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Chapter 6
Controlling Dissections in Peripheral
Arterial Interventions

Nicolas W. Shammas

Injury to the deeper layers of an infrainguinal artery is a potent trigger for resteno-
sis, loss of patency, and the need for future target revascularization [ 1-3]. Dissections
are an inevitable consequence of balloon angioplasty (PTA) and are the main mech-
anism to gain minimal luminal area (MLA) and prevent vessel recoil [4]. Recent
research has focused on how to balance the occurrence of dissections and the gain
in MLA without a detrimental disruption to the deeper layers of an artery. Also the
interaction between residual narrowing, dissections’ extent, dissection repair, and
the use of antiproliferative therapy needs to be better explored because paclitaxel-
coated balloons and dissection repair have been shown to partially mitigate some of
the negative consequences of dissections. In this chapter, I will explore this concept
more based on some findings from clinical trials.

Traditionally, the NHLBI classification has been used to classify dissections
based on angiographic findings [5] (Table 6.1). This classification was adopted from
the coronary literature and has several limitations. It only considers the single worst
dissection regardless of number of dissections and does not consider the length,
depth, and extent of dissections. Deeper injury is also not well appreciated using
angiography, and therefore, this type of injury is not adequately or accurately cap-
tured by the NHLBI classification. These deeper injuries may not be visible or may
appear low grade on angiogram. Larger arcs of dissections can also be missed on
angiography and may not be well represented by the NHLBI classification. Despite
its shortcomings, the NHLBI classification has been able to predict acute vessel
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Table 6.1 NHLBI classification for coronary dissections

Dissection | Description

Type A Small radiolucent area within the lumen of the vessel disappearing with the passage
of contrast material

Type B Appearance of contrast medium parallel to the lumen of the vessel disappearing
within a few cardiac cycles

Type C Dissection protruding outside the lumen of the vessel persisting after passage of the
contrast material

Type D Spiral-shaped filling defect with delayed runoff of the contrast material in the distal
vessel

Type E Persistent luminal filling defect with delayed runoff of the contrast material in the
distal vessel

Type F Filling defect accompanied by total coronary occlusion

closure and loss of patency [6, 7]. NHLBI types C—F showed a significantly lower
patency rate (p < 0.001) and higher clinically driven TLR (p < 0.001) compared to
type A and B dissections.

Recently, a new angiographic-based classification was published which is dedi-
cated to peripheral arteries. In the DISFORM study, Voute et al. [8] obtained expert
consensus on features of dissections in the femoropopliteal artery that can poten-
tially predict a poor outcome following intervention. An expert panel of 17 interven-
tionalists ranked dissection features that have the potential to lead to acute technical
failure and/or early restenosis and which combination of features would require
repair of these dissections to improve outcome. Panelists recommended scaffolding
in the presence of significant diameter reduction, spiral shape, flow impairment, or
adverse morphology (Fig. 6.1). The Flow Impairment in Peripheral Intervention
(FLIP) method was adopted (Table 6.2). The relationship of this classification to
clinical outcome is yet unclear and needs to be determined in future studies.

Precise Imaging

Precise imaging within the vessel wall is critical to evaluate the degree and extent of
dissections. The iDissection grading system uses intravascular ultrasound (IVUS) to
classify dissections in infrainguinal interventions. The depth of dissection is graded
as A (intima), B (media), and C (adventitia). The arc of dissection is graded as 1
(less than 180°) or 2 (more or equal 180°). This six-grade classification (A1, B1, C1,
A2,B2, C2) is reliable and can quickly be performed during the procedure (Fig. 6.2,
Table 6.3) [9].

The iDissection grading system was used for the first time in a small study evalu-
ating the number, depth, and extent of dissections following atherectomy [10]. In
this study, Jetstream atherectomy (n = 13) and B-laser (n = 2) were used. De novo
and non-stent restenotic lesions were included. Angiography and IVUS (Eagle Eye
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CENTRAL ILLUSTRATION: Flowchart for Management of Postangioplasty
Dissections of the Femoral and Popliteal Arteries
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Voite, M.T. et al. J Am Coll Cardiol Intv. 2021;14(21):2391-2401.

Fig. 6.1 Central illustration: flowchart for management of postangioplasty dissections of the fem-
oral and popliteal arteries
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Table 6.2 The FLIPI score for peripheral artery dissections

Score descriptor

FLIPI O Normal antegrade flow

FLIPI 1 Mild reduction in antegrade flow

FLIPI 2 Minor antegrade contrast penetration, faint flow beyond the
dissection

FLIPI 3 No flow-through, only collateral filling distal to the
dissection

Fig. 6.2 Dissection Beries IVUS
involving the media and
less than 180°. Based on
iDissection classification,
this is a B1 dissection

Table 6.3 iDissection, depth of injury, and arc of injury

iDissection Depth of injury
A Intima

B Media

C Adventitia
iDissection Arc of injury

1 <180°

2 >180°

Platinum, Philips) were performed at baseline, post-atherectomy, and post-
adjunctive balloon angioplasty. Core angiographic (Midwest Cardiovascular
Research Foundation, Davenport, IA) and intravascular ultrasound (Midwest
Cardiovascular Research Foundation, Davenport, IA, and St John Hospital, Detroit,
Michigan) laboratories evaluated all images. In this study, critical limb ischemia
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was present in 26.7% of patients, and 60% of lesions had grade 3 and 4 PACCS
grade calcification. Adjunctive balloon angioplasty was performed in all patients
(Shockwave 33.3%, drug-coated balloons 100%). Mean balloon pressures and infla-
tion times were 10.3 atmospheres and 310 s. Procedural success (<30% residual
narrowing at the end of procedure) was accomplished in all patients, and residual
narrowing post-angioplasty was 19.7%. Dissections were identified four to six times
more on IVUS when compared to angiography (post-atherectomy and adjunctive
angioplasty IVUS to angiographic dissection ratios were 5.75—1 and 3.55-1, respec-
tively) (Fig. 6.1). Wider dissections >180° were also noted on IVUS in 13% and
31% post-atherectomy and adjunctive PTA, respectively. Furthermore, deeper dis-
sections involving the media and adventitia occurred in 39.1% and 33.3% post-
atherectomy and adjunctive PTA, respectively. Finally, IVUS identified intramural
hematoma in 13.3% of vessels post-atherectomy. These results showed clearly that
Jetstream atherectomy can create a damage to the inner layer of the arterial wall and
potentially this may offset some of its benefit in reducing restenosis from plaque
removal.

The iDissection classification also was tested with the Flex VP (VentureMed
Group) atherotome and was found to have a low number of deeper dissections. The
FLEX Vessel Prep System (VentureMed Group) is a one-size-fits-all device with
three atherotomes mounted on a self-expanding treating element designed to create
multiple longitudinal, controlled-depth, continuous micro-incisions across the
entire lesion length. IVUS-based analysis post-FLEX VP was recently published
and confirmed less deep dissections (media and adventitia) than seen with historical
data from some atherectomy devices [11]. In 15 patients treated with the FLEX VP
followed by adjunctive balloon angioplasty (Shockwave 33.3%, PTA 26.7%, drug-
coated balloon 40%) for de novo or non-stent restenotic femoropopliteal disease,
procedural success was 86.7% (<30% residual narrowing at the end of procedure).
Minimal luminal area increased from a median of 5.2 to 15.0 mm? (p < 0.001) with
no change in reference lumen diameter or plaque burden area (p = 0.32). Of all new
dissections (n = 37) post-FLEX VP and PTA, 18.9% were more than 180° in cir-
cumference, and 21.6% involved the media and adventitia. These numbers appear
favorable compared to rotational and aspiration atherectomy, but head-to-head com-
parison data are not available. The low number of large flaps and deeper dissections
may offer an explanation to the low provisional stenting seen with this device. The
impact of these encouraging acute results on long-term outcomes is not yet known.

A recent study with the Auryon laser system has shown a very minimal number
of C dissections based on the iDissection classification system [12]. In a prospective
study of 29 patients, adventitial injury was assessed by IVUS following Auryon
laser treatment and adjunctive balloon angioplasty. Core laboratory analysis was
carried on all cases except for one patient (that crossed over to Jetstream atherec-
tomy). Bailout stenting occurred in 21.4% patients (three for dissections, two for
residual >30%, and one for both). By IVUS, there were 9 new dissections post-laser
(1 adventitial; 3 >180°) and 21 new dissections post-laser and PTA (3 adventitial; 1
>180°). This small number of deep dissections can be attributed to the physics
property of the long wavelength (355 nm) of the Auryon laser. The Auryon laser
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thermal injury dissipates quickly as it travels away from the tip of the catheter mak-
ing deeper thermal injury less likely.

It is clear from precision imaging that various devices have the ability to remove
a different amount of tissue from the treated vessels and lead to a range of deep
damage to the inner layers of the artery. A balance between the extent of tissue exci-
sion and deep injury is likely to be of paramount interest when it comes to reducing
long-term adverse events. The interaction of tissue removal, deep injury, dissection
repair, and the application of antiproliferative therapy needs to be explored further.

The Relationship Between Deep Injury, Plaque Excision,
Dissection Repair, and Antiproliferative Therapy

Several studies suggested an association between arterial dissections and high resid-
ual narrowing on poor outcomes in the treatment of infrainguinal arterial disease.
However, the applications of antiproliferative therapy and dissections’ repair seem
to mitigate at least partially the subsequent adverse outcomes of dissections and
high residual narrowing. Below are some studies that may give some insights into
this interaction.

Aggressive Debulking, High Rate of Deeper Dissections,
and Antiproliferative Treatment

The Jetstream atherectomy device is a high-power device in plaque excision and
leads to low residual narrowing on its own (typically less than 50%). However, it
also causes its share of deeper dissections into the vessel wall by IVUS although
angiographically this may not always be apparent [9]. In the JET Registry [13], a
prospective study of Jetstream atherectomy with no drug-coated balloons (DCB),
the freedom from TLR was 79-80% at 1 year. In the JET-SCE [14], a retrospective
study of all comers treated with the Jetstream atherectomy device, freedom from
TLR was reduced to 69.8% at 1 year, but the cohort of patients receiving
Jetstream + DCB had a freedom from TLR of 95.2%. Recently, data from the JET-
RANGER [15] study presented at TCT 2021 have shown that freedom from TLR
was 100% at 1 year in the cohort of patients who received the Jetstream atherectomy
and either the Ranger DCB or IN.PACT DCB balloons. In the JET-RANGER, there
was no bailout stenting in the Jetstream + DCB cohort based on lack of angio-
graphic presence of a flow-limiting dissection or the presence of more than 30%
residual narrowing. These studies point to the following:

(a) Aggressive debulking does not on its own lead to a better outcome.

(b) The administration of antiproliferative therapy had a strong mitigating factor on
reducing the poor outcomes of deeper dissections with (JET-SCE) or without
(JET-RANGER) repair in the setting of aggressive debulking device.
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No Debulking, Deeper Dissections, Dissection Repair, and/or
Antiproliferative Treatment

Angioplasty (PTA) leads to high rate of deeper dissections particularly in complex
arterial disease. Also PTA is not a debulking tool, and its mechanism of vessel
expansion is mostly through dissections. Therefore, PTA leaves a high residual nar-
rowing and leads to a high rate of deeper dissections. This combination is likely to
be a major predictor of loss of patency and high TLR in most femoropopliteal or
tibial interventions.

Multiple studies have shown that this poor outcome with PTA alone can be
impacted positively by the application of DCB balloons [16-18] and repair of dis-
sections [19-23] with limited metal left behind irrespective of the dissection sever-
ity (types A to F). With this wide application of focal repair of dissections with and
without DCB, freedom from TLR seems to markedly improve when compared to
historic control. Several randomized studies comparing DCB to PTA have shown a
superiority in patency and freedom from TLR when compared to PTA alone. In the
PTA + DCB arm of the JET-RANGER [15], a 92% freedom from TLR was noted at
the expense of bailout stenting in almost half these patients. Lesions included in this
study were complex with high rate of moderate to severe calcium, long lesions, and
total occlusions which explain the need for high bailout stenting. In the TOBA 11
trial [21], an excellent outcome was seen with or without DCB after PTA when a
strategy of focal repair was applied. Even mild type A and B NHLBI dissections
were repaired in this study. This was also reproduced in the TOBA III study [22].
The application of wide focal repair or bailout stent to flow-limiting dissections
along with DCB seems to have a strong mitigating factor on poor outcomes follow-
ing treatment of femoropopliteal lesions. This was also seen in THUNDER trial
[24] where DCB led to a significant reduction in TLR irrespective of the presence
of dissections. These studies also point to the following:

(a) PTA leads to a high rate of deeper dissections and leaves a large residual of
plaque behind.

(b) DCB with bailout stenting mitigates the poor outcome of PTA.

(c) The application of a wide range of repair of dissections (types A to F) with or
without DCB seems to have a positive impact on outcome.

Low-Level Debulking, Minimal Rate of Deep Dissections,
and Antiproliferative Therapy

From the iDissection Auryon study [12], IVUS showed that the Auryon laser has a
low level of debulking with residual narrowing over 50% after laser only, but no to
minimal deep dissections. This serves as an interesting platform to determine how
this impacts TLR with or without DCB. Bailout stenting, when occurred, was driven
by either the occurrence of dissections or high rate of residual narrowing after
adjunctive PTA following the laser.
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In the EX-PAD-03 IDE study [25], bailout stenting was very low, and the free-
dom from TLR was lower than 5% at 6 months in all comers including femoropop-
liteal artery disease or tibial disease and irrespective of the lesion being de novo or
restenotic (stent or not). Also in this study, only 60% of treated limbs received a
DCB. The limited damage to the deeper layers of the vessel could have played an
important role in reducing the TLR rate. Patency was also very favorable when
compared to historic control. The Auryon SCE (In print JIC 2022) was a retrospec-
tive study that evaluated the impact of the Auryon laser on outcome in a real-world
cohort of patients. In this study, a total of 56 patients (66 procedures, 71 lesions)
were enrolled. 48.2% were diabetics and 25% had limb ischemia. Baseline stenosis
was 91.4 + 9.7%, post-laser 56.0 + 17.3%, and post-final treatment 11.6 + 11.2%.
Lesion length was 117.1 + 100.4 mm and treated length 177.3 = 115.5 mm. Bailout
stenting occurred in 12/66 procedures (18.2%). Post-laser, there was no D dissec-
tion, and post-laser + PTA, there was one D dissection. DCB usage was the follow-
ing: 46.5% Lutonix, 28.2% IN.PACT, and 1.4% both. The probability of freedom
from TLR was 100.0% at 6 months.

Orbital atherectomy has likely the same mechanism of action with softer debulk-
ing. The TRUTH study [26] has shown a low rate of deep dissections by IVUS fol-
lowing orbital atherectomy. In the COMPLIANCE trial [27], residual narrowing
was very low with a low rate of bailout stenting at 5.3%. Patency at 1 year was high
at 81.2% despite the presence of severe calcium and complex disease enrolled.

These studies point to the following:

(a) A soft debulking approach while preserving the deeper layer of the vessel has
an excellent short-term and intermediate-term outcome despite a low rate of
overall bailout stenting with or without drug-coated balloons.

(b) Long-term outcomes need to be evaluated to ensure no late loss of patency and
increase in TLR.

Other Technologies to Reduce Dissections

Several technologies besides atherectomy and the FLEX VP were developed to con-
trol dissections as seen on angiography. These include cutting (Boston Scientific
Corp.) and scoring balloons (AngioSculpt® scoring balloon (Philips); UltraScore
Focal Force (BD/Bard)), the Serranator (Cagent Vascular), and the lithotripsy
shockwave balloon (Shockwave Medical).

Cutting balloons (CB) continue to show angiographic dissections post-treatment
of femoropopliteal lesions, and more than half of these dissections are NHLBI type
C or higher (54.8%). High-grade angiographic dissections have been shown to cor-
relate with loss of patency on follow-up. CB was shown by IVUS to be more effec-
tive than scoring balloons [28, 29] in modifying calcified plaque with a higher acute
luminal gain and better stent symmetry. In calcified lesions, the larger luminal gain
occurs in lesions with evidence of dissections and without significant change in
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vessel expansion (external elastic lumen surface area remains unchanged) or plaque-
media cross-sectional area. On the other hand, CB in non-calcified lesions yields
larger lumen area mostly by larger plaque reduction and less vessel expansion com-
pared to PTA [30]. The depth and extent of dissections seen by IVUS following CB
have not been well defined. CB as a sole intervention has not been shown to yield
better outcome than PTA in treating restenotic or femoropopliteal disease.

The AngioSculpt scoring balloon (Philips) has three nitinol spiral elements
mounted on the surface of a semi-compliant balloon. This allows a homogenous
transmission of pressure over the plaque, theoretically reducing dissections irre-
spective of calcification. AngioSculpt, when assessed by IVUS, increased minimal
luminal area post-stenting [31] and had a low rate of angiographic dissections and
stenting [32-34]. It also had no impact on target lesion revascularization. The
UltraScore Focused Force PTA balloon (Bard/BD) has two longitudinal wires
intended to concentrate the force against the plaque for a controlled fracture at low
pressure. [IVUS-based patterns of dissections with this balloon are lacking.

Lithotripsy using the Shockwave balloon [35] uses sound waves to disrupt cal-
cium in the vessel wall. Optical coherence tomography (OCT) has shown that litho-
plasty modifies calcium with fracture as the predominant mechanism leading to
significant favorable luminal area gain and stent expansion [35]. Applications of
lithoplasty to calcified stenotic common femoral artery also showed excellent acute
success with no dissections needing stenting. There were only S NHLBI type B non-
flow-limiting dissections (out of 21 patients treated) and no perforation, distal
embolization, or abrupt closure [36]. Patterns of dissections using IVUS with
Shockwave lithoplasty have not been defined.

Dissection Repair

Dissection repair has been recently introduced as a strategy to improve outcomes of
infrainguinal interventions. Repair of dissections in the TOBA BKA study showed
a freedom from CD-TLR of 93.5% and patency of 78.4% at 1 year, significantly
better than historic control [23]. In the TOBA II study [21], 213 patients with 100%
dissected vessels following plain old balloon angioplasty or drug-coated balloons
underwent repair of their dissections using the Tack Endovascular System. Of all
dissections identified, 92.1% were repaired. Freedom from TLR and patency at
1 year were 86.5% and 79.3%, respectively. Bailout stent rate was 0.5%.

In conclusion, high-grade dissections and high residual narrowing predict higher
TLR rates and reduced patency. Using IVUS, the depth and width of dissections can
be more accurately classified. Several devices are now available to reduce deeper
dissections with a wide range of plaque removal from none to soft debulking (>50%
residual) to aggressive debulking (<50% residual). The interaction between the
degree of debulking, deep dissections, application of antiproliferative therapies, and
dissection repair needs to be further explored to determine their impact on long-
term outcomes.
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