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ABSTRACT

Background: Severe coronary calcification remains a major challenge in percutaneous coronary intervention
(PCI), often complicating lesion preparation and stent expansion. Intravascular lithotripsy (IVL) enables
controlled plaque modification through acoustic pressure waves, while drug-coated balloons (DCB) offer
antiproliferative therapy without leaving a permanent scaffold.

Case summary: We report two cases of severe calcified coronary stenosis treated with calcium modi-
fication techniques, intravascular lithotripsy, and drug-coated balloon technology. The first 73-year-old
patient presented with a non-ST-elevation myocardial infarction. Coronary angiography identified a heavily
calcified mid-LAD lesion. Optical coherence tomography revealed severe concentric calcification with a
circumferential arc exceeding 270°, thickness 0.76 mm, length 12 mm, MLA 1.9 mm?, prompting the use
of intravascular lithotripsy (IVL) for lesion modification. The therapy achieved multiple calcium fractures
and optimal luminal gain. As final therapeutic modality, drug-coated balloon angioplasty (DCB) was chosen,
after which TIMI 3 flow was maintained with no dissection. In the second case, a 53-year-old male patient
presented with cardiogenic shock and multivessel coronary artery disease. After the initial life-saving pro-
cedure, a second intervention on a heavily calcified 360° arc on the proximal LAD was performed under
guidance with intravascular ultrasound (IVUS) with a cutting balloon and IVL, achieving excellent luminal
gain, and DCB was used as a final treatment device. At follow-up, the patients remained asymptomatic,
underscoring the safety and efficacy of a stent-less [IVL + DCB strategy in complex calcified anatomy.

Discussion: IVL’s excellent safety profile and uniform circumferential action make it especially suitable
for thick, concentric calcification. Likewise, contemporary DCB studies in de novo lesions have shown
comparable mid-term results to DES in selected patients, supporting a “leave-nothing-behind” philosophy
when optimal lesion preparation and imaging guidance are achieved.

Take-home message: In appropriately selected patients, [VL-assisted plaque modification followed by
DCB can achieve optimal outcomes while avoiding permanent implants and their late complications.

Keywords: Cardiovascular diseases, Coronary artery disease, Percutaneous coronary intervention, Intra-
vascular lithotripsy, Drug coated balloons, Optical coherence tomography
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INTRODUCTION

Severe coronary calcification continues to
challenge interventional cardiology, often lead-
ing to suboptimal balloon expansion, incomplete
stent apposition, and restenosis. While rotational
and orbital atherectomy remain effective options,
they are technically demanding and carry risks of
distal embolization, vessel injury, and procedural
complexity.

Intravascular lithotripsy offers a controlled
and safer alternative, using acoustic pressure
waves to fracture both superficial and deep cal-
cium, improving vessel compliance without ex-
tensive trauma. In parallel, drug-coated balloon
technology allows homogeneous drug delivery
without leaving a metallic scaffold, aligning with
the modern “leave-nothing-behind” approach
that reduces long-term inflammation and neo-
atherosclerosis.

Recent multicenter studies and latest break-
ing trials have further supported the safety and
versatility of both IVL [1-3] and DCB [4-7] for
the treatment of coronary artery disease, laying the
foundation for stent-less revascularization strate-
gies guided by intravascular imaging, even in the
most complex calcified anatomy.

In calcified lesions, intravascular imaging
(IVUS/OCT) enables precise calcium assessment,
guides lesion modification, and significantly re-
duces adverse events [8, 9].

Here, we report the first cases of IVL per-
formed in Macedonia, illustrating the feasibility,

safety, and early clinical success of a stentless
revascularization approach combining IVL and
DCB in patients with complex, heavily calcified
coronary disease.

CASE PRESENTATION

Case 1

A 73-year-old man presented to the emer-
gency department with chest discomfort and
palpitations. His past medical history revealed
well-known CAD, type 2 diabetes, dilated car-
diomyopathy, permanent atrial fibrillation, hyper-
tension, and hyperlipidemia. Initial ECG revealed
atrial fibrillation without acute ischemic changes.
High-sensitivity troponin [ was 300 ng/L. Know-
ing his past medical history and increased troponin
values, he was sent to the catheterization labora-
tory within the next 24 hours.

Coronary angiography showed heavily
calcified coronary arteries: non-significant in-
stent restenosis in proximal/mid RCA; 90% dis-
tal RCA calcified stenosis (treated successfully
during the index admission); 80 % mid-LAD
calcified stenosis, reference diameter = 3.5 mm,
TIMI 3 flow.

After being admitted for NSTEMI and in-
tervention to the RCA, a staged PCI to the LAD
was performed. Pre-intervention OCT revealed
a severely calcified segment with calcium arc >
270°, max. calcium thickness of 0.76 mm, lesion
length 12 mm, and MLA 1.9 mm?.

Figure 1. Initial coronary angiogram
of RCA (left) and angiogram of RCA post-PCI (right)
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Figure 2. Initial coronary angiogram of LAD

After OCT assessment of a large, calci-
fied arc and a big side branch at the place of
the lesion, the decision was to start with IVL
modification. A 3.5 X 12 mm IVL balloon was
inflated at nominal pressure (4atm), delivering 20
pulses. Post-IVL OCT showed multiple calcium
fractures and sufficient luminal gain without a
flow limiting dissection.

Given the excellent result and preserved
flow in both main and side branch, a stent-less
approach was selected. A 3.5 x 15 mm pacli-
taxel-coated balloon, matched to the distal refer-
ence vessel, was used with a 60 seconds inflation,
achieving full expansion and TIMI 3 flow. The
final angiogram confirmed good luminal gain and
absence of recoil or dissection.

Figure 3. OCT imaging assessment before PCI

The patient was discharged on single anti-
platelet therapy with Clopidogrel and Rivarox-
aban, due to his permanent atrial fibrillation.

Follow-up angiogram was performed at 3
months, revealing no restenosis and visual ves-
sel enlargement, indicating favorable healing. Al-
though it was the patient’s third coronary angiog-
raphy in a row and sixth in the past fifteen years,
preferred right artery access was maintained every
time, performed with patent hemostasis after the
procedure. At nine-month clinical follow-up, the
patient was asymptomatic with a complete return to
daily activities. OCT follow-up is scheduled at 12
months for further detailed long-term assessment.

Figure 4. OCT imaging after IVL showcasing multiple calcium cracks
and improved MLA after IVL
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Figure 5. Final coronary angiogram
assessment

Case 2

In the second case, a 53-year-old male
patient presented with cardiogenic shock and
multivessel coronary artery disease. He had hy-
perlipidemia and was a heavy smoker. His father
had a myocardial infarction at a young age. The
patient was taken to the catheterization laboratory
for emergency coronary angiography. Before the
procedure, he was given a loading dose of Aspirin,
Ticagrelor, and UF Heparin.

After the initial life-saving procedure, on
an occluded dominant circumflex artery and a
large diagonal artery, a second intervention on a
heavily calcified 360° arc on the proximal LAD
was performed under guidance with intravascular
ultrasound (IVUS).

Lesion modification was performed with a
specialized cutting balloon and intravascular lith-
otripsy balloon 3.0/15 inflated at nominal pressure
(4atm), delivering 120 pulses, achieving excellent

luminal gain. A paclitaxel drug-coated balloon
3.0/30mm over 8 atm. was used as a final treat-
ment device.

After revascularizaton the echocardiogra-
phy showed a mildly reduced ejection fraction.
Due to the newly discovered diabetes melitus the
patient was put on oral anti-diabetic medications.
He was discharged home on dual anti-platelet ther-
apy with Aspirin and Ticagrelor.

At two-month follow-up, the patient re-
mained asymptomatic, returning to his regular
physical activities.

DISCUSSION

These cases illustrate the efficiency of com-
bining intravascular lithotripsy and drug-coat-
ed balloon angioplasty for the management of

Figure 6. Initial angiography - case 2
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Figure 7. After revascularization of the Circumplex and Diagonal artery. The white arrow
shows a severely calcified stenotic segment on the proximal LAD.

Figure 8. Severely calcified 360° arc Figure 9. Modified calcium ring with cracks in
on the proximal LAD on IVUS multiple segments

Figure 10. DCB treatment and final angiographic result with IVUS run
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severely calcified lesions where conventional
stenting may be suboptimal or undesirable.

A recent Japanese study by Misawa et al.
[10] was first to publish the results of 45 cas-
es with severely calcified de-novo coronary
lesions treated with IVL and DCB as the final
devise. The TLF rate in this study was simi-
lar to IVL treatment followed by DES in other
published studies. The significance of this tech-
nique will be seen in the long-term follow-up of
these cases.

Severe calcification defined on OCT pre-
dicts poor compliance and underexpansion with
standard balloons and scaffolds. Although re-
cent comparative late-breaking trials reported
no superiority of IVL over cutting [11]or su-
per-high-pressure [12] balloons regarding lu-
minal area or expansion, the controlled energy
release of IVL minimizes barotrauma, dissec-
tion, and distal embolization. Its circumferential
effect— independent of wire bias — makes it par-
ticularly advantageous in eccentric or concentric
thick calcium, as observed in this patient [3,13].

After achieving an adequate lumen area,
the use of DCB as the final therapeutic device
provided local antiproliferative drug delivery
without introducing permanent metal. Contem-
porary DCB trials in de novo lesions suggest
comparable target-vessel outcomes to modern
DES in well-selected, imaging-guided cases [3-
7,14,15]. This evidence supports individualized,
stent-less strategies, particularly when avoiding
potential late events due to malapposition or
neoatherosclerosis.

The procedure also emphasizes the role of
intravascular imaging (IVI) as OCT and IVUS
in decision-making: quantifying calcium (arc,
thickness, length), identifying which lesions will
benefit from IVL, verifying fracture success, and
ensuring safety before final DCB application.
Imaging also defines suitability for a stent-less
approach— adequate luminal gain and absence of
flow-limiting dissection [16,17].

In the era of advanced calcium-modifi-
cation tools and expanding DCB technology,
individualized, imaging-driven treatment can
optimize both immediate and long-term results.
While randomized trials will determine the de-
finitive place of IVL + DCB compared with
DES, real-world experiences like these highlight
its potential in high-risk patients with multiple
comorbidities and heavily calcified vessels.

CONCLUSION

In high-risk patients with severely calcified
LAD lesions, intravascular lithotripsy followed
by drug-coated balloon angioplasty provided ex-
cellent results and sustained early patency with-
out the need for a permanent stent. Despite the
recent comparative studies showing similar me-
chanical outcomes among various calcium-mod-
ification devices, IVL maintains a unique safety
and versatility profile. When guided by intra-
vascular imaging and applied to suitable anato-
my, the combination of IVL + DCB represents
a safe and effective alternative aligned with the
“leave-nothing-behind” paradigm.
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Pe3ume

KPHIEILE HA KAMEHOT: PEBACKYJIAPU3ALIMJA BE3 CTEHTOBH CO
HNHTPABCKYJIAPHA JIMTOTPUIICUJA U BAJIOHHM OBJIOXKEHU CO JIEKOBH
BOJEHH CO UHTPABACKYJIAPHHU CJIMKOBHU TEXHUKH

Anekcannap JoskoBcku', buitjana 3aguposcka'-?, Jlona 3apeBcka', UBan BacuieB'?
Xajoep TapaBapu' 2, Jlanuua IMerkocka’ 2, Jopro Kocros' 2, Camko Kenep'?

! VauBepsuTeTcka KIMHUKa 3a Kapauonoruja, Ckomje, PC Makemgonuja
2 Vausep3uter ,,CB. Kupun u Mertoauj*, Meguunncku ¢akynret, Cromje, PC Makenonuja

Bogen: V3pazenurte kanudukanyuy Ha KOPOHAPHUTE KPBHH CaI0BH OCTaHYBaaT rojeM MPeIU3BUK
BO TepKyTaHute kopoHapHu uHtepeHun ([TIKW), uecto koMImmummpajku ja MOArOTOBKara Ha Je3ujara
U eKCIIaH3MjaTa Ha CTeHTOT. IHTpaBackynapHara sunrorpuncuja (MBJI) oBo3MokyBa KOHTpOJIUpaHa MO-
IudUKalja Ha IiaKara npeKy aKyCTHYHH IPUTUCOYHU OpaHOBH, 0/ieKa OaJOHUTE OOI0KEHHU CO JIEKOBU
(DCB) amtuipaar aHTUIpoaU(epaTHBHA Tepamuja 0e3 Ja ocTaBaT TPaeH METaJIeH CKa(oJII.

Ipukasn Ha cayyau: OnunryBaMe 2 ciiydyaja Ha U3pa3eHo KaIUUPUIUPaHd KOPOHAPHHU CTEHO3U
TPETUPAHH CO TEXHUKH 3a MOAH(HUKAIHM]ja HA KAJIMYM, UHTpaBacKyJapHa JUTOTPHUIICH]a U TEXHOJIOTHja CO
OasioHH 00JIOKEHH €O JIeKOBU. [IpBHOT, 73-ro/IUIIICH NAMEHT, Oellle MPUMEH CO J1jarHo3a Ha MHOKap/IcH
undapkt. Koponapuara anruorpaduja noxaxa nu3paseHo Kanquduuupana cTeHo3a Ha JieBaTa KOpoHapHa
aprepuja. Co onTHYKa KOXepeHTHa ToMorpaduja ce uaeHTH(HUKYBa HU3pa3eHa KOHIEHTPUYHA Kaaudu-
Kaija co oopau Ha kanudukamnuja co 270°, nedbenuna ox 0,76 mm, pomxura 12 mm, MLA 1,9 mm?,
HOpajy LITO UMalle MoTpeda 3a KOPUCTEHE HHTPABACKYJIapHa IUTOTPUIICH]a 33 MOAU(HKAIM]ja Ha ITaKara.
AruMnypanara Teparnyja 0BO3MOXH MYJATHIUIM QPaKTypy Ha KaJIIMyMOT ¥ ONITUMAJIHO [IPOILUPYBabEe Ha
aymeHoT. Kako ¢uHaneH TepaneBTcku MoganuTeT Oeme n30paHa aHTHOTUIACTHKA cO OaoH 00JI0KEH CO
nexoBu. Ha 3-Meceunara KOHTpOIHA aHTHOTrpaduja U 9-MeceuHOTO KIMHUYKO CIIECHE allMeHTOoT € 0e3
CHUMIITOMH, CO TIO3UTHBHO PEMOJICIINPAHE Ha KOPOHAPHUOT KPBEH Ca/l.

Bo Bropuor ciyuaj ce paboTu 3a 53-roAMIIeH MAMEeHT CO MOBEKecaJ0BHA KOpOHapHa O0JIECT BO
KapauoreH mok. [1o mouetHara sxuBoTOCHacyBavka Mpoueaypa, ce M3BpIIX BTOpa HHTEPBEHIIM]ja HA U3pa-
3eHo Kanuduuupana npokcumanta JIAJl co kanundukanuja og 360°, mox BOACTBO Ha MHTPABACKy/IapeH
yATpa3ByK. Taa ce U3BPILIM CO MOMOLI Ha MOCe0eH 3aceKyBauKy OaI0H U HHTPAaBaCKyJIapHa JIUTOTPUIICH]A,
MIOCTUTHYBAajKH 100ap JIyMEH U Kako MOcJeeH ype Oelie HaHeceH 0anoH o010keH co JiekoBu. [lpu cie-
JCHETO MAIMEHTUTE OCTaHaa aCUMIITOMAaTCKH, 0e3 Teroou, To yKaxyBa Ha 0e30eJHOCTa U Ha e(PUKACHOCTa
Ha crparerdja [VL+DCB kaj xommiekcHaTa KOpoOHapHa aHaTOMH]a.

Juckycuja. Ommmunnot 6e36ennocen mpodwmn Ha MBJI ja mpaBu ma Ouze coonBeTHa 3a U3pa3eHH,
KOHIIEHTpUYHU Kanudukanuu. MctoBpemeHo, oojaBenute ctynun 3a DCB kaj nie3unrte denovo nokaxaa
enHakBu pesyararu co JIEC kaj cenexTupaHy MaueHTH, MOAIPKYBajKH ja Gputo3odwujara ,,1a HE ce OcC-
TaBa HUIITO BO KPBHHOT Cajl, BO CIIy4an Kaje mTo ¢ 00e30e1eHa MaKCHMallHa ITOATOTOBKA Ha Jie3ujara u
BOJICEC HA IPOLIEYPaTa CO CIIMKOBHH TEXHUKH.

3akayuok: Kaj coonBeTHO ceneKTHpaHy marueHTH Monudukayjara Ha miaka co DCB moMmornara
co MBJI mocTurHyBa onTHMaseH UCXO0, N30eTHYBajKU TpaecH METaJIeH HMIUTAHT U HETOBUTE ITOJIOIHEXKHI
KOMILUTUKAIIHH.

Kayunu 360poBu: xapauoBackyaapHu 3a00iyBamba, KOpOHApHa apTepucKa OOJecT, MepKyTaHa
KOPOHapHA MHTEPBEHIIM]a, MHTPABACKYJIapHA JINTOTPHIICH]a, OAJIOHNU OOJIOKEHU CO JICKOBH, ONTHYKA KO-
XepeHTHa ToMorpaduja



