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A b s t r a c t

One of the rarest lesions is in-stent restenosis chronic total occlusion (CTO). Limited data suggest that the treatment success 
rate is dependent on the possibility to cross into the lumen of an occluded stent, and the decision about what technique to use var-
ies by operator preference. The knuckle technique is used to create a deliberate dissection plane in various CTO techniques. A guide 
wire is pushed until a complex loop is formed and advanced through the lesion. In this report we present a case where a knuckle 
wire guided by intravascular ultrasound control is used to penetrate the distal cap in an in-stent restenosis CTO lesion.
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Introduction
Chronic total occlusion (CTO) is considered one of the 

most difficult lesion types to treat, with success rates var-
ying between 60% and 90%. Procedure success depends 
on operator expertise, increasing with operator’s experi-
ence [1]. In-stent restenosis (ISR) occurs at rate of fewer 
than 10% in drug-eluting stents (DES) and is primarily re-
lated to focal neointimal proliferation. This is somewhat 
in contrast to the diffuse restenosis (ISR) pattern in bare 
metal stents (BMS) resulting in fewer clinically significant 
target vessel revascularisations. Although a focal pattern 
is observed in most cases primarily to the distal edges of 
DES, diffuse proliferation or total occlusion is still present 
in 20% of cases of ISR [2]. While different in localisation, 
restentotic plaque is similar in both stent types, consist-
ing mostly of smooth muscle cells and fibrolipidic areas 
rich in collagen and reticular fibres [3]. One of the rarest 
CTO lesion is in-stent restenosis chronic total occlusion 
– ISR CTO (1.7% of all lesions and around 5–10% of all 
CTOs) [4]. Limited data suggest that the treatment suc-
cess rate is dependent on the possibility to cross into the 
lumen of the occluded stent, and the decision about the 
technique to use varies by operator preference. 

The knuckle technique is used to create a deliberate dis-
section plane in various CTO techniques, and the wire, usu-

ally a polymer-jacketed guide wire, is pushed until a com-
plex loop is formed and advanced through the lesion [5]. 

We present a case where a knuckle wire is used to 
penetrate the distal cap in an ISR CTO lesion. 

Case report
A 69-year-old woman presented to the cath lab due 

to exertion chest pain. A year previously the patient had 
successful percutaneous coronary intervention (PCI) of 
a large obtuse marginal (OM) branch of the left circum-
flex artery (LCx) in the setting of acute myocardial in-
farction (Figure 1). Echocardiography revealed a hypoki-
netic lateral wall with slightly reduced ejection fraction. 
Coronary angiography showed a  large occluded OM 
branch with visible stent struts. The occlusion extended 
throughout the stent with slow antegrade flow showing 
distal segment of artery (Figure 2). The treatment proce-
dure was started using a  femoral approach with a 6 Fr 
EBU guiding catheter and a  Fielder XT guidewire with 
the support of a Finecross microcatheter (Terumo inter-
ventional systems). Due to flush occlusion of the ostial 
OM branch, it was extremely difficult to negotiate and 
penetrate the proximal cap from the LCx main branch 
2–3 mm into the occlusion. The Fielder XT guidewire was 
exchanged for ASAHI MiracleBros 3 and ASAHI Confian-
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za PRO 12 guidewires, but both failed (Figure 3). Using 
stent struts as markers of the vessel border we managed 
to push the wire further distally, but we were unable to 
get it past the very hard distal cap. After verification of 
the position of the wire tip, a microcatheter was pushed 
into the stented segment and the Fielder XT wire was 
reintroduced (Figure 4). Movement of the microcatheter 
made enough space for us to bend the wire tip and form 
a triple knuckle, and then to carefully push through the 
distal cap and into the distal segment. After successfully 
passing the microcatheter and checking the intraluminal 
position of the system by aspiration of the blood, we ex-
changed the wire for a standard Runthrough guidewire 
and pre-dilated the whole segment (Figure 5). For bet-
ter understanding of the vessel anatomy and achieved 

Figure 1. pPCI OM was done a year ago Figure 2. Occluded OM branch, visible stent struts

Figure 3. Failure to cross CTO

results, an intravascular ultrasound (IVUS) examination 
was performed (Figure 6), revealing that the guidewire 
was properly positioned in the stent. Intravascular ultra-
sound examination also showed the most distal stent 
strut with large neointima (Figure 7), the mid section of 
the treated segment with unopposed stent strut as a tar-
get for restenosis, stent thrombosis with a kind of flap 
as a  consequence of the knuckle, and the more proxi-
mal part showing mixed plaque characteristics (Figure 8). 
Finally, DES was implanted in the OM branch using the 
stopper balloon in LCx for ostial positioning, and we also 
treated distal LCx (Figure 9). The patient was discharged 
the next day with no electrocardiographic changes or en-
zyme elevation. We also performed 1- and 3-month fol-
low-up, and the patient remains symptom free.

Figure 4. Passing of the wire after knuckling
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Discussion
In-stent restenosis CTO is a  rare complication of 

PCI, with numbers around 1.7% [6]. Most patients pres-
ent with stable angina. Approximately 5% of all CTO at-
tempts are ISR CTO, with a lower success rate of 70% vs. 
85% (ISR CTO vs. CTO [4]) although the data is incoherent 
and sparse. Failure to cross the wire or cases in which the 
wire slips outside and enters the subluminal space rep-
resent the most common reason to stop, and careful as-
sessment of the wire tip from bilateral views is needed. 
In some cases, due to the wire going through the struts, 
subsequent balloon positioning is not possible. As reste-
notic material is mostly soft fibromuscular and fibrolipid 
plaque, balloon positioning should be easy. In ISR CTO, 
more than in other CTOs, staying in true lumen at the 

Figure 5. Wire in the distal segment Figure 6. IVUS of the segment distal to ISR-CTO 
lesion

Figure 7. IVUS of the mid segment, at 3–5 o’clock 
position flap after the knuckled wire

Figure 8. Most proximal part of the previously im-
planted stent with the mixed plaque and restenosis

point of exit of the stent is crucial. However, the distal 
cap of the totally occluded segment is considered easier 
to pass and more logical, particularly after the introduc-
tion of the retrograde technique. In our case of ISR, initial 
focal stenosis may have begun at that point, and pene-
tration distally was toughest at the point of exit. 

Various techniques are described to successfully 
cross ISR CTO, using hydrophilic soft PTFE wire as an ini-
tial wire, and a need for dedicated CTO tapered wire to 
push through the distal cap. Blunt dissection device was 
used, in some cases with success, especially since the 
stent is present to mark the vessel borders, but availabil-
ity of the device is not widespread [7, 8].

In our opinion, keeping a wire inside the lumen is es-
sential because STAR techniques in ISR CTO may lead to 
vessel perforation or vessel haematoma, especially when 
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high dilatation pressures are needed to crush the already 
implanted stent. Also, newer data show high re-occlusion 
rates using such techniques [9]. A successful case using 
the STAR technique on ISR CTO was published [10].

Another problem that arises is keeping the vessel pat-
ent after the procedure as stenting for restenotic lesions, 
longer stent length, and smaller pre-procedural minimal 
luminal diameter (MLD) were independent predictors of 
total occlusion following coronary stenting [11]. The ISR 
CTO warrants excessive secondary stenting, with large 
plaque and neointimal load and at least two stent lay-
ers with higher inflation pressures needed to overcome 
stent recoil. For optimal results and optimisation addi-
tional visualisation devices should be used (IVUS, OCT).

Conclusions
We have presented a technique that does not require 

a dedicated device for success in crossing the ISR CTO 
and seems relatively safe because of specific angiograph-
ic findings in ISR CTO. Figure 10 shows the positing of the 
knuckle within stent struts. The roadmap provided by the 
previously implanted stent and the ability to check the 
knuckle position within the stent struts, along with the 
added strength of the knuckled wire, should be an option 
when initial crossing using usual techniques has failed.
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