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Abbreviations

BCS: Birmingham Calcium Score; CTCA: Computed Tomography Coronary Angiography; CVI:

Calcium Volume Index; I/C: Intra Coronary; IVUS: Intravascular Ultrasound; IVL: Intravascular
Lithotripsy; OCT: Optical Coherence Tomography; nc: non-compliant

Introduction

Coronary artery calcification is an independent cardiovascular risk factor, influenced by patient
demographics and older age [1-3]. Optimal stent expansion is limited by poorly modified calcified
coronary lesions resulting in increased risk of in-stent restenosis and stent thrombosis [4]. Coronary
angiography and intracoronary imaging are utilized to assess the degree of calcification and choose the
required tool for calcium modification. In addition, Computed Tomography Coronary Angiography
(CTCA) can identify and risk-stratify patients based on coronary calcification [5-8].

Calcium modification tools include scoring balloons, cutting balloons, high pressure OPN non-
compliant balloons, rotational atherectomy and the recently introduced Intravascular Lithotripsy
(IVL) balloon [9]. In the United Kingdom (UK), orbital atherectomy is not available as a calcium
modification tool.

Coronary Calcification, Intracoronary Imaging and Calcium Modifying Tools
Angiographic calcification

CTCA can demonstrate calcification of the coronary arteries but it is limited by blooming
artefact caused by the calcification and the lack of distinctive correlation between the sites of the
calcification (adventitial, medial, luminal, etc.) on CTCA versus invasive angiography. This can
hamper meaningful interpretation for tool of choice to modify the calcified plaque. Also, technology
is currently not widely available that would permit co-registration of the CTCA images with the
invasive coronary angiography to aid in management of calcified coronary plaque.

Invasive angiographic calcium assessment has been historically classified as mild, moderate or
severe with a moderate degree of correlation noted between angiographic calcification and arc/length
of calcium on intracoronary imaging with intravascular ultrasound (IVUS) [10]. Recent studies with
the IVL balloon have utilized angiographic calcium severity to help guide treatment [11,12]. The
authors felt that as this classification can be subjective, a more objective angiographic calcium score
was needed. To this end, we developed the Birmingham Calcium Score [BCS] (Figure 1, Table 1),
to standardize angiographic calcium assessment and help with choice of calcium modification tools
(Figure 2). We have demonstrated strong correlation between this objective angiographic calcification
score and the Calcium Volume Index (CVI) [13] score on Optical Coherence Tomography (OCT)
[14] (Table 1). The calcium modification tool choice can be based on both angiographic and
intracoronary imaging to assess degree of calcification (Figure 2) [14]. We also demonstrated that
patients with BCS 2 or 3 were more likely to require more than one calcium modification tool
(example both rotablation and IVL) as compared to those with lesser scores (BCS 0,1) [14].

Intracoronary Imaging

The authors suggest to attempt either an OCT or IVUS catheter prior to choosing a calcium
modification tool. The imaging catheter may not pass in cases with excessive calcification with luminal
protrusion (BCS 3, Figure 1). This raises the question as to which intracoronary imaging modality is
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Figure 1: Birmingham Calcium Score.

Table 1: Calcium scores.

Score Name

Modality

Range of score

Details

Reference

Birmingham Calcium Score
(BCS)

Invasive
angiography

0,1,23

0: Adventitial calcification
1: Intraluminal speckled calcification
2: Calcium within lumen but<1/2 lumen diameter

3: Calcium within lumen >1/2 lumen diameter

Figure 1
#14: Sharma et al.

Calcium Volume Index (CVI)

oCT

0,1,23,4

Angle:

<180% 0 points
>180% 2 points
Thickness:
<0.5mm: 0 points
>0.5mm: 1 point
Length:

<5 mm: 0 points

>5mm: 1 point

#13: Fujino et al.

New IVUS based Calcium
Scoring system

IVUS

0,1,2,3,4

Length of calcium >270%

<5mm: 0 points
>5mm: 1 point
Vessel diameter:
>3.5mm: 0 point
<3.5mm: 1 point
Calcified nodule:
Absent: 0 points
Present: 1 point
Reverberation arc:
>90% 0 point
<90°% 1 point

#17: Zhang et al.
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Figure 2: Suggested pathway for choice of calcium modification tool.

better. IVUS is able to identify the leading edge of calcification but
may obstruct visualization of deep calcium in the coronary artery
[10,15]. A previous IVUS calcium score which helped to choose
calcium modification tools did not incorporate the “reverberation
artefact” [16] which was initially identified post-rotablation and
is indicative of a thinner calcium layer. Since then, a new IVUS
calcification score (scores 0-4) to predict stent expansion in severely
calcified coronary lesions has been developed [17] and an adjunctive
calcium modification tool is advised when the score is > 2 [17]. This
score assesses the arc and length of calcium, presence/absence of
calcium nodule and presence/reverberation artefact (Table 1).

In summary, on IVUS, the presence of a larger artery (vessel
diameter > 3.5 mm) and the presence of reverberation artefact >90°
indicates that rotablation may not be required and other tools can be
utilized for the calcified coronary plaque.

The resolution and accuracy of OCT compared to IVUS is better
[15,18,19] and recommended by guidelines [19]. An OCT based
calcium score has also been developed called the CVI (as mentioned
above) with scores 0-4 [13]. Similar to the IVUS calcium score,
this score assesses the arc, length as well as the thickness of calcified
coronary plaque. Calcium modification is recommended in lesions
whose CVI demonstrates calcium angle >180°, thickness >0.5 mm
and length >5 mm and is indicative of stent under expansion.

Calcium modification tools (focus on cutting balloons,
rotational atherectomy and IVL)

Cutting balloons: This consists of a non-compliant (nc) balloon
catheter with longitudinal surgical blades incorporated on the
balloon. Previous cutting balloons were bulky and difficult to deliver.
The newer Wolverine™ (Boston Scientific Industry Ltd.) cutting
balloon is easier to deliver, has better crossability and helps with
calcium modification in arteries with minimum tortuosity and short
lengths of calcification or the presence of reverberation artefacts [9].

Consider upfront

Consider
ne/scoring/cutting

balloon after 1/C
imaging

rotablation &
reimage I/C
catheter

Use of the cutting balloon has demonstrated to improve final stent
area with no difference in MACE rates compared to conventional
angioplasty [20]. The authors suggest the use of the cutting balloon
when superficial calcification is noted on angiography/intracoronary
imaging and pre-dilatation balloons pass easily.

Excimer Laser: Excimer laser can be used for modification of
fibrotic or moderately calcified coronary plaque; however, it is most
frequently used in routine practice for in-stent restenosis (ISR) or for
under expanded stents where there is underlying calcific plaque that
prevents stent expansion [21]. Another utility of Excimer laser is to
create a tract for the rotablation wire in heavily calcified coronary
plaque where the rota wire cannot be easily delivered [22].

Rotational Atherectomy (rotablation): This device consists
of a diamond coated olive shaped burr rotating at a high speed
and causing differential cutting with movement. The device was
developed more than 30 years ago and is fairly unchanged since [23].
Rotablation is used as an adjunct in 1-3% of cases to modify calcified
coronary plaque [24]. It is a complex intervention device and
requires specialized training and experience for safe practice. It also
requires a trained team in the cardiac catheterization laboratory to set
up and manage the equipment. Complications can occur during the
procedure and include burr entrapment, slow or no flow, perforation,
AV block, dissection and wire transection [25-27]. High rpms with
failure to intermittently “peck” at the calcified lesion is known to
generate excessive heat and contribute to thermal injury [28-30].

However, if guidelines and safe practice are adhered to, rotablation
can be performed even in the very elderly, as we have demonstrated
previously [24], with no increase in complication rate and good
safety profile. The authors suggest the use of rotablation when
the angiographic calcification score is 2 or 3 and/or intracoronary
imaging demonstrates vessel size <3.5 mm with the presence of
calcium nodule, calcium arc >270° and long lengths of calcification.
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IntraVascular Lithotripsy (IVL): IVL or shockwave is a
technology that was initially utilized to treat renal calculi but has
since been incorporated onto a balloon for use in calcified coronary
lesions. It consists of a single use balloon with two emitters 6 mm
apart which convert electrical energy into acoustic pulses in liquid
medium. The balloon is programmed to deliver 8 cycles in total
with each cycle containing 10 pulses and is available in sizes 2.5
mm-4 mm and a standard length of 12mm [9,11,31]. Although the
balloon is bulky, it can be delivered to lesions which demonstrate
an under expanded balloon during pre-dilatation. Complications
associated with IVL use include perforation, dissection, shocktopics,
ventricular ectopy and asynchronous cardiac pacing [11,12,32].
Training for the use IVL is simple and can be easily learnt. The
use of IVL is recommended in circumferential calcium with an arc
>180° on intracoronary imaging or when non-compliant balloons
are distinctly under-expanded on pre-dilatation in the presence of
visualized coronary calcification (Figure 2).

Conclusion

Increasing longevity translates into an older average cohort of
patients presenting to the cardiac catheterization laboratory. Older
patients have more cardiovascular risk factors and more coronary
calcification. Hence it is important that the operators familiarize
themselves with the use of calcium modification tools as well as
intracoronary imaging. There are several modalities and tools for the
treatment of calcified coronary plaque. Both the recognition of the
presence of coronary calcification and the ability to utilize more than
one tool for calcium modification are necessary for optimal stent
expansion, procedural success and good outcomes.
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