the role of the “real” ultrathin-struts 

SES (Orsiro with diameter ≤3 mm) in the less favourable angiographic outcome described for the SES group. 

As main finding, the performance of this device resulted particularly sub-optimal when smaller stents (≤3 mm 

in diameter) were adopted, suggesting that the potential advantage of the ultra-thin struts in the conventional 

PCI is not confirmed for complex lesions such as CTO.  

From the same dataset, we analysed also the impact of antegrade and retrograde CTO-approaches on the 

procedural and clinical outcome of patients undergoing CTO-PCI (Chapter 8). Our study confirmed that the 

retrograde approach represents a valid tool to tackle complex lesions (mean J-CTO scores in the retrograde 

group 2.6±1.1 vs 1.8±1.1 in the antegrade group, p<0.001; more than half cases in the retrograde approach 

presented with J-CTO≥3) with low incidence of peri-procedural complications.  

Finally, we presented in this thesis also the long-term follow-up of the PRISON IV trial (Chapter 9). As main 

finding, the 3-year clinical outcome of patients undergoing CTO-PCI with implantation of the ultra-thin SES 

resulted significantly worse than those receiving thin-struts EES, because of a significantly higher incidence 

of target-lesion failure. Of note, this difference is mainly driven by the events in the first year of follow-up, as 

Kaplan-Meier curves for TLR between 1 and 3 years were relatively flat and parallel between the two arms, 

showing very few events during this time window. 

In the second part of this thesis, we focused on a very different approach to improve symptoms in patients with 

ischemic cardiopathy suffering from refractory angina, namely via the implantation of the Coronary Sinus 

Reducer. After describing the most recent evidences supporting the use of this device in Chapter 10, we 

reported on the improved oxygen kinetics observed at cardiopulmonary exercise test after CSR implantation 

(Chapter 11). We reported prospective data of patients performing CPET before and 6 months after CSR 

placement. Significant improvements in terms of maximal workload, time of exercise and VO2-max were 

observed at follow-up, suggesting a reduction in myocardial ischemia and increased effort tolerance.  
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In Chapter 12, we analysed the efficacy of the CSR in patients with refractory angina and diabetes mellitus. 

These patients represent indeed a population at high risk for ischemic cardiopathy and chronic angina 

syndromes, with often a higher burden of myocardial ischemia and need for more aggressive medical treatment 

than those without diabetes. In our retrospective multicentre analysis, we demonstrated that CSR implantation 

lead to a significant relief of angina symptoms and improved quality of life. Of note, the benefits observed in 

diabetic patients were substantially comparable with non-diabetic patients.  

In the following chapter (Chapter 13), we researched the efficacy of CSR implantation as a possible 

therapeutic option in patients with refractory angina due to the presence of a non-revascularized CTO lesion. 

Patients included in this analysis comprised also those where an attempt of CTO-PCI was performed, without 

success. In this perspective, the CSR could be potentially considered a complementary treatment strategy to 

reduce angina symptoms in case of CTO-PCI failure.  

In order to prevent potential complications and to facilitate CSR implantation, in Chapter 14 we described the 

two most common anatomic-angiographic presentation of the CS and their related technical challenges (that 

we named “C-shape” and “non-C-shape”). We showed that the non-C anatomies are more frequently 

associated with longer procedural and fluoroscopy times, with need for catheter switch and potentially with 

technical impasses where complications may occur. 

Finally, in Chapter 15 we described for the first time a possible mechanism of failure of the CSR: it is indeed 

reported that about 15-25% of patients who received the Reducer do not experience appreciable clinical 

benefits. Our hypothesis may add a possible explanation to this phenomenon. 

In the Discussion paragraph we discussed the impact of these studies and put their findings in perspective. 
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Samenvatting 

Zoals uiteengezet in de introductie is het doel van deze thesis om de klinische uitdagingen voor de 

interventiecardioloog te onderzoeken bij het behandelen van refractaire angina. De thesis is onderverdeeld in 

2 grote delen. Het eerste deel (hoofdstukken 1-9) is een beschrijving van de huidige limitaties en mogelijke 

verbeteringen bij revascularisatie van een chronisch totale occlusie (CTO). Het tweede deel (Hoofdstuk 10-

15) spitst zich vooral toe op de klinische voordelen van een coronaire sinus reducer implantatie.  

In hoofdstuk 1 beschreven we de angiografische evolutie van het distale segment achter een chronisch totale 

occlusie. Meer bepaald toonden we dat een vernauwing in het bloedvat distaal van een CTO een “natuurlijke 

neiging” heeft tot regressie in de eerste 6 maand na CTO revascularisatie. Bij aanwezigheid van een residuele 

stenose in het distale segment kan een stent implantatie dus beter niet geleid worden door een angiografische 

evaluatie aangezien dit segment zeer waarschijnlijk zal groeien na verloop van tijd.   

In hoofdstuk 2 stelden we een subanalyse voor van het RECHARGE register waarbij we de werkzaamheid 

van een volledig radiale benadering van een CTO revascularisatie vergeleken met een conventionele femorale 

aanpak. De belangrijkste bevinding was dat een volledig radiale benadering resulteerde in vergelijkbaar 

welslagen van de CTO revascularisatie en mogelijks minder aanleiding gaf tot minder vasculaire complicaties.  

Hoofdstukken 3-5 beschreven de ontwikkeling en klinische toepassing van de Minimalistic Hybrid Approach 

(MHA) in CTO revascularisatie. Dit nieuw algoritme werd eerst voorgesteld als een theoretisch concept 

(hoofdstuk 3) dat de auteurs beschouwen als een volgende stap in de volledig radiale benadering van percutane 

CTO revascularisatie. Na de beschrijving van de beginselen achter de MHA rapporteerden we de eerste 

retrospectieve analyse van onze ervaring met dit algoritme (hoofdstuk 4). Deze gegevens toonden dat het 

algoritme toepasbaar is in de overgrote meerderheid van de gevallen (namelijk 90%) en een hoog technisch 

succes behoudt. Daarenboven, in hoofdstuk 5 rapporteerden we data van een prospectieve evaluatie van het 

MHA waar alle consecutieve CTO percutane coronaire interventies (PCI) in ons centrum behandeld werden 

met dit algoritme.  

In hoofdstukken 6-9 besproken we potentiele toekomstige technieken en verbeterde materialen voor het 

uitvoeren van een CTO revascularisatie. 
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Het eerste onderzoek (hoofdstuk 6) is een retrospectieve analyse van opeenvolgende CTO-PCI waarbij we 

gebruik maken van een lange taps toelopende stent (Biomime Morph). Voor het eerst onderzochten wij de 

veiligheid en werkzaamheid van dit medisch hulpmiddel bij het gebruik in CTO-PCI, de resultaten waren 

veelbelovend. 

In hoofdstuk 7 onderzochten we de invloed van stent strut dikte in CTO-PCI op de lange termijn. Dit was een 

sub-analyse van de PRISON-IV. We onderzochten de rol van ultra dunne stent struts (Orsiro met diameter ≤ 

3 mm) in de groep met de angiografisch minst goede uitkomst beschreven voor de sirolimus stents. De 

belangrijkste bevinding was dat de resultaten suboptimaal waren wanneer kleinere stents (≤3 mm in diameter) 

werden gebruikt. Dit suggereert dat het potentiële voordeel van de ultradunne stent strut in conventionele PCI 

niet geldt voor complexe laesies zoals CTO. 

Uit diezelfde dataset hebben we ook de impact geanalyseerd van antegrade en retrograde benaderingen bij 

patiënten die een CTO-PCI ondergaan (hoofdstuk 8). Onze studie bevestigde dat de retrograde benadering 

een valabele optie is om complexe laesies aan te pakken (gemiddelde J-CTO-scores in de retrograde groep 2,6 

± 1,1 versus 1,8 ± 1,1 in de antegrade groep, p<0,001; meer dan de helft van de gevallen in de retrograde 

benadering met J-CTO≥3) met een lage incidentie van peri-procedurele complicaties.   

Ten slotte hebben we in dit proefschrift ook de lange termijn opvolging van de PRISON IV studie 

gepresenteerd (hoofdstuk 9). De belangrijkste bevinding was dat de patiënten die een CTO-PCI ondergingen 

met implantatie van de ultradunne strut Sirolimus stent het na drie jaar significant slechter deden dan patiënten 

die een Everolimus stent kregen. Dit werd vooral gedreven door een significant hogere incidentie van falen 

van de doelwitlaesie. Op te merken valt dat dit verschil voornamelijk wordt veroorzaakt door gebeurtenissen 

die plaatsvonden in het eerste jaar na de CTO-PCI. Tussen het 1e en 3e jaar van de opvolging lopen de Kaplan-

Meier-curves van beide groepen namelijk relatief vlak en parallel (wat betreft falen van de doelwitlaesie), 

mede gezien er in deze periode zeer weinig nieuwe gebeurtenissen waren. 

In het tweede deel van dit proefschrift hebben we ons gericht op een heel andere benadering om symptomen 

te verbeteren bij patiënten die lijden aan refractaire angina, meer bepaald via de implantatie van de Coronaire 

Sinus Reducer(CSR). Na een beschrijving van de meest recente gegevens die het gebruik van dit hulpmiddel 

ondersteunen in hoofdstuk 10, rapporteerden we een verbeterde zuurstofkinetiek, waargenomen bij 
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cardiopulmonale inspanningstesten (CPET), na CSR implantatie (hoofdstuk 11). We rapporteerden 

prospectieve gegevens van patiënten die een CPET uitvoerden vóór en 6 maanden na implantatie van de CSR 

en observeerden significante verbeteringen van maximale belasting, inspanningsduur en VO2-max. Dit wijst 

op een afname van myocardiale ischemie en een verhoogde inspanningstolerantie.  

In hoofdstuk 12 analyseerden we de werkzaamheid van de CSR bij patiënten met refractaire angina en diabetes 

mellitus. Deze patiënten vertegenwoordigen een populatie met een hoog risico op ischemisch hartlijden en 

chronisch refractaire angina pectoris. Bovendien hebben deze patiënten vaak meer myocardiale ischemie en 

een agressievere medische behandeling nodig dan patiënten zonder diabetes mellitus. In onze retrospectieve, 

multicentrische analyse hebben we aangetoond dat CSR-implantatie leidt tot een significante verlichting van 

angineuze symptomen en een verbetering van de levenskwaliteit. Merk op dat de voordelen die werden 

waargenomen bij diabetes mellitus patiënten nagenoeg vergelijkbaar waren met patiënten zonder diabetes 

mellitus. 

In het daaropvolgende hoofdstuk (hoofdstuk 13) hebben we de werkzaamheid onderzocht van CSR-

implantatie als een mogelijke therapeutische optie bij patiënten met refractaire angina en een niet-

gerevasculariseerde CTO. In deze analyse werden tevens patiënten opgenomen waar een voorgaande CTO PCI 

was mislukt. In deze situatie kan CSR-implantatie worden beschouwd als een aanvullende 

behandelingsstrategie om angineuze symptomen te verminderen. 

Teneinde complicaties te vermijden en CSR implantatie zo eenvoudig mogelijk te maken presenteerden we in 

hoofdstuk 14 de 2 meest voorkomende anatomische presentaties van de coronaire sinus (meer bepaald "C-

vorm" en "niet- C-vorm") en hun respectievelijke technische uitdagingen. We toonden aan dat de “niet-C-

vorm” vaker wordt geassocieerd met langere procedure- en fluoroscopietijden, met het gebruik van 

verschillende katheters en een hogere technische complexiteit waaruit mogelijk complicaties kunnen volgen. 

Tot slot hebben we in hoofdstuk 15 voor het eerst een mogelijke verklaring gegeven voor het feit dat ongeveer 

15-25% van de patiënten die een CSR implantatie ondergaan daar geen merkbaar klinisch voordeel uit halen. 

Onze hypothese vormt een mogelijke verklaring voor dit fenomeen.  
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In de discussieparagraaf hebben we de impact van deze onderzoeken besproken en hun bevindingen in 

perspectief geplaatst. 
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