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A b s t r a c t

Introduction: Most established risk factors after rotational atherectomy (RA) of heavily fibro-calcified lesions are associated 
with patients’ general risk and clinical related factors and are not specific for either coronary and culprit lesion anatomy or the RA 
procedure.

Aim: To assess novel predictors of poor outcome after percutaneous coronary intervention using RA in an all-comers population.
Material and methods: A total of 207 consecutive patients after RA were included in a single-center observational study. Prima-

ry endpoints were 1-year mortality and 1-year major adverse cardiac events (MACE). Secondary endpoints were angiographic and 
procedural success and in-hospital complications.

Results: Procedural complications occurred in 19 (8%) patients. In-hospital mortality was 1%, peri-procedural myocardial in-
farction (MI) was 9%, and acute stroke occurred in one patient. The 1-year MACE rate was 20% with all-cause mortality 10%, MI 
10% and stroke 1%. Multivariable analysis revealed heart failure with left ventricle ejection fraction (LVEF) ≤ 35% (p = 0.02) and 
uncrossable lesion, as compared to undilatable lesion (p = 0.01), as independent predictors of 1-year mortality and residual SYNTAX 
score ≤ 8 as an independent predictor of favorable outcome (p = 0.04). Heart failure with LVEF ≤ 35% (p < 0.01) and uncrossable 
lesion (p = 0.04) were independent predictors of 1-year MACE.

Conclusions: The presence of a novel factor, uncrossable lesion, as compared to undilatable lesion, is associated with poor out-
come, and low residual SYNTAX score ≤ 8 is associated with favorable outcome in 1-year follow-up after the RA procedure and can 
help in risk stratification of patients undergoing complex coronary intervention with RA.
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Introduction
Percutaneous coronary interventions (PCI) are per-

formed in more and more difficult settings nowadays, 
including heavily calcified and fibrotic lesions. In many 
patients rotational atherectomy (RA), along with orbit-
al and excimer laser atherectomy, is the last resort for 
successful PCI of such highly calcified or fibrotic lesions 
[1, 2]. According to European and American recommen-
dations RA is indicated for calcified or massive fibrotic 
plaque modification for subsequent full balloon dilata-
tion and optimal stent implantation [3, 4]. 

Since the introduction of RA to clinical practice 30 
years ago, the procedure has been performed in a small 

number of patients and the number of trials and registries 
analyzing the outcome after RA has been modest, includ-
ing mainly small and moderate-risk populations [5–9]. In 
recent years we have observed a constant increase in the 
number of RA procedures, which now constitute 1–3% of 
all PCI [3]. The results of new larger studies concerning 
this issue have also been published [10–15]. However, 
there is still a paucity of data regarding the outcome and 
proper risk stratification, taking into account the growing 
treatment needs of an overall aging population. More-
over, most of the established risk factors are associat-
ed with patient general risk and clinical related factors 
(including left ventricle ejection fraction (LVEF), diabetes 
mellitus, chronic kidney disease, and peripheral artery 
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disease [13–15]) and are not specific for either coronary 
and culprit lesion anatomy or the RA procedure (like the 
use of drug-eluting stents (DES) [13]).

Aim
The aim of the study was in-hospital and 1-year out-

come evaluation of patients after RA of fibro-calcified 
coronary lesions in an all-comers population including 
acute coronary syndromes (ACS), high-risk subjects and 
patients disqualified from coronary artery bypass graft-
ing (CABG). Consequently, predictors of mortality and 
morbidity were determined, focusing on novel anatomy, 
lesion related and RA procedure related factors along with 
contemporary cardiovascular risk scores in order to help 
in better risk stratification in patients undergoing RA.

Material and methods
Study population
All consecutive patients with calcified coronary le-

sions who underwent RA and PCI in our institution from 
April 2008 to October 2015, regardless of indication and 
clinical status, were included in a single-center observa-
tional study. There were no exclusion criteria. Baseline 
demographic, clinical characteristics and detailed proce-
dural data were collected, including indication for proce-
dure, urgency, access site, all PCI equipment and lesion 
characteristics with basic quantitative coronary angiog-
raphy (QCA) parameters. Preprocedural disqualification 
from CABG was undertaken by the local Heart Team. In-
formation on all complications after each intervention, 
in-hospital and outcome major adverse cardiovascular 
events (MACE) was collected as well. All patients gave 
informed consent for the procedure. Follow-up data re-
garding all-cause mortality and recurrent hospitaliza-
tions and MACE were obtained from the Polish National 
Health Found database; therefore no patient was lost to 
follow-up. The study protocol was accepted by the local 
ethics committee and was in accordance with the Decla-
ration of Helsinki. 

Study definitions
An undilatable lesion indicated that the lesion that 

could not be adequately dilated by a balloon during infla-
tion while an uncrossable lesion indicated that the lesion 
could be crossed by a wire, but could not be crossed with 
even the smallest balloons. The clinical risk was assessed 
according to logistic EuroSCORE II and the baseline  
SYNTAX score (SS) along with residual SS. SYNTAX score 
was calculated by two interventional cardiologists and in 
case of inconsistency a third calculation was done by the 
supervisor cardiologist. Residual SS ≤ 8 was defined as 
low risk. The SYNTAX revascularization index (SRI) was 
calculated using the formula: SRI = (1 – [residual SS/
baseline SS]) × 100 [16]. The modification of diet in renal 

diseases (MDRD) formula was used to calculate estimat-
ed glomerular filtration rate (eGFR).

Definitions of endpoints 
Primary endpoints were 1-year mortality and 1-year 

MACE defined as the composite endpoint of all-cause 
mortality, follow-up myocardial infarction (MI) and stroke. 
Secondary endpoints were angiographic and procedural 
success and in-hospital complications. Follow-up MI and 
periprocedural MI were defined according to the univer-
sal definition of myocardial infarction [17]. Angiographic 
success was defined as residual stenosis of < 30% af-
ter stent implantation with thrombolysis in myocardial 
infarction (TIMI) flow grade III. Procedural success was 
defined as angiographic success without periprocedural 
complications. 

Procedure
The RA procedure was performed using a  standard 

Boston Scientific Rotablator system (Boston Scientific, 
Marlborough, MA, USA). The radial or femoral route was 
used according to operator discretion. Burr speeds were 
between 140,000 and 180,000 rpm with a run duration to 
about 20–30 s. In all procedures an intracoronary contin-
uous infusion of heparin, verapamil and isosorbide dini-
trate via the burr sheath was used. Heparin was given to 
maintain an activated clotting time > 250 s. All patients 
were pretreated with aspirin and clopidogrel, except 3 pa-
tients treated with ticagrelor and 1 treated with prasugrel. 
In-hospital treatment before and after RA was conducted 
according to current standards, including statins, β-block-
ers, angiotensin converter enzyme inhibitors and aldoste-
rone antagonists and diuretics as necessary in patients 
with low LVEF and was left to the discretion of physicians 
in charge of the patients. Patients with atrial fibrillation 
were adequately anticoagulated and regulated according 
to current guidelines, including default periods of triple 
therapy, bridge therapy and antiarrhythmic drugs.

Statistical analysis
Continuous variables with normal distribution are 

presented as mean ± standard deviation, continuous 
variables with skewed distribution as median with inter-
quartile range and categorical variables as numbers and 
percentages. Univariate and multivariate Cox proportion-
al hazard models were used to determine the predict-
ing factors of all-cause death and composite endpoint 
(MACE). The multivariate model included all variables 
with p < 0.05 in the univariate model. Survival and event-
free survival curves were created using the Kaplan-Meier 
method. Differences in survival and event-free survival 
rates were compared using the log-rank test. A p-value 
< 0.05 was considered statistically significant. All statis-
tical analyses were performed using the Statistica 10.0 
(StatSoft, USA) software.
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Results
Patient characteristics
A total of 207 patients underwent RA and PCI during 

the study period. Mean age of the patients was 71.2 ±9.5 
years and 137 (66%) were male. Complete demograph-
ics, numerous comorbidities and laboratory results are 
presented in Table I. Median logistic EuroSCORE II on 
admission was 2.4, median SS was 17 and low residual 
SS ≤ 8 was present in 122 (59%) patients. It is notewor-

thy that according to SS II the majority of patients (76%) 
were potentially qualified to both treatment strategies 
(CABG or PCI), but only 2% to PCI treatment alone. 

Procedure characteristics
Fifty-one percent of patients underwent RA because 

of the presence of balloon undilatable lesions, 23% due 
to balloon uncrossable lesions and in 21% of patients 
RA was performed as a  primary indication. A  hundred 

Table I. Baseline clinical and laboratory characteristics

Parameter Value

Patients 207

Age [years] 71.2 ±9.5

Male 137 (66%)

Body mass index [kg/m2] 28.8 ±6.1

Systolic blood pressure on admission [mm Hg] 135 ±22

Heart rate on admission [bpm] 71 ±13

Hypertension 170 (82%)

Diabetes mellitus 88 (43%)

Prior stroke/TIA 26 (13%)

Hyperlipidemia 96 (46%)

Thyroid disease 28 (14%)

Cancer disease 25 (12%)

Asthma/COPD 14 (7%)

Current smoker 15 (7%)

Atrial fibrillation 42 (20%)

Peripheral artery disease 64 (31%)

Severe valve disease 19 (9%)

Left ventricle ejection fraction:

≥ 50% 137 (66%)

< 50% and > 35% 35 (17%)

≤ 35% 35 (17%)

Impaired renal function with eGFR < 60 ml/min 42 (20%)

Dialysis 8 (4%)

Prior acute coronary syndrome 130 (63%)

Prior PCI 152 (73%)

Prior CABG 31 (15%)

Parameter Value

Laboratory parameters:

White blood cell count [× 103/µl] 7.4 (6.2–9.0)

Red blood cell count [× 106/µl] 4.5 (4.1–4.8)

Hemoglobin [g/dl] 13.6 ±1.4

Platelet count [× 103/µl] 205 (176–249)

Creatinine [mg/dl] 0.9 (0.8–1.1)

Glucose [mg/dl] 109 (96–134)

eGFR [ml/min/1.73 m2] 77 ±24

Risk scores:

Logistic EuroSCORE II 2.4 (1.4–4.9)

SYNTAX score 17 (11–24)

Residual SYNTAX score 8 (0–14)

Residual SYNTAX score ≤ 8 122 (59%)

SYNTAX revascularization index 58.8 (42.1–100)

SYNTAX score II – PCI 5 (2%)

SYNTAX score II – CABG 45 (22%)

SYNTAX score II – both 157 (76%)

Medication at discharge:

Aspirin 201 (97%)

P2Y12 inhibitor 203 (98%)

β-Blocker 195 (94%)

ACE inhibitor/ARB 198 (96%)

Statin 197 (95%)

Diuretic 93 (45%)

Nitrates 16 (8%)

Oral anticoagulation 31 (15%)

Proton pump inhibitor 100 (48%)

Data are presented as numbers and percentages for categorical variables, mean ± standard deviation for continuous variables with normal distribution and medi-
an with interquartile range for continuous variables with skewed distribution. TIA – transient ischemic attack, COPD – chronic obstructive pulmonary disease,  
eGFR – estimated glomerular filtration rate, PCI – percutaneous coronary intervention, CABG – coronary artery bypass grafting, ACE – angiotensin converter enzyme, 
ARB – angiotensin receptor blocker.
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eighty-eight (57%) patients were disqualified or did not 
consent to CABG. Angiographic success was 98% with 
procedural success 93%. Complete procedure data are 
presented in Table II.

In-hospital and 1-year outcome
Procedural complications occurred in 19 (8%) pa-

tients with no need for urgent CABG treatment. In-hospi-
tal mortality was 1%, peri-procedural MI 9%, and acute 
stroke in 1 patient before discharge occurred. The 1-year 
MACE rate was 20% with all-cause mortality 10%, MI 
rate 10% and stroke 1% (Table III).

Predictors of adverse events in 1-year follow-up
Univariate analysis identified the following risk fac-

tors for 1-year all-cause death: heart failure with LVEF  
≤ 35% (p < 0.001), presence of an uncrossable lesion  
(p < 0.01), eGFR < 60 ml/min (p = 0.04), and EuroSCORE II  
(p < 0.01). Residual SS ≤ 8 was identified as favorable 
factor (p < 0.01). Multivariable analysis revealed heart 

Table II. Procedure characteristics

Characteristics Value

Acute coronary syndrome 43 (21%)

Radial access 125 (60%)

RA off label 19 (9%)

Temporary pacing 39 (19%)

IABP use 4 (2%)

Inoperable patient: 118 (57%)

Disqualified from CABG 75 (36%)

No consent for CABG 43 (21%)

Reason for RA:

Direct 44 (21%)

Uncrossable 48 (23%)

Undilatable 105 (51%)

Unclear PCI failure 10 (5%)

Target vessel:

RCA 70 (34%)

LM 11 (5%)

LAD 93 (44%)

Cx 37 (17%)

Lesion characteristics:

Lesion type B2/C 186 (90%)

Aorto-ostial lesion 27 (13%)

Bifurcation lesion 81 (39%)

Chronic total occlusion 23 (11%)

Severe calcifications 186 (90%)

Diameter stenosis (%) 91 ±7

Lesion length [mm] 24 (15–35)

Minimum lumen diameter [mm] 0.31 ±0.23 

Reference diameter [mm] 3.1 ±0.5

Procedural data:

Predilatation 187 (90%)

Postdilatation 108 (52%)

More than one burr 39 (19%)

Burr to artery ratio 0.45 ±0.07

Maximum burr diameter 1.5 (1.25–1.5)

Number of stents 1.4 ±0.9

DES implantations 184 (89%)

Contrast volume [ml] 266 ±97

Fluoroscopy time [min] 21 (15–29)

Procedure time [min] 85 (70–110)

Radiation exposure [µGy] 2623 (1686–4171)

Discharge after RA [days] 2 (1–4)

Angiographic success 203 (98%)

Procedural success 192 (93%)

Data are presented as numbers and percentages for categorical variables, 
mean ± standard deviation for continuous variables with normal distribution 
and median with interquartile range for continuous variables with skewed 
distribution. RA – rotational atherectomy, IABP – intra-aortic balloon pump,  
CABG – coronary artery bypass grafting, PCI – percutaneous coronary interven-
tion, RCA – right coronary artery, LM – left main, LAD – left anterior descending,  
Cx – circumflex artery, DES – drug-eluting stent.

Table III. In-hospital and 1-year follow-up adverse 
events

Variable Value

Periprocedural complications: 19 (8%)

Slow/no-flow 3 (1%)

Side branch occlusion 5 (2%)

Dissection 8 (4%)

Perforation 3 (1%)

Emergency CABG 0 (0%)

 Permanent pacing 0 (0%)

In-hospital outcomes:

Death 2 (1%)

Peri-procedural MI 18 (9%)

Stroke/TIA 1 (1%)

Target vessel revascularization 1 (1%)

Contrast induced nephropathy 6 (3%)

Access site bleedings 14 (7%)

Access site interventions 3 (1%)

Clinical outcomes at 1-year follow-up:

Death 20 (10%)

Follow-up MI 20 (10%)

Stroke 2 (1%)

MACE 42 (20%)

Data are presented as numbers and percentages. CABG – coronary artery 
bypass grafting, MI – myocardial infarction, TIA – transient ischemic attack, 
MACE – major adverse cardiac events.
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Table IV. Predictors of all-cause death in Cox regression models
Parameter Univariate model Multivariate model

HR 95% CI P-value HR 95% CI P-value

LVEF ≤ 35% 5.64 2.34–13.55 < 0.001 3.18 1.21–8.40 0.02

Uncrossable lesion 3.64 1.51–8.74 < 0.01 3.43 1.34–8.80 0.01

Residual SYNTAX score ≤ 8 0.14 0.04–0.47 < 0.01 0.25 0.07–0.92 0.04

eGFR < 60 ml/min 2.58 1.05–6.31 0.04 1.36 0.47–3.95 0.57

EuroSCORE II 1.09 1.03–1.15 < 0.01 1.04 0.96–1.13 0.30

Age 1.04 0.99–1.10 0.10

Male 1.18 0.45–3.06 0.74

Prior ACS 0.70 0.29–1.70 0.44

Prior CABG 0.99 0.29–3.38 0.99

Inoperable patient 2.45 0.89–6.75 0.08

Hypertension 0.64 0.23–1.75 0.38

Diabetes mellitus 1.71 0.71–4.14 0.23

Prior stroke/TIA 1.24 0.36–4.24 0.73

Hyperlipidemia 0.95 0.40–2.29 0.90

Cancer disease 0.38 0.05–2.81 0.34

Hemoglobin level 0.27 0.60–1.14 0.25

SYNTAX score > 32 1.32 0.39–4.51 0.66

SRI > 50% 0.47 0.19–1.13 0.09

Non-ACS 0.56 0.22–1.46 0.24

RA off label 2.64 0.88–7.89 0.08

Severe calcifications 1.00 0.23–4.30 1.00

Radial access 0.80 0.33–1.92 0.61

Lesion length 1.00 0.98–1.03 0.70

Lesion B2/C 0.99 0.99–1.02 0.69

Bifurcation 0.84 0.33–2.10 0.70

Predilatation 0.77 0.18–3.30 0.72

Postdilatation 0.89 0.37–2.13 0.79

Number of burrs 1.49 0.65–3.40 0.35

Maximal burr diameter 0.58 0.04–7.41 0.67

DES implantation 1.00 0.13–7.49 1.00

Burr to artery ratio 2.70 0.47–15.20 0.08

Contrast volume 0.99 0.99–1.01 0.35

Complications 0.51 0.07–3.83 0.51

HR – hazard ratio, CI – confidence interval, LVEF – left ventricle ejection fraction, eGFR – estimated glomerular filtration rate, ACS – acute coronary syndrome,  
CABG – coronary artery bypass grafting, TIA – transient ischemic attack, SRI – SYNTAX revascularization index, RA – rotational atherectomy, DES – drug-eluting stent.
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Table V. Predictors of major adverse cardiac events in Cox regression models

Parameter Univariate model Multivariate model

HR 95% CI P-value HR 95% CI P-value

LVEF ≤ 35% 3.25 1.76–6.02 < 0.001 2.67 1.38–5.13 < 0.01

Uncrossable lesion 2.01 1.11–3.81 0.02 1.89 1.01–3.55 0.04

Residual SYNTAX score ≤ 8 0.40 0.22–0.75 < 0.01 0.64 0.32–1.27 0.20

Age 1.04 1.01–1.08 0.01 1.03 0.99–1.07 0.07

Diabetes mellitus 1.93 1.06–3.49 0.03 1.82 0.99–3.33 0.06

EuroSCORE II 1.07 1.03–1.12 0.01 1.02 0.96–1.09 0.45

eGFR < 60 ml/min 1.25 0.63–2.47 0.52

Male 0.89 0.48–1.65 0.71

Prior ACS 0.93 0.51–1.70 0.81

Prior CABG 1.62 0.78–3.37 0.19

Inoperable patient 1.46 0.79–2.69 0.23

Hypertension 1.78 0.70–4.52 0.22

Prior stroke/TIA 1.12 0.47–2.65 0.79

Hyperlipidemia 0.97 0.54–1.76 0.93

Cancer disease 1.79 0.83–3.85 0.14

Hemoglobin level 0.89 0.71–1.11 0.30

SYNTAX score > 32 1.03 0.60–1.50 0.12

SRI > 50% 0.99 0.88–1.11 0.08

Non-ACS 0.55 0.29–1.08 0.07

RA off label 2.18 0.97–4.89 0.06

Severe calcifications 2.47 0.59–10.10 0.22

Radial access 0.94 0.52–1.72 0.85

Lesion length 1.01 0.98–1.02 0.47

Lesion B2/C 0.68 0.29–1.62 0.39

Bifurcation 0.97 0.54–1.81 0.96

Predilatation 0.87 0.31–2.42 0.78

Postdilatation 0.78 0.44–1.42 0.43

Number of burrs 1.08 0.58–2.01 0.80

Max burr diameter 0.46 0.08–2.60 0.38

DES implantation 2.44 0.34–17.76 0.38

Burr to artery ratio 6.96 0.09–56.18 0.39

Contrast volume 1.00 0.99–1.01 0.87

Complications 0.70 0.22–2.26 0.55

HR – hazard ratio, CI – confidence interval, LVEF – left ventricle ejection fraction, eGFR – estimated glomerular filtration rate, ACS – acute coronary syndrome,  
CABG – coronary artery bypass grafting, TIA – transient ischemic attack, SRI – SYNTAX revascularization index, RA – rotational atherectomy, DES – drug-eluting stent.
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Figure 1. Kaplan-Meier survival curves according 
to left ventricle ejection fraction (EF), log rank  
p < 0.001 (A), according to type of lesion, log rank 
p = 0.003 (B) and according to residual SYNTAX 
score (rSS), log rank p < 0.001 (C)
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failure with LVEF ≤ 35% (HR = 3.18, 95% CI: 1.21–8.40, 
p = 0.02) and uncrossable lesion (HR = 3.43, 95% CI: 
1.34–8.80, p = 0.01) as independent predictors of 1-year 
mortality and residual SS ≤ 8 (HR = 0.25, 95% CI: 0.07–
0.92, p = 0.04) as an independent predictor of a favorable 
outcome (Table IV).

Univariate analysis identified the following risk fac-
tors for follow-up MACE: heart failure with LVEF ≤ 35% 
(p < 0.001), presence of an uncrossable lesion (p = 0.02), 
age (p = 0.01), diabetes mellitus (p = 0.03), and Euro-
SCORE II (p = 0.01). Residual SS ≤ 8 was identified as 
a  favorable factor (p < 0.01). Multivariable analysis 
again revealed heart failure with LVEF ≤ 35% (HR = 2.67,  
95% CI: 1.38–5.13, p < 0.01) and uncrossable lesion  
(HR = 1.89, 95% CI: 1.01–3.55, p = 0.04) as independent 
predictors of 1-year MACE (Table V).

Kaplan-Meier curves were plotted to assess survival 
data for every independent factor: heart failure with LVEF 
≤ 35%, presence of an uncrossable lesion and residual  
SS ≤ 8 (Figure 1). Additional curves were plotted to assess 

data for every independent risk factor of MACE: heart 
failure with LVEF ≤ 35% and presence of an uncrossable 
lesion (Figure 2). Values of the log-rank test comparison 
demonstrated a  significantly decreased survival rate 
with either of the independent risk factors of mortality 
and a  significantly decreased MACE-free survival rate 
for both independent risk factors of MACE, as compared 
with the rest of the study population.

Discussion
In our study we analyzed a high-risk all-comers pop-

ulation of patients with heavily calcified or fibrotic cor-
onary lesions, who underwent RA procedure. The main 
findings of our study are: 1) we indicated two novel, 
anatomy and lesion related factors in the population un-
dergoing RA – the presence of an uncrossable lesion, as 
compared to an undilatable lesion, was unfavorable, and 
low residual SS ≤ 8 was favorable; 2) RA is a feasible and 
effective procedure even in patients without other revas-
cularization options.
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The studied population was all-comers without ex-
clusions, with high cardiovascular risk associated with 
advanced age (mean: 71.2 years) and numerous comor-
bidities. Baseline risk scores were relatively high: median 
logistic EuroSCORE II was 2.4 and SS was 17. In contrast 
to earlier publications investigating moderate-risk pa-
tients, recent studies analyzed high-risk patients as well, 
with an estimated EuroSCORE II of 2.1 and a  SYNTAX 
score of 19.5 [13–15]. The frequency of ACS in these re-
cent studies reached 20-40%, similar to our population 
(21%), alongside similar frequency of type B2/C lesion 
according to the ACC/AHA classification reaching 90%. It 
should be noted that a radial approach was used in 60% 
of our patients, compared to 30–50% in aforementioned 
studies. The median burr-to-artery ratio was relatively low 
(0.45 ±0.07), which was our initial strategy and proved to 
be effective for plaque modification, in line with the Eu-
ropean expert consensus on RA [3]. It is also noteworthy 
that 36% of our patients were disqualified from CABG 
and 21% of them gave no consent for surgery. It means 
we analyzed a  real-world high-risk group of patients, 
with RA use as the last revascularization option. None-
theless the angiographic success was 98% with proce-
dure success 93%, the periprocedural complication and 
MI rate was less than 10% and in-hospital mortality 1%, 
which is comparable to other results [10–12]. Vascular 
access complications were relatively high, reaching 7%, 
but almost all occurred with the femoral approach during 
the first years of performing RA. In 1-year follow-up the 
mortality rate was 10% and the MACE rate 20%, which is 
comparable with other outcomes [5, 14, 15]. In a recent 
analysis the 1-year mortality and MACE rates were even 
lower, 5% and 16%, respectively [13].

The presence of heart failure with decreased LVEF is 
a  well-documented independent predictor of mortality, 

following not only a conventional PCI procedure but also 
PCI with accompanying RA [5, 14, 18]. In our multivariable 
analysis heart failure with LVEF ≤ 35% was also an inde-
pendent predictor of mortality (p = 0.02), and moreover 
an independent predictor of MACE (p < 0.01). Patients 
with decreased LVEF undergoing complex PCI along with 
RA could be candidates for more specialized treatment, 
such as the use of mechanical circulatory support. A cou-
ple of other, fairly general, clinical related predictors of 
poor outcome after RA were observed in the literature 
in particular studies, such as chronic kidney disease and 
dialysis [13, 14], diabetes mellitus [13–15], and periph-
eral vascular disease [15]. None of them proved to be an 
independent risk factor in our multivariable analysis.

However, we decided to analyze in our database more 
anatomical, lesion and procedure-related predictors, spe-
cific for RA. The second independent predictor of both 
mortality (p = 0.01) and MACE (p = 0.04) in the multivari-
able analysis was the presence of an uncrossable lesion, 
as compared to an undilatable lesion. The occurrence of 
a lesion that cannot be crossed by a balloon catheter and 
a lesion that cannot be adequately dilated by the balloon 
are two main indications to perform RA and occurred in 
23% and 51% of our patients, respectively. The RA can 
also be performed as a primary indication, mainly on the 
basis of visible extensive calcifications in coronary an-
giography, which were present in 21% of our patients. 
Underlying pathophysiological reasons why uncrossable 
lesions, in comparison with undilatable lesions, are inde-
pendently associated with poor outcome, are yet to be 
fully determined. One could hypothesize that the pres-
ence of such tough and simultaneously tight stenoses re-
flects a very advanced general atherosclerotic process in 
the human cardiovascular system. Furthermore, success-
ful treatment of that lesion may require a more complex 
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RA procedure, with Rota-wire passage that commonly is 
more complicated, with the use of more than one burr, 
more contrast media, longer and several burr passages 
and, consequently, may be associated with more compli-
cations and poorer outcome. We can find some similari-
ties of such lesions with typical chronic total occlusions 
(CTO), although in the majority of RA cases antegrade 
flow is initially maintained. In data concerning CTO treat-
ment balloon uncrossable lesions more often had cal-
cifications and substantial tortuosity, required a  longer 
procedure time and procedural success was significantly 
lower along with more periprocedural complications [19, 
20]. Further larger studies evaluating causes of higher 
morbidity and mortality in this subpopulation are need-
ed. Other procedure-related risk factors of poorer out-
come after RA from the literature are the use of DES ver-
sus bare metal stent (BMS), total stent length [13], and 
triple-vessel disease (versus single-vessel disease) [12]. 
However, the latter predictors are not specific for the RA 
procedure.

Moreover, we analyzed contemporary widely used 
cardiovascular risk scores such as EuroSCORE II, which 
is based on clinical variables, and SS, based on coronary 
lesion anatomy. Neither final score was associated with 
outcome in our analysis. In contrast, in one multicentre 
RA registry SS ≥ 23 and in one single-center registry high 
EuroSCORE II had a significant association with major ad-
verse cardiac events in long-term observation [15]. Addi-
tionally, the importance of incomplete revascularization 
after conventional PCI treatment and its influence on 
prognosis was raised in recent trials, indicating that resid-
ual SS > 8 was associated with poor prognosis [21–23]. We 
found that low residual SS ≤ 8 was an independent pre-
dictor of better survival (p < 0.01), which means that this 
level of incomplete revascularization may be useful in risk 
stratification also in a high-risk population undergoing RA. 
The SYNTAX revascularization index, also proposed for as-
sessing reasonable incomplete revascularization, has not 
been shown to be a significant factor for the occurrence of 
death or adverse events in our population [16]. 

Therefore, we conclude that a  comprehensive ap-
proach, including not only general and clinical related 
factors but also lesion related, RA related and coronary 
anatomy related factors can constitute a better risk strat-
ification in this specific high-risk population undergoing 
RA. The presence of an uncrossable lesion and the lack 
of low residual SS, which can be indicated before the 
RA procedure, can help in identifying a higher risk sub-
group, with the potential necessity of more advanced 
treatment. Larger studies are required to confirm the role 
of the abovementioned risk factors and to create a more 
standardized risk stratification protocol of patients qual-
ifying for RA.

The study was an observational single-arm registry 
from a  single high-volume center. The sample size and 

the number of events, particularly deaths, was relatively 
small. Regression analyses are, however, explorative. The 
use of stents was not quite uniform, with BMS use in 
11% of patients. All-cause mortality was only reported 
without differentiating the group of cardiac death pa-
tients.

Conclusions
The presence of an uncrossable lesion, as compared 

to an undilatable lesion, is associated with poor out-
come, and low residual SS ≤ 8 is associated with a favor-
able outcome in 1-year follow-up after the RA procedure. 
The abovementioned predictors along with clinical risk 
factors including decreased LVEF can help in risk strat-
ification of patients undergoing complex PCI with RA. 
Percutaneous coronary intervention with accompanying 
RA is a feasible and effective procedure even in high-risk 
patients without other revascularization options.
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