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Case Report

Application of Shockwave Balloon Intravascular Lithotripsy in the Treatment of
Severe Calcification of Aortic Branches: Two Cases Report
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ABSTRACT

well after the operation.
Keywords: Shockwave intravascular lithotripsy system;

calcification; Case report

Intravascular Lithotripsy (IVL) using shockwave balloon has been commonly applied in patients with coronary artery
calcification stenosis. IVL is a technology based on lithotripsy, where multiple emitters installed on a traditional
balloon catheter to selectively emits non-focusing and pulsed shockwaves to safely disrupt arterial plaque calcification,
enhancing vascular compliance, and optimizing stent expansion. The shockwave balloon does not damage the flexible
vessel wall and leaves the disrupted calcification reshaped but not fragmented, providing a novel treatment approach
for severe calcified vascular stenosis. However, the application of shockwave balloon in aortic branches has limited
clinical experience. This report aims to present two cases of shockwave balloon angioplasty for the treatment of severe

calcification of aortic branches. This is an innovative method. The operation was successful and the patient recovered

Renal artery; Subclavian artery; Atherosclerosis plaque

INTRODUCTION

Arteriosclerosis is commonly considered a chronic inflammatory
disease, where inflammation plays a crucial role in all stages of
the arteriosclerotic process. Calcification may occur during the
progression of arteriosclerosis [1]. And as the population ages
and the prevalence of diabetes and renal disease continues to
rise, the prevalence of cardiovascular calcium has also risen [2].
Similarly, calcified arterial disease adds to lesion complexity,
representing a lower success rate of operation and an increased
risk of adverse events.

In this article, we report two cases with a severe calcification of
aortic branches. Both patients developed severe calcific stenosis
in the major branches of the aorta. Our team decided to
perform shockwave balloon angioplasty to disrupt calcified
plaques, facilitating stent expansion and lumen dilation. Up to
now, our patients has been followed up for 1 years. The
postoperative outcomes were good, and the corresponding

symptoms significantly improved. This operation achieved
successful clinical results.

CASE PRESENTATION

Case 1

Patient Li, male, 63 years old, presented at The Affiliated
Hospital Qingdao University on September 21, 2022, with a
chief complaint of "Recurrent hypertension for over 2 years."

Two years ago, the patient started experiencing recurrent
hypertension without any apparent triggering factors, and it was
difficult to control. He had a history of hypertension for more
than 20 years, with the highest blood pressure reaching 230,/90
mmHg. He had a history of polycystic kidney disease for 7 years
and had been undergoing regular blood dialysis. Upon
admission, the patient's blood pressure 144/69 mmHg (1
mmHg=0.133 kPa). Laboratory tests: Kidney function test
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showed a creatinine level of 675.9 mmol/L. Abdominal aorta
CT Angiography (CTA) revealed multiple calcified plaques in
both renal arteries, with multiple moderate to severe stenoses in
the lumen (Figure 1). Urinary system ultrasound showed unclear
visualization of the main stems of both renal arteries.

Figure 1: Preoperative CTA showed severe stenosis and obvious

clacification of the left renal artery.

The preoperative diagnosis for the patient includes renal artery
stenosis, uremia, refractory hypertension, stage 3 hypertension
(extremely high-risk), and polycystic kidney disease. The surgery
performed was bilateral renal artery balloon angioplasty with
stent placement. The procedure began with a retrograde
puncture of the right femoral artery, and then a superslip
guidewire was advanced in an antegrade manner. Using the 6F
guiding sheath, a 0.035" superslip guidewire and a single-curve
catheter were inserted. Push the 4F single-curve catheter forward
and place it in the abdominal aorta for angiography, revealing
severe stenosis at the starting segment of both renal arteries and
moderate stenosis in the left renal artery. The guidewire was
rotated into the left renal artery, and the angiography showed
severe stenosis with approximately 1 c¢m of calcification in the
midsection of the left renal artery, and there is no stenosis in
the distal artery (Figure 2a). An ATW guidewire was exchanged,
and a 4.5 mm x 60 mm shockwave lithotripsy balloon was
advanced. The midsection of the renal artery calcified segment
was subsequently treated with the 4.5 mm x 60 mm shockwave
lithotripsy balloon which was inflated at 4 atmospheres for 30s
(Figure 2b). Final angiogram showed good angiographic results
in the midsection of the renal artery, no overt dissection. There
was no acute vessel closure and post endovascular therapy
complications. A balloon-expandable stent (BIOTRONIC 5 x 12
mm) was deployed at the origin of the left renal artery using the
same method. Repeat angiography showed a patent left renal
artery with complete disappearance of the stenosis (Figure 2c).
The same IVL technique was employed to treat the stenosis at
the origin of the right renal artery (Figure 2d,e), and the
angiography showed improved blood flow and the formation of
a dissection at the distal end. So we put a self-expanding stent
(smart control 6 mm x 60 mm) to fully cover the stenosis and

J Vasc Surg, Vol.14 Iss.1 No: 1000600

OPEN 8 ACCESS Freely available online

the origin of arterial dissection, and angiography shows
unobstructed blood flow in the right renal artery (Figure 2f).
After the operation, the catheter, guidewire, and sheath were
removed, and the femoral artery puncture site was sutured using
a percutaneous vascular closure device. The procedure lasted for
80 minutes. Postoperatively, both renal arteries showed patency,
and the stenosis was resolved (Figure 3). Post-operatively, the
patient’s blood pressure was 140/70 mmHg. The patient has
been followed up for 1 years and the patient's stent patency was
found to be excellent.

Figure 2: Surgical process. a) DSA showed severe stenosis of the
left renal artery. b) Using the shockwave balloon. c): Left renal
arteries showed patency, and the stenosis was resolved. d): DSA
showed severe stenosis of the right renal artery. e): Using the
shockwave balloon. f): Right renal arteries showed patency, and
the stenosis was resolved.

Figure 3: Preoperative CTA showed severe circumferential
calcification of the right subclavian artery, nearly occluding
the vessel.
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Case 2

Patient Zhu, male, 67 years old, presented at The Affiliated
Hospital Qingdao University on September 21, 2022, with a
chief complaint of " bilateral upper limb weakness for six
months"

Six months ago, the patient presented with bilateral upper limb
weakness, accompanied by soreness and numbness. The patient
has a medical history of diabetes for over 20 years. He also had a
history of atrial fibrillation for more than 10 years, with a
previous treatment of radiofrequency ablation. He had a history
of coronary atherosclerotic heart disease for over 10 years. Five
months ago, the patient underwent a stent implantation
procedure for "left subclavian artery stenosis and steal
syndrome". Upon admission, the patient's blood pressure in the
right upper limb was 85/60 mmHg, and in the left upper limb
was  90/51 mmHg. Carotid

ultrasound examination revealed that moderate narrowing and

Laboratory  examinations:
plaque formation in the right subclavian artery. The right

vertebral artery showed abnormal spectral morphology,
suggestive of right subclavian artery steal syndrome. Carotid
Artery on CT Angiography (CTA) demonstrated a visible stent
shadow in the proximal left subclavian artery, while the right
subclavian artery exhibited severe circumferential calcification

and a narrowed lumen.

The preoperative diagnosis for the patient includes Right
subclavian artery stenosis, carotid artery stenosis, atrial
fibrillation, type 2 diabetes mellitus, coronary atherosclerotic
heart disease. The surgery performed was right subclavian artery
balloon angioplasty with stent placement. The right femoral
artery was punctured retrogradely, and a 6F sheath was inserted.
Angiography of the iliac artery and abdominal aorta was
performed, showing patent flow in the abdominal aorta and
iliac artery. Using the sheath, a 0.035" super slippery guidewire
was advanced to the brachiocephalic trunk and then exchanged
for a 4F single-curve catheter. The guidewire was removed, and
angiography of the around artery was performed. The
angiogram revealed patent flow in the brachiocephalic artery,
while the right subclavian artery showed severe stenosis at its
origin with near occlusion and distal dilation (Figure 4a). After
exchanging to an 8F-90 long sheath, the guidewire was rotated
into the right subclavian artery. A balloon catheter (Medtronic
4.0 x 40 mm-130 cm) was then advanced over the guidewire to
perform balloon angioplasty of the right subclavian artery
(Figure 4b). Subsequently, an intravascular lithotripsy (IVL)
catheter (Shockwave M5 IVL 7 mm *x 60 mm-110 cm) was
exchanged and used for intravascular shockwave lithotripsy of
the calcified plaque in the right subclavian artery (Figure 4c).
After satisfactory dilation, a stent (Dynamic 10/38) was
introduced and positioned at the site of the subclavian artery
stenosis, and the stent was released. Following stent placement,
repeat angiography demonstrated a patent right subclavian
artery without any stenosis (Figure 4d). Postoperative treatment
is the same as before. The procedure was successful, lasting for
65 minutes. Post-operatively, the patient's blood pressure was
140/70 mmHg. The patient has been followed up for 1 years
and the patient's stent patency was found to be excellent.
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Figure 4: Surgical process. a): Intraoperative Digital Subtraction
Angiography (DSA) revealed severe stenosis at the origin of the
right subclavian artery. b): Perform balloon angioplasty of the
right subclavian artery c): Performed right subclavian artery
intravascular shockwave lithotripsy to fragment the calcified
plaque. d): After stent deployment, angiography revealed a
patent right subclavian artery with no stenosis.

RESULTS AND DISCUSSION

Vascular calcification (VC), which is categorized by intimal and
medial calcification, depending on the site(s) involved within
the vessel, is closely related to cardiovascular disease. VC is a
common pathological manifestation of various diseases such as
atherosclerosis, hypertension, diabetes mellitus, and chronic
kidney disease [3]. Calcification often accompanies the
development of advanced atherosclerosis, leading to the loss of
intimal elasticity. With the degeneration and calcification of the
middle layer of the artery, leading to arterial wall thickening and
narrowing of the vessel lumen. It portends a poor prognosis and
is independently associated with increased cardiovascular
mortalit and morbidity risk [4]. Currently, there are two surgical
treatment options for arteries stenosis ischemia: Open surgery
and Intravascular intervention. Open surgery is removing the
affected vascular and replacing it with an artificial vascular. For
intravascular intervention, there are multiple methods of
treating with severe calcification of atherosclerotic: Percutaneous
Transluminal Angioplasty (PTA), atherectomy, etc. [5]. And now
we have a new method: Shockwave balloon intravascular
lithotripsy.

Calcification may also interfere with the endovascular therapies
in which it is responsible for suboptimal vessel expansion and
increased risk of vascular complications including restenosis,
dissection, perforation, and distal embolization [6,7].
Percutaneous Transluminal Angioplasty (PTA) or stent
placement relies on plaque rupture and vessel wall stretching.
Severe arterial calcification can significantly impact blood flow
within the blood vessels, reducing vascular elasticity and
compliance. In the treatment of calcified lesions, conventional
balloons cannot achieve ideal expansion, potentially leading to
balloon rupture, vascular dissection, and perforation; stent
implantation may cause incomplete stent expansion and poor
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wall apposition, increasing the risk of in-stent restenosis. The
existing atherectomy devices carry a higher risk of dissection and
vessel rupture during surgery. Once these complications occur,
the procedure may be abandoned or redirected to surgical
intervention due to the risk of embolism. This risk is
particularly evident in severely calcified vessels. IVL is a novel
technique in which multiple lithotripsy emitters deliver a small
electrical discharge which vaporizes the fluid and creates a
rapidly expanding bubble within the balloon. This bubble
generates a series of sonic pressure waves at nearly 50-
atmosphere pressure that travel through the fluid-filled balloon
and pass through soft vascular tissue, selectively cracking the
hardened intimal and medial calcified plaque, thereby serving as
a novel vessel preparation strategy to improve luminal
compliance and facilitate definitive endovascular treatment. IVL
was initially applied to coronary artery disease, and has shown
good results in the treatment of various peripheral artery
diseases, such as lower limb arteries and major branches of the
abdominal aorta, with severe calcified lesions [8,9]. Khalid et al.
reported the first treatment for patients with abdominal aortic
aneurysm and aortic stenosis with [VL. Chag et al. first used
IVL to treat severe calcified stenosis of the abdominal aorta with
kidney arterial stenosis in 2021, its gentle expansion effectively
avoids the renal artery occlusion caused by calcification.
Singlearm studies of IVL have reported effectiveness and safety
results in the treatment of moderately and severely calcified
vessels with high shortterm procedural success rates, marked
reduction in shortterm residual stenosis (<30%), and no major
dissections, perforations, abrupt closure, or slow flow/no-reflow
was reported.

Based on relevant clinical presentations and CT imaging, the
diagnosis of the two cases is atherosclerosis with refractory
calcification. Conventional balloon angioplasty followed by stent
placement could not improve the vascular blood flow. The
choice of lesion pre-treatment is crucial to minimize elastic recoil
and flow-limiting dissections in the affected vessels. According
to the
atherosclerotic plaque, the application of shockwave balloon

experience of treating severe calcification of
intravascular lithotripsy is appropriate in this case. For severe
calcified stenosis in the lesion area, a shockwave balloon was
used for lesion pre-treatment. This played an important role in

subsequent stent implantation.

We successfully use a novel combination of IVL and balloon-
mounted stenting angioplasty to treat the severe calcification of
aortic branches. The results show a dramatic reduction in
stenosis severity with high acute gain and minimal vessel injury.
There were no major adverse events or revascularizations after
the index procedure, and vessel patency was durable out to 10
months.

CONCLUSION

In summary, the use of a shockwave balloon in aortic branch
lesions can reduce procedure time, minimize balloon slippage,
achieve good immediate lumen gain, and result in larger in-stent
areas. Postoperative follow-up shows no increase in mortality or
in-stent restenosis, indicating good efficacy and safety.
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This case successfully demonstrates the efficacy of using [VL for
severe calcified aortic branch lesions, with excellent lumen
reconstruction, highlighting IVL is a safe and effective vessel
preparation strategy. And IVL have shown the great potential in
treating heavily calcified aortic lesions, but its safety and long-
term patency still require validation with larger samples and
longer follow-up studies.
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