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Introduction: The treatment of calcified coronary artery lesions is a challenge for percutaneous angioplas-
ty. Rotational atherectomy is an established technique for the effective modification of these lesions prior to 
conventional angioplasty and stent implantation. Drug-eluting stents (DES) have shown encouraging results 
in complex lesions and high-risk patients.
Methods: This retrospective study investigated the immediate and long-term prognosis after treatment with 
rotational atherectomy (RotA) and DES implantation in 184 patients with calcified coronary artery lesions.
Results: During follow up (mean 49 months), 7 patients died (1 from a non-cardiac cause) and the inci-
dence of major adverse cardiac events was 14.85%. Only 4.15% of patients underwent a new angioplasty 
procedure.
Conclusions: The combination of RotA and DES in calcified coronary artery lesions has a very good angio-
graphic result and a satisfactory clinical outcome.

T he treatment of calcified coronary 
artery lesions (CCL) is a serious 
challenge in interventional car-

diology. CCL have been associated with 
high rates of restenosis and target lesion 
revascularisation (TLR).1 Balloon angio-
plasty and stent implantation are often 
infeasible in heavily calcified lesions. Le-
sion calcification, in combination with the 
geometry of the vessel, impedes the ap-
proach to the lesion with the balloon and 
makes successful stent deployment and 
implantation technically difficult. These 
lesions require special modification, using 
devices such as those used for rotational 
atherectomy (RotA). The rates of reste-
nosis and TLR remain high.2

The use of bare-metal stents (BMS) 
led to a reduction in restenosis rate com-
pared to direct balloon angioplasty, in 
both calcified and non-calcified lesions. 
Nevertheless, this approach continues to 

have high rates of restenosis and need for 
TLR.3 DES were introduced in the market 
in order to reduce the rate of restenosis 
and reocclusion of the lesions,4 and almost 
all studies have concluded that the use of 
DES in patients with stable coronary ar-
tery disease is associated with a significant 
reduction in restenosis of both calcified 
and non-calcified lesions.5 However, the 
placement and deployment of DES in cor-
onary vessels with a complex anatomy and 
geometry, and in eccentric and extremely 
calcified lesions, continues to be a chal-
lenge from the technical point of view.

RotA is one of the techniques that 
have been used for the modification of 
complex and calcified lesions prior to 
stent implantation. The first studies to ex-
amine the combination of RotA + DES in 
the treatment of CCL, though few in num-
ber, showed encouraging long-term re-
sults.6 The combination of RotA + DES 
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in stenoses of this kind showed an additional benefit 
for long-term prognosis compared to DES implanta-
tion alone.7,8 

This study was designed to assess the immediate 
and long-term results in patients with CCL who un-
derwent RotA and DES implantation.

Methods

This study represents a retrospective analysis of 184 
consecutive patients with CCL who underwent RotA 
+ DES from January 2002 to May 2011 in St Luke’s 
hospital, Thessaloniki, Greece. The characterisation 
of a lesion as CCL was based on quantitative angio-
graphic criteria assessed independently by two inter-
ventional cardiologists. Five subgroups of patients 
were identified according to lesion morphology: 1) le-
sions with localised calcification, 2) diffuse-calcified 
lesions, 3) calcified bifurcations, 4) ostial lesions, and 
5) chronic total occlusions with extensive calcifica-
tion. All patients gave written informed consent. Four 
types of DES were used: Cypher® stent (Cordis, Mi-
ami Lakes FA, USA), Taxus® stent (Boston Scien-
tific, Natick MA, USA), Endeavor® stent (Medronic, 
Minneapolis MN, USA) and Xience V® stent (Ab-
bott Park IL, USA).

Demographic and clinical data (Table 1) were col-
lected for all patients and all the angioplasty data were 
recorded (number of vessels, number of lesions; Figure 
1). The pre-angioplasty data included age, sex, medica-
tion, classification of angina (Canadian Cardiovascu-
lar Society), and patients’ left ventricular function. The 
follow-up data included any cause of death, stroke, 
myocardial infarction, angina reoccurrence, new dis-
eases, cases of TLR, target vessel revascularisation 
(TVR), and duration of dual antiplatelet medication. 
Major adverse cardiac events (MACE) included death, 
myocardial infarction, stroke, TLR and TVR.

In all cases RotA was performed using a special 
Rotablator® device (Boston-Scientific, Natick MA, 
USA) A 0.009” Rotawire guidewire was used to pass 
across the lesion. In most cases a RotA technique 
with 2 burrs was chosen in order to reduce the inci-
dence of the no-reflow phenomenon. The smaller 
burr (usually 1.25 mm) was used first, followed by a 
larger burr based on the size of the vessel, aiming at 
a burr/vessel ratio that did not exceed 0.6-0.7. Dur-
ing activation of the RotA device, a heparinised nor-
mal saline solution with verapamil and nitroglycerine 
was administered locally, with a view to preventing 
thrombus formation and vascular spasm and avoiding 

the no-reflow phenomenon. The burr was introduced 
through a guiding catheter using a dyna-glide tech-
nique so as to reduce friction, and the atherectomy 
was performed using the “pecking” technique with 
an initial atherectomy speed of 135-140,000 rpm. Our 
aim was to confine the use of the RotA device strictly 
to the predetermined atherectomy region. The dura-
tion of RotA application was 15-20 s, with immediate 
cessation if the revolutions dropped by >5000 rpm. 
Following successful modification of the plaque, an-
gioplasty was performed with a low-pressure balloon 
so as to avoid dissection of the vessel, and a DES was 
implanted according to the vessel’s size.

In two cases of high risk RotA in patients with 
previous coronary artery bypass grafting and valve 
operation, cardiopulmonary support with a portable 
extracorporeal membrane oxygenator was used dur-
ing the high risk procedures and in the immediate 
post-procedural recovery period.9

Angioplasty was completed in all cases and af-
ter stent implantation another balloon dilatation was 
performed at high pressure. All patients were put on 
dual antiplatelet medication (100 mg salicylic acid 
and 75 mg clopidogrel daily), as well as anti-anginal 
and lipid-lowering drugs.

Table 1. Demographic and clinical data.

Age (years) 67.00 ± 9.20
Men (%) 70.65
Hypertension (%) 80.98
Diabetes mellitus (%) 26.23
Angina (%) 87.50
Acute myocardial infarction (%) 4.35%
Ejection fraction <40% 32

Vessel Treated 

30

64
41

37

12

LMS LAD LCx RCA >1 VESSEL

Figure 1. The target vessel treated with the combination of ro-
tational atherectomy and drug-eluting stent. LMS – left main 
coronary artery; LAD – anterior descending branch; LCx – left 
circumflex; RCA right coronary artery.
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Statistical analysis

Continuous variables are expressed as mean ± stan-
dard deviation. Correlations and comparisons be-
tween groups were made using Student’s unpaired t-
test. P-values <0.05 were considered statistically sig-
nificant.

Results

The study population included 184 patients (130 
men, 54 women, mean age 67 ± 9.2 years). Of these, 
149 (80.98%) had a history of hypertension, while 49 
(26.63%) were diabetics (Table 1). The indication for 
angioplasty was stable angina in 176 (95.65%) and in-
farction in 8 (4.35%) patients. The coronary vessels 
in which RotA + DES were used are shown in Figure 
1. Effective stent deployment was achieved with high 
pressure (18-24 atm) balloon dilatation after stent de-
ployment in all cases.10 The CCL morphologies en-
countered (Figure 2) were: 86 (46.74%) diffusely calci-
fied lesions, 38 (20.65%) calcified bifurcation lesions, 
29 (15.76%) ostial lesions (Figure 3), 25 (13.59%) le-
sions with localised calcification (Figures 4 & 5), and 
6 (3.26%) chronic occlusions with calcification (Figure 
6). Patients with lesions in the left main coronary ar-
tery (LMS) that were treated with RotA + DES were 
30 (25 with previous coronary artery bypass graft sur-
gery). In 25 cases (83.33%) the LMS was protected, 
while there were 5 patients with an unprotected LMS, 
where there was usually a coexisting ostial lesion in 
the anterior descending or circumflex artery. In 179 
(97.28%) patients RotA and DES were performed suc-
cessfully, a rate that agrees with previous studies.8 In 5 
patients stent placement was unsuccessful, mainly be-
cause of vessel tortuosity. In these cases RotA was fol-
lowed by successful balloon angioplasty.

The patients were followed up based on clinical 
criteria and the mean follow-up time was 49 months 
(range 12-92 months). Fifty-five patients (29.89%) 
underwent a new coronary angiography. TVR was 
necessary in 3.25% and TLR in 2.80% of patients 
(Table 2). These patients had either diffuse calcifi-
cation or ostial lesions. Seven patients died during 
follow up (1 from a non-cardiac cause) and the in-
cidence of MACE was 14.85% (Table 2). None of 
the latter events was directly related to the angio-
plasty and the in-hospital mortality was zero. Twenty 
(10.87%) patients stopped taking clopidogrel a mean 
of 39 months after the angioplasty.

Discussion

The technique of RotA was invented at the start of 
the 1980s by David Auth and has been used dur-
ing angioplasty for more than 20 years.11 The meth-
od is most effective in the modification of calcified 
plaques, facilitating stent placement during angio-
plasty. The treatment of CCL (as opposed to non-
calcified lesions) with angioplasty has been associ-
ated with a lower success rate and a higher incidence 
of complications.12 The geometry and inflexibility of 
CCL often does not permit successful approach and 
correct stent deployment.13 In addition, balloon dil-
atation and stent deployment in CCL carry a higher 
risk of dissection and rupture.

RotA devices use a rotating brass burr that pul-
verises a portion of the fibrous, calcified, inelastic 
plaque, modifies the plaque compliance, and leaves a 
smooth, non-endothelialised surface with intact me-
dia.14,15 RotA is based on the principle of differential 
atherectomy, namely selective atherectomy of the fi-
brous and calcified plaque.11 Successful RotA results 
in the creation of a smooth vessel lumen, suitable for 
the successful performance of balloon angioplasty 
and stenting at the site of the lesion.16 

Nevertheless, RotA followed by balloon angio-
plasty without stenting does not have better results 
than direct balloon angioplasty, leading to high rates 
of restenosis and a need for TLR in up to 40% of 
cases.17 Furthermore, the same discouraging results 
from RotA + balloon angioplasty compared to bal-
loon angioplasty alone also apply to the prevention 
of restenosis in the small coronary vessels.18 The im-
plantation of BMS after RotA in CCL has a high suc-
cess rate, with an acceptable incidence of complica-
tions and a clearly lower incidence of angiographic 
restenosis compared to plain angioplasty, but the re-

Lession Morphology
25

86

38

29
6

Lesions with localised
calcification

Diffuse-calcified
lesions

Calcified
bifurcations

Ostial lesions Chronic total occlusions with extensive calcification

Figure 2. Morphology of target lesions treated with the combina-
tion of RotA + DES.
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stenosis rate and need for TLR remain high, at 22.5% 
according to one previous study.19 

Compared to BMS, DES reduce neointimal hy-
perplasia and, according to large randomised trials, 
are safe and effective in the treatment of coronary le-
sions in patients with stable angina.20,21 The implanta-
tion of DES in CCL has not been widely studied and 
presents a technical challenge because of the diffi-

Table 2. Percentages of major adverse cardiovascular events 
(MACE).

Death 3.80
Myocardial infarction 3.20
Stroke 1.80
Target vessel revascularisation 3.25
Target lesion revascularisation 2.80
Total MACE 14.85

Figure 3. A. Calcified ostial lesion in the right coronary artery (black arrow). B. Restoration of vessel patency with the combination of ro-
tational atherectomy and drug-eluting stent (white arrow).

Figure 4. A. Localised calcified longitudinal lesion of the left anterior descending artery before the origin of the first diagonal branch 
(black arrow). B. Restoration of vessel patency with the combination of rotational atherectomy and drug-eluting stent (white arrow).

A

A

B

B
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culty of stent implantation and deployment. Calcifi-
cation of the lesion is already known to have a nega-
tive impact on stent deployment.22 Wear of the stent’s 
polymer coating during forceful deployment and un-
satisfactory drug elution because of extreme calcifi-
cation of the lesion are the main reasons for the un-
successful deployment and implantation of stents in 
CCL. Indeed, Kawaguchi et al23 showed that the rates 
of MACE and the need for TLR were significantly 
higher in patients with calcified as opposed to non-
calcified lesions who were treated with DES implan-

tation. The same authors proposed the supplemen-
tary use of RotA before DES implantation in lesions 
with heavy calcification. Khattab et al24 showed that 
the RotA + DES approach had better clinical and 
angiographic results over a 9-month follow up com-
pared to RotA + BMS in the treatment of patients 
with CCL. Rao et al25 compared the results from pa-
tients treated with RotA + BMS with those from a 
group treated with RotA + DES and another group 
treated with DES without RotA and showed that the 
use of DES reduced the incidence of MACE in pa-

Figure 5. The lesion in Figure 4 had previously been treated unsuccessfully using direct balloon dilatation without rotational atherectomy 
of the calcified plaque. A. Attempt to deploy the balloon (white arrow). B. Incomplete deployment of the start and (better) the end of the 
balloon (open arrows). C. Rupture of the angioplasty balloon (thick black arrow). D. The result of the rupture is the characteristic escape 
of contrast medium distal to the balloon (thin black arrow).
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D

B
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tients who underwent RotA, mainly because of a sig-
nificant reduction in the need for TLR. Clavijo et al26 
compared two groups of patients with CCL who were 
treated with DES, where RotA was necessary in the 
first group but not in the second. There was no sig-
nificant difference between the groups as regards in-
hospital complications or clinical outcomes. Also, a 
previous study8 confirmed that the combination of 
RotA + DES had excellent results in the treatment 
of CCL, with very few in-hospital complications and 
a very low rate of MACE. A limitation and disadvan-
tage of this latter study was the small number of pa-
tients (just 50). A previous study of ours, the results 
of which are extended by the present study, showed 
that the therapeutic strategy of RotA + DES was 
effective in treating CCL as regards both the clini-
cal outcome and the angiographic result.27 The rate 
of death and MACE in the present study are slight-
ly higher than in our previous sudy27 (3.8 vs. 2.6 and 
14.84 vs. 11.3). This is explained by the longer mean 
follow up of this study (49 vs. 36 months).

The present study shows that the RotA + DES 
strategy is a feasible and effective way of treating 
CCL. The mortality and MACE rates were very low 
(3.80% and 14.85%, respectively) over a mean fol-
low up of 49 months. No complications related to the 
angioplasty were recorded, while in previous stud-
ies the incidence of such complications was from 4% 
to 7%.8,26 A 2-burr technique was used with a view 
to limiting the occurrence of the no-reflow phenom-
enon. Initially, a small burr was used (1.25 mm), fol-
lowed by a larger burr depending on the size of the 
vessel. Whether this gradual approach contributed 
to limiting the immediate complications and to the 
low rate of stent thrombosis will need further inves-
tigation. Recently, Furuichi et al6 reported a slightly 
higher rate of MACE (15.8%) and mortality (4.2%). 
However, a direct comparison of our results with 
theirs is not feasible, since they did not describe the 
technique they used (i.e. burrs at one or more stages). 

Schwartz et al28 compared the angiographic and 
procedural success rates of three therapeutic strate-

Figure 6. Chronic total occlusion of a right coronary artery. A. Guide wire insertion. B. Three different catheters: JR4, AL1, H-STICK. 
C. Inability to cross chronic total occlusion with eight different balloons (diameters from 1.5-0.85 mm). D. Rotawire crosses the lesion. E. 
Rotational atherectomy with 1.25 mm burr. F. Deployment of drug-eluting stent.
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C
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gies in patients with CCL: RotA + only balloon an-
gioplasty, RotA + BMS, and RotA + DES. From an 
unadjusted analysis, the procedural success appeared 
to be high with subsequent stent placement (DES or 
BMS) versus RotA alone (96.4% for DES versus 95% 
for BMS versus 63% for no stent). However, 1 pa-
tient in 4 was not a candidate for stent placement—
because the reference vessel diameter was <2.25 
or >3.75 mm, the DES could not be delivered, or 
there was a reason to avoid clopidogrel therapy—and 
the lower procedural success rate in this population 
should be considered prior to embarking on RotA.28 
However, the rate of unsuccessful stent placement re-
ported by the above investigators was much higher 
than in our study, as well as in previous studies.8 An-
other recent study29 confirmed the safety and effec-
tiveness of the Rota + DES strategy in the treatment 
of CCL, with good long-term clinical outcomes. Al-
though the radial approach was used in 37.3% of cas-
es, the procedure was successful in 97% of cases; this 
rate of success is similar to ours and proves that the 
rate of procedural success reported by Schwartz et 
al28 was unacceptably low.

Of the 184 patients who were treated with RotA + 
DES in our study, 6 (3.26%) had chronic total occlu-
sions (CTO) with calcification. Although this is a rela-
tively small number, the successful and uncomplicated 
result of the RotA + DES strategy in these cases may 
be an indication that RotA is an alternative technique 
to treat CTO. According to Pagnotta et al, in approxi-
mately 7% of all CTOs that are successfully crossed 
with a guidewire, it is not possible to cross the lesion 
with a balloon catheter. RotA is a safe and effective 
technique for overcoming this frustrating situation. 30

The main limitation of the present study is the ab-
sence of a full angiographic follow up. However, the 
use of the RotA + DES therapeutic strategy appears 
to be a safe technique on the basis of clinical criteria. 
Another disadvantage of this study is its retrospective 
nature and the lack of a control group.

Conclusions

The combination of RotA + DES is an integrated, ef-
fective and safe method of treating CCL. The wide 
use of DES may cause a renaissance of RotA and its 
return to daily use in the catheterisation laboratory, 
after its decline a decade ago when it failed to show 
better long-term results after angioplasty. In the fu-
ture, randomised, blind studies will be needed to con-
firm our results.
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