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Background

• The current best practices recommendations for RA has led to substantial 
improvements in procedural safety and a reduced rate of associated 
complications

Kern, M. J. & Seto, Arnold, H. Interventional Cardiology 

Review third edition. (lippincott williams and wilkins, 2018). 



Complications of Rotational Atherectomy in the 
Drug-Eluting Stent Era 

Circ Cardiovasc Interv. 2019;12:e007448. 

PMI incident = 1 - 19.8% 



Evolution of Definitions of Periprocedural MI 

2000

1st Universal Definition: 

Trop T or CKMB

2007

2nd Universal Definition:

Trop T 

2012

3rd Universal Definition:

Trop T 

2013

SCAI :

CKMB or Trop T

2018

3rd Universal Definition: 

Trop T 

J Am Heart Assoc. 

2014;3:e001086 

doi: 10.1161/JAHA.114.001086



1. Circ. Cardiovasc. Interv. 11, 1–11 (2018).

2. Eur. Heart J. 39, 1100–1109 (2018) 

PMI as an independent predictor of 1-year mortality with  4-fold higher 

risk in post PCI MACE 



Rotational atherectomy and periprocedural MI:
Potential Mechanism 

1. Distal embolism of atheromatous debris and thrombotic debris

2. Platelet activation and thrombosis leading to microvascular plugging 
of platelets and neutrophils

3. Neuro-hormonal activation and modulation of vascular and 
myocardial functions

4. Oxidative stress and inflammation

European Heart Journal (2011) 32, 23–32 



Evidence of RA speed and platelet aggregation

• Platelet activation was decreased by lowering the rotational speed

Catheterization and Cardiovascular 

Diagnosis, vol. 45, no. 2, pp. 208–214, 

1998 

Circulation, vol. 98, no. 8, pp. 742–748, 1998. 



European expert consensus on rotational 
atherectomy - Contemporary rotational atherectomy

EuroIntervention 2015;11:30-36. DOI: 10.4244/EIJV11I1A6

180,000 - 200,000 rpm  135,000 - 180,000 rpm 



Rotational Atherectomy Speed   
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rpm2017
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May, 2019
Low speed 110,000 

• A Novel rotational atherectomy technique has 
shown to achieve larger lumen gain

• Large lumens could be obtained using LSRA.

• 110,000 rpm would produce more vibration 
amplitude than 190,000 rpm, which would 
lead to higher acute lumen gain without burr 
sizing up

J Interv Cardiol. 2019;2019:9282876.



HSRA/LSRA Vs HSRA

Journal of Interventional Cardiology, vol. 2019, Article ID 9282876, 7 pages, 2019.

MLD MLA

LSRA+HSRA
HSR

A

LSRA+HSRAHSRA

Non – Randomized, retrospective study 



Pros and Cons of High Speed and low speed RA 

Pros 

Minimizes friction and 

enables the burr to easily 

navigate through tortuous 

stenotic vessels 

Cons 

Greater platelet aggregation , 

microcavitation, hemolysis 

Higher thrombotic complications –

slow flow – no reflow 

Prolonged burr contact with the 

vascular wall generates a considerable 

amount of heat, which can adversely 

affect complication and restenosis 

Lesser platelet aggregation 

Lesser thrombotic 

complications

Difficulty in passage of the burr to 

distal lesion 

Longer procedural time 

Low 

speed

High 

Speed 



Comparison of 
Periprocedural Myocardial infarction/injury
Novel (Low-Speed following High-Speed) 

versus 
Conventional (High speed) 

Rotational Atherectomy Technique for 
Heavily Calcified Coronary Artery Disease  



Objectives

• Primary Objective

• To compare the incidence of periprocedural MI (infarction/injury) in 2 

groups (HSRA Vs LSRA+HSRA).

• Secondary Objectives

• To compare the incidence of hospital outcomes in 2 groups

• To compare immediate post RA luminal gain between 2 groups

• To compare the optimal stent result between 2 groups



Fourth Universal Definition of Type 4a MI (2018)

+
OR

European Heart Journal (2018) 39, 3281–3300 

Myocardial Injury

X



Study Design

• Prospective, Observational, single-center study

• Study period 

• January 2019 – May 2021  

• Indications for RA: 

1. Angiographically moderate or severe calcified lesions

2. Diffuse lesions expected to be difficult to stent

3. Ostial lesions 

4. Failure to cross the lesion with an OCT/IVUS catheter tip



Method - Inclusion criteria:

Clinical inclusion criteria 

1. Age above 18 years with Informed 
written consent 

2. Anginal symptoms and/or 
reproducible ischemia in the target 
area by ECG, functional stress 
testing or fractional flow reserve 

3. Angiographically proven coronary 
artery disease 

Angiographic inclusion criteria 

1. Target reference vessel diameter 
between 2.25 and 4.0 mm by visual 
estimation 

2. Luminal diameter reduction of 50-
100% by visual estimation 

3. Failure to cross the lesion with an 
OCT catheter 

4. Severe calcification of the target 
lesion

• Optical coherence tomography : 
Calcific plaque  maximum angle 
>180°; maximum thickness >0.5 mm; 
length >5 mm *

*EuroIntervention. 2018;13:e2182–e2189. 
#Am Heart J. 1999 Jan;137(1):93-9.



Exclusion criteria:

Clinical exclusion criteria 

1. Myocardial infarction within 1 week 

2. Decompensated heart failure 

3. Limited long-term prognosis due to 
other conditions 

Angiographic exclusion criteria 

1. Target lesion is in a coronary artery 
bypass graft 

2. Target lesion is an in-stent 
restenosis 

3. Target vessel thrombus 



All patients with heavily calcified coronary artery who underwent RA  

LSRA+HSRA
100,000-120,000 + 190,000-200,000 rpm

STUDY DESIGN

Primary Out come

Secondary Out come

HSRA
190,000-200,000 rpm

1.25mm 1.5 mm 1.75 mm

2.0 mm



Representative case of RA
using optical coherence 
tomography (OCT) and 
assessment of minimal 

luminal diameter (MLD) by 
Quantitative coronary 
angiography (QCA). 

 

Pre-RA 

Post-stent 

Post-RA 



Pre- Rotational atherectomy 

 

Pre-RA 

Post-stent 

Post-RA 



 

Pre-RA 

Post-stent 

Post-RA 

Post- Rotational atherectomy 



 

Pre-RA 

Post-stent 

Post-RA Assessment of post-stenting optimization results. 



• Categorical variables - number and percentages and were compared using Fisher’s 

exact test 

• Continuous variables - the mean ± standard deviation (SD) and were compared using 

the two-sample t-test

• Non-parametric continuous variables - interquartile ranges (IQR)

• Multivariable binomial regression analysis - risk difference (RD) and its 95% 

confidence interval (CI) of PMI/PMJ between HSRA+LSRA and HSRA group

• Potential confounders of periprocedural myocardial infarction or injury based on previous studies 

• - age 1,2, MVD 2,  lesion length 3,  stent length2,4, stent diameter,  imaging catheter uncrossable lesions5, 

• burr to artery ratio , operator experience6 and those significant difference characteristics between 

• HSRA+LSRA and HSRA were included in the final model.

1. Circ Cardiovasc Interv. 2016;9(11):1–6. 

2. Eur Heart J. 2018;39(13):1100–9. 

3. Circulation. 1994;89(2):882–92.

4. EuroIntervention. 2016;12(12):1448–56. 

5. Sci Rep. 2020;10(1):1–9.

6. Cardiovasc Interv Ther. 2020;36(1):1–18. 

Statistical Analysis



RESULTS



Case enrollment 

Total RA cases = 21

HSRA + LSRA ; N=6 HSRA ; N=6

Excluded = 9 
(incomplete data on laboratory reports; 

intracoronary images) 



Table 1: Baseline characteristics 

Parameters LSRA+HSRA, n (%) HSRA, n (%) P value

Total 6 (50) 6 (50)

Patient characteristic 

Age, years, mean (SD) 68.8 (10.1) 71.8 (7.1) 0.560

Male 5 (83) 2 (33) 0.240

Body mass index, kg/m2, mean (SD) 25.6 (3.2) 23.3 (2.5) 0.200

Hypertension 4 (67) 6 (100) 0.450

Diabetes mellitus 4 (67) 2 (33) 0.570

Dyslipidemia 3 (50) 4 (67) 1.000

Chronic renal failure (creatinine>2 gm/dl) 2 (33) 2 (33) 1.000

Chronic renal failure on hemodialysis 1 (17) 1 (17) 1.000

Prior myocardial infarction 3 (50) 2 (33) 1.000

Current smoker 0 (0) 1 (17) 1.000

LV ejection fraction, %, (SD) 56.5 (14.9) 63.4 (14.3) 0.430 

Multivessel disease 6 (100) 5 (83) 1.000

Medication

Aspirin 5 (83) 5 (100) 1.000

Clopidogrel 3 (50) 3 (80) 1.000

Ticagrelor 1 (17) 1 (17) 1.000

Anticoagulant 1 (17) 1 (17) 1.000

Statin treatment 4 (67) 5 (83) 0.450



Table 2. 
Angiographic and 

procedural 
characteristics 

(n=12)

Parameters

LSRA+HSRA, 

n(%) HSRA, n (%) P value 

Target lesion characteristics

Left anterior descending artery 4 (67) 5 (83) 1.000

Left circumflex artery 2 (33) 0(0) 0.450

Right coronary artery 0 (0) 1 (17) 1.000

ACC/AHA B2/C lesion 3 (50) 4 (67) 1.000

Imaging catheter uncrossable 4 (67) 3 (50) 1.000

Procedural characteristics

Approach site

Radial 1 (17) 2 (33) 1.000

Femoral 5 (83) 4 (67)

Guide catheter 

6F 2 (33) 6 (100) 0.064

7F 4 (67) 0 (0)

Guidewire used during rotational atherectomy

RotaWire floppy 6 (100) 6(100) -

Total run time, seconds 96 (29.1) 83.7 (35.2) 0.520

180,000 – 200,000 rpm, mean (SD) 51.0 (15.4) 83.7 (35.2)

100,000 – 120,000 rpm, mean (SD) 45.0 (17.0) 0.0 (0.0)

Burr-artery ratio, mean (SD) 0.5 (0.2) 0.6 (0.2) 0.570

Left anterior descending artery 

Femoral approach

Total run time 96 (29.1) 83.7 (35.2)

5 (83) 4 (67)

7 Fr 4 (67)

4 (67) 5 (83)

HSRA/LSRA HSRA



Table 2. Angiographic and 
procedural characteristics 

(n=12)

Cutting or scoring balloon before stenting

Number, median (IQR)
1.0 (1.0, 

2.0)
1.0 (1.0, 1.0) 0.530

Maximum diameter, mm, mean (SD) 2.8 (0.5) 2.8 (0.4) 1.000

Maximum pressure, atm, mean (SD) 17.7 (5.0) 17.2 (2.3) 0.850

Non-compliance balloon before stenting 

Number, median (IQR)
1.0 (0.0, 

1.0)
0.5 (0.0, 1.0) 0.730

Maximum diameter, mm, mean (SD) 2.5 (0.6) 2.4 (0.1) 0.820

Maximum pressure, atm, mean (SD) 19.0 (6.2) 19.3 (1.2) 0.930

Stents

Number, median (IQR) 2.0 (2.0, 2.0) 2.0 (1.0, 3.0) 0.720

Diameter, mm, mean (SD) 3.1 (0.3) 2.6 (0.3) 0.009

Total length, mm, mean (SD) 47.7 (19.3) 55.3 (31.3) 0.620

Adjunct post dilatation balloon after stenting

Number, median (IQR) 2.0 (2.0, 2.0) 1.0 (1.0, 2.0) 0.019

Maximum balloon diameter, mm, mean 

(SD)
4.0 (0.4) 3.0 (0.3) 0.003

Maximum balloon pressure, atm, mean 
22.0 (5.5) 22.4 (4.8) 0.900

HSRA/LSRA HSRA

Diameter, mm, mean (SD) (0.3) 3.1 2.6 (0.3) 0.009

Maximum balloon diameter, mm, mean (SD) 4.0 (0.4) 3.0 (0.3) 0.003

Total length, mm, mean (SD) 47.7 (19.3) 55.3 (31.3) 0.620

Stent



Primary outcome : 
Periprocedural myocardial infarction/injury 

In Hospital Outcome Total n (%) LSRA+HSRA, n (%) HSRA, n (%) P value

Peri-procedural myocardial 

infarction 
2 (16.7) 0 (0) 2 (33) 0.450

Peri-procedural myocardial injury 7 (58.3) 4 (67) 3 (50) 1.000

Peri-procedural myocardial 

infarction / injury 
9 (75) 4 (67) 5 (83) 1.000

Final TIMI flow grade < 3 0 (0) 0 (0) 0 (0) 1.000

Peri-procedural myocardial 

infarction / injury 
9 (75) 4 (67) 5 (83) 1.000

Peri-procedural myocardial 

infarction 
2 (16.7) 0 (0) 2 (33) 0.450

Peri-procedural myocardial 

injury 
7 (58.3) 4 (67) 3 (50) 0.450



Risk difference by multivariable binomial regression analysis 

LSRA/HSRA



Risk difference by multivariable binomial regression analysis 

Variable Myocardial infarction or injury

Risk difference (95% Cl) P value

HSRA+LSRA -0.55 (-0.67, -0.42) <0.001

Primary outcome : 
Periprocedural myocardial infarction/injury 



Comparison of MLD 
between pre-RA and post-

RA in HSRA+LSRA and 
HSRA group 

by QCA

Adjusted mean difference 0.35 mm, 

95% CI 0.027 mm - 0.727 mm, p=0.066 

Secondary outcome : Luminal Gain 



Secondary Outcome: Complications 

Complication during procedure LSRA+HSRA, n (%) HSRA, n (%) P value

Slow flow (< TIMI flow 3) immediate post RA 1 (17) 1 (17) 1.000

Major dissection 0 (0) 0 (0) 1.000

Perforation 0 (0) 0 (0) 1.000

Major vessel perforation (Type III) due to burr 0 (0) 0 (0) 1.000

Minor vessel perforation (Type II) due to guidewire 0 (0) 0 (0) 1.000

Major side branch occlusion 0 (0) 0 (0) 1.000

Burr entrapment 0 (0) 0 (0) 1.000

Transection of guidewire 0 (0) 0 (0) 1.000



Comparison of optimal stent result between 
HSRA+LSRA & HSRA 

Criteria 
HSRA+LSRA

, n(%)

HSRA, 

n(%)
P value 

Relative stent expansion > 80% 3 (50) 5 (83) 0.550

MSA > 4.5 mm2 by OCT 4 (67) 2 (33) 0.570

Acute malapposition* 3 (50) 2 (33) 1.000

Dissection† 2 (33) 3 (50) 1.000

Secondary Outcome: Optimal stent result  



Strength

• First study to compare incident periprocedural myocardial infarction 
between 2 techniques (LSRA/HSRA Vs HSRA)  



Limitations

• A single – center study 

• Small sample size 

• Bias influenced by operator preference and experience cannot be 

controlled 

• 2D QCA assessment of lumen diameter has limitations in accurately 

accessing the true lumen size and diameter stenosis 



Conclusion

• Periprocedural myocardial infarction or injury during rotational 
atherectomy is common. 

• For long heavily calcified coronary lesion, the novel technique of low-
speed rotational atherectomy following high-speed rotational 
atherectomy significantly reduced the risk of periprocedural myocardial 
infarction or injury. 

• There was trend towards larger post rotational atherectomy minimal 
luminal diameter in the new technique of low-speed rotational 
atherectomy following high-speed rotational atherectomy group . 

• Further studies are needed to confirm these findings and its clinical 
impact on follow up major adverse cardiovascular events (MACE).



Thank you 


