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Plain English Summary

Why we undertook the work: Blockages and narrowing in arteries supplying blood to the legs are
common. This condition is called peripheral arterial disease or PAD in short. Often, these narrowings and
blockages have lots of calcium. A new device called lithotripsy has been developed recently to allow
healthcare professionals open up calcified artery blockages. This work aimed to look at whether lithotripsy
used for PAD in the NHS is safe and leads to acceptable results.

What we did: A national research study was done, across eight NHS hospitals. A total of 91 people took part in
this research, who had PAD and needed lithotripsy treatment.

What we found: Lithotripsy is safe to use as 100% of the procedures for the participants in the study were
successfully completed. Complications were not more common compared to other technologies used for such
calcified arteries. Also, with imaging before and after lithotripsy treatment, we found that lithotripsy breaks down
artery calcium.

What this means: Lithotripsy can be used safely in the NHS. Future work should include a randomised trial,
where people with PAD are treated with lithotripsy and compared to other modes of treatment.

Abstract

Obijective: To assess the 6-month patency and clinical outcomes after endovascular treatment
of lower limb atherosclerotic lesions in patients with peripheral arterial disease presenting with
severe claudication or chronic limb threatening ischaemia (CLTI) using intravascular lithotripsy
(IVL).

Methods: A prospective multicentre cohort study was carried out in eight centres in the UK.
Consecutive patients with CLTI or lifestyle-limiting claudication treated with IVL as a primary
vessel preparation based on operator’s preference were included. Follow-up occurred at
discharge, 30 days and 6 months with clinical and duplex assessments. A subset of patients
underwent computed tomographic angiographic (CTA) lesion analysis pre-/post-IVL to assess
plaque consistency/morphology using three-dimensional reconstruction of the CTA.

Results: Overall, 91 patients (mean age 73 years, 72% male; 81% with CLTI) were enrolled in
the study between September 2021 and March 2023 (21 took part in the CTA plaque imaging
substudy). All patients with claudication had presented with severe lifestyle-limiting claudication
and had calf claudication at <20 metres; those with CLTI all presented with Rutherford stage 5
or 6 disease. Immediate procedural success was 100%; 15 (16%) underwent a hybrid
intervention. Mean target lesion peripheral artery calcification scoring system (PACCS) grade
was 3.31+1.01. At the latest available follow-up (mean 183+75 days) there were 10 deaths
(11%), one access complication (1%), two major cardiovascular events (2%) and eight major
amputations (9%). A total of 22 re-interventions (24%) and freedom from clinically derived
target lesion revascularisation at 6 months was 96% (95% CI 0.88% to 0.99%). Automated 3D
plague subgroup analysis (n=21) revealed >50% remodelling in calcium load within the plaque
in 15 plaques (71%), only two dissections (9.5%) and a significant decrease in median plague
calcium load volume (from 7.8 cm3 preoperatively to 5.4 cm?® postoperatively).
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Conclusion: IVL is a safe and efficacious option for vessel preparation with high procedural
success rates, acceptable medium-term complications and freedom from re-intervention.

Key words: peripheral arterial disease, lithotripsy, peripheral vascular disease, vascular calcification,
endovascular procedures, intravascular lithotripsy

Introduction
Peripheral artery disease (PAD) represents a major health problem
worldwide, affecting one-fifth of people over the age of 60 in the
UK."® It is the most common cause of lower limb amputation.
Most patients with chronic limb threatening ischaemia (CLTI)
and some patients with severe claudication will require lower limb
revascularisation, one of the commonest vascular procedures in
contemporary vascular practice, typically in the form of
endovascular reconstruction. Arterial wall calcification represents a
major challenge for endovascular arterial revascularisation, often
resulting in unsuccessful recanalisation, dissection or early
restenosis.®>® Intravascular lithotripsy (IVL) has emerged as a
vessel/lesion preparation strategy to help overcome these issues.’
The IVL device shatters the calcium within the atherosclerotic
plague using ultrasound (energy) via an angioplasty balloon. A
recently completed randomised controlled trial (DISRUPT PAD IlI)
involving 306 lesions (femoropopliteal stenoses or occlusions)
treated with either IVL and angioplasty or conventional means (no
IVL) showed that IVL resulted in greater procedural success, fewer
dissections and comparable rates of major adverse events at 30
days." The DISRUPT PAD Il randomised controlled trial presented
2-year patency outcomes in a primarily claudicant population;'"
however, it was powered on intra-procedural events and included
one vessel bed. There is also a paucity of high-quality prospective
multicentre clinical data regarding the use of this technology,
especially in patients with CLTI. This multicentre prospective study
aimed to assess clinical and imaging outcomes following the use of
IVL in a population consisting mostly of patients with CLTI across all
lower limb vessel beds over a minimum 6-month structured follow-
up period. An additional subgroup underwent computed
tomographic (CT) evaluation of their target lesion pre-/post-IVL to
objectively assess change in plaque morphology and consistency.

Methods

Regulatory approvals

The SHOCC study was a prospective multicentre observational
study performed across eight NHS hospitals in England and Wales
over an 18-month period between September 2021 and March
2023. The study received ethical and all relevant regulatory
approvals (20/09/2021, Wales Research Ethics Committee (REC))
prior to commencing recruitment. The study was prospectively
registered on the ISRCTN registry (ID: 76218607 — protocol
available online prior to commencing recruitment) and sponsored
independently by the University of Leicester. Research was funded
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by Shockwave Medical Inc (Santa Clara, California, USA), who had
no input into the design, analysis, reporting and no access to data.

All participants provided written informed consent before enrolment
in the study. A study steering committee and data safety monitoring
committee oversaw running of the study.

Eligibility criteria

Patients were eligible if they were >18 years of age diagnosed with
CLT! or lifestyle-limiting (defined as severe) intermittent claudication
and had at least one peripheral lesion deemed to require use of IVL
by the treating clinician, regardless of location. Those who
presented with acute disease (symptoms of <3 days duration)
requiring emergency treatment or had asymptomatic PAD were
excluded. Participants were recruited prior to intervention. The
decision to use IVL was made by the operators based on
preoperative imaging and local protocols (pragmatic study design).

Data collection and handling

Data were collected prospectively using a predefined form and via a
REDCap (Research Electronic Data Capture) database hosted at
the National Institute for Health Research Leicester Biomedical
Research Centre.'>"® The following were collected prospectively at
baseline, discharge, 30 days and 6 months: demographics,
comorbidities, procedure details, all available cross-sectional
imaging, cause of death, re-admissions/re-interventions,
cardiovascular events; missing data were queried prospectively with
recruiting sites. All patients underwent an arterial duplex scan at
baseline and 6 months. Those presenting with symptoms at any
point during follow-up also underwent cross-sectional imaging
based on local protocols and clinician preference. A subgroup
consented to have a preoperative and postoperative (within 72
hours of the procedure) CT angiogram of the lesion (focused scan)
to analyse the morphology of the plaque and report calcium
content using a technique we previously developed and validated,
described in detail elsewhere.™'6 This automated three-
dimensional (3D) plagque analysis was performed on this group
using a dedicated TeraRecon 3D workstation (Aquarius iNtuition
Viewer, Aquarius, TeraRecon, San Matteo, California, USA) by two
independent investigators.

Outcomes and definitions

The primary outcome of interest was patency of the lesion treated
with IVL at 6 months. Secondary outcomes included death,
amputation, re-intervention/re-admission and cardiovascular
events. Patency was defined as freedom from clinically driven target
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lesion revascularisation (CD-TLR) and freedom from occlusion or
>50% on any cross-sectional imaging. Technical success was
reported and defined as the ability to cross the lesion with both a
wire and an IVL balloon and successfully use IVL as planned (per
instructions for use) without immediate embolisation, occlusion or
dissection. Procedural success was defined as residual target
lesion angiographic stenosis <50% following use of IVL and
subsequent adjunct (where necessary) without peripheral
embolisation, dissection and in-line flow to the foot (minimum of one
crural artery). This research was designed as a prospective cohort
study aiming to capture all consecutive patients meeting the
eligibility criteria at each site; no minimum sample size calculation
was required.

Analysis was performed using STATA Statistical Software
(Texas, USA)."" Results are reported as mean and standard
deviation (SD) for normally distributed variables and median with
interquartile range (IQR) for non-parametric variables. Categorical
variables are reported as counts and proportion (%). Standard
tests were used to assess differences between categorical and
non-categorical variables of interest. A Kaplan—Meier analysis was
performed to assess the primary outcome. The funder was not
involved in analyses.

Results

A total of 94 patients were enrolled (70% of eligible participants
across sites); three withdrew consent prior to intervention, so 91
patients took part in the study and are presented in this analysis.
The baseline characteristics of the 91 patients undergoing IVL and
included in the study are reported in Table 1. The mean age of the
participants was 73 years (range 50-96) and 72% were male.
Overall, 13% reported symptoms in both limbs, 20% presented with
claudication, 25% with rest pain, 34% with tissue loss and 21%
with both rest pain and tissue loss. All patients with claudication had
presented with severe lifestyle-limiting claudication and had calf
claudication at <20 metres; those with CLTI all presented with
Rutherford stage 5 or 6 disease). The mean+SD ankle brachial
pressure index at baseline was 0.21+0.03 for those with CLTI and
0.30+0.05 for those with claudication. The majority of patients
(Table 2) were treated for infra-inguinal disease. Interestingly, 18
target lesions (IVL-treated) were common femoral arteries.
Furthermore, 41 (45%) IVL-treated target lesions with a mean
length of 10 mm were included.

Al participants were on antiplatelet therapy at baseline, 24%
had undergone previous angioplasty, 4% a bypass and 7% a minor
amputation to the same limb (no major amputations). Table 2
describes the procedural details and the characteristics of the
atherosclerotic lesions within the treated (symptomatic) limb of the
patients. Most were femoro-popliteal — that is, superficial femoral
artery (SFA) or popliteal (34% proximal SFA, 43% mid SFA, 63%
distal SFA, 45% P1, 35% P2, 26% P3) lesions. The mean
peripheral artery calcification scoring system (PACSS) grade of the
target lesions was 3.31.8 Overall, 16% underwent hybrid
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Table 1 Baseline characteristics of SHOCC study participants

undergoing IVL.

Characteristics Total participants
(n=91)
Age, years (mean+SD, min-max) 739
(median 73, range 50-92)*

Male, n (%) 65 (72)
Female, n (%) 26 (28)
Ethnicity, n (%)

White British 88 (97)

Black Caribbean 2(2)

Asian British/Chinese 1(1)
Ischaemic heart disease, n (%) 29 (32)
Heart failure, n (%) 14 (15)
Atrial fibrillation, n (%) 16 (18)
COPD, n (%) 19 (21)
Current smoker, n (%) 21 (23)
Diabetes, n (%) 88 (97)
Baseline eGFR, mL/min/1.73 m2, mean+SD 67+25
Presenting symptomatic limb, n (%)

Right 38 (42)

Left 41 (45)

Both 12 (13)
Presenting symptoms (main limb), n (%)

Claudication 17 (19)

Rest pain 26 (29)

Tissue loss 30 (33)

Rest pain and tissue loss 18 (22)
Baseline antiplatelet therapy, n (%)

Clopidogrel (SAPT) 39 (43)

Aspirin (SAPT) 37 (41)

DAPT including clopidogrel 12 (13)

DAPT other 3(3)
Anticoagulant therapy, n (%)

Warfarin 4(4)

Other anticoagulant 14 (15)
Statin therapy, n (%) 79 (87)
Antihypertensive therapy, n (%) 67 (74)
Previous angioplasty (main limb), n (%) 20 (24)
Previous IVL treatment to same lesion, n (%) 3(3)
Previous paclitaxel-based treatment, n (%) 3(3)
Previous atherectomy, n (%) 0
Previous bypass procedure (main limb), n (%) 4(4)
Previous major amputation (main limb), n (%) 0
Previous minor amputation (main limb), n (%) 6 (7)
Previous amputation (other limb), n (%) 3(3)

*Median and range also provided to aid data visualisation.

‘Main limb’ refers to side being treated with IVL, ‘other limb’ refers to non-treated side.

n=number reported, factoring in missing data.

COPD, chronic obstructive pulmonary disease; DAPT, dual antiplatelet therapy;
eGFR, estimated glomerular filtration rate; ESRD, end stage renal disease;
IVL, intravascular lithotripsy; SAPT, single antiplatelet therapy; SD, standard deviation.
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Table 2 Lesion characteristics and procedural details.
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Lesion characteristics and procedural details Total participants Lesion characteristics and procedural details Total participants
(n=91) (n=91)
Segment treated, n (%)* Sheath size for IVL (range 4-8Fr), mean+SD 6=0.7
Common iliac artery 18 (22) Sheath size for IVL (range 4-8Fr), n (%)
External iliac artery 18 (23) 4 101)
Common femoral artery 18 (23) 5 202)
Superficial femoral artery — proximal 28 (34) 6 56 (63)
Superficial femoral artery — mid segment 36 (43) 7 24 (27)
Superficial femoral artery — distal 56 (63) 8 607
Popliteal artery — P1 40 (45)
Popliteal artery — P2 30 (35) Number of IVL catheters used, mean+SD 1£0.8
Popliteal artery — P3 22 (26) Number of different IVL catheters used, n (%)
Tibio-peroneal trunk 14 (17) 1 66 (77)
Anterior tibial artery — proximal 11 (14) 2 15 (17)
Anterior tibial artery — mid segment 7(9) 3 2(2)
Anterior tibial artery — distal 79 4 1(1)
Posterior tibial artery — proximal 4(5) 5 2(2)
Eosier@or Fg'a: artery - dMl(: lsegment ;‘ Ei; IVL catheter size, mean=SD 6+1.3
osterior tibial artery — dista -
Peroneal artery — proximal 709 IVL;atheter size, mm, n (%) 203
Peroneal artery — distal 4 (5) 25 > (2)
Foot arch 1(1) > Z 55;
PACSS grade, mean+SD 3.31+1.01 45 101)
Participants with an occluded arterial segment, n (%) 41 (45) 5 17 (19)
Total number of occluded segments 17 9.5 10 (11)
Median (IQR) length of occluded segments, mm 10 (5-31) 6 25 (27)
Hybrid procedure (open surgery), n (%) 15 (16) ?'5 g g;
Preoperative imaging used to assess target lesion size, n (%) 75 (1)
CTA 45 (51) ) 16 (18)
Duplex 10 (11) IVL cycl +SD 6+2.7
VRA 1) cycles, mean+ +2.
DSA** 27 (31) Procedure post IVL on target lesion, n (%)

VUS** 5 (6) None 26 (29)
Access vessel, n (%) PQBA 28 (31)
CFA 81 (89) ngh pressure POBA 5 (6)

Other 7(8) D SB 12 (13)
Superficial femoral artery 3(3) DE i 6(7)
Upper limb (brachial artery) — all together 303) DCB followed by high pressure POBA 2(2)
with femoral access POBA followed by high pressure POBA 1(1)

Anasthsa 0. FO9A oowe b DES 20

Locoregional 65 (71) y

Sedation 6 (7) Technical success, n (%) 91 (100)

General 20 (22)

*Multiple segments may be treated per patient. **Used intraoperatively to assess lesion size. n=number reported, factoring in missing data.

CTA, computed tomography angiography; DCB, drug-coated balloon; DES, drug-eluting stent; DSA, digital subtraction angiography; IVL, intravascular lithotripsy; IVUS, intravascular ultrasound;
MRA, magnetic resonance angiography; PACSS, peripheral artery calcification scoring system; POBA, plain old balloon angioplasty; SD, standard deviation

procedures (combined open and endovascular — all common
femoral endarterectomies in the case of open procedures);
adjuncts to IVL included plain balloon angioplasty (50%), drug-
coated balloons (23%, all paclitaxel) and drug-eluding stents (9%,
all paclitaxel). Most procedures were performed under locoregional
anaesthesia (71%) rather than sedation (7%) or general
anaesthesia (22%). The ipsilateral common femoral artery was the
most common access vessel (92%) while the brachial artery (3%)
and superficial femoral artery (3%) also featured. Technical success
was 100% and procedural success was 71% (no residual stenosis
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of the target lesion following IVL and adjunct with in-line flow to the
foot on completion angiogram, and no dissections or peripheral
emboli — all ‘procedural success’ failures were secondary to residual
target lesion stenoses of 50-70% on the completion angiogram
without flow-limiting dissections or emboli detected). Median VL
catheter size was 6 mm (range 3-8 mm), used in 27% of cases; the
median number of IVL cycles was six.

Table 3 shows outcomes over 6 months. Median length of stay
was 3 days (range 0-88 days). Re-intervention occurred in 24% of
cases, with a similar volume of endovascular (13%) and open
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Table 3 SHOCC study outcome data at 6 months follow-up.

QOutcome data

Length of stay, days, median (IQR)* 3 (1-16)
Re-intervention, n (%) 22 (24)
Endovascular, any 12 (13)
Endovascular, for IVL lesion 6 (7)
Open, any*** 10 (11)
Open, for VL lesion 3(3)
Mortality, n (%) 10 (11)
Causes of death
Heart failure 3 (3)
Sepsis 3(3)
Bowel ischaemia 1(1)
Acute myocardial infarction 3(3)
Major amputation, n (%) 8 (9)
Minor amputation, n (%) 11(12)
MACE, n (%) 2(2)
Access complications, n (%) 1(1)
IVL target lesion restenosis >50%, n (%) 19 (27)
Follow-up, days, mean+SD** 183+75

*Relating to primary admission for primary VL procedure.
**Not including patients lost to follow-up.

***Open re-interventions were common femoral artery endarterectomies (7) and
femoro-popliteal bypasses (with venous conduit — total of 3).

n=number reported, factoring in missing data.

IQR, interquartile range; IVL, intravascular lithotripsy; MACE, major adverse cardiovascular
events; SD, standard deviation.

(11%) re-interventions. All open re-interventions were common
femoral artery endarterectomies and femoro-popliteal bypasses
(with venous conduit). All endovascular re-interventions were plain
balloon angioplasties. The majority of these were not specifically for
the IVL-treated lesions, intervention for IVL-treated lesions
occurring in 10% (9 patients, 7% by endovascular means and 3%
by open surgery — all common femoral endarterectomies). Target
lesion re-stenosis >50% within 6 months occurred in 19 patients at
their latest follow-up and none were symptomatic with stenosis of
the lesion that was originally treated using IVL. The Kaplan-Meier
estimate for freedom from CD-TLR was 96% (95% CI 0.88% to
0.99%) at the end of follow-up (Figure 1). Overall, 11% of patients
died during the follow-up period, mostly due to heart failure (3%)
and sepsis (3%). Major amputations occurred in 9% of the cohort
and minor amputations in 12%; one patient initially underwent a
minor amputation and then a major amputation procedure within 6
months. Major cardiovascular events occurred in two patients (2%),
both of whom underwent urgent coronary revascularisation
procedures. Other complications included a single access
complication (1%), one intensive care admission due to severe
delirium post procedure, and another for marked hyperkalaemia.
There were no episodes of acute limb ischemia during the follow-up
period. No dissections (outside of the plaque analysis subgroup
below) were reported.

The SHOCC Study. Lopez-Pena G et al

Figure 1 Freedom from clinically derived target lesion
revascularisation (CD-TLR) at 6 months from follow-up.
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Table 4 Results of automated 3D plaque analysis of CTA imaging
pre-procedure and 72 hours post-procedure

Total participants

(n=21)*
Microfragments™* present postoperatively (>1) 20 (95%)
>3 microfragments postoperatively 17 (81%)
>50% remodelling in calcium load within the plague 15 (71%)
Median calcium load (volume) preoperatively 7.8 cm?
Median calcium load (volume) postoperatively 5.4 cm?
Ruptures 0
Dissections 2 (9.5%)
Arteriovenous fistulae 0
Pseudoaneurysms 0

*Twenty-one femoro-popliteal lesions (superficial femoral artery up to and including the first
segment of the popliteal artery with a baseline peripheral artery calcification scoring system
(PACCS) score of 3 in all cases; all patients with chronic limb threatening ischaemia).

**Microfragments defined as at least one visible gap/fragment in the calcified element of the
plaque when reconstructing the plaque in three dimensions.

A subgroup of patients (n=21) underwent automated 3D plaque
analysis, the results of which are shown in Table 4 and Figure 2. The
inter-observer correlation (20 CTAs analysed by two investigators)
was 0.93 (95% CI 0.88 to 0.96) and intra-observer correlation (20
CTAs analysed by the same observer twice) was 0.95 (95% CI 0.85
to 0.99) Lesion length exceed 10 cm in all cases and all were
classified as PACCS 2 preoperatively (femoro-popliteal lesions in all
cases). All 21 procedures were completed successfully and
patients were only treated with balloon angioplasty after application
of IVL (three cycles of IVL as per instructions for use in all lesions).
Microfragments were present in the majority of treated lesions
(95%) with 81% of plaques containing >3 microfragments (visible
gap in the calcified segment of the plaque on 3D reconstruction at
maximum zoom). Overall, 71% had a 50% remodelling in calcium
load within the plaque, demonstrated by a reduction in median
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Figure 2 Target lesion/plaque after and before six cycles of intravascular lithotripsy using computed tomographic imaging before and
within 72 hours of treatment in the subgroup study of 21 participants. Plaques were assessed in terms of calcium load/volume

preoperatively and postoperatively, as well as microscopic changes.

After treatment

calcium load from 7.8 cm? preoperatively to 5.4 cm?® postoperatively
(calcium remodelling). No ruptures, arteriovenous fistulae or
pseudoaneurysms were detected. However, two dissections were
seen on plaque reconstruction (9.5%) which were not detected at
the time of the procedure; neither dissection involved more than
10% of the length of the lesion and/or more than 10% of the lumen
diameter.

Discussion
This is a prospective cohort study including all-comers predominantly
with CLTI and highly-calcified lesions treated with IVL across
several centres, showing high success rates and acceptable
complication/re-intervention rates over a 6-month structured
period. Most patients eligible for inclusion at all recruiting sites
agreed to take part (70%) and 91 participants were included in the
analyses, having provided high-quality prospective follow-up data
(with no missing data). This work adds pragmatic generalisable
evidence regarding the use of IVL in the treatment of steno-
occlusive PAD as a means of vessel/lesion preparation when
treating calcified plaques. The imaging subanalysis also provides
novel data regarding the microscopic effects of IVL in calcified
lesions.

The main findings of the study can be summarised as follows:
(1) IVL as a vessel preparation strategy is a safe procedure in
challenging lesions/patients; minimal access (1%), thrombotic or
cardiovascular (2%) complications were reported at 30 days, 90
days and 6 months. (2) The femoro-popliteal segment is the most
common arterial site treated, as seen in the PAD Il randomised
controlled trial.!'8 (3) IVL use was associated with a high technical
success rate (100%), acceptable freedom from target lesion
revascularisation and number of major limb amputations in this
high-risk population (predominantly CLTI, all with extremely calcified
lesions and multilevel disease), compared with data from recent
trials and data reported in the latest guidance relating to CLTI
management in Europe/globally.*!18-22

Previously, in the PAD Il trial, IVL was shown to be superior to
percutaneous transluminal angioplasty (PTA) in terms of procedural
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success. Vessel preparation with IVL was safely performed using a
significantly lower maximum inflation pressure relative to PTA,
resulting in lower rates of dissection and a lower risk of post-dilatation
and provisional stent placement. The trial concluded that IVL may
be a valuable tool for treating patients with calcified arterial lesions,
potentially leading to improved outcomes and reduced complications
in the management of PAD with heavily calcified arteries.®

In a real-world setting, the use of peripheral IVL demonstrated
low residual stenosis, high acute gain and a low rate of
complications despite the complexity of the disease. Specifically,
the average acute gain was 3.4 mm at the end of the procedure
with a final mean residual stenosis of 23.6%. Additionally,
angiographic complications were rare, with a single perforation
following drug-coated balloon inflation unrelated to the IVL
procedure out of the 114 femoro-popliteal lesions analysed in the
observational real-world trial PAD 1.

This study has replicated the findings of the previously
conducted efficacy-driven IVL trials in a pragmatic CLTI (mostly)
setting, showing a similar safety profile, minimal angiographic
complications, high technical (100%) and procedural success
(71%), no clinically significant dissections or perforations and few
access complications. During follow-up only 19 patients had
restenosis of the target lesion >50%. It is unknown if the restenosis
is related to using VL, natural progression of the disease, or other
adjunctive procedures that were conducted such as stenting.
However, in the subgroup analysis of the patients who had an
additional CT scan we found no evidence of major complications at
the microscopic level due to the use of IVL.

Study limitations

This study has several limitations. First, it is an observational study
without a control group, which limits the ability to make direct
comparisons with other treatment modalities. Additionally, maximal
follow-up was 6 months, therefore the long-term durability of the
IVL treatment was not assessed. Furthermore, the study included
treatment in multiple vascular segments, which makes it difficult to
apply the results to a specific PAD-affected segment.
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KEY MESSAGES

* The use of intravascular lithotripsy in the United
Kingdom has increased for those with calcified arterial
lesions.

» In this national study/registry, the use of lithotripsy in
peripheral arterial disease was safe and efficacious
with low complication rates.

* A pragmatic randomised controlled trial is necessary to
fully elucidate the role of lithotripsy in routine care.

Conclusion

These findings have important implications for the treatment of PAD
in patients with heavily calcified arteries, as they suggest that IVL is
a safe and efficacious option for vessel preparation in this patient
population involving mostly patients with CLTI and some with severe
claudication. Longer-term follow-up is required to fully understand
the impact of these short to mid-term outcomes on longer-term
results. Additionally, further research is needed to compare VL with
other treatment modalities such as atherectomy (ie, other vessel
preparation strategies), conducting formal cost analyses to fully
understand the impact of vessel preparation in this context.

Conflict of Interest: AS receives honoraria, lecture fees, consultancy fees and
research support from Abbott Ltd, Shockwave Medical Inc, Medyria GmbH, Cook
Medical, Bentley Medical, and receives salary support from the National Institute of
Health and Care Research (NIHR). Authors and researchers did not receive
reimbursement for their involvement in this research. The authors declare no other
conflict of interest.

Funding: This research was funded by Shockwave Medical Inc. The funders were
not involved in the design, conduct or analysis of this study and did not have
access to raw data.

Authors’ contributions: GLP: design, recruitment, analysis, writing. LM: analysis,
writing, final review. SLF: recruitment, data management, administration, study
management, data management, data visualization. MJB: writing, overall responsi-
bility, final review, writing, funding. RD: recruitment, writing. SS: recruitment, writ-
ing. OR: recruitment, writing. AS: chief investigator, funding, writing, analysis. All
collaborators (see Appendix) collected data, verified data accuracy and recruited
participants locally. All authors and collaborators reviewed and approved the final
version of the manuscript.

Reviewer acknowledgement: JVSGB/ thanks Brian Johnson, Consultant
Vascular Surgeon, Hull Royal Infirmary. and Robin Williams, The Newcastle Upon
Tyne Hospitals NHS Foundation Trust, for their contribution to the peer review of
this work.

References

1. Cea-Soriano L, Fowkes FGR, Johansson S, Allum AM, Garcia Rodriguez LA.
Time trends in peripheral artery disease incidence, prevalence and secondary
preventive therapy: a cohort study in the Health Improvement Network in the UK.
BMJ Open 2018;8(1):e018184. https://doi.org/10.1136/bmjopen-2017-018184

2. Morley RL, Sharma A, Horsch AD, Hinchliffe RJ. Peripheral artery disease. BMJ
2018;360:j5842. https://doi.org/10.1136/bm].j5842

3. National Institute for Health and Care Excellence. Peripheral arterial disease:
diagnosis and management. [CG147]. 2020. Available at:
https://www.nice.org.uk/guidance/cg147

4. Parvar SL, Fitridge R, Dawson J, Nicholls SJ. Medical and lifestyle management
of peripheral arterial disease. J Vasc Surg 2018;68(5):1595-606.
https://doi.org/10.1016/j.jvs.2018.07.027

5. Kobayashi N, Hirano K, Yamawaki M, et al. Characteristics and clinical outcomes

17.
18.

20.

21.

22.

The SHOCC Study. Lopez-Pena G et al

of repeat endovascular therapy after infrapopliteal balloon angioplasty in patients
with critical limb ischemia. Catheter Cardiovasc Interv 2018; 91(3):505-14.
https://doi.org/10.1002/ccd.27238

Zettervall SL, Marshall AP, Fleser P, Guzman RJ. Association of arterial
calcification with chronic limb ischemia in patients with peripheral artery

disease. J Vasc Surg 2018;67(2):507-13.
https://doi.org/10.1016/j.jvs.2017.06.086

Fitzgerald PJ, Ports TA, Yock PG. Contribution of localized calcium deposits to
dissection after angioplasty. An observational study using intravascular ultra-
sound. Circulation 1992;86(1):64—70. https://doi.org/10.1161/01.cir.86.1.64
Okuno S, lida O, Shiraki T, et al. Impact of calcification on clinical outcomes after
endovascular therapy for superficial femoral artery disease: assessment using the
peripheral artery calcification scoring system. J Endovasc Ther 2016;23(5):
731-7. https://doi.org/10.1177/15266028166566 12

Gruslova AB, Inanc IH, Cilingiroglu M, Katta N, Milner TE, Feldman MD.

Review of intravascular lithotripsy for treating coronary, peripheral artery, and
valve calcifications. Catheter Cardiovasc Interv 2024;103(2):295-307.
https://doi.org/10.1002/ccd.30933

. Tepe G, Brodmann M, Werner M, et al. Intravascular lithotripsy for peripheral

artery calcification: 30-day outcomes from the randomized Disrupt PAD Il trial.
JACC Cardiovasc Interv 2021;14(12):1352-61.
https://doi.org/10.1016/j.jcin.2021.04.010

. Adams G, Shammas N, Mangalmurti S, et al. Intravascular lithotripsy for

treatment of calcified lower extremity arterial stenosis: initial analysis of the
Disrupt PAD I study. J Endovasc Ther 2020;27(3):473-80.
https://doi.org/10.1177/1526602820914598

. Harris PA, Taylor R, Minor BL, et al. The REDCap consortium: building an

international community of software platform partners. J Biomed Inform 2019;
95:103208. https://doi.org/10.1016/}.jbi.2019.103208

. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research

electronic data capture (REDCap)—a metadata-driven methodology and workflow
process for providing translational research informatics support. J Biomed Inform
2009;42(2):377-81. https://doi.org/10.1016/}.j6i.2008.08.010

. Patel SD, Zymvragoudakis V, Sheehan L, et al. Atherosclerotic plaque analysis: a

pilot study to assess a novel tool to predict outcome following lower limb
endovascular intervention. Eur J Vasc Endovasc Surg 2015;50(4):487-93.
https://doi.org/10.1016/j.ejvs.2015.05.006

. Saratzis A, Rudarakanchana N, Patel S, et al. Interwoven nitinol stents versus

drug eluting stents in the femoro-popliteal segment: a propensity matched
analysis. Eur J Vasc Endovasc Surg 2019;58(5):719-27.
https://doi.org/10.1016/).ejvs.2019.06.012

. Kaneta G, Husain S, Musto L, et al. Editor’s choice — Eligibility of common femoral

artery atherosclerotic disease for endovascular treatment — the CONFESS Studly.
Eur J Vasc Endovasc Surg 2022;64(6):684-91.
https://doi.org/10.1016/j.ejvs.2022.08.034

StataCorp. Stata Statistical Software: Release 18. 2023.

Adams G, Soukas PA, Mehrle A, Bertolet B, Armstrong EJ. Intravascular litho-
tripsy for treatment of calcified infrapopliteal lesions: results from the Disrupt PAD
Il observational study. J Endovasc Ther 2022;29(1):76-83.
https://doi.org/10.1177/15266028211032953

. Bradbury AW, Moakes, CA, Popplewell M, et al. A vein bypass first versus a best

endovascular treatment first revascularisation strategy for patients with chronic
limb threatening ischemia who required an infra-popliteal, with or without an
additional more proximal infra-inguinal revascularization procedure to restore limb
perfusion (BASIL-2): an open label, randomised, multicentre, phase 3 trial. Lancet
2023;401:1798-809. https://doi.org/10.1016/S0140-6736(23)00462-2

Farber A, Menard MT, Conte MS, et al. Surgery or endovascular therapy for
chronic limb-threatening ischemia. N Engl J Med 2022;387:2305-16.
https://doi.org/10.1056/NEJM0a2207899

Fitridge R, Chuter V, Mills J, et al. The Intersocietal IWGDF, ESVS, SVS Guidelines
on peripheral artery disease in people with diabetes mellitus and a foot ulcer. Eur
J Vasc Endovasc Surg 2023:51078-5884(23)00586-5.
https://doi.org/10.1016/j.ejvs.2023.07.020

Conte MS, Bradbury AW, Kolh P, et al; GVG Writing Group for the Joint Guidelines
of the Society for Vascular Surgery (SVS), European Society for Vascular Surgery
(ESVS), and World Federation of Vascular Societies (WFVS). Global Vascular
Guidelines on the Management of Chronic Limb-Threatening Ischemia. Eur J
Vasc Endovasc Surg 2019;58(1S):S1-S109.e33.
https://doi.org/10.1016/j.ejvs.2019.05.006

VOLUME 3 ISSUE 3 MAY 2024



COHORT STUDY The SHOCC Study. Lopez-Pena G et al

Appendix 1 SHOCC study sites and investigator leads

Site Investigators No of recruits
Betsi Cadwaladr University Health Board/ Glan Clwyd Hospital Soroush Sohrabi and Owen Rees 20

Guy’s and St Thomas’ NHS Foundation Trust/St Thomas’ Hospital Narayanan Thulasidasan and Lily Benton 10

Hull University Teaching Hospitals NHS Trust/Hull Royal Infirmary Daniel Carradice and Raghu Lakshminarayan 12

Leeds Teaching Hospitals Trust/ Leeds General Infirmary Christopher Miller and Patrick Coughlin 2

North Bristol NHS Trust/Southmead Hospital Peter Mezes and Christopher Twine 3

St George's University Hospital NHS Foundation Trust Paul Moxey and Joo-Young Chun 9

Mersey and West Lancashire Teaching Hospitals NHS Trust/Whiston Hospital Symeon Lechareas 12

University Hospitals of Leicester NHS Trust/ Glenfield Hospital Matthew Bown and Robert Davies 24

94*

*Three patients did not receive IVL and were therefore not included in the analysis or reporting.



