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Brief Report

Slow-flow phenomena following lower limb paclitaxel- and
sirolimus-coated balloon angioplasty in the setting of chronic limb
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Abstract: The Achilles heel of plain old balloon angioplasty (POBA) is neointimal hyperplasia (NIH)
and restenosis, caused from the barotrauma of ballooning. Drug-coated balloons using a paclitaxel-based
platform (PCB) have been shown to retard the restenotic process, using the anti-proliferative effects of
paclitaxel, and give longer vessel patency. This is important in the setting of chronic limb threatening
ischemia (CLTT) and for the protracted wound healing process in these frail patients. However, during PCB
application, more than 50% of the drug is lost downstream, a phenomenon termed particulate embolization.
This is thought to account for the slow- or no-flow phenomenon encountered after PCB use. Recent data
suggest that slow-flow phenomenon was associated with a lower target lesion revascularisation rate and
worse amputation free survival (AFS). The use of sirolimus coated balloons (SCB) to impede the NIH
cascade has been less well studied but recent data suggested excellent short-term efficacy and found no slow
flow phenomenon with their use in the tibial arteries in CLTT patients. Aim of this case series is to highlight
the difference in flow phenomena using PCB and SCB elution in the setting of CLTL. We evaluated the use
of parametric colour coding and time attenuation curves (TAC) as a quantitative measure of blood flow. SCB
may have an advantage over PCB use in the peripheral vasculature because of a reduced incidence of slow

flow phenomenon following drug elution.
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Introduction with rest pain, gangrene, or lower limb ulceration of more

Chronic limb threatening ischemia (CLTT) is the most than 2 weeks duration and patients have high risk of major

advanced stage of the peripheral arterial disease (PAD) lower limb amputation and mortality (1). Despite no

mosaic, defined by the presence of PAD in combination proven superiority over open surgical bypass in terms of
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amputation free survival (AFS) and overall mortality (2),
an endovascular angioplasty-first revascularization strategy
is recommended for lower limb short arterial occlusions
or stenotic lesions for CLTT (3) because of its minimal
footprint and repeatability, in what is a challenging cohort
of patients with multiple co-morbidities.

Shear stress created during balloon angioplasty triggers
vessel wall inflammation, initiating hypertrophic neointimal
hyperplasia (NIH) and restenosis (4). Drug coated balloons
(DCBs) have gained popularity over the past five years
because of the “leave nothing behind” concept. They have
been shown to reduce late lumen loss, binary restenosis,
and target lesion revascularization (TLR) in the treatment
of femoropopliteal disease, compared to conventional
angioplasty (5). Majority of DCBs use a paclitaxel-based
platform (PCB) and paclitaxel reduces late restenosis
by exerting antiproliferative effects to inhibit NIH (6).
However, during DCB application, more than 50% of the
drug is lost downstream, a phenomenon termed particulate
embolization (7). This is thought to account for the slow-
or no-flow phenomenon encountered after DCB use with
paclitaxel. Recent data suggest the incidence rate of the
slow-flow phenomenon was approximately 8.0% after
DCB use with PCB in the peripheral vasculature and was
associated with complete total occlusion lesions, poor
tibial vessel runoft, longer total DCB length used and in
the setting of CLTT (8). Furthermore, those patients who
experienced the slow-flow phenomenon had worse short
term clinical outcomes such as freedom from TLR, AFS
and overall survival. Recent data has pointed to a possible
risk of a higher mortality signal (9) and lower AFS (10)
in patients receiving paclitaxel-coated devices for PAD,
although no subsequent meta-analysis using patient-level
data has corroborated this finding.

Sirolimus is another potent antiproliferative agent that
prevents activation of smooth muscle cells after vascular
injury. Its anti-restenotic effects have been well-studied in
sirolimus eluting stent devices in the coronary circulation,
where it been shown to be safe and more effective than
paclitaxel devices (11), with a wider therapeutic window
and a higher safety margin (12). Data for application of
sirolimus in the peripheral circulation using sirolimus coated
balloons (SCB) is less well studied, although the PRESTIGE
study recently reported first in the world experience using
the Selution Sustained Limus Release (SLR)™ (M. A.
MedAlliance SA, Nyon, Switzerland) sirolimus-eluting
balloon, for treating complex below the knee atherosclerotic
stenotic lesions in CLTT patients from Singapore (13).
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The aim of this case series is to highlight the difference
in flow phenomena using PCB and SCB elution in the
setting of CLTT, after appropriate lesion preparation using
conventional plain old balloon angioplasty (POBA). We
evaluated the use of parametric colour coding and analysis
of time attenuation curves (TAC) as a real time quantitative
measure of flow after plain angioplasty and drug elution.

We present the following article in accordance with
the AME Case Series checklist (available at https://dx.doi.
org/10.21037/qims-21-633).

Methods

This is a single-centre retrospective case series. The
following cases were performed in Singapore General
Hospital, a tertiary vascular centre. All procedures
performed in studies involving human participants were in
accordance with the ethical standards of the institutional
and/or national research committee(s) and with the Helsinki
Declaration (as revised in 2013). Written informed consent
was obtained from the patients for publication of this case
series and accompanying images. A copy of the written
consent is available for review by the editorial office of this
journal.

Digital subtvaction angiography (DSA)

DSAs were performed using a robotic flat panel, multi-axis,
interventional angiographic system (Artis Zeego, Siemens
Healthcare, Forchheim, Germany) in a hybrid operating
theatre by the senior author (TYT). A 2 mL/s bolus of 50%
diluted iohexol contrast agent (Visipaque, GE Healthcare,
Amersham, UK) was administered using an injection system
(MEDRAD Mark 7 Arterion®, Bayer Radiology, USA), via a
downhill common femoral artery 10 cm 5 Fr sheath for the
digitally subtracted arterial sequences. Arterial access was
gained using ultrasound guidance through the mid common
femoral artery. No boluses of heparinised saline were
allowed during the DSA run at each stage. Before and after
POBA and post DCB (PCB/SCB) intervention DSA images
at the exact location (whether femoro-popliteal or tibial)
were acquired using a variable frame rate (1-4 frames per s),
until all foot arteries were fully visualised and subsequently
allowed to wash out, to permit meaningful comparison.
Pre-dilatation with a conventional non-DCB catheter
for at least 2 minutes was mandatory for all target lesions
(diameter 1:1 sizing to the reference vessel) once crossed
with a wire. DCB was only implanted if there was less than
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Figure 1 Case 1 using sirolimus coated balloon (SCB) drug elution post-plain old balloon angioplasty (POBA) in the superficial femoral

artery (SFA). (A) Pre-intervention run showing multi focal stenoses along the proximal- and mid-SFA, showing slow washout on the

parametric colour coding and time attenuation curve (TAC). (B) Post-POBA angiography run showing faster washout of contrast. (C) Post-

SCB angiography run showing no slow flow phenomenon with similar TAC.

30% recoil. For DCB sizing, the nominal balloon diameter
had to match the reference vessel diameter distal to the
target lesion. To secure full lesion coverage, DCB length
was required to be >1 cm longer at each end than the pre-
dilatation balloon to avoid geographical miss, with a DCB
inflation time >90 s for the first dilatation. Balloons that
were greater than 150 mm in length, a 3-min inflation was
employed to maximise drug transfer to the arterial wall. In
cases when two or more DCBs were required, overlapping
of DCBs by at least 1 cm was accomplished.

Parametric colour coding and TAC analysis

Parametric colour coding of pre- and post-plain balloon
angioplasty and post DCB elution DSA acquisitions were
analysed using readily available post-processing software
(Syngo iFlow, Siemens Healthcare, Germany). Parametric
colour coding assigns a particular colour to each pixel
within the two-dimensional DSA image, from red (fast flow)
to blue (slow flow) based on the time delay between contrast
injection and maximum vessel opacification, showing the
contrast flow over time. The post-processing software can
also generate a TAC for a specific region of interest (ROI)
distal to the lesion treated or on the main run off blood
vessel into the foot. This is a graph that compares contrast
intensification against time. The ROI is the washout of
contrast through the vessel (downslope) and the slope
steepness represents the washout velocity (steeper the slope
the faster the washout).

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Case presentations
Case 1

A 76-year-old community ambulant Chinese male with type
II DM and end stage renal failure (ESRF) on haemodialysis.
Previous history of ischaemic heart disease (IHD) with
a recent ejection fraction of 55% on echocardiography.
He was admitted with a 3-week history of a non-healing
calf wound. The pre-operative Duplex ultrasound found
multi focal stenoses (>75%) along the proximal- and mid-
superficial femoral artery (SFA) with 2 vessel run-off via the
peroneal and posterior tibial artery. This was confirmed on
the pre-intervention run (Figure 14). Once the SFA stenoses
were traversed with a wire, the lesion was predilated with a
5 mm x 180 mm high pressure non-compliant balloon
(Jade™, OrbusNeich, Hong Kong, China) for 3 minutes.
Selution SLR™ SCB (5 mm x 150 mm x 2) was then applied
to cover the whole lesion length. Each balloon was inflated
for 2 minutes to optimise maximal sirolimus transfer to the
arterial wall. Similar to the post POBA DSA run (Figure 1B),
there was no slow flow phenomenon noticed on the
angiogram run after DEB elution (Figure 1C). The washout
curve did not change from post POBA to post SCB.

Case 2

A 64-year-old female with a 5-day history of big toe
gangrene. Past medical history included type II DM and
ESRF (on haemodialysis). The diseased proximal anterior
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Figure 2 Case 2 using sirolimus coated balloon (SCB) drug elution in the anterior tibial artery. (A) Pre-intervention (post-plain balloon

angioplasty, POBA) angiography run showing diseased proximal anterior tibial artery. (B) Post-POBA angiography run showing faster
gioplasty, glography g p ry. glography g

washout of contrast. (C) Post-SCB run showing no slow flow phenomenon with similar colour intensity on parametric colour coding.

tibial artery (ATA) was the angiosome of interest (Figure 2A).
The ATA lesion was prepared with 3 mm x 120 mm
(proximally) high pressure non-compliant balloon (Jade™,
OrbusNeich) for 3 minutes (Figure 2B). Selution SLR™
SCB (3 mm x 150 mm) was subsequently used to balloon
the entire lesion length from origin to mid ATA. There was
no evidence of slow phenomenon on the angiogram run
after SCB elution (Figure 2C) and the flow was similar to
the post POBA DSA run (Figure 2B). The washout curves
did not change from post POBA and post SCB.

Case 3

81-year-old female with 1 week history of right sided rest
pain. Co-morbidities included type II DM, ESRF (on
peritoneal dialysis) and IHD (EF =45% one year ago). Pre-
operative Duplex ultrasound found multi-focal tight SFA
disease from origin to proximal popliteal artery (Figure 34).
Two-vessel run off via a patent peroneal and ATA. The SFA
lesions were crossed and the lesion was predilated with a
S mm x 240 mm high pressure non- compliant plain
balloons (Jade™, OrbusNeich) for 3 minutes duration
(Figure 3B). A high dose PCB (Passeo-18 Lux'", Biotronik,
Berlin, Germany; 3.0 pg/mm®) was then used to coat the
lesion from SFA origin to P1 for 2 minutes to maximise
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drug transfer to the adventitial layer of the artery. Slow flow
phenomenon was noticed on the DSA after PCB application
(Figure 3C), with the washout curve demonstrating longer
washout time following PCB.

Case 4

A 59-year-old female with Type II DM and ESRF (on
haemodialysis). Admitted with a 9-day history of a plantar
heel wound and CTO of the ATA and posterior tibial artery
(PTA) on Duplex ultrasound pre-operatively. PTA had no
target outflow vessel and decision was made to open the
ATA, which was approached from an ipsilateral antegrade
position with a wire and the entire stenosis was predilated
with 3 mm x 240 mm (proximally) and 2.5 mm x 80 mm
(distally) high pressure non-compliant plain balloons
(Jade™, OrbusNeich) each for 3 minutes (Figure 4A).
Low dose PCBs (Lutonix ™, Bard BD. Minnesota, US;
2 pg/mm’) (3 mm x 120 mm x 2 and 2.5 mm x 120 mm)
were then used to treat the whole target lesion from
ATA origin to DPA. Each balloon was gain inflated for 2
minutes duration. Blood flow was much faster after POBA
(Figure 4B) but the flow was noticed to be slightly slower
after PCB use (Figure 4C), with the washout curve being
slightly slower than after POBA DSA run.
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Figure 3 Case 3 using a high dose paclitaxel coated balloon (PCB) in the superficial femoral artery (SFA). (A) Pre-intervention angiography

run showing multi-focal tight SFA disease from origin to proximal popliteal artery. (B) Post-plain balloon angioplasty (POBA) angiography

run showing faster blood flow. (C) Post high dose PCB run demonstrating reduced flow and washout.

Discussion

We have highlighted 4 CLTT cases showing the differential
effect of using SCB and PCB in the peripheral vasculature
in both the SFA and tibial vessels. Flow data showed
slower flow after PCB use, especially using a high dose
PCB, compared to POBA whereas the flow was unaffected
after SCB application. Non-target paclitaxel embolism in
distal arteries can lead to arterial occlusion, non-healing
wounds and acute hypersensitivity reactions (14), more
so in CLTT patients due to limited blood flow reserve and
poor outflow vessels (15). A meta-analysis comparing PCBs
with POBA RCTs for infra-popliteal disease in the CLTT
setting reported significantly worse AFS in the DCB arm,
more evident in high-dose (3.0-3.5 pg/mm?®) than low-dose
(2.0 pg/mm?*) devices, as seen in our cases (10). Paclitaxel
embolism was postulated to be the underlying mechanism
for worse AFS. Particulate formation after PCB use may
be different depending on the type of PCB used and the
excipient and coating technology of the drug on the balloon
platform. A preclinical study evaluating the downstream
effect in healthy swine reported a significantly higher
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number of vascular changes downstream from arteries
treated with the IN.PACT Admiral DCB (Medtronic,
Dublin, Ireland) compared with the Lutonix DCB (Bard
BD. Minnesota, USA) (16). IN.PACT Admiral DCB uses
a higher paclitaxel dose than Lutonix DCB, and coating
and excipient technology is different. Likewise, in a rabbit
model, the Ranger™ (Boston Scientific, Marlborough,
USA)—a low dose DCB, was associated with significantly
lower non-target paclitaxel embolization rates compared to
four other DCBs (17).

The SELUTION SL™ SCB gained Conformite
Europeene (CE) Mark in February 2020 and is embedded
with sirolimus, at a dose density of 1 pg/mm’. There is
no drug coating excipient but micro-reservoirs made of a
biodegradable phospholipid polymer complex are used and
are attached with a proprietary Cell Adherent Technology
amphipathic transfer membrane to the balloon surface.
This serves the function of protecting the sirolimus filled
micro-reservoirs during balloon insertion, placement across
the lesion and balloon inflation. During balloon inflation,
the transfer membrane containing the micro-reservoirs
releases from the balloon surface and adheres to the vessel
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Figure 4 Case 4 using a low dose paclitaxel coated balloon (PCB) in the anterior tibial artery. (A) Pre-intervention angio run showing

complete total occlusion of the anterior tibial artery. (B) Post-plain balloon angioplasty (POBA) angiography run showing faster blood flow

to foot. (C) Post low dose PCB run demonstrating similar parametric colour coding but with slightly reduced washout speed on the time

attenuation curve (TAC).

lumen. PRESTIGE using this novel SCB demonstrated
an admirable 6-month 81.5% primary tibial patency and
freedom from clinically driven TLR of 83.3% (13). AFS was
high (84%) and complete wound healing was achieved in
81%, which is comparable, if not superior compared not only
with an open surgical bypass strategy for limb salvage (18)
but also previously published data using PCB in lower limb
endovascular revascularization for tissue loss (19). This
may be related to their finding of no incidence of slow flow
phenomenon, after Selution SLR™ use, even during the
situation of SCB inflation in the below ankle territory (40%
cases), where the blood vessels are much smaller and would
be less tolerant to distal embolization and occlusion. The
authors suggested that an advantage of this balloon had been
the noticeable absence of significant flaking of the sirolimus
drug or carrier from the balloon after inflation, based on the

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

flow on the angiographic runs after drug elution.

Conclusions

Slow flow phenomenon has been associated with a worse
clinical outcome if encountered during DCB angioplasty
and the pathophysiology is thought to be related to
particulate embolization into the microvasculature of the
foot causing vasospasm or blockage. This may be critical
in the CLTT setting, where there may be concomitant
microvascular disease in the foot and outflow reserve
already limited. SCB may have an advantage over PCB use
in the peripheral vasculature because of a reduced incidence
of slow flow phenomenon following drug elution. A larger
study comparing SCB and PCB (high and low dose) is now
required using quantitative flow imaging to confirm this
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finding and to see if this affects long term AFS.
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