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Abstract

Aims: The aim of this study was to assess the efficacy of the mother and child technique using a 4 Fr inner
catheter in coronary angioplasty following the failure of conventional techniques.

Methods and results: We identified cases in which a 4 Fr inner catheter had been used to facilitate stent
delivery following the failure of conventional techniques. Stent delivery using a 4 Fr inner catheter was per-
formed in 30 cases and was successful in 29 cases. Nineteen cases for RCA, six cases for LAD and five cases
for LCx were examined. Direct engagement of a 4 Fr inner catheter was accomplished in eight cases. In the
remaining patients, deep engagement of a 4 Fr inner catheter was accomplished with the anchor technique
and/or distal balloon deflation technique. Proximal stent delivery followed by distal stent deployment was
performed in seven cases by using the distal balloon deflation technique in multiple stent deployment. There
were no complications related to deep intubation of a 4 Fr inner catheter.

Conclusions: The use of a 4 Fr inner catheter is safe and highly effective for aiding stent delivery. The
anchor technique and/or distal balloon deflation technique could be required for deep engagement of a 4 Fr

inner catheter.
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Introduction

A previous report showed that nearly 5% of lesions could not be suc-
cessfully treated with drug-eluting stents (DES)'. When a stent fails
to advance because of severe tortuosity and/or calcification of the
proximal section, it is imperative to assess the stability of the guide
position, the stiffness of the wire, the calcification of the vessel and
the flexibility of the stent. In clinical practice, many techniques for
stent delivery have been developed for difficult situations®*. Of these
techniques, the inner catheter is particularly helpful if increased back-
up force is needed during the procedure when the wire has already
been inserted with difficulty through a guide catheter of conventional
length. The principle of the inner catheter is to combine the advan-
tages afforded by the passive support of a large mother guide catheter
with the ability to insert further a smaller inner catheter within the
target vessel, without damaging the arterial segment proximal to the
lesion®®. Recently, a 4 Fr inner catheter has become available in daily
practice®!®. Compared with a 5 Fr inner catheter, a 4 Fr inner cath-
eter can make the catheter more deliverable and potentially reduce
the possibility for complications such as vessel injury. However,
a limited back-up force with a 4 Fr inner catheter can be accom-
modated!'*!!, Therefore, the present study examined the efficacy of
a4 Frinner catheter for a distal stent delivery device in daily practice.

Methods

We analysed 30 consecutive cases in which a 4 Fr inner catheter
had been used as a stent delivery device following initial failure
using conventional techniques at the National Hospital Organization
Disaster Medical Center, Tokyo, Japan, between October 2009 and
March 2011. A4 Fr inner catheter system involves insertion of a flex-
ible tipped extra length 120 cm 4 Fr inner catheter (Kiwami; Terumo
Corp., Tokyo, Japan) or a 122 cm 4 Fr inner catheter (i-Works;
Medikit Co., Ltd., Tokyo, Japan) through a standard 100 cm conven-
tional mother guide catheter. The primary endpoint of this study was
successful implantation of the stent. There was no significant dif-
ference between the two inner catheters in terms of catheter profile.
Procedural factors related to success and failure were determined,
and complications caused by the device were recorded.

Engagement of 4 Fr inner catheter

After the failure of stent delivery using the conventional technique,
the Y-connector was disconnected from the guide catheter and
a small haemostatic valve was connected. Then a 4 Fr inner catheter
was passed through the mother guide catheter along the guidewire.
The Y-connector was re-attached to the end of a 4 Fr inner catheter
and the interventional procedure was performed in the usual man-
ner (Figure 1, Online Figure 1).

DIRECT ENGAGEMENT

A 4 Fr inner catheter was advanced into the vessel over either a cor-
onary wire, or a wire and a balloon catheter with the balloon unin-
flated in the distal vessel. After the failure of stent delivery with
direct engagement of a 4 Fr inner catheter, the anchor technique and
distal balloon deflation technique were employed.

Mother-child technique using a 4 Fr inner catheter

Figure 1. 4 4 Fr inner catheter within a 5 Fr mother guide catheter
connected with a Y-connector. A) A 5 Fr mother guide catheter was
connected with a Y-connector. B) After the Y-connector was
disconnected, a small haemostatic valve was re-attached. C) A 4 Fr
inner catheter was passed through a mother guide catheter along the
guidewire. Then the Y-connector was re-attached to the end of a 4 Fr
inner catheter. Black arrows indicate the position of the 5 Fr mother
guide catheter, and white arrows indicate the position of the 4 Fr
inner catheter.

ANCHOR TECHNIQUE

At first, the balloon is placed at the distal culprit lesion. Then the
balloon is inflated at 4 to 6 atm to insert a 4 Fr inner catheter slowly.
By using the anchor technique between a balloon and a 4 Fr inner
catheter, deep intubation of a 4 Fr inner catheter can be accom-
plished. The final position of a 4 Fr inner catheter is proximal to the
inflated balloon.
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DISTAL BALLOON DEFLATION TECHNIQUE

First, a balloon is placed at the distal culprit lesion and a 4 Fr inner
catheter is also placed at the proximal lesion. Just after the defla-
tion of the balloon, a 4 Fr inner catheter can be passed beyond the
deflated balloon. The final position of a 4 Fr inner catheter is distal
to the inflated balloon'?.

Results

A total of 30 consecutive cases involving the use of a 4 Fr inner
catheter to aid distal stent delivery where conventional techniques
had failed were performed over a period of 18 months (total cases
during study: 628 cases).

PATIENTS’ CHARACTERISTICS (Table 1)

The mean age of the patients was 67.2+13.0 years (range, 40 to 82
years). There were 22 men (73%), 19 patients with diabetes mel-
litus (63%), 24 patients with hypertension (80%), 25 patients with
dyslipidaemia (83%), and 19 smokers and/or ex-smokers (63%)
among the patients. Sixteen patients (53%) were elective admis-
sions, and 14 patients presented with acute coronary syndrome, of
which one was an ST-elevation acute myocardial infarction trans-

ferred for primary PCI.

Table 1. Baseline clinical demographics/characteristics (n=30).

Demographics/Characteristics ‘ Number (%)
Mean age, years 67.2+13.0
Sex (male) 22 (73%)
Diabetes mellitus 19 (63%)
Hypertension 24 (80%)
Dyslipidaemia 25 (83%)
Smoker/ex-smoker 19 (63%)
Previous AMI 11 (37%)
Elective admission 16 (53%)
Acute coronary syndrome 14 (47 %)

LESION CHARACTERISTICS (Table 2)

Among the 30 patients, the approach site was the femoral artery in
eight (27%) and the radial artery in 22 patients (73%). The size of
the mother guide catheter was 5 Fr in seven patients (23%), 6 Fr
in 19 patients (63%), and 7 Fr in four (13%). Nineteen patients
were right coronary artery (RCA) interventions, six were left ante-
rior descending (LAD) interventions and five were left circumflex
(LCx) interventions. Stent delivery failed in one case because of
severe tortuosity in an RCA lesion (Figure 2). Five cases involved
treatment of chronic total occlusion. The morphologies of the lesions
consisted of five patients (17%) type B2, and 25 (83%) type C.

PROCEDURAL CHARACTERISTICS (Table 3 and Table 4)

Indications for the use of a 4 Fr inner catheter were severe tortuos-
ity (33%), severe calcification (43%), poor back-up support (33%),
and trapping of the stent proximal to the target lesion (17%). Prior

Table 2. Target lesion characteristics.

Lesion characteristics ‘ Number (%)

Approach Femoral 8 (27%)
Brachial 0 (0%)

Radial 22 (73%)

Guide catheter size 5 Fr 7 (23%)

6 Fr 19 (63%)

7 Fr 4 (13%)

Target vessel LAD 6 (20%)

LCx 5(17%)

RCA 19 (63%)

CTO 5(17%)
Lesion type A 0 (0%)
Bl 0 (0%)

B2 5(17%)

€ 25 (83%)
Lesion length 0-10 mm 1(3%)

11-20 mm 9 (30%)

21-30 mm 11 (37%)

>30 mm 9 (30%)

Vessel diameter 2.0-3.0 mm 18 (60%)

3.1-4.0 mm 11 (37%)
4.1-5.0 mm 1 (3%)

CTO: chronic total occlusion

techniques which were not effective for stent delivery were the
deep engagement of mother guide catheters in 15 patients (50%),
the buddy wire technique in 15 patients (50%), and rotational
atherectomy in eight patients (27%). Stent delivery was accom-
plished with direct engagement of a 4 Fr inner catheter in eight
cases. In the remaining 22 cases, the stent could not be passed with
direct engagement of a 4 Fr inner catheter. Of these, stent deliv-
ery was accomplished in 10 cases with the anchor technique, and
in 11 cases with the distal balloon deflation technique (Figure 3,
Online Figure 2). In four cases, the distal balloon deflation tech-
nique was effective for stent delivery after the failure of the anchor
technique (Figure 4). Single stent delivery was performed in 16
cases. Multiple stent delivery was performed in 13 cases. Proximal
stent delivery followed by distal stent deployment was performed
in seven cases (Figure 5). This method was applied after deep
engagement of a 4 Fr inner catheter with the distal balloon deflation
technique in all seven cases. There were no procedural complica-
tions related to the use of the catheter (such as coronary dissec-
tion, coronary perforation and air embolism). There were no deaths,
myocardial infarctions or in-hospital target vessel surgical revascu-
larisations. Creatine phosphokinase-MB was measured after coro-
nary angioplasty and an increase greater than three times the upper
limit of the normal values was considered to represent myocardial
infarction. Blood loss from the gap between the mother and child
guide catheter was negligible during the procedure because a small

haemostatic valve was routinely reconnected.



Mother-child technique using a 4 Fr inner catheter
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Figure 2. 4 case of stent delivery failure with mother-child technique using a 4 Fr inner catheter. A) Coronary angiogram showing severe
stenosis in the mid RCA. B) A 6 Fr SAL 1.0 guide catheter was engaged using the right radial approach. Then a Corsair microcatheter
(ASAHI Intecc, Aichi, Japan) was required to cross the guidewire to the distal lesion because of severe elongation. C) A 2.5/15 mm balloon
was crossed with a 4 in 6 system. D) & E) A 4 Fr inner catheter was engaged deeply with the distal balloon deflation technique. However, the
PES (3.5/24 mm) could not cross the culprit lesion. F) Since adequate vessel dilatation was accomplished with 2.5 mm POBA, stent
deployment was not performed. Black arrows indicate the position of the 6 Fr mother guide catheter, and white arrows indicate the position of
the 4 Fr inner catheter.

Figure 3. 4 case of stent delivery with mother-child technique using a 4 Fr inner catheter - distal balloon deflation technique. A) Coronary
angiogram showing severe stenosis in RCA. 5 Fr SAL 1.0 mother guide catheter was engaged using the right radial approach. B) 1.5 mm
rotational atherectomy was performed. After predilatation with a 2.5 mm balloon, the first PES (2.5/32 mm) could not be crossed distally and
was deployed at the mid RCA with a 4 in 5 system. C) The first and second PES (3.0/32 mm) were deployed at the proximal RCA. D), E) & F)
A 4 Frinner catheter was passed within and beyond the first PES using the distal balloon deflation technique. G) The third PES (2.5/24 mm)
was crossed within the 4 Fr inner catheter and deployed at the distal RCA. H) Final angiogram. Black arrows indicate the position of the 5 Fr
mother guide catheter, and white arrows indicate the position of the 4 Fr inner catheter.
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Figure 4. A case of stent delivery with mother-child technique using a 4 Fr inner catheter - distal balloon deflation technique. A) Six SES had
been deployed at RCA over five years after CABG and the RCA ostium had been treated by positioning the stent with a slight degree of’
overhang in the aorta. B) Coronary angiogram showing restenosis at mid RCA. A 5 Fr IL 3.5 mother guide catheter was engaged after the
failure of a 6 Fr JR 4.0 guide catheter. C) After 2.5 mm POBA, a 4 Fr inner catheter could not be engaged with the anchor technique.

D) A 4 Fr inner catheter was deeply engaged with the distal balloon deflation technique. E) The PES (3.0/38 mm) was passed within a 4 Fr
inner catheter and deployed at mid RCA. F) Final angiogram after 3.25 mm POBA. Black arrows indicate the position of the 5 Fr guide
catheter, and white arrows indicate the position of the 4 Fr inner catheter.
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Figure 5. 4 case of stent delivery with mother-child technique using a 4 Fr inner catheter - proximal stent delivery followed by distal stent
deployment. A) Coronary angiogram showing diffuse stenosis in LAD. A 6 Fr XB 3.5 guide catheter was engaged using the right radial
approach. B) After predilatation with a 2.5/15 mm balloon, the first PES (2.5/32 mm) could not be crossed distally and was deployed at the
proximal LAD with a 4 in 6 system. C) & D) A 4 Fr inner catheter was deeply engaged using the distal balloon deflation technique with

a 2.5 mm balloon. E) The second PES (2.5/32 mm) was deployed distally through a 4 Fr inner catheter. F) Final angiogram. Black arrows
indicate the position of the 6 Fr guide catheter, and white arrows indicate the position of the 4 Fr inner catheter:
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Table 3. Procedural data. =
L [T Nature of obstruction [T Stent Techniques | Successful ‘,3;
age/sex vessel depth =3
Case 1 70 Female RCA Ca?*, Trap by stent 26 3.5/28, 3.0/18, 2.5/16, TAXUS DBD Yes :)
Case 2 71 Male LAD Tortuosity, Ca®* 30 3.0/24, 2.5/14 TAXUS Anchor Yes g
Case 3 40 Male RCA Tortuosity 72 3.5/24, 2.5/16 TAXUS DBD Yes 5
Case 4 48 Female LCx Tortuosity 18 2.5/16 TAXUS Anchor Yes =
Case 5 80 Male LAD | Tortuosity 42 2.5/16 TAXUS Direct Yes ‘,:,’
Case 6 74 Male RCA | Ca?, Trap by stent 26 3.5/32, 3.0/20 TAXUS Direct Yes 5
Case 7 80 Male LCx Poor back-up 39 3.0/32 TAXUS Anchor Yes £
Case 8 68 Male RCA Poor back-up 35 3.5/30 Endeavor Anchor Yes
Case 9 80 Male LCx Poor back-up 41 3.0/28 Liberté Anchor Yes
Case 10 74 Female RCA Trap by stent 49 3.5/16, 2.5/20 Liberté DBD Yes
Case 11 80 Male RCA Poor back-up 47 2.5/20 TAXUS Anchor Yes
Case 12 78 Male RCA Tortuosity 43 2.5/20 TAXUS Direct Yes
Case 13 82 Female LCx Tortuosity 46 2.5/23 XIENCE Anchor Yes
Case 14 81 Female RCA Ca?*, Poor back-up 44 3.0/32, 2.5/32, 2.5/24 TAXUS DBD Yes
Case 15 68 Male RCA Tortuosity 9 4.0/32 Liberté Direct Yes
Case 16 76 Female RCA Ca%* 42 3.5/20, 2.5/28 TAXUS Anchor Yes
Case 17 73 Female LAD Ca?* 59 2.5/24, 2.5/24 TAXUS DBD Yes
Case 18 47 Female LAD Ca®*, Poor back-up 49 2.5/32, 2.5/32 TAXUS DBD Yes
Case 19 70 Male RCA Poor back-up 42 4.0/18 Vision DBD Yes
Case 20 48 Male RCA Tortuosity 57 3.0/20 Liberté DBD Yes
Case 21 60 Male RCA Trap by stent 60 3.0/38 TAXUS DBD Yes
Case 22 70 Male LCx Poor back-up 27 2.5/16 TAXUS Direct Yes
Case 23 44 Male RCA Ca?*, Trap by stent 53] 3.5/32, 2.5/32 TAXUS DBD Yes
Case 24 69 Male RCA Ca?*, Poor back-up 18 2.5/23 XIENCE Direct Yes
Case 25 67 Male LAD | Ca* 40 2.5/20 TAXUS Anchor Yes
Case 26 75 Male RCA Tortuosity (DBD) No
Case 27 70 Male LAD Ca?*, Poor back-up 31 2.5/16, 2.5/12 TAXUS Anchor Yes
Case 28 41 Male RCA | Ca* 56 3.5/38, 3.0/38 TAXUS Direct Yes
Case 29 56 Male RCA | Ca* 46 3.0/32, 3.0/32 TAXUS DBD Yes
Case 30 77 Male RCA Tortuosity 30 2.5/28 TAXUS Direct Yes
Table 4. Procedural characteristics. Discussion
Procedural characteristics ‘ Number (%) Transradial intervention (TRI) and the use of smaller-sized guide
Stent delivery | Success 29 (97%) catheters are becoming more frequent in view of reduced invasive-
Failure 1 (3%) ness, fewer bleeding complications and early recovery to normal
Indication for | Severe tortuosity 10 (33%) ambulation'*!¢, This technique could also provide another treatment
;hz g??norfer Severe calcification 13 (43%) strategy for complex angioplasty procedures. In our study, 22 out of
catheter Poor back-up 10 (33%) 30 patients (73%) received TRI, which seems to be somewhat dif-
Trap by stent 5 (17%) ferent from Western countries. In a previous report, Takahashi et al
Prior Deep engagement of mother guide 15 (50%) showed that the mother-child technique using a 5 Fr inner catheter
technique catheter had been introduced to improve back-up force and was effective as
Buddy wire 15 (50%) . . . . . .
a distal stent delivery device®. Although extra deep intubation with
Rotablator 8 (27%) . . . . .
- a 5 Fr inner catheter facilitates stent delivery by traversing proxi-
Engagement | Direct engagement 8 (27%) 1 points of obstruction and by increasing back-up force, a 5 Fr
ofad Frth ; Anchor technique 10 (33%) Tna pom Y 'g P i )
inner catheter Distal balloon deflation technique 11 (37%) inner ca.ltheter often cannot be ad\./anced into an angulated calci-
o ogans | Shdesan 16 (53%) fied lesion because of the largfzr diameter of a 5 Fr inner catheter
patients Two stents 11 (37%) (1.73 mm)"". The GuideLiner® catheter (Vascular Solutions Inc.,
Three stents 2(7%) Minneapolis, MN, USA) is also available for difficult stent deliv-
Method of SV 7 (54%) ery. The GuideLiner catheter, which is more than 5 Fr, is a coaxial
dmel;il\tlleprlye stent ["pistal to proximal 6 (46%) guide catheter eXTenswln del.lvere.d through a standard Igulde cath-
eter on a monorail'®. Since it neither lengthens the guide catheter
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nor requires a second haemostatic valve, it is thought to be easy to
use. However, it is still problematic for stent delivery in the angu-
lated and/or the distal lesion because of its larger profile. The recent
development of a 4 Fr inner catheter has enabled a distal stent deliv-
ery instead of a 5 Fr inner catheter in daily practice. Previous reports
have demonstrated its characteristics in terms of its low profile and
limited back-up force compared with a 5 Fr inner catheter'®!!. The
proper alignment of both a 4 Fr inner catheter and a mother guide
catheter is required to overcome a limited back-up force for stent
delivery in some cases without deep engagement!!. However, deep
engagement of a 4 Fr inner catheter was still required in many
cases. Although the soft end portion of a 4 Fr inner catheter can
easily negotiate the distal tortuous coronary vessel without vessel
injury because of the smaller outer diameter of a 4 Fr inner catheter
(1.43 mm), it is difficult to engage a 4 Fr inner catheter distally with
the direct engagement method because of a limited back-up force.
The anchor technique and the distal balloon deflation technique are
sometimes required for deep engagement of a 4 Fr inner catheter.
In particular, the distal balloon deflation technique is effective for
a stent delivery which may temporarily change the orientation of
the proximal section in a favourable way to allow passage of a 4 Fr
inner catheter deeply'.

In general, it is well known that the distal stent should always be
implanted before proximal ones and that recrossing with another
stent over a recently deployed stent should be avoided because of
the risk of stent loss and/or stent dislodgement'. Although a previ-
ous report has shown the risk of stent dislodgements with a 4 Fr
inner catheter'’, we did not encounter any cases of stent dislodge-
ment. By using the distal balloon deflation technique, a 4 Fr inner
catheter can be engaged deeply and easily within and beyond the
deployed proximal stent. In this situation, a stent can easily be
deployed distally within a 4 Fr inner catheter in a similar way to the
aspiration catheter®.

As with the use of a 4 Fr inner catheter, care withdrawing and
introducing balloons and stents is necessary to avoid sucking air
into the catheter which can be injected distally. The internal lumen
of a 5 Fr mother guide catheter should be more than 1.43 mm for
the 4 Fr inner catheter to pass through. Types of DES which can be
deployed within a 4 Fr inner catheter using a conventional 0.014 inch
guidewire are the TAXUS® Liberté® (Boston Scientific, Natick, MA,
USA), Endeavor® and Resolute Integrity® (Medtronic, Minneapolis,
MN, USA) and XIENCE X-pedition (Abbott Vascular, Santa Clara,
CA, USA) with diameters up to 3.5 mm, and the XIENCE V®
(Abbott Vascular) with diameters up to 2.5 mm. All types of DES
can be deployed using a 0.010 inch guidewire instead of a 0.014
inch guidewire. Most bare metal stents can be passed through a 4 Fr
inner catheter.

In conclusion, the use of a 4 Fr inner catheter is both safe and
effective for aiding distal stent delivery. Coaxial alignment of a 4 Fr
inner catheter and mother guide catheter is highly recommended
without deep engagement of a 4 Fr inner catheter. Deep engage-
ment of a 4 Fr inner catheter can be accomplished with the anchor
technique and the distal balloon deflation technique. Proximal stent

delivery followed by distal stent deployment can be accomplished
safely by deep engagement of a 4 Fr inner catheter. Further study
will be required to compare the difference between a4 Frand a 5 Fr

inner catheter.

Impact on daily practice

We show that the use of a 4 Fr inner catheter is both safe and
effective for aiding distal stent delivery. The anchor method and
the distal balloon deflation technique are highly recommended
to engage a 4 Fr inner catheter deeply. Proximal stent delivery
followed by distal stent deployment can be accomplished eas-
ily with a 4 Fr inner catheter. This simple method has served as

a reliable and safe solution for stent delivery failure.
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Online data supplement

Online Figure 1. 4 Fr within a 5 Fr mother guide catheter connected
with Y-connector.

Online Figure 2. A case of stent delivery with mother-child tech-
nique using a 4 Fr inner catheter - distal balloon deflation technique.
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