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• Embolization is common during lower extremity 
interventions.
– We do not yet know the consequences.

• Personal clinical experience.
– Clinically apparent ischemia during a procedure caused by 

non-target lesion occlusion.
• Data from studies of distal filters and perfusion 

assessment tools.
• Unexplained events possibly related to microvascular 

occlusion: 
– Slowly healing/non-healed wounds despite patent target lesion
– Loss of wound blush
– Worsening runoff over serial interventions
– Unplanned amputation

Role of Microembolization in Lower Extremity Procedures

Bonati et al. Lancet Neurology 2010;1016:1474
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patients (8%) in the endarterectomy group (adjusted OR 
5·93 [95% CI 2·25–15·62]; p=0·0003; table 5). Six 
patients in the stenting group and one in the 
endarterectomy group had new hyperintense DWI 
lesions on the 1-month follow-up scan.

The two reviewers initially disagreed and reached 
consensus on the presence or absence of hyperintense 
DWI lesions in two of 231 pretreatment scans that were 
included in the primary analysis, eight of 231 post-
treatment scans, and one of 161 scans at 1-month follow-
up. In addition, there was initial disagreement on the 
number of lesions in 25 of the 80 patients who had new 
DWI lesions on post-treatment scans.

Discussion
In this MRI substudy of ICSS, about three times more 
patients had new ischaemic lesions on DWI after stenting 
than after endarterectomy, and the risk of cerebral 
ischaemia was higher among patients undergoing 
stenting with cerebral protection devices than without. 

Non-randomised studies have suggested a higher rate 
of postprocedural ischaemic lesions on DWI after 

stenting compared with endarterectomy:8–16 in a meta-
analysis of these studies the aggregate OR of new 
ischaemic lesions after treatment was 6·71 (95% CI 
4·57–9·87) favouring endarterectomy (fi gure 4). However, 
whether this was because more patients who had high 
cardiovascular risk profi les were assigned to stenting is 
unclear. The OR for DWI lesions in our randomised 
study was very similar, arguing against such a bias.

At most centres in ICSS, patients were sent to 
neurological wards after stenting, whereas patients who 
had endarterectomy were transferred to high-dependency 
units or were sent to surgical wards for care after 
treatment. Thus, non-disabling strokes might have been 
detected more readily among patients who had stenting 
than among those who had endarterectomy. However, 
the results of the ICSS-MRI study confi rm an increased 
risk of cerebral ischaemia associated with stenting in 
comparison with endarterectomy by using a separate, 
blinded assessment of MRI; thus it is unlikely that 
ascertainment bias caused the diff erence in non-disabling 
strokes between the two groups.

Among the 62 patients in the stenting group who had 
new DWI lesions after treatment, 44 (71%) had more than 
one lesion, and 28 (45%) had lesions in the contralateral 
carotid or vertebrobasilar circulation (mostly in addition 
to lesions in the ipsilateral carotid circulation). These 
results support the notion of an embolic pathogenesis of 
cerebral ischaemia.17 Embolism might have happened at 
any stage of the stent procedure, including angiography 
before stenting.18 Thrombotic material or atherosclerotic 
debris dislodged during the stenting procedure seems to 
result in single or multiple small emboli, which might 
manifest as stroke if a large enough volume of eloquent 
brain tissue is aff ected.

The diff erential risk of cerebral ischaemia was modifi ed 
by the type of the most recent ipsilateral event before 
randomisation: the proportion with DWI lesions 
associated with stenting was smaller for patients enrolled 
after a transient ischaemic attack or a retinal ischaemic 
event than for patients who were enrolled after a 
hemispheric stroke. This pattern might have developed 
because patients with strokes have less stable plaques 
compared with those presenting with other ischaemic 
symptoms, a hypothesis that is supported by a histological 
study of symptomatic carotid plaques.19 Thus, increased 

Figure 3: Distribution of DWI lesion volumes on post-treatment scans 
according to whether or not focal neurological defi cits occurred
DWI=diff usion-weighted imaging.
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OR (95% CI) p*

At least one new ischaemic lesion on post-treatment DWI 44 (51%) 10 (13%) ·· ··

New hyperintensity on FLAIR at 1-month follow-up at site of at 
least one post-treatment DWI lesion

28 (33%) 6 (8%) 5·55 (2·15–14·33) 
5.93 (2·25–15·62)

0·0004†
0·0003‡

New ischaemic lesion on DWI at 1-month follow-up not seen on 
post-treatment scan

6 (7%) 1 (1%) 5·55 (0·65–47·19) 0·117†

Data are number (%) or OR (95% CI). Patients with completed pretreatment, post-treatment and 1-month follow-up MRI scans are included. DWI=diff usion-weighted 
imaging. FLAIR=fl uid-attenuated inversion recovery imaging. *Logistic regression. †Unadjusted. ‡Adjusted for interval between treatment and post-treatment scan.

Table 5: MRI fi ndings at 1-month follow-up

New DW-MRI Lesions in ICSS RCT:
After CEA 17%, after TF-CAS 50%

Larger lesion volume
more likely to
manifest as stroke

Carotid Lesions: A Paradigm for Embolization

Reference Protection N Debris 
retrieved

Comment

Piazza et al. Distal filter 278 74% Gross and 
microscopic

Ledwoch et al. Distal filter 944 89% Gross and 
microscopic

Leckie et al. TCAR 750 47% Gross only

thereby avoiding the arch manipulation risk, and eliminates
instrumentation for external carotid artery occlusion.
Additionally, it also reduces the risk of complications
associated with CEA.

The clinical significance of the appearance of post-
procedural silent ischaemic cerebral lesions is unknown.

Very few studies have described the long-term fate of post-
operative DWI-detected ischaemic lesions. Whether these
silent ischaemic lesions cause permanent brain damage
with cognitive impairment or merely transient sequelae
remains unclear. Indeed, some of these lesions may resolve
within months, as reported in other series.47 However,

Table 3 Incidence of Ischemic Infarction with Carotid Artery Stenting.

Author Year Procedures (N) Strokes (N) New Ischemic lesions on DW-MRI

Ipsilateral Contralateral Any

Lovblad8 2000 19 2 4 (21,05%)
Jaeger9 2001 20 0 3 2 5(25 %)
Jaeger10 2002 70 1 20 6 26 (37,14%)
Schluter11 2003 44 1 8 2 10 (22,72%)
Gauvrit12 2004 22 1 2 0 2 (9,09%)
Poppert13 2004 41 1 22 4 22 (53,65%)
Flach14 2005 21 1 9 2 9 (42,85%)
Roh15 2005 18 2 8 (44,44%)
Cossottini16 2005 52 1 16 (30,76%)
Hammer17 2005 53 2 14 13 21 (39,62%)
Hauth18 2005 105 0 22 (20,95%)
Rosenkranz19 2006 27 0 6 2 8 (29,62%)
Du Mesnil20 2006 50 1 14 7 19 (38%)
Maleux21 2006 53 0 17 10 22 (41,50%)
McDonell22 2006 107 8 23 (21,49%)
Pinero23 2006 162 1 22 9 28 (17,28%)
Kastrup24 2006 206 11 113 38 126 (61,16%)
Asakura25 2006 45 1 14 13 20 (44,44%)
Iihara26 2006 92 7 32 (34,78%)
Grunwald27 2006 10 0 3 1 4 (40%)
Rapp28 2007 54 2 35 11 36 (59,01%)
Lacroix29 2007 61 2 20 10 26 (42,62%)
Tedesco30 2007 27 2 16 10 19 (70,37%)
Skelland31 2009 30 2 6 0 6 (20%)
Taha32 2009 98 3 35 20 42 (42,85%)

Table 4 Incidence of Ischemic Infarction with Carotid Endarterectomy.

Author Year Procedures (N) Strokes (N) New Ischemic lesions on DWI

Ipsilateral Contralateral Any

Jansen33 1994 40 1 4 0 4 (10%)
Cantelmo34 1998 78 1 7 0 7 (8,97%)
Barth35 2000 48 0 2 0 2 (4,17%)
Feiwell36 2001 25 0 1 0 1 (4%)
Forbes37 2001 18 1 0 0 0 (0 %)
Tomczak38 2001 51 0 6 0 6 (11,76%)
Müller39 2003 33 1 9 (27,28%)
Wolf40 2004 33 1 8 0 8 (24,25%)
Poppert13 2004 88 2 15 0 15 (17,04%)
Flach14 2004 23 2 2 0 2 (8,69%)
Roh15 2005 26 1 1 0 1 (3,85%)
Iihara25 2006 139 3 13 (9,36%)
Inoue41 2006 72 1 3 (4,17%)
Lacroix28 2007 60 2 7 1 7 (11,67%)
Tedesco29 2007 20 0 0 0 0 (0%)
Skejelland30 2009 61 0 2 0 2 (3,28%)

664 J.I. Leal et al.

Leal et al.
Eur J Vasc Endovasc Surg 2010;39:661

New DW-MRI Lesions in 50-87%
of patients after TF-CAS

Leckie et al. Vascular 2023;31:1173

This is the case that convinced 
me that embolization occurs
more often than we think.

As we go after more complex lesions…

Lower Extremity
Embolization
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Factors Associated with Clinically Apparent Embolization

Ochoa-Chaar et al. J Vasc Surg 2017;66:143 

Age
CLTI
Occlusion length
Number of treated arteries 
Emergency
Atherectomy

Embolization Detected Intraoperatively by Pedal Artery Duplex

Jill Sommerset, RVT

Flow in the Lateral Plantar Artery

Flow nearly undetectable after numerous 
embolic signals

Embolic signals

This is the case that convinced 
me to use a filter when
performing atherectomy.

No flow
full distal filter

Filter

Aspiration 
of the filter

At the 12-month follow-up, the rate of freedom from CD-TLR

was 92.6% (Figure 2(A) and Table 3) and the primary patency rate

was 76.7% (Figure 2(B) and Table 3). Changes in Rutherford Clinical

Category are reported in Figure 3(A): at baseline, all reported sub-

jects were category 2–4 (80/80). At 12 months, 85% (68/80) of sub-

jects were category 0–2 and 15% (12/80) were category 3–4. The

distribution of subjects among clinical categories was significantly

different at 12 months compared to baseline (p < 0.001). Mean ABI

was 0.74 ± 0.30 at baseline and 0.96 ± 0.22 at 12 months; the mean

increase in ABI from baseline was 0.23 ± 0.32. Figure 3(B) summa-

rizes the ABI changes by categories between time points. The

improvement in ABI clinical interpretation category was significant

(p < 0.001).

TABLE 2 Baseline lesion characteristics and procedure outcomes

Treated
subjects (n = 102)

Lesion characteristics

Lesion length (mm) 179 ± 81 (99)

Lesion length ≥ 150 mm 55.6 (55/99)

Calcium PACSS score

Grade 0 1.0 (1/102)

Grade 1 2.9 (3/102)

Grade 2 0.0 (0/102)

Grade 3 18.6 (19/102)

Grade 4 67.6 (69/102)

Unknown 9.8 (10/102)

Calcified grade

Type A 0.0 (0/102)

Type B 1.0 (1/102)

Type C 86.3 (88/102)

Unknown 12.7 (13/102)

Calcium PACSS indexa (%) 55.7 ± 26.2 (83)

Reference vessel diameter (mm) 5.11 ± 0.79 (99)

Diameter stenosis, pre-atherectomy (%) 88.8 ± 11.7 (100)

Procedure

Target limb (left) 48.0 (49/102)

Procedure time (min) 116 ± 54 (102)

Total directional atherectomy time (min) 29 ± 20 (101)

Diameter stenosis, post-atherectomy (%) 40.4 ± 14.9 (82)

Diameter stenosis, post-DCB (%) 28.1 ± 12.0 (99)

Distal protection used 97.1 (99/102)

Debris captured in distal protection
device

93.9 (93/99)

Procedure-related complication

Perforations 3.1 (3/98)

Perforations requiring stenting 100.0 (3/3)

Dissections ≥ grade Cb 14.3 (14/98)

Dissections requiring stenting 35.7 (5/14)

Distal embolization 12.8 (11/86)

Distal embolization requiring aspiration
only

45.5 (5/11)

Distal embolization requiring stenting 9.1 (1/11)

Provisional stent(s) implanted 8.8 (9/102)

Note: Values are mean ± SD (N) or % (n/N).
Abbreviations: DCB, drug-coated balloon; %DS, percentage diameter
stenosis; PACSS, peripheral artery calcification scoring system; PTA,
percutaneous transluminal angioplasty; RVD, reference vessel diameter.
aPACSS index = 100 ! (mean bilateral calcium length/lesion length).
bAll dissections were Grade C.

F IGURE 2 Kaplan–Meier curves of freedom from clinically-driven
target lesion revascularization (CD-TLR) (A) and primary patency
(B) after index procedure through 12 months. Filled triangles
represent censored patients. The numbers in blue at the bottom of
the graphs corresponds to the numbers of patients at risk at the
beginning of each 100-day window interval. Vertical red bars
represent the lower and upper bound of the 12-month follow-up visit,
at Day 335 and 395, respectively. Only patients with at least one
follow-up Doppler ultrasound (DUS) visit were considered for primary
patency analysis. Two patients had late DUS-diagnosis of loss of
patency at Day 416 and 482 [Color figure can be viewed at
wileyonlinelibrary.com]
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increase in ABI from baseline was 0.23 ± 0.32. Figure 3(B) summa-

rizes the ABI changes by categories between time points. The

improvement in ABI clinical interpretation category was significant

(p < 0.001).
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(B) after index procedure through 12 months. Filled triangles
represent censored patients. The numbers in blue at the bottom of
the graphs corresponds to the numbers of patients at risk at the
beginning of each 100-day window interval. Vertical red bars
represent the lower and upper bound of the 12-month follow-up visit,
at Day 335 and 395, respectively. Only patients with at least one
follow-up Doppler ultrasound (DUS) visit were considered for primary
patency analysis. Two patients had late DUS-diagnosis of loss of
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Abstract

Background: Drug coated balloon (DCB) angioplasty significantly reduces

reintervention rates in patients with symptomatic femoropopliteal peripheral artery

disease (PAD). However, stand-alone DCB use in long, severely calcified lesions is fre-

quently associated with vessel recoil and/or high-grade dissections necessitating pro-

visional stent implantation.

Objectives: Assess the safety and effectiveness of a vessel preparation strategy with

directional atherectomy (DA) prior to DCB angioplasty in patients with symptomatic

severely calcified femoropopliteal PAD.

Methods: REALITY (NCT02850107) prospectively enrolled subjects at 13 multina-

tional centers with 8–36 cm femoropopliteal stenoses or occlusions with bilateral

vessel wall calcification treated with DA prior to DCB angioplasty. The primary effec-

tiveness endpoint was 12-month primary patency, and the primary safety endpoint

was freedom from major adverse events through 30 days. Independent angiographic

Abbreviations: ABI, ankle-brachial pressure; CD-TLR, clinically-driven target lesion revascularization; CD-TVR, clinically-driven target vessel revascularization; CEC, Clinical Events Committee;

CTO, chronic total occlusion; DA, directional atherectomy; DCB, drug coated balloon; DUS, duplex ultrasound; FU, follow-up; IVUS, intravascular ultrasound; MAE, major adverse event; PAD,

peripheral arterial disease; PTA, percutaneous transluminal angioplasty; PTFE, polytetrafluoroethylene; SAS, statistical analysis system; TBI, toe-brachial index.

Received: 3 May 2021 Accepted: 16 May 2021

DOI: 10.1002/ccd.29777

Catheter Cardiovasc Interv. 2021;98:549–558. wileyonlinelibrary.com/journal/ccd © 2021 Wiley Periodicals LLC. 549

13 centers
102 patients
High complexity disease

Debris Captured

Distal embolization
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Algorithm for Distal Filter with Atherectomy

protection in these cases remains subjective, and on
the basis of operator preference (9); this is likely
because of a lack of evidence demonstrating the
ability to predict embolic events on the basis of
angiographic lesion morphology and characteristics.

Lesion predictors have been established in the ca-
rotid and coronary vascular beds (11–16). In the pe-
ripheral vascular bed predictors of distal embolic
events have been suggested in small cohorts of pa-
tients; however, no algorithm exists. This is the
largest cohort of patients that establishes the rela-
tionship between high-risk plaque morphology
(calcific, ISR, CTO, lesion length, and thrombotic) and
distal embolic events. The findings of this study
establish that angiographic assessment of vascular
anatomy and lesion morphology is enough to predict
distal embolic events during atherectomy in the
femoropopliteal region. The PPV, NPV, sensitivity,
and specificity relationship between the angiographic
morphology, the embolic event and the pathologic
makeup of the plaque specimen has not been previ-
ously demonstrated. With the plaque cohort we were
able to confirm that the angiographic assessment
of the lesion morphology was accurate with sensi-
tivity, specificity NPV, and PPV >90% using histopa-
thology as the gold standard. This in turn allows
the operator to analyze the angiographic findings

and use lesion morphology, and physical characteris-
tics of the lesion (lesion length/runoff vessels) to
predict embolic events and appropriately use embolic
protection.

We propose a clinically relevant algorithm
(Figure 4) on the basis of our findings for the appro-
priate use of distal embolic protection during athe-
rectomy for the femoropopliteal segment. The clinical
use of this algorithm is effective because it allows the
operator to identify key factors in the angiographic
morphology of the lesion that predict embolic events.
The results of our study establish that operator
assessment of the lesion morphology by angiography
accurately predicts the pathology of the lesion when
the lesion is calcified (not), thrombotic, or restenotic.
Other significant independent predictors of emboli-
zation are easily identified via angiography including
moderate/long lesions >140 mm, 1-vessel runoff, ISR,
and CTO.

The algorithm simplifies the clinical decision to use
a filter when performing atherectomy for the treat-
ment of peripheral artery disease. Once the diagnostic
angiogram is performed, the operator assesses the
following morphology and anatomic characteristics:
thrombotic, calcific, restenotic, CTO, lesion length,
and runoff. It is safe to generalize that all CTO, ISR,
and thrombotic lesions treated with atherectomy

FIGURE 4 Embolic Protection Device Algorithm

PAD

ENDOVASCULAR

ATHERECTOMY

LESION MORPHOLOGY

CTOCALCIUM ISR THROMBUS ATHEROSCLEROTIC

FILTERNO FILTER

RUN 
OFF 
<2

LESION 
LENGTH
≤140  

(LL) ≤40mm

FILTER

LESION 
LENGTH
≥140  

RUN 
OFF 
≥2

(LL) ≥40mm FILTER

NO FILTER

CTO ¼ chronic total occlusion; ISR ¼ in-stent restenosis; LL ¼ lesion length; PAD ¼ peripheral artery disease.
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508 patients
331 (65%) had
macro-embolic debris

Calcified lesion >4cm
Standard lesion >14cm
Less than 0-1 vessel runoff

Lower Extremity Embolic Protection Device

Author N Indication Debris Predictors Comment

Schneider et al
IJET, 2012

68 Selective 79% Atherectomy
TASC D

Filter occlusion 
15%
Emboshield

Muller-Hulsbeck 
et al
JEVT, 2009

30 Primary 92% Atherectomy Filterwire

Allie et al
TCT, 2008

115 Selective 70% Atherectomy
Occlusion

>2mm in 24%

Shammas et al
JEVT, 2008

40 Primary 55% Atherectomy
PTA/stent

>2mm in 90%
>2mm 28%

Karnabatidis
JEVT, 2006

48 Primary 58% Occlusion
Long lesion

>3mm in 12%

FDA-Mandated Pre-clinical Protocol

PRECLINICAL RESEARCH

Downstream Paclitaxel Released
Following Drug-Coated Balloon Inflation
and Distal Limb Wound Healing in Swine
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VISUAL ABSTRACT

Granada, J.F. et al. J Am Coll Cardiol Basic Trans Science. 2021;6(5):416–27.

HIGHLIGHTS

! PCBs are a clinically proven antirestenotic

alternative to plain percutaneous

transluminal angioplasty of superficial

femoral arteries but their application in

critical limb ischemia is inhibited by the

concern that the downstream release of

particulate paclitaxel may negatively

impact distal lower limb’s circulation and

its tissues already compromised by

chronic ischemia.

! To investigate this concern

experimentally, we used an animal model

of standardized distal limb wounds to

determine the effect of downstream

paclitaxel released during PCB treatment

of superficial femoral arteries on distal

wound healing process.

! A clinically relevant concentration of

paclitaxel in the vicinity of the wound did

not impair the healing of preexisting

distal cutaneous lesions in healthy swine

even after multiple PCB deployments.
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Healing not impaired
in distal extremity wounds in presence
of intentional paclitaxel overdose.

Particulate Embolization After DCB

highly lipophilic drug8 inhibits the proliferation of vascular
smooth muscle cells that would otherwise accumulate
within the neointima and form a hyperplastic restenotic
lesion.9 A variety of excipient carrier molecules have been
used to facilitate paclitaxel delivery to the target lesion,
including urea, iopromide, butyryl-tri-hexyl citrate, and
shellolic acid.10 During balloon inflation, these drugs are
liberated, some implanting as drug reservoirs into the
blood vessel wall to exert their effect locally, whereas other
clumps are released downstream in a phenomena known as
“particulate embolization.” This phenomenon was studied
by Heilmann et al11 in a porcine model, in which they
demonstrated that >50% of the drug coating washes off
into the distal circulation. In that study, the type of excip-
ient and method of balloon coating (drug-coated or wrap-
ped) affected the efficiency of drug transfer. In human

studies, Freyhardt et al12 demonstrated paclitaxel within
the systemic circulation after lower limb DEB angioplasty.
There is concern about what long-term effect this shower
of drug into the end organ may have; however to date,
there have been no published reports of allergy or vasculitic
reactions. This has been reassuring for all who use these
devices and has resulted in their broad application to
include vascular territories where the end organ may be
less forgiving than the lower limb.10,13

We propose that our patient’s vasculitic rash was
related to particulate embolization of the drug coatings
on the balloon, of which paclitaxel and urea feature most
prominently. In support of this, we note that the rash
was present only in the vascular territory fed by the treated
superficial femoral artery and appeared 5 days after that
treatment. Close physical examination of her skin and

Fig 1. A, Vasculitic rash confined to the left leg after therapy with a paclitaxel-eluting balloon. B, Nodular,
erythematous macules in the distribution of the superficial femoral artery treated with a paclitaxel-eluting balloon. C,
Magnified view of the vasculitic rash on the lower leg, demonstrating nonblanching, nonhemorrhagic, nodular,
erythematous macules.

Fig 2. A, Photomicrograph (original magnification, !40) of histologic specimen demonstrates inflammation and fibrin
within the wall of an arteriole within the subcutaneous fat (arrow). B, Photomicrograph (original magnification, !400)
shows mixed cellular infiltrate comprising lymphocytes, neutrophils, and eosinophils in the subcutis and a thrombosed
small vessel with fibrin within its wall (arrow).
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Paclitaxel implants in the arterial wall and serves as a
local reservoir; however, evidence suggests that
greater than 50% of both drug and excipient involved
in P-DCBs may wash off into downstream locations.1

We suspect that our patient experienced emboliza-
tion of paclitaxel with subsequent development of a
small-vessel vasculitis, given the time course and
localization of the eruption. Our patient’s eruption
was confined to the distal, downstream territory of
the treated right superficial femoral artery approxi-
mately 1 week after the procedure. Our suspicion is
supported by the nongeometric spaces within the
thrombus which are likely representative of pacli-
taxel and excipient. Our patient lacked systemic
symptoms, and the eruption resolved without
sequela within days, thus there was low suspicion
for autoimmune, infectious, or other systemic
etiology.

Downstream embolization of P-DCBs following a
lower-limb angioplasty has been previously re-
ported in the literature, including 4 reports of

ipsilateral cutaneous sequela. Of those 4 reports, 3
were biopsied and revealed panniculitis, polyarter-
itis nodosa, and small-vessel vasculitis, respec-
tively.2-4 All 3 cases were treated with systemic
steroids with complete resolution within 3-4 months.
In the case of polyarteritis nodosa, the patient
developed symptoms approximately 1 month after
the procedure, suggesting a more delayed immune-
related phenomenon in contrast to the more acute-
onset manifestation in our patient, which was likely
secondary to direct embolic effects. Embolization of
polymer coating with subsequent vasculitis has also
frequently been reported; however, drug/excipient
embolization is far less common. Given that the DCB
in our case did not have a polymer coating, this
phenomenon can be ruled out.

Interestingly, our patient and the 4 reported
patients each had an IN.PACT Admiral DCB, which
delivers a paclitaxel concentration of 3.5 !g/mm2

with a urea excipient. Hydrophilic excipient mole-
cules such as urea are particularly likely to embolize;

Fig. 1. A, Vasculitic rash on the lower right extremity following paclitaxel drug-coated balloon
(P-DCB) angioplasty. B, Magnified view of erythematous round papules comprising the rash.

Fig. 2. Histopathologic findings. A, Punch biopsy showing intraluminal thrombosis sur-
rounded by lymphocytes and leukocytoclasia. B, Vessel with fibrinoid necrosis and thrombosis
broken up by clear, nongeometric spaces. (A and B, Hematoxylin-eosin stain.)
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Slow Flow After DCB
Slow Flow 
(n=7:8%)

No Slow flow 
(n=81)

P
Value

Freedom from Restenosis 71% 91% 0.09
Freedom from TLR 71% 97% <0.01
Amputation free survival 71% 95% 0.02

Shirai et al. Heart Vessels 2021;36:1818
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Introduction

Chronic limb threatening ischemia (CLTI) is the most 
advanced stage of the peripheral arterial disease (PAD) 
mosaic, defined by the presence of PAD in combination 

with rest pain, gangrene, or lower limb ulceration of more 

than 2 weeks duration and patients have high risk of major 

lower limb amputation and mortality (1). Despite no 

proven superiority over open surgical bypass in terms of 
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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 (CLTI) 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 
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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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Case Report

The no-flowphenomenon following drug-coated balloon angioplasty in a
patient with chronic limb-threatening ischemia and a history of
below-knee amputation
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The endovascular treatment using a drug-coated balloon (DCB) reduces restenosis and target vessel re-
vascularization rate in patients with peripheral artery disease such as claudication and chronic limb-
threatening ischemia (CLTI). However, its safety and efficacy in patients with post-below-knee amputation re-
mainunknown.Wehad apatientwith CLTI and ahistory of below-knee amputation,who suffered a no-flowphe-
nomenon following DCB angioplasty that required above-knee amputation. DCB angioplasty might not be
appropriate for those with severe CLTI and histories of amputation.
Learning objective: The present report describes the risk of endovascular treatment using a drug-coated balloon
for chronic limb-threatening ischemia patients with a below-knee amputated limb.
© 2022 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

As an incremental number of hemodialysis patients, the number of
patients who suffer chronic limb-threatening ischemia (CLTI) needing
below-knee (BK) amputation has also been increasing and receiving
great concern. These patients sometimes have recurrent CLTI due to im-
paired blood flow. In such case, revascularization for superficial femoral
artery (SFA) or above-knee (AK) amputation is required.

In recent years, the safety and efficacy of drug-coated balloon (DCB)
have been reported not only for patients with claudication but alsowith
CLTI [1,2]. However, its clinical implication for those with CLTI and his-
tories of BK amputation has not been clarified. This case report presents
a rare adverse event: the no-flow phenomenon after using DCB for the
BK amputated limb.

Case report

A 69-year-old man who was dependent on hemodialysis for 14
years due to end-stage diabetic nephropathy was diagnosed with left-
limb CLTI and received BK amputation 6 years previously. The following

year, his right limbwas also amputated at AK due to worsening CLTI. He
began to complain of pain due to worsening CLTI in his left knee and
was admitted to our institute to consider further endovascular treat-
ment (EVT).

On admission, his blood pressure was 118/62 mmHg and his pulse
rate was 80 bpm. We administered him clopidogrel and aspirin. We
performed angiography. We initially infused 3000 IU of unfractionated
heparin from the sheath and the activated coagulation time was mea-
sured every 30min and maintained above 250 s.

A left lower limb angiography showed diffuse severe stenosis from
SFA to the popliteal artery with severe calcification (black arrows in
Fig. 1A). Six-Fr sheath was ipsilaterally inserted via the left common
femoral artery for EVT. The diseased SFA was crossed by the 0.014 in.
wire and dilated by the 1.5 mm balloon. Intravascular ultrasound
showed diffuse severe calcified stenosis accompanying a calcified nod-
ule with 4.5 mm of distal reference lumen diameter. Additional high-
pressure dilatation using a 4.0 mm balloon improved SFA to popliteal
artery flow while remaining un-dilated calcified nodule, which was es-
timated by using intravascular ultrasound examination (black arrows in
Fig. 1B, C).

Following the DCB dilatations using Lutonix® 4.0 × 150 mm and
Lutonix® 4.0 × 100 mm (C.R. Bard, Murray Hill, NJ, USA), peripheral
flow immediately vanished (black closed triangles in Fig. 1D). An intra-
vascular ultrasound confirmed neither flow limiting dissection nor
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Fig. 1.
Left superficial femoral artery angiography with diffuse severe stenosis (A). Plain old balloon angioplasty (POBA) using a 4.0 mm balloon at 28 atmospheric pressures (B). An-
giography following POBA (C). Angiography just following drug-coated balloon treatment showingnoflowphenomenon (D). Follow-up angiography showsno-flowphenom-
enon (E). Black arrows indicate calcified nodule lesion with incomplete dilatation. Black closed triangles indicate the proximal sites of no-flow phenomenon.

Fig. 2.
The trend of the wound and laboratory data at baseline and following endovascular treatment (EVT). Red arrows indicate de novo ulcers.
WBC, white blood cell; CRP, C- reactive protein; CK, creatinine kinase.
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thrombus obstruction. Distal angiography via popliteal artery using
micro-catheter showed a pooling of contrast agent at the distal portion.
Given all together, we suspected the no-flow phenomenon due to DCB-
related distal embolization. Repeated blood aspiration from distal SFA
and several intra-arterial administrations of nitroglycerin, nitroprus-
side, and prostaglandin did not improve peripheral flow, and we even-
tually terminated the EVT session.

Immediately after EVT, he complained of pain and cyanosis inside of
his left thigh (Fig. 2). On post-EVT day 2, serum creatinine kinase began
to increase. A follow-up left lower limbangiography showed total occlu-
sion at proximal SFA on post-EVT day 4 (black closed triangles in
Fig. 1E). New ulcers developed on post-EVT day 5 (red arrows in
Fig. 2). He received AK amputation onpost-EVT day 6. Pathological anal-
ysis showed fibrinoid necrosis and infiltration of inflammatory cells
around the peripheral artery obtained from vastus medialis (Fig. 3).

Discussion

Various chemical substances including paclitaxel and its base mate-
rials are embedded in DCB. Ballooning using DCB sometimes causes dis-
tal embolization of these materials, resulting in an inflammatory
reaction at distal microvasculature. This phenomenon is known as a
“downstream effect” [3,4]. A downstream effect is in general transient
and no studies reported the association between the downstream effect
and lower limb amputation.

As observed in our patient (Fig. 3), animal studies demonstrated the
association between DCB treatment and fibrinoid necrosis, chronic in-
flammation, and nuclear change at peripheral arterioles [5]. Our patho-
logical specimens did not reveal any thrombi, cholesterol crystals, or
DCB particles, and we were unable to identify the definite cause of this
phenomenon. It is inferred that slow flow due to DCB particles and sub-
sequent thrombus might be the main reason. Accumulation and analy-
sis of cases are considered necessary.

Although severe downstream effects as in our case are rare, a tran-
sient slow flow by DCB angioplasty, probably due to a less sick down-
stream effect, is sometimes encountered. Several risk factors including
CLTI, chronic total occlusion, poor run-off, and long DCB use were re-
ported by Shirai and colleagues [6]. Even though our patient had a
long lesion without any BK runoff we used the totally long length of
DCB, and then his wound worsened due to no-flow. DCB angioplasty

is not contraindicated for those with CLTI in Japan [7]. On the contrary,
an incremental risk of amputation by DCB angioplasty for such a cohort
was alerted by Katsanos and colleagues [8]. These previous studies do
not include those with post-BK amputation like our patient, and these
risks are highlighted in such cases, so careful consideration should be
given to DCB use, and DCB length should be minimized.

Conclusion

The patients with post-BK amputation often have long lesions with-
out any runoff. Given the estimated high risk of severe downstream ef-
fects, plain old balloon angioplasty without using DCB might be a safer
and more recommended therapeutic strategy for those with post-BK
amputation.
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Fig. 3.
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eral artery (hematoxylin-eosin stain).
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Possibly due to
diffuse microembolization
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smoke, hypertension, dM, CKd-hd) with the prevalence 
of lesions across different arterial districts.

a hierarchical model building approach was used to 
test the association between vessel disease localization 
DQG�&/,�� ,Q� WKH� ¿UVW� VWHS��ZH�PRGHOOHG� VHYHUDO� XQLYDUL-
ate logistic regression models (one for each Pad localiza-
tion). in the second step, we adjusted each initial model 
for potential cardiovascular risk factors (i.e. age, gender, 
BMi, smoke, hypertension, dM, CKd-hd). in the third 
step, we included all vessel disease localizations and car-
diovascular risk factors in the same model to evaluate the 
independent association of vessel disease localization with 
Cli odds. The latter model allowed discriminating the ef-
fect of each vessel disease localization independent of the 
occurrence of vessel disease in different regions of the 
lower limb arterial tree. P values <0.05 were considered 
VWDWLVWLFDOO\�VLJQL¿FDQW��$OO�DQDO\VHV�KDYH�EHHQ�FDUULHG�RXW�
with sas 9.2®.

The study protocol was approved by the local ethic 
Committee. The study was investigator initiated and re-
ceived no funding. data were gathered by the investigators 
during their clinical practice. data analysis was performed 
by an independent biostatistician (lN).

figure 3.—example of severe sad. Tibial arteries are patent. dorsalis 
pedis artery is occluded, the plantar arteries are diffusely diseased. The 
arch is occluded, only diseased fragments of the small arteries can be 
LGHQWL¿HG�

table i.— Patients’ characteristics.
Characteristics Value

N. patients 1613
age 72.4±10.8
Women 502 (31.1%)
diabetes 1264 (78.4%)
smoke history 820 (50.8%)
high blood pressure 1429 (88.6%)
CKd-hd 286 (17.7%)
underweight 128 (7.9%)
overweight 398 (24.7%)
obese 303 (18.8%)

table ii.— Limb characteristics.
Characteristics N. (%)

N. limbs 1915
fontaine score

2 183 (9.6%)
3 90 (4.7%)
4 1642 (85.7%)

study of big foot arteries 1711 (89.3%)
study of small foot arteries 1640 (85.6%)

table iii.— Prevalence of lesions and lesion severity across arte-
rial districts in 1915 limbs.

Parameter stenosis occlusion any disease

aTg 187 (9.8%)
Common iliac 27 (1.4%) 23 (1.2%) 50 (2.6%)
external iliac 61 (3.2%) 37 (1.9%) 98 (5.1%)
Common femoral artery 61 (3.2%) 24 (1.2%) 85 (4.4%)

sfa 871 (45.5%)
Proximal 204 (10.7%) 322 (16.9%) 526 (27.5%)
Medial 233 (12.2%) 424 (22.2%) 657 (34.3%)
distal 228 (11.9%) 353 (18.5%) 581 (30.3%)

P-TPT 886 (46.3%)
Proximal 148 (7.7%) 198 (10.4%) 346 (18.1%)
Mid 223 (11.7%) 184 (9.6%) 407 (21.3%)
distal 171 (8.9%) 197 (10.3%) 368 (19.2%)
Tibial-peroneal trunk 291 (15.2%) 313 (16.4%) 604 (31.5%)

anterior tibial 1398 (73.0%)
Proximal 430 (22.5%) 811 (42.4%) 1241 (64.8%)
distal 281 (14.9%) 901 (47.7%) 1182 (61.72%)

Posterior tibial 1549 (80.9%)
Proximal 364 (19.1%) 989 (51.9%) 1353 (70.65%)
distal 275 (14.7%) 1020 (54.7%) 1295 (69.4%)
infra-malleolar 272 (14.8%) 965 (52.5%) 1237 (67.2%)

Peroneal 845 (44.1%)
Proximal 302 (15.8%) 376 (19.6%) 678 (35.4%)
distal 199 (10.5%) 341 (18%) 540 (28.2%)
dorsalis pedis* 262 (15.3%) 381 (22.3%) 643 (37.6%)
lateral plantar* 329 (19.2%) 663 (38.8%) 992 (58.0%)
Medial plantar* 269 (15.7%) 567 (33.2%) 836 (48.9%)
small foot arteries** 271 (16.5%) 143 (8.7%) 414 (25.2%)

data are presented as number of cases (percentage).
*Base, N.=1711 legs with the study of big foot arteries; **base, N.=1640 legs with 
the study of small foot arteries.

Small Artery Disease Is Common
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Severity of Runoff Disease Has Changed
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44% in patients with a TP of 31 to 50 mm Hg in group 0.
In 3 years, only 18% of patients in group 0 had a major
amputation compared with 60% of patients in group 2.

Survival during 3 years was also significantly different
(53% vs 34%) between group 0 and group 2 patients.
These patients seem to have different outcomes,
although they are currently all under the umbrella of he-
modynamic criteria of CLI. This becomes a problem in
comparing outcomes among revascularization techniques
or doing analysis of patients with CLI. Using TPs, the
group 0, 1, and 2 likely patient outcomes will be
different, although they may be thrown together in the
same group.

The WIfI stratification system of patients with CLI is
an important recent tool developed by the Society for
Vascular Surgery and published in 2014.6 WIfI outcomes
have been externally validated by the Greenville group in
patients with wounds undergoing revascularization.13

The WIfI system uses characteristics of the wound,
ischemia, and degree of infection to help predict amputa-
tion risk. The combination of these factors is graded stage
1 to stage 5, depending on the combination of the vari-
ables. The limbs that are stage 5 are unsalvageable, and

the limbs that are stage 4 have an expected 1-year amputa-
tion rate of w50% based on expert consensus.6 The grades
for ischemia given to a limb are based on ABI or TP, with
the worst grade of ischemia (grade 3) given to patients with
an ABI <0.39, AP <50 mm Hg, and TP <30 mm Hg.
Although we agree with the stratification of hemodynamic
parameters, the stratification may not be enough. Our data
suggest that patients with TP of 11 to 30 mm Hg are in a
gray zone that may not lead to a significant risk of amputa-
tion if not revascularized or if revascularization fails; pa-
tients with TP of 11 to 30 mm Hg have a 1-year
amputation rate of 20% compared with 46% of patients
with a TP of 0 to 10 mm Hg. Limb salvage, survival,
and AFS are also not significantly different between TP
of 11 to 30 mm Hg and TP of 30 to 50 mm Hg in our
data. Thus, combining these two groups may lose the
discriminatory effect of the TP in predicting varied out-
comes. Further validation of the lower cutoff points of he-
modynamic pressure in our paper vs the WIfI criteria needs
to be performed.

TPs have been controversial as a tool to predict CLI,
with several studies showing no difference compared with
APs.14,15 Many of these studies looked at screening to see

Table IV. Kaplan-Meier amputation-free survival (AFS) by revised toe hemodynamic pressure group (N ¼ 282 limbs)

6 months 1 year 2 years 3 years

Overall 0.64 (0.031) 0.54 (0.032) 0.41 (0.033) 0.28 (0.032)
TP 31-50 mm Hg (group 0, n ¼ 115) 0.82 (0.040) 0.71 (0.048) 0.58 (0.053) 0.44 (0.056)
TP 11-30 mm Hg (group 1, n ¼ 82) 0.69 (0.054) 0.53 (0.060) 0.38 (0.060) 0.27 (0.057)
TP 0-10 mm Hg (group 2, n ¼ 85) 0.36 (0.055) 0.35 (0.055) 0.21 (0.050) 0.08 (0.036)

TP, Toe pressure.

Fig 3. Kaplan-Meier amputation-free survival (AFS) by revised toe
hemodynamic pressure group. Unadjusted hazard ratio (HR), toe
hemodynamic pressure group 1: 1.61; 95% confidence interval
[CI], 1.11-2.33; P ¼ .01*. Unadjusted HR, toe hemodynamic
pressure group 2: 3.20; 95% CI, 2.23-4.59; P < .0001*. Adjusted
HR, toe hemodynamic pressure group 1: 1.66; 95% CI, 1.12-2.47;
P ¼ .01*. Adjusted HR, toe hemodynamic pressure group 2: 3.25;
95% CI, 2.22-4.76; P < .0001*.

Table V. Demographics by revised ankle-brachial index
(ABI) value group (N ¼ 119)

ABI 0.31-0.50
(n ¼ 62)

ABI 0-0.30
(n ¼ 57)

P
value

Age at procedure, years,
mean (SD)

65 (16) 66 (15) .80

Female gender 56 58 .87
Black race 48 47 .91
Presentation

Rest pain 53 49 .34
Ulceration 36 30
Gangrene 11 21

Smoking 76 72 .63
Diabetes 47 46 .91
Hypertension 84 79 .49
CAD 55 40 .11
MI 18 26 .28
HLD 52 40 .22
CKD 25 25 1.0
Dialysis 11 12 .87
Prior vascular surgery 23 42 .02
Previous amputation 8 9 .89

CAD, Coronary artery disease; CKD, chronic kidney disease; HLD,
hyperlipidemia; MI, myocardial infarction; SD, standard deviation.
Categorical data are presented as percentages.
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AFS lower with
decreased toe pressure

TP <10mmHg

TP 11-30mmHg

TP 31-50mmHg

Toe pressure <50mm Hg

Toe pressure <10mm Hg:
1-year AFS 35%

31% underwent intervention 
but did not achieve 
hemodynamic improvement.

• Serial procedures over months to years
• Treating more complex lesions
• In patients with more severely compromised runoff 

• Further damage to already diseased microcirculation
• More patients with no improvement in perfusion after 

revascularization
• More patients with unexplained treatment failure, slowly 

healing or nonhealed wounds

Microembolization during complex revascularization is 
causing more runoff damage than we think 

Microembolization During Complex Lower Extremity Revascularization is Causing More Damage Than We Think

Conclusion

• Embolization is clinically apparent in about 5% (when we look).
• Angiography is not sensitive enough but the more we look,
the more we find.

• Combination of more aggressive endovascular approach to more
extensive occlusive disease morphology and repeated procedures in 
patients with poor runoff integrity, will likely have negative 
consequences.

• We do not know whether there are long-term consequences to
microembolization-but we may be accelerating the deterioration of the
runoff bed. We need more information about the effect on outcomes. 

Microembolization During Complex 
Endovascular Procedures Is Causing 
More Damage Than We Think To The 
Already Compromised Pedal Runoff 

and Is Paclitaxel A Causal Agent
Peter A. Schneider, MD

University of California San Francisco


