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Coronary artery calcification is common in eld-
erly, diabetic, and dialysis-dependent patie-
nts, poses a great challenge to interventional

therapy and significantly increases the risk of complica-
tions and poor prognosis.[1] Traditional rotational ath-
erectomy and excimer laser coronary atherectomy are bo-
th special treatment techniques for severely calcified le-
sions, but they are difficult to use in clinical practice due
to complicated operations. Intravascular lithotripsy (IVL)
is a new way of treating calcified lesion. The principle of
IVL is similar to that of urinary lithotripsy. The pulse so-
und pressure waves selectively interact with the high-d-
ensity calcium to generate significant shearing force to
rupture the calcification ring on the intimal side of the
blood vesselsd and can produce impact oscillation to fr-
agmentation on deep calcifications.[2-4] This case demon-
strated the effect and safety of IVL in the treatment of
elderly people with severe coronary calcification inside
and outside the stent. To some extent, the comparative
effect of IVL and excimer laser coronary atherectomy
was demonstrated.

An 84-year-old man with episodic chest pain for 25
years was admitted to our hospital with recurrence for 1
month. In 1997, the patient sought treatment in another
hospital due to sudden chest pain. The patient was cons-
idered to have acute myocardial infarction. Emergency
coronary angiography was performed, and the anterior
descending artery was completely occluded. Three sten-
ts were implanted in the anterior descending artery. In
2005, this patient complained of chest pain after mobili-
zation. Follow-up coronary angiography revealed in-
stent restenosis of the anterior descending artery, and two
stents were again implanted in the stent. Thereafter, the
secondary prevention of coronary heart disease was reg-

ularly used. One month prior, the patient developed ch-
est tightness and shortness of breath after walking 400–
500 meters and was admitted to our hospital with “un-
stable angina pectoris”. The patient had a history of hy-
pertension for over 40 years and took 5 mg amlodipine
besylate tablets QD and 47.5 mg metoprolol succinate
sustained-release tablets QD, for a long time, and his bl-
ood pressure was well controlled. In 2018, left comm-
on carotid artery stent implantation was performed. No
history of smoking. The main laboratory examination
results after admission were as follows: TnT-hs of 0.0202
ng/mL (< 0.014 ng/mL); TC of 5.86 mmol/L; LDL-C of
3.97 mmol/L; euthyroid function; NT-pro BNP of 505
pg/mL; HbA1c of 5.8%; and eGFR of 60.744 mL/min·
per 1.73 m2. Cardiac ultrasound showed that the basal
segment of the ventricular septum was thickened by ap-
proximately 12 mm, there was a small amount of mitral
valve regurgitation, the global systolic function of the left
ventricle was normal (ejection fraction: 64%), and no ob-
vious abnormality was found in diastolic function. ECG
after admission is presented in Figure 1.

Coronary angiography in our hospital (Figure 2A-2F)
showed complete occlusion of the anterior descending
artery in the stent (red arrow), and the anterior blood fl-
ow was TIMI grade 0. The proximal end of the circumfl-
ex branch had 80%–90% stenosis, and the proximal end
of the obtuse margin branch had 80% stenosis. The an-
terior blood flow was TIMI grade 3. No obvious stenosis
was found in the right coronary artery. First, interventi-
onal treatment of the circumflex branch was performed,
and a Resolute 2.5 × 26 mm stent was implanted, which
was released at 12 atm. An NC TREK 2.75 × 12 mm ball-
oon was postdilated at a pressure of 16 atm. Stent surg-
ery is shown in Figure 2G & 2H.
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Then, interventional treatment of the LAD was per-
formed. The Fielder XT guidewire could not pass thro-
ugh the lesion with the support of the Fincross micro-

catheter. The Gaia 2 guidewire was replaced, and the oc-
cluded segment could be passed through. Optical coher-
ence tomography (OCT) examination was performed af-

 

Figure 1    ECG of the patient at admission: V2–V3 T waves were bidirectional or low-flat. ECG: electrocardiogram.

 

Figure 2    Coronary angiography of the anterior descending artery showed the stent shadow, the stent was completely occluded (A,
B, D, E with red arrow), and the anterior blood flow was TIMI grade 0. The distal circumflex branch showed 80%–90% stenosis (E with
white arrow), and the anterior blood flow was TIMI grade 3. The proximal end of the first obtuse margin showed 80% stenosis (E with
yellow arrow). No significant stenosis was found in the right coronary artery (C & F). No obvious collateral circulation was found. Ro-
tary branch stent surgery: stent positioning (G) and postoperative stent (H).
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ter predilation of the Sprinter 1.5 × 15 mm and Sprinter
2.0 × 20 mm balloons at 12 atm. Diffuse hyperplasia and
local circular calcification were found in the stent. The
MSA was 0.88 mm2. This was a double-layer metal stent.
There was calcified plaque outside the stent (Figure 3A-
3C). Excimer laser ablation (LAD) was performed. A 0.9
mm laser catheter was chosen. The energy density was
60 mJ/mm2, and the pulse frequency was 45 Hz. Contrast
media were used as ablation media. A total of 6 ablation
procedures were performed, but the laser catheter could
not pass through the calcified lesion. A 1.4 mm laser ca-
theter was replaced with an energy density of 45–60 mJ/
mm2 and a pulse frequency of 45 Hz. The catheter could
still not pass the lesion due to poor trackability. Then, a
NC Sprinter 3.0 × 15 mm balloon was used for high-pr-
essure dilation. The pressure was 26 atm. The balloon co-
uld still not be fully expanded, and the mid-stent show-
ed severe residual stenosis (Figure 3D-3F). The operation
was terminated.

The patient was treated again after 7 days. The OCT

showed the original stent diameter was 2.8 mm. So a 3.0
× 12 mm shockwave balloon was selected and success-
fully passed through the residual calcified LAD lesion.
After dilation at 4 atm, 8 shockwave therapy sessions
were performed, with each session maintained for 10 s.
Then, the pressure was increased to 6 atm. The review
OCT showed that the MSA was 1.85 mm2. The SMA was
3.21 mm2 after dilation of a 3.0 × 15 mm NC Sprinter bal-
loon at 26 atm. The original stent diameter was observed
to increase to 3.4 mm. Hence a 3.5 × 12 mm shockwave
balloon was replaced, and another 8 cycles of shockwa-
ve therapy were performed and then with MSA of 3.68
mm2. The SMA was 4.56 mm2 after dilation of a 3.5 × 15
mm NC Sprinter balloon at 26 atm (Figure 4). The final
result is shown in Figure 5A-5C. The stent was patent,
the residual stenosis was < 20%, the anterior blood flow
was TIMI grade 3, and the surgery was ended. He was
given 100 mg aspirin QD, 75 mg clopidogrel bisulfate
QD, dual antiplatelet therapy and secondary prevention
of coronary heart disease. The patient’s symptoms were
significantly relieved.

 

Figure 3    (A–C) OCT examination of the LAD after predilation: the MSA of the mid-section of the stent was 0.88 mm2. This is a dou-
ble-layer metal stent, and the hyperplasia in the stent turned into ring calcification. The diameter of the inner stent was 2.8 mm. (D):
excimer laser plaque ablation; the laser catheter could not be passed through the calcified lesion; (E): the 3.0 × 15 mm NC Sprinter ba-
lloon could not be fully inflated at 26 atm; and (F): the final angiographic result of excimer laser ablation, showing severe residual ste-
nosis in the mid-segment of the stent. OCT: optical coherence tomography.
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Severe calcified lesions pose enormous challenges to
coronary intervention. These lesions obstruct the passa-
ge of the device, affect the selection of stent length, inter-
fere with the expansion of the stent and the integrity of
the lesion coverage, and the long-term prognosis is po-
or.[5,6] In this patient, the anterior descending artery was
completely occluded during coronary angiography. OCT
revealed that circular calcification localized in the mid-
section of the stent. At the same time, we found that th-
ere were at least two to three layers of metal overlapping
in the annular calcification in the middle section of the
stent. There was also calcification outside the stent whi-
ch led to poor expansion of original stent. And it was sp-
eculated that this was the site of the recurrent in-stent re-
stenosis. Rotational atherectomy is considered an effec-
tive way to treat severely calcified lesions, but the RO-
TAXUS study (Rotational atherectomy Prior to TAXUS
Stent Treatment for Complex Native Coronary Artery

Disease) did not show clinical benefits brought by rota-
tional atherectomy.[7] Because excimer laser plaque abla-
tion can abate calcified lesions outside the stent, it can ef-
fectively correct the poor expansion of the stent caused
by calcification outside the stent. Rotational atherectomy
can address calcification within the stent, but cannot ad-
dress calcification outside the stent. Therefore, we pre-
ferred excimer laser plaque ablation to address this lesi-
on. However, the 0.9 mm and 1.4 mm laser catheters bo-
th used contrast agent as the ablation medium, and the
energy density of 60 mJ/mm2 and the pulse frequency of
45 Hz could not effectively ablate the calcified lesions
there. IVL is a conditioning technique for calcified lesi-
on that is newly used in clinical practice. IVL is a type of
balloon catheter that can emit pressure pulses in a circu-
lar manner and can produce impact oscillation to fragm-
ent on both superficial and deep calcifications.[4] In con-
trast to rotational atherectomy, IVL does not cause me-

 

Figure 4    IVL treatment process: MSA of 3.0 × 12 mm shockwave balloon treatment was 1.85 mm2, then dilated by 3.0 × 15 mm NC Spr-
inter balloon at 26 atm, MSA was 3.21 mm2, MSA of 3.5 × 12 mm shockwave balloon treatment was 3.68 mm2, and MSA was 4.56 mm2

after dilation of 3.5 × 15 mm NC Sprinter balloon at 26 atm. IVL: intravascular lithotripsy.
 

Figure 5    Final angiographic results. (A): Right anterior oblique + head position; (B): head position directly; and (C): right anterior obliq-
ue + foot position. LAD: left anterior descending; LCX: left circumflex.
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chanical tissue damage to the lesions, nor does it reduce
plaque volume. However, larger and thicker calcified pl-
aques can be shaken to create cracks, and the plaques can
be released by dilation of the balloon to a pressure of 4 to
6 atm. Several studies have evaluated the safety of IVL.[8]

Disrupt CAD III[9] was a multicenter prospective single-
arm study to evaluate the safety and efficacy of IVL in
the treatment of coronary artery calcification with sten-
osis. The primary safety endpoint was the 30-day MACE-
free rate. The primary efficacy endpoint was freedom
from MACEs during hospitalization. A total of 431 pa-
tients from 4 countries were enrolled. The primary safety
endpoint, the 30-day MACE-free rate, was 92.2%; the pr-
imary efficacy endpoint, the success rate of interventi-
onal surgery, was 92.4%; the mean calcification length
was 18.8 mm, the calcification curvature was 76.5 deg-
rees, and the calcification thickness was 0.25 mm. OCT
showed that multiplane longitudinal calcification cracks
could be seen in 67.4% of the lesions after IVL treatment.
DISRUPT CAD[10] (Shockwave Coronary Rx Lithoplasty
Study) is another multicenter prospective single-arm
study to evaluate the conditioning effect of IVL in coron-
ary calcified lesions before stent implantation. The pr-
imary safety endpoint was 30-day MACE. The primary
study endpoint was clinical success (residual stenosis <
50% after stent implantation and no MACE during hos-
pitalization). Thirty-day MACE events accounted for 5%
and 95% of the patients who achieved clinical success.
We applied IVL to this patient whose excimer laser tr-
eatment had failed. The diameter of the shock balloon
was selected based on the OCT lumen diameter (1:1), as
shown in Figure 6A & 6B. After two shock wave balloon
treatments of 3.0 mm and 3.5 mm, multiple cracks ap-

peared in the circular calcification, and the lumen gradu-
ally enlarged (Figure 7). In the end, the calcified lesion
was successfully released, and the poorly expanded stent
was modified, which may reduce the incidence of in-
stent restenosis in the future. This patient demonstrated
the safety of IVL in the interventional treatment of eld-
erly patients with severe calcification in the stent. When

 

Figure 6    OCT before shockwave balloon treatment showed that the diameter of the inner stent was 2.8 mm (A) and the diameter of
the inner stent after 3.0 mm shockwave and 3.0 mm NC Sprinter balloon dilation was 3.47 mm (B). OCT: optical coherence tomogr-
aphy.

 

Figure 7    OCT images showing progressive treatment with 3.0
mm and 3.5 mm shockwave balloons. Compared with 3.0 mm sho-
ckwave therapy, after 3.5 mm shockwave therapy, the original crac-
ks were widened, and new cracks were added. After two rounds of
shockwave therapy, 3.0 mm and 3.5 mm NC Sprinter postdilation
balloons were used for high-pressure postdilation, both of which
could further expand the luminal area. OCT: optical coherence to-
mography.
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the diameter of the lesion is suitable for the passage of a
shock wave balloon, it can also be used as a preferred tr-
eatment, saving surgical time and cost. 
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