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Abstract

Background/Purpose: Calcified coronary lesions restrict stent delivery and expansion during percutaneous coronary intervention (PCI). Intravascular Lithotripsy (IVL /Shockwave 
Medical) is a novel tool that treats coronary calcification. However, standalone IVL may be inadequate and combination with rotablation (rotashock) may be required.We performed 
detailed analysis of “rotashock” patients.

Materials/Methods: We conducted retrospective analysis of the PCI database from 2 United Kingdom (UK) centres (2018–2020). Patients who underwent rotashock therapy 
were analysed for patient and procedural characteristics and compared to those who underwent IVL. All patients had intracoronary imaging.

Results: Eighty eight patients were included in the analysis. One third of the patients (29.5%, n=26) underwent rotashock therapy. Patients who underwent rotashock more likely 
had hypercholesterolemia (65.4% versus 35.5%, p=0.01) and significantly more angiographic calcification assessed by the Birmingham Calcium Score (BCS: 0: wall calcification; 1: 
luminal spiculated calcium, 2: focal intraluminal calcium <1/2 vessel diameter and 3: focal intraluminal calcium ≥1/2 vessel diameter) (rotashock: BCS 2/3 96.2% versus IVL alone: 
BCS 2/3 61.3%, p=0.001). BCS correlated with Intra Coronary imaging (Kendall’s tau 0.34, p=0.02). Procedural complication rates (burst IVL balloon, Ellis 3 perforation, side 
branch occlusion, stent fracture, retained microcatheter tip) were no different between the groups (rotashock 11.5% versus IVL alone 14.5%, p= ns). No major complications such as 
death, myocardial infarction, stroke or referral for emergency bypass graft surgery occurred.

Conclusions: Rotashock can be safely performed with a low rate of in-hospital complications. BCS may help guide choice of tool for calcium modification in addition to 
intracoronary imaging.
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INTRODUCTION
Coronary artery calcification is a marker of cardiovascular 

risk [1,2], and is influenced by Diabetes Mellitus (DM), age, 
gender, hypertension (HTN), and chronic kidney disease (CKD) 
[3].

The presence of a calcified coronary lesion restricts balloon 
and/or stent delivery and expansion during percutaneous 
coronary intervention (PCI). This increases the subsequent 
risk of in-stent restenosis, stent thrombosis and total occlusion 
of the vessel [4]. Assessment of the degree of calcification of 
the coronary lesion is influences the choice of tool for calcium 
modification.

Conventional tools to modify calcified coronary plaque 
include rotablation, cutting and scoring balloons. This may 
be inadequate for extensive and deep coronary calcification. 
Intravascular Lithotripsy (IVL) (Shockwave Medical Inc., Santa 
Clara, CA) is a novel tool that aids in tackling deep coronary 
calcification with the help of sonic pressure waves. It is a single 
use, monorail balloon which delivers local shockwave energy at 
low pressure inflations (4-6 atmospheres) of the balloon [5-8].

The use of IVL alone for the treatment of calcified coronary 

lesions has been studied in both research trials and observational 
analysis [9-12]. However, this single calcium-modification 
modality may be insufficient to treat heavily calcified coronary 
lesions and a combination of two different modalities may be 
required such as rotablation plus IVL (rotashock or rotatripsy), 
to tackle the coronary calcification, especially in vessels with 
deep calcification.

Data on the use of more than one calcium modification tool 
is limited [13]. We present a detailed observational analysis of 
patients who underwent rotashock therapy or IVL alone from two 
UK centres. All patients underwent intracoronary (I/C) imaging.

MATERIAL AND METHODS
We conducted retrospective analysis of the PCI database and 

clinical records from two high volume UK PCI centres between 
2018 and 2020. Operators at the two centres are well versed 
with rotablation and use of the novel IVL therapy. All patients 
included underwent I/C imaging with either Optical Coherence 
Tomography (OCT, Abbott Dragonfly OPTIS@) or Intravascular 
Ultrasound (IVUS, iLAB, Boston Scientific Corporation@ or 
Volcano Corporation@).

Local governance standards were adhered to and study 
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was conducted according to the principles of the Declaration of 
Helsinki [14], and adhered to “Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) Statement: 
guidelines for reporting observational studies” [15].

Standard PCI techniques were utilised and the need for 
IVL or rotablation upfront was decided by the operator based 
on coronary angiographic calcification, and/or extent of 
calcification on intracoronary (I/C) imaging and/or failure of the 
pre-dilatation balloon to expand. The additional use of IVL post 
rotablation was decided by the operator based on inadequate 
balloon expansion post rotablation and/or inadequate calcium 
modification on intra-coronary imaging (lack of fracture of 
calcium arc or increased depth of calcium).

All patients were pre-treated with aspirin plus one other 
antiplatelet agent (clopidogrel, ticagrelor or prasugrel). 
The newer antiplatelet agents were utilised in patients who 
presented with acute coronary syndrome (ACS). Unfractionated 
Heparin (UFH) was utilised during the procedure and operators 
maintained activated clotting time (ACT) ~300 seconds during 
PCI. Patients who did not have intra-coronary imaging, those 
in whom the OCT/IVUS images were not available for off-line 
analysis and those in whom imaging was performed only after 
stent implantation were excluded.

Angiographic assessment of coronary calcification

Angiographic coronary calcium was graded independently 
by three experienced Interventional Cardiologists (VS, VK and 
CV) during the retrospectively analysis as per the Birmingham 
Calcium Score (BCS-developed “in-house”): score 0, 1, 2 or 3 
(Figure 1). BCS: 0= coronary wall calcification with no visualised 
calcification within the lumen during cine acquisition with 
contrast, 1= spiculated calcium within the lumen during cine 
acquisition with contrast, 2= calcium protruding into the lumen 
<1/2 vessel diameter during cine acquisition with contrast, 3= 
calcium protruding in the lumen ≥1/2 the lumen diameter during 
cine acquisition with contrast. The PCI artery was viewed in all 
available cine views and the highest calcium score (Figure 1) was 
applied.

Intracoronary imaging assessment of coronary 
calcification

Calcification on OCT or IVUS was graded according to the arc 
(0-90, >90-180, >180-270 and >270- 360), depth (in mm, leading 
edge to leading edge) and length (in mm) of calcium.

Statistical analysis

Continuous variables are presented as mean (±SD), or median 
(range), and compared with student’s t test or Mann-Whitney test. 
Categorical variables are presented as percentage and compared 
with chi square test. Univariate analysis was performed between 
those who underwent rotashock and those who underwent 
IVL therapy alone for patient characteristics, angiographic and 
procedural characteristics and complications. The following 
patient characteristics were compared: age, gender, hypertension 
(HTN), diabetes mellitus (DM), hypercholesterolemia, previous 
MI or previous Ischemic Heart Disease (IHD), previous PCI, 
previous CABG, history of cerebrovascular disease, chronic 
kidney disease (CKD: eGFR<60ml/min/1.72m2). Variables with 

missing data were not included in the analysis.

In addition the BCS score was assessed for correlation with 
the I/C calcification score [16], in the subset of patients without 
previous stent and ISR.

RESULTS
Eighty eight patients were included in the analysis. The flow 

diagram (Figure 2), demonstrates patients who were included.

Median age was 75 years (range 67.5-79.5), 25% were female 
(n=22) and 35.2% had a diagnosis of DM (n=31). One third of the 
patients (29.5%, n=26) underwent rotashock treatment and two-
thirds underwent IVL therapy alone (70.5%, n=62).

Figure 1 Angiographic Birmingham calcification score.

Figure 2 Flow pathway of patients included in analysis.
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Patients who underwent rotashock treatment, more 
frequently had a history of hypercholesterolemia compared to 
those who underwent IVL alone (65.4 % versus 35.5%, p=0.01, 
Table 1). Other demographics and cardiovascular risk factors 
were similar in the two groups (Table 1).

Angiographic calcification as assessed by BCS was 
significantly more severe in the rotashock group compared to 
the IVL alone group (rotashock BCS 2/3: 96.2% versus IVL alone 

BCS 2/3: 61.3%, p=0.001, Table 2). Mean arc, depth and length 
of calcium on combined IVUS and OCT I/C imaging was not 
significantly different between the groups (Table 3). However, 
depth of calcium was significantly more on OCT than IVUS 
(Supplementary table).

Moderate positive correlation was noted between BCS 
calcium score and I/C calcium score in patients who underwent 
OCT (Table 4).

Table 1: Baseline and angiographic characteristics.

Variable Total  n= 88 Rotashock  n=26 IVL alone  n=62 Significance  p value

Age (median, range) 75 (67.5-79.5) 75 (69-81) 73.5 (67-79) p=0.14

Gender (female) 22 (25.0%) 8 (30.8%) 14 (22.6%) p=0.42

Hypertension 61 (69.3%) 21 (80.8%) 40 (64.5%) p=0.13

Diabetes Mellitus 31 (35.2%) 13 (50.0%) 18 (29.0%) p=0.06

Hypercholesterolemia 39 (44.3%) 17 (65.4%) 22 (35.5%) p=0.01

Smoker (ex/current)α 33 (40.7%) 7 (21.2%) 26 (45.6%) p=0.17

Previous Stroke/TIA* 10 (11.4%) 5 (19.2%) 5 (8.1%) p=0.13

Previous CABG** 10 (11.4%) 4 (15.4%) 6 (9.7%) p=0.44
Previous MI*** or Ischemic Heart 
Disease 49 (55.7%) 9 (34.6%) 40 (64.5%) p=0.01

Previous PCI¥ 41 (46.6%) 6 (23.1%) 35 (56.5%) p=0.004

CKD¥¥ (eGFR¥¥¥<60)α 14 (42.4%) 3 (23.1%) 11 (55.0%) p=0.07
α: data not available for all patients; TIA*: Transient Ischemic Attack; CABG**: Coronary Artery Bypass Graft Surgery; MI***: Myocardial Infarction; 
PCI¥: Percutaneous Coronary Intervention; CKD¥¥: Chronic Kidney Disease; eGFR¥¥¥: estimated Glomerular Filtration Rate.

Table 2: Angiographic and Procedural Characteristics.

Variable Total
n= 88

Rotashock
n=26

IVL alone
n=62

Significance
p value

Coronary artery
 LAD*

LMS** 
RCA***
LCX¥

50 (56.8%)
2 (2.3%)
22 (25.0%)
14 (15.9%)

14(53.8%)
1 (3.8%)
8 (30.8%)
3 (11.5%)

36 (58.1%)
1 (1.6%)
14 (22.6%)
11 (17.7%)

p=0.30

BCS¥¥

0
1
2
3

p=0.001
5 (5.7%)
20 (22.7%)
20 (22.7%)
44 (48.9%)

1 (3.8%)
0 (0%)
6 (23.1%)
19 (73.1%)

4 (6.5%)
20 (32.3%)
14 (22.6%)
24 (38.7%)

Intracoronary imaging 
OCT¥¥¥
IVUSꭞ

p=0.05
39 (44.3%)
49 (55.7%)

12 (46.2%)
14 (53.8%)

27 (43.5%)
35 (56.5%)

IVLꭞꭞ diameter (±SD) mm 3.23 (±0.5) 3.19 (±0.5) 3.25 (±0.5) p=0.63

IVLꭞꭞ pulses
<80
80
>80 (more than 1 balloon)

p=0.6
28 (31.8%)
55 (62.5%)
5 (5.7%)

8 (30.8%)
18 (69.2%)
0 (0%)

20 (32.3%)
37 (59.7%)
5 (8.1%)

Under-expanded previous stent/
ISRꭞꭞꭞ 21 (23.9%) 0 (0%) 21 (33.9%) p=0.001

Additional use of laser 5 (5.7%) 1 (3.8%) 4 (6.5%) p=0.63

Number of burrs 

1 burr
2 burrs

-
-

- 22 (84.6%)
4 (15.4%)

Stent used 85 (96.6%) 25 (96.3%) 60 (96.8%) p=1.0
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Largest stent diameter (mean ± SD) 
mm 3.38 (±0.6) 3.30 (±0.8) 3.28 (±0.7) p=0.79

Longest stent length
(mean ± SD) 39.3 (±24.6) 37.5 (±23.2) 40.0 (±25.4) p=0.77

Procedure time (minutes)
(mean ± SD) mm 122.9 (±41.0) 139.7 (±43.1) 115.8 (±38.3) p=0.01

Fluoroscopy dose
(μGy*m²)α 8576.1 (±4522.0) 9627.2 (±5352.2) 8184.5 (±4163.0) p=0.43

Contrast (ml)(mean ± SD)α 240.8 (±102.5) 240.6 (±102.0) 240.9 (±103.6) p=0.90

Procedural success 87 (98.7%) 27 (100%) 61 (98.4%) p=1.0

IVLꭞꭞfailure (burst) 7 (8%) 2 (7.7%) 5 (8.1%) p=0.77
Procedural complications

IVLꭞꭞ failure 
Retained corsair 
Tip Stent fracture
Ellis 3 perforation 
Side branch occlusion

12 (13.6%)

3 (11.5%)

2
1
0
0
0

9 (14.5%)

5
0
1
2
1

p=1.00

LAD*: Left Anterior Descending; LMS**: Left Main Stem; RCA***: Right Coronary Artery; LCX¥: Left Circumflex; BCS¥¥: Birmingham Calcium Score. 
OCT¥¥¥: Optical Coherence Tomography; IVUSꭞ: Intravascular Ultrasound; IVLꭞꭞ: Intravascular Lithotripsy; ISRꭞꭞꭞ: In-stent restenosis;

Table 3: Intracoronary Calcification on Intra Coronary imaging for the two groups.
Variable
Intra-Coronary Calcification

Total
n= 88

Rotashock
n=26

IVLꭞꭞ alone
n=62

Significance
p value

Arc degrees (±SD) 259.9 (±84) 277.7 (±73) 252.4 (±88) p=0.2

Depth mm (±SD) 0.78 (±0.46) 0.83 (±0.5) 0.76 (±0.45) p=0.57

Length mm (±SD) 14.6 (±11) 14.6 (±10.5) 14.7 (±11.7) p=0.98

IVLꭞꭞ: Intravascular Lithotripsy

The commonest PCI artery was the Left Anterior Descending 
(LAD) (Table 2). A third of the patients who underwent IVL 
required it for under-expanded previous stent or ISR (rotashock: 
0% vs IVL 33.9%, p=0.001).

Procedural success rate (residual stenosis <30%) was 
no different in both groups despite the IVL balloon bursting 
(rotashock 7.7% versus IVL alone 8.1 %, p=0.77, Table 2). 
Procedural complication rates were low and no different between 
the groups (Table 2). Complications observed included burst IVL 
balloon, burst non-compliant balloon, retained corsair micro 
catheter tip, stent fracture, Ellis 3 perforation and side branch 
occlusion (table 2 for details).

No major in-hospital complications such as in-hospital death, 
MI, stroke or referral for emergency CABG were observed in 
either group.

Contrast use and fluoroscopy dose (Table 2), were similar in 
the two groups. Procedure time was significantly prolonged in 
the rotashock group compared to the IVL alone group (rotashock: 
139.7 (±43.1) minutes versus IVL: 115.8 (±38.3) minutes, p=0.01, 
Table 2). Patients who underwent rotashock did not did not 
receive >80 pulses (use > 1 IVL balloon) compared to those who 
had IVL therapy alone (Table 2). Other procedural characteristics 
were no different between the two groups   (Table 2).

DISCUSSION
This retrospective study demonstrates that rotashock therapy 

is safe and effective. Rotashock patients had higher angiographic 

BCS severity of calcification had a low incidence of in- hospital 
complication rates.

Angiographic coronary calcification has been utilised 
to quantify the severity of calcification [5,6], and published 
data supports moderate correlation between angiographic 
calcification and arc/ length of calcium on intra-coronary imaging 
[6]. Assessment of the coronary angiogram to visually classify the 
severity of calcification may have a role in the choice of calcium 
modification tools.

Indeed, angiographic coronary calcification severity (assessed 
subjectively) was the main inclusion criteria in the major trials 
of IVL (DISRUPT CAD II [10], and DISRUPT CAD III study [18]). 
In an attempt to objectively assess angiographic calcification, 
we developed the “Birmingham Calcium Score” (BCS, Figure 
1), and have utilised this in the assessment of angiographic 
calcification [7]. We demonstrated correlation of BCS with OCT 
I/C calcification score in our study patients.

In our patient cohort, the criteria that resulted in use of IVL 
post rotablation were rather “loose” and variable. Lack of balloon 
expansion or inability to pass an I/C catheter were considered 
“usual practice” for the use of IVL post rotablation, but clear 
documentation was not available. Although the recommendation 
as per the calcium algorithm [17], involves the use of I/C imaging 
for choice of calcium modification tool, it is not widely followed 
in day-to-day practice. For example, only few (n=19, 10%) out 
of 190 patients from six centres underwent I/C imaging in the 
observational, European multicentre study by Aziz et al [12]. 
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Table 4: Correlation between BCS and I/C imaging score on OCT.

Variable Kendall’s tau 95% confidence interval Lower limit Upper 
limit Significance p value

BCS* versus I/C** imaging score 0.341 -0.114 0.606 p=0.02

BCS*: Birmingham Calcium Score; I/C**: Intra Coronary

Figure 3 How to choose calcium modification tool.

Similarly, I/C imaging prior to IVL use was not a mandatory 
inclusion criterion in the recently published IVL trial (DISRUPT 
CAD III (NCT03595176)) and only a subset of 100 patients 
underwent OCT [18]. Even in our patient cohort, we excluded 
15% of patients (Figure 2), due to lack of intracoronary imaging.

While our cohort is one of the largest published rotashock 
and IVL series with the use of intracoronary imaging in all 
patients, we accept that the calcium plaque/ nodule may be 
too dense to allow passage of an I/C imaging catheter upfront. 
Hence, the authors suggest that the use of BCS to assess severity 
of angiographic calcification may help guide the choice of tool (s) 
for calcium modification (Figure 3).

Surprisingly, although our rotashock patients had higher 
angiographic calcium scores (BCS 2/3), they were no more likely 
to have any of the traditional risk factors for excessive coronary 
calcification such as DM, CKD etc., in comparison to the IVL alone 
group. They did however; more frequently have a history of 
hypercholesterolemia. Statins are known to regress and stabilise 
coronary plaque (especially fibrous plaque) as well as promote 
coronary calcification [24-26], and we theorise that the increased 
calcification in the above group of patients may be explained by 
statin treatment.

There were no major in-hospital complications such as MI, 
stroke, death or referral for emergency CABG in the rotashock 
and IVL groups. Despite the use of two calcium modification tools, 
no high grade dissections (D-F), were observed in the rotashock 

group, unlike in DISRUPT CAD III [18]. Ellis 3 perforation and 
burst IVL balloon were more frequent in the IVL alone group. We 
speculate that calcium spicules or nodules may be responsible for 
both these complications. Perhaps the upfront use of rotablation 
might avoid this. Procedural success rates were unaffected and 
similar in both groups.

None of the rotashock patients underwent the procedure 
for under-expanded stents/ISR but more than a third of our 
IVL alone patients had under-expanded stents and/or ISR. This 
is similar to data from other observational studies [12,27], and 
IVL may be preferable to rotablation in these patients who would 
have historically required the latter [28,29].

Which I/C imaging modality to use? The use of IVUS (as 
opposed to OCT) to assess I/C calcification can be a limiting 
factor as it is able to identify only the leading edge of a calcified 
plaque but may obstruct visualisation of deep calcium [6,19]. 
Guidelines and consensus documents recommend OCT over IVUS 
for the identification of calcified coronary plaque [20]. OCT is 
known to have a higher resolution and accuracy for the detection 
of calcified plaque compared to IVUS [19-23].

Which patients then would benefit from or require rotashock 
therapy? The choice of rotablation over IVL as the initial calcium 
modifying tool may be driven by angiographic calcium severity, 
inability to pass an I/C catheter and/or the presence of calcium 
nodules on intracoronary imaging. The choice of IVL after 
rotablation rather than a second, larger burr or other tool to 
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modify coronary calcium may be influenced by a number of factors 
including the non-expansion of a balloon post rotablation, lack of 
calcium fractures, depth of calcium>0.5 mm on I/C imaging or the 
ease of utilising this modality. A formal cost benefit analysis is 
needed but currently, financial difference is not an aspect, as both 
modalities have a similar cost.

The authors suggest rotablation upfront when angiographic 
calcification BCS is ≥2 and an I/C cannot be passed across the 
lesion. We also suggest that IVL be utilised after rotablation 
(rotashock), when there is deep calcification, lack of calcium 
fracture on I/C imaging or inadequate balloon expansion post 
rotablation (Figure 3).

There is limited data on rotashock patients and to the 
best of our knowledge this is one of the first studies to assess 
the characteristics of the rotashock procedure and patients. 
Assessment of coronary calcification by a combination of 
angiographic scoring (BCS) and intracoronary imaging may be 
required to decide which calcium modifying tool would optimally 
modify the calcified plaque.

Data from the prospective randomised study (NCT04047368) 
“Comparison of Coronary Lithoplasty and Rotablation for 
the Interventional Treatment of Severely Calcified Coronary 
Stenoses - ROTA.Shock-Trial” will hopefully guide us in relation 
to the utility of rotashock in calcified lesions.

LIMITATIONS
Our study has some limitations. It is a retrospective study 

with limited number of patients, however rotashock is a novel 
combination of two tools and we have combined data from two 
high volume PCI centres. We included patients with under-
expanded stents/ ISR in the IVL group as this was real world 
data, rather than only de-novo calcified lesions. Details regarding 
intermediate and long term follow up to compare outcomes 
between rotashock and IVL alone therapy were also not available.

CONCLUSIONS
Rotashock can be performed safely with a low rate of 

complications for the treatment of heavily calcified coronary 
plaque. BCS may help guide choice of tool for calcium modification 
in addition to intracoronary imaging.
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