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before stenting,7 or in the treatment of in-stent 
restenosis8 within a 1-year follow-up. Today, the 
use of the Rotablator (Boston Scientific Scimed, 
Maple Grove, Minnesota) is predominantly lim-
ited to strongly calcified lesions, uncrossable or 
undilatable lesions as bailout option, and bifur-
cated lesions to avoid plaque shift.

There have been only few studies focusing on 
procedural details of RA. The STRATAS (Study 
to Determine Rotablator and Transluminal An-
gioplasty Strategy)9 examined the amount of 

INTRODUCTION For more than 30 years, dif-
ferent debulking methods have been used to 
minimize arterial recoil after lesion dilation, 
including directional atherectomy with large 
blade cutters,1 laser angioplasty, or rotational 
atherectomy (RA). However, none of them has 
shown long-term benefits.2 Rotational atherec-
tomy, first described in the late 1980s as a deb-
ulking method for peripheral lesions3 and sub-
sequently for coronary disease,4 also failed to 
prove superiority over simple balloon dilation,5,6 
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ABSTRACT
BACKGROUND In recent years, a series of studies have investigated long-term outcome of rotational 
atherectomy (RA). However, only little attention was given to the procedural details of RA technique, 
especially with regard to platform speed.
AIMS The aim of the study was to evaluate the impact of low-speed RA with substantial debulking before 
stenting on long-term mortality.
METHODS A group of 356 patients with a high plaque burden underwent substantial debulking with RA 
with low platform speed of 135 000 rpm and was compared with a group of 553 patients treated without 
RA in the same time period. In both cohorts lesion preparation was followed by stent implantation. The 
endpoint was all-cause mortality up to 80 months with a mean (SD) follow-up of 49 (24) months.
RESULTS Despite the fact that patients treated with RA were significantly older and presented more 
unfavorable lesion characteristics than non-RA patients, there was no significant difference in long-term 
survival between groups. A propensity analysis with 279 matched pairs showed that long-time survival 
in RA patients was better than in non-RA patients (hazard ratio, 0.52; CI, 0.32–0.85; P <0.01).
CONCLUSIONS Substantial debulking with RA continues to play a role in the treatment of calcified coronary 
arteries. We hypothesize that RA with low platform speed and substantial debulking with a burr-to- artery 
ratio of up to 0.64 results in favorable long-time survival in patients with high plaque burden. However, 
this can only be proved in a prospective randomized trial.
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applied. Guiding catheters up to 8F in diame-
ter were used. Three of the authors (JS, MW, 
GG) were operators with equal experience. We 
modified the recommendation of the standard 
protocol by reducing the platform speed out-
side the patient to 135 000 rpm. We used a stan-
dard solution of verapamil, nitroglycerine, and 
heparin as rinsing fluid for the inner lumen of 
the Rotablator. We rarely needed a pacemaker 
to counteract sinus bradycardia or sinus stand-
still; instead we administered atropine boluses 
and, when needed, theophylline infusions (0.48 
mg theophylline in 250 ml saline).

Indications for rotational atherectomy The com-
mon indication for RA was the presence of a se-
vere sclerotic, calcified lesion burden. Atherecto-
my was used in ostial lesion to minimize plaque 
shifting. Stenting after debulking or predilation 
followed the usual recommendations for lesion 
preparation and stenting.16 In the cases of un-
certain vessel size, intravascular ultrasound was 
used at the discretion of the interventionalist. 
Rotational atherectomy was not used in lesions 
without heavy lesion burden or in less tight le-
sions. The stents were always implanted with 
high-pressure inflation up to 20 bars; in the cas-
es of failed expansion, postdilation with a non-
compliant balloon was applied.

Angiographic evaluation For quantitative coro-
nary angiography, we used the QUANTCORQCA 
(CAAS II) 5.0 software (Pie Medical Imaging, 
Maastricht, the Netherlands). Measurements 
were made on end-diastolic frames. Reference 
vessel diameter, percent diameter stenosis, le-
sion length, and minimal luminal diameter mea-
surements were made before and immediately 
after stenting. The American College of Cardi-
ology and the American Heart Association clas-
sification system17 was used for morphological 
classification of lesions.

Follow-up Patients were typically discharged 
between day 1 and day 3 after the procedure. Af-
ter discharge, for logistic reasons clinical follow-
up was not possible for all patients. Therefore, 
to get valid information about the relevance of 
our treatment, long-term survival was tracked 
by the Austrian social security system.

Statistical analysis Patients were analyzed ac-
cording to their plaque treatment before stent-
ing: those with and without RA. We summarized 
baseline characteristics of the entire sample with 
mean values and SDs for continuous variables, 
and percentages for discrete variables. Differenc-
es in baseline characteristics between groups of 
patients were evaluated using the t test or Wil-
coxon rank sum test for continuous variables, 
and the χ2 test or Fisher exact test for categori-
cal variables, as appropriate.

debulking with different burr-to-artery (b/a) ra-
tios, with the subsequent recommendation of a 
b/a ratio of less than 0.7. Questions relating to 
the speed of the burr and its effects have been 
systematically investigated only in bench tests. 
A series of studies have demonstrated that high 
burr speeds of more than 140 000 rpm cause sig-
nificantly more microcavitations,10 activation of 
platelets, and hemolysis.11-13 Two studies in the 
late 1990s and early 2000s reported favorable 
outcome by using a platform speed of less than 
160 000 rpm.14,15 In the light of these studies, we 
modified the technique in our laboratory with 
short runs, intermittent ablation, and minimal 
deceleration—the pecking technique—aiming 
for substantial debulking with a b/a ratio between 
0.6 and 0.7 and a platform speed of 135 000 rpm.

This retrospective observational analysis com-
pares the outcome of patients with a single-ves-
sel intervention treated with this RA strategy 
with patients treated with conventional balloon-
ing. In both groups lesion preparation was fol-
lowed by stent implantation.

METHODS Study population During a 6-year 
period, 1716 consecutive patients were selected 
for analysis. A total of 1033 patients underwent 
single-vessel intervention, defined as the only in-
terventional treatment within 8 weeks. All clini-
cal variables were taken from clinical records and 
entered into a database; angiographic variables 
were measured by trained personnel not involved 
in the procedure. As many adverse outcome mea-
surements in a long-term retrospective analysis 
may be unreliable (eg, myocardial infarction, hos-
pital readmission, stent restenosis), we decided 
to restrict our long-term outcome parameter to 
the only undisputed endpoint, death. By check-
ing patient data in the central database of the 
Austrian social security system, we could define 
the vital status of every patient ensuring com-
plete data collection. Permission for this report-
ing was approved by the local ethics committee.

Procedure Rotational atherectomy The RA 
procedures began with the smallest meaning-
ful burr size, and the step-burr technique was 

WHAT’S NEW?
Our retrospective single-center study indicates that rotational atherectomy 
(RA) with low platform speed and substantial debulking with burr-to-artery 
ratio greater than 0.6 may result in favorable long-term survival in patients 
with a high plaque burden. We found that patients with RA, who were older 
and presented significantly more complex lesions, had a similar long-term 
survival compared with less sick patients without RA. After compensating for 
differences in baseline variables including age and variables describing lesion 
morphology with propensity score matching, the long-term survival was even 
better in RA patients. Prospective randomized trials are needed to confirm the 
results of our exploratory hypothesis-generating analysis.
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compared between groups in the matched sam-
ple using paired t test and McNemar test respec-
tively.26 All P values were 2-tailed, and a P val-
ue of less than 0.05 was considered significant. 
All CIs were stated at 95% confidence level. All 
analyses were performed using the R software, 
version R 2.11.1 (The R Foundation for Statisti-
cal Computing, Vienna, Austria)27 on a Mac OSX 
10.6 platform (Apple Inc., Cupertino, California, 
United States) with Intel Core 2 Duo central pro-
cessing unit. The R package “MatchIt” was used 
for the propensity score matching.

RESULTS We assessed 1033 consecutive pa-
tients treated with a single-vessel intervention. 
Due to incomplete data, we excluded 144 patients 
from the analysis and the final sample size com-
prised 889 patients, 356 of whom (40%) under-
went an interventional procedure with RA. As 
we are aware of the shortcomings of a retrospec-
tive analysis, we analyzed baseline data of all 
patients without treatment versus those treat-
ed with RA with comparable data from the pro-
pensity analysis (TABLES 1–3).

Baseline data Patients with RA were signif-
icantly older, but did not differ with regard to 
other clinical variables (TABLE 1).

We showed differences between groups in 
baseline angiographic data (TABLE 2). Patients with 
RA had more vessels diseased, lesions were lon-
ger and more severe, and they had significant-
ly more type C lesions. Rotational atherectomy 
was used more often in anterior descending and 

Cumulative incidence rates (survival curves) 
were estimated by the Kaplan–Meier method 
and compared by a log-rank test. Hazard ratios 
(HRs) were estimated by fitting a Cox propor-
tional hazards model. Propensity-score match-
ing was used to reduce treatment-selection bias 
for RA.18-20 The propensity score was estimated 
using a logistic regression model, in which treat-
ment assignment (RA vs non-RA) was regressed 
on prognostically important baseline covari-
ates.21 All prognostically important and avail-
able covariates were included in the propensity 
score model (listed in TABLES 1 and 2). Exposed and 
unexposed patients were matched on the log-
it of the propensity score using nearest-neigh-
bor matching without replacement within cali-
pers defined to be 0.1 SD of the logit of the pro-
pensity score.2 2,2 3 We compared the similarity 
of baseline covariates between treated and un-
treated patients in the matched sample, using 
standardized mean differences, that is, the ab-
solute value of the difference in means relative 
to the average SD.24 Outcomes were compared 
between treated and untreated subjects in the 
propensity score–matched sample, using meth-
ods appropriate for matched-pair data.25 We es-
timated Kaplan–Meier curves for time-to-event 
outcomes and tested the equality of the esti-
mated survival curves using the stratified log-
rank test. The HR for the effect of RA on the 
hazard of mortality was estimated using a Cox 
proportional hazards model that stratified the 
matched pairs to account for the matched na-
ture of the propensity score–matched sample. 
Continuous and dichotomous outcomes were 

TABLE 1 Clinical parameters of patients who underwent rotational atherectomy (RA) and those who did not 
(non-RA)

Parameter Entire sample Matched pairs

Non-RA 
(n = 533)

RA 
(n = 356)

SMD P value Non-RA 
(n = 279)

RA 
(n = 279)

SMD

Age, y, mean (SD) 65.9 (11.2) 68.5 (10.3) 0.26 0.001 67.5 (10.5) 67.9 (10.7) 0.04

Male sex, % 69 69 0.00 NS 69 69 0.01

BMI, kg/m2, mean (SD) 29.5 (5.6) 28.7 (4.5) 0.17 NS 28.7 (5.3) 28.9 (4.5) 0.05

DM, % 35 38 0.06 NS 36 37 0.02

IDDM, % 3 4 0.06 NS 3 3 0.02

Hypercholesterolemia, % 81 77 0.09 NS 80 79 0.01

Hypertension 81 85 0.09 NS 84 84 0.00

Previous MI, % 35 36 0.01 NS 35 34 0.01

Previous CABG, % 9 12 0.08 NS 11 10 0.01

Previous PCI, % 12 16 0.11 NS 13 14 0.02

A P value of less than 0.05 was considered significant.

Abbreviations: BMI, body mass index; CABG, coronary artery bypass grafting; DM, diabetes mellitus; IDDM, insulin-dependent 
diabetes mellitus; MI, myocardial infarction; NS, nonsignificant; PCI, percutaneous coronary intervention; RA, rotational atherectomy; 
SMD, standardized mean differences
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TABLE 2 Baseline angiographic parameters before intervention in patients who underwent rotational atherectomy (RA) and those who did 
not (non-RA)

Parameter Entire sample Matched pairs

Non-RA 
(n = 533)

RA 
(n = 356)

SMD P value Non-RA 
(n = 279)

RA 
(n = 279)

SMD

Number of 
affected 
vessels, %

1 44 29 0.31 <0.001 35 33 0.04

2 27 30 0.06 25 30 0.12

3 29 41 0.24 40 37 0.07

Vessel treated, 
%

LM 0 1 0.05 <0.008 0 1 0.10

LAD 42 50 0.18 44 48 0.09

Cx 23 15 0.18 17 18 0.04

RCA 32 33 0.01 38 32 0.13

SVG 3 1 0.28 1 1 0.04

Type of lesion 
(ACC/AHA), %

A 18 5 0.40 <0.001 5 7 0.08

B 47 33 0.29 40 38 0.03

C 35 62 0.54 55 55 0.01

Other variables RVD, mm, mean (SD) 3.0 (0.9) 2.9 (0.6) 0.19 NS 3.0 (0.9) 2.9 (0.6) 0.09

MLD, mm, mean (SD) 0.9 (0.5) 0.8 (0.4) 0.25 <0.001 0.8 (0.4) 0.8 (0.4) 0.02

Lesion length, mm, mean 
(SD)

10.0 (7.1) 13.5 (10.6) 0.28 <0.001 11.6 (8.1) 12.3 (9.1) 0.06

Stenosis, %, mean (SD) 68.6 (15.3) 71.1 (13.8) 0.18 <0.007 71.0 (15.4) 70.3 (14.3) 0.05

Restenosis, % 2.3 4.2 0.08 NS 2 2 0.02

Ostial stenosis, % 7.2 17.4 0.27 <0.001 – – –

Bifurcation, % 6 9 0.11 NS – – –

A P value of less than 0.05 was considered significant.

Abbreviations: ACC/AHA, American College of Cardiology and American Heart Association; Cx, circumflex artery; LAD, left anterior descending coronary artery; LM, left 
main coronary artery; MLD, minimal lumen diameter; RCA, right coronary artery; RVD, reference vessel diameter; SVG, saphenous vein graft; others, see TABLE 1

TABLE 3 Interventional parameters of patients who underwent rotational atherectomy (RA) and those who did 
not (non-RA)

Parameter Entire sample Matched pairs

Non-RA 
(n = 533)

RA 
(n = 356)

P value Non-RA 
(n = 279)

RA 
(n = 279)

P value

Final lumen, mm, mean (SD) 3.1 (0.5) 3.1 (0.5) NS 3.1 (0.5) 3.2 (0.5) NS

Lumen gain, mm, mean (SD) 2.19 (0.6) 2.32 (0.5) <0.001 2.2 (0.5) 2.3 (0.6) <0.009

Stent length, mm, mean (SD) 15.9 (7.3) 18.2 (9.5) NS 17.1 (8.0) 17.8 (9.4) NS

Number of stents, mean (SD) 1.4 (0.8) 1.6 (0.8) NS 1.5 (0.8) 1.6 (0.8) NS

DES, % 28.3 23.1 NS 18 22 NS

IVUS, % 13.3 20.2 <0.007 15.7 19.7 NS

Max burr length, mm, mean (SD) – 1.8 (0.3) – – 1.8 (0.3) –

Burr-to-artery ratio, mean (SD) – 0.64 (0.14) – – 0.6 (0.1) –

A P value of less than 0.05 was considered significant.

Abbreviations: DES, drug-eluting stent; IVUS, intravascular ultrasound; others, see TABLES 1 and 2
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conventional lesion preparation. Despite sig-
nificantly worse baseline conditions (RA pa-
tients were significantly older and presented 
a significantly more unfavorable lesion mor-
phology), we found a striking complete overlay 
of Kaplan–Meier curves for overall long-term 
mortality. This suggests that vessel prepara-
tion with RA allows to increase survival of pa-
tients with complex calcified lesions to the lev-
el of patients with less severe coronary disease 
treated with standard percutaneous coronary 
intervention (PCI) without prior debulking by 
RA. To confirm our finding, we performed a pro-
pensity score matching procedure compensating 
for differences between the samples including 
age and variables describing lesion morphology. 
When 279 matched pairs were compared, a bet-
ter overall survival in patients treated with RA 
and substantial debulking was found.

Only 2 recent studies directly compared long-
-time mortality between RA and non-RA pa-
tients. Cockburn et al28 reported the outcomes 
of PCI patients in the United Kingdom over a 3.5-
year follow-up, based on data from the United 
Kingdom Central Cardiac Audit Database. The 
comparison of 2154 patients treated with RA 
with a large cohort of non-RA patients revealed a 
higher overall mortality in patients treated with 
RA (HR, 2.1). After compensating for differenc-
es in baseline clinical variables with propensi-
ty score matching, the difference between the 
2 groups shrunk considerably (HR, 1.26) but re-
mained significant. Armstrong et al29 reported 
no difference in a propensity-weighted compari-
son of 2-year mortality between RA and non-RA 
patients in a study including only patients with 
calcified lesions. These results seem to disagree 
with our findings. However, 2 points have to be 
considered in this context. First and foremost, 
both analyses comprised the results of a variety 

less often in circumflex lesions, and it was ap-
plied more often in the treatment of ostial le-
sions in an attempt to reduce the shift of the ca-
rina and to exert less barotrauma in these del-
icate lesions.

Procedural variables after intervention The 
analysis of the entire sample resulted in a simi-
lar final lumen diameter in both groups, and the 
baseline minimal lumen diameter was small-
er in the RA group. Therefore, lumen gain af-
ter stenting was significantly greater in the RA 
group. The length of stented segments, as well 
as the number of stents and drug-eluting stents 
(DESs) were the same in both groups. The use of 
intravascular ultrasound was significantly high-
er in the RA group because of the complexity of 
the disease. The mean b/a ratio was 0.64 (TABLE 3).

Kaplan–Meier analysis of long-term over-
all survival Comparing all RA and non-
RA patients, we found a complete overlap of 
Kaplan–Meier survival curves (HR, 1.05; 95% 
CI, 0.71–1.55; P = 0.82) (FIGURE 1A). Propensity score 
matching resulted in 279 matched pairs (ie, 558 
patients) out of 889 patients, which means that 
78.4% of the RA-treated patients could success-
fully be matched to an RA-untreated patient. 
Prior to matching, the maximum standardized 
difference across the 26 baseline variables was 
0.41. This decreased to 0.08 after matching (TA-

BLES 1 and 2). A threshold of 0.1 is commonly used 
to indicate acceptable balance.26 Kaplan–Meier 
survival plots of matched pairs demonstrated 
a significant advantage for the RA group (HR, 
0.52; 95% CI, 0.32–0.85; P <0.01) (FIGURE 1B).

DISCUSSION In our study, we compared 
356 patients after RA with 533 patients after 

FIGURE 1 The Kaplan–Meier overall survival analysis of all patients who underwent rotational atherectomy (RA) and those who did not (non-RA) (A) and 
matched pairs (B) up to 80 months
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(b/a ratio, 0.64). The latest recommendations on 
RA discuss a burr speed between 135 000 rpm and 
180 000 rpm, whereas a b/a ratio of 0.6 should be 
attained.34 We hypothesize that our protocol com-
bining low burr speed and substantial debulking 
may be responsible for the favorable outcome in 
long-term survival. However, this can be ascer-
tained only in a randomized trial.

Limitations The study has several limitations. 
First, this is a retrospective study with all the in-
herent limitations of a nonprospective study de-
sign. Second, the indication for rotablation was 
defined by the plaque burden; however, there was 
no clear-cut recommendation for the use of a ro-
tablator. Although we performed a single-cen-
ter study with a few interventionalists of equal 
experience, which usually guarantees a consis-
tent use of the recommended technique, even the 
most experienced interventionalists have their 
own approach to a given intervention.

Conclusions This is a retrospective single-
center investigation on preparation of severe 
lesions before stenting, using a protocol of RA 
with a low platform speed and a b/a ratio great-
er than 0.6, resulting in substantial debulking. 
It was demonstrated that older patients with 
more severe lesions treated with RA achieved a 
similar long-term survival as younger patients 
with a smaller number of diseases after lesion 
preparation with conventional ballooning. Af-
ter adjusting for differences between the groups 
with propensity score matching, we found a sig-
nificantly better long-term survival in patients 
after RA. Therefore, it could be speculated that 
patients with complex lesions with high plaque 
burden in the non-RA group could potentially 
benefit from RA. However, this result can only 
be verified by a prospective randomized trial 
as our study may be understood as hypothesis 
generating. Further research with special focus 
on the procedural details of RA is needed to ex-
plore the potential benefit of RA in patients with 
a high plaque burden.
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