Chapter 5
System and Procedure of Nonocclusion Type
of Angioscopy

Tadateru Takayama

Abstract Nonocclusion type of angioscopy was developed in Japan. The design
of the device is relatively simple, consisting of a probe catheter and fiber catheter.
Low molecular weight dextran is injected through the outer probe, removing red
blood cells from the vessel wall in order to create a clear field of view for observing
the lesion. This paper will describe the procedural requirements to undertake
nonocclusion type of angioscopy.
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5.1 Introduction

Angioscopy visualizes atherosclerotic lesions in vivo, with yellow plaque indicating
lipid-rich plaque and high vulnerability [1-10]. Nonocclusion type of angioscopy
has been used to assess plaque morphology in patients with acute coronary syn-
drome and plaque stabilization or regression by statin treatment in a number of clin-
ical trials [11-13]. Recently, some reports have evaluated neointimal coverage and
thrombus formation after drug-eluting stent implantation by angioscopy [14—17].

The type of angioscopy system (Fig. 5.1a) comprises of a light source and a
CCD camera. There are two types of angioscopy systems, which are distinguished
according to the use of an occlusion balloon. Both balloon occlusion and nonoc-
clusion types of catheters are commercially available in Japan. In particular, the
unique feature of the nonocclusion type of angioscopic procedure is that the lumen
of the vascular can be observed without requiring a blood occlusion, minimizing
myocardial ischemia compared to a balloon occlusion type.

Although angioscopy is a commercially available and FDA-approved optical
imaging technology that has been available for many years, its use in the United
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Fig. 5.1 Fiber catheter of nonocclusion type of angioscopy and imaging system. (a) This device
has a built-in a light source and a CCD camera. (b) This catheter is 6,000 pixels. This probing
catheter consists of inner catheter and outer catheter. A tube and a T-shaped stopcock for the
connection with dextran are required. 5 ml syringes for flashbulbs are also necessary

States has been largely restricted to research applications rather than clinical
practice. Limitations of the technology include the requirement to clear the coronary
lumen of blood by the infusion of saline, the large catheter diameter that limits
the evaluation of distal segments, the inability to pass significant lesions, and the
difficulties associated with accurate interpretation of the images, which therefore
mandate expertise [18, 19]. Balloon occlusion-induced myocardial ischemia and the
complicated procedure arising from the use of an occlusion type angioscopy may be
a concern in the United States.

Nonocclusion type of angioscopy was developed in Japan in order to eliminate
the risk associated with the balloon occlusion device, with approval obtained from
the Ministry of Health, Labor and Welfare. The design of the device is relatively
simple, consisting of a probe catheter and fiber catheter. Low molecular weight
dextran is injected through the outer probe, removing red blood cells from the vessel
wall in order to create a clear field of view for observing the lesion. This paper will
describe the procedural requirements to undertake nonocclusion type of angioscopy.

5.2 Nonocclusion Type of Angioscopy System

A description of the angioscopy device and catheter is outlined in Fig. 5.1a, b. The
physician operates the fiber and probe catheters, while a 2nd operator flushes low
molecular weight dextran through the manifold.
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5.3 Preparation of Nonocclusion Type of Angioscopy

1. Preparation of nonocclusion type of angioscopy (VISIBLE Fiber (FT-203F; Fiber
Tech Co. Ltd., Tokyo, Japan), a fiber imaging system, and a console (Inter-tec
Medicals Co. Ltd., Osaka, Japan) is as follows: both the inner and outer probing
catheter are flushed with heparin and assembled.

2. The 2nd operator assembles the manifold, ensuring that no air is introduced with
the low molecular weight dextran. A 5 ml syringe is also attached (Fig. 5.2).

3. A 0.014-in. guidewire is inserted through the probing catheter, introduced via
a guiding catheter (>6Fr) for coronary angioplasty and advanced to lesion
location, while viewing fluoroscopic images on the monitor (Fig. 5.3).

4. Then, the inner catheter and guidewire are removed, and the 5 ml syringe is
connected while confirming presence of reverse blood flow and that no air has
been introduced. The fiber catheter is then inserted.

5.4 Preparation for the Probing Catheter

The probing catheter requires rinsing with saline solution. The outer and inner
catheters are then separated and rinsed using a 10 ml syringe which is also effective
in removing residual air. The probe catheter is rinsed in a tray (it is important to
ensure that the catheter does not dry out). The catheter should be carefully rinsed

Fig. 5.2 System of nonocclusion type of angioscopy (probing catheter and flushing system). This
shows the connection method with the syringe for Y-connector and flashbulbs
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Fig. 5.3 Advancing probing catheter on the guidewire. 0.014-in. guidewire is inserted through the
probing catheter, introduced via a guiding catheter and advanced to lesion location, while viewing
fluoroscopic images on a fluoroscopic monitor

to ensure that no residual air remains (residual air bubbles in the tip of the probing
catheter will result in interference of the field of imaging). The inner catheter is
placed within the outer catheter while immersed in saline solution. As the catheter
is relatively thin, the use of a small tray may affect the ability to insert the catheter
effectively, and excessive force may result in damage to the catheter. The catheter is
easily inserted in a straight position, and should resistance be encountered, it may
be effective to pre-insert the guidewire in the inner catheter prior to insertion into
the outer catheter (Fig. 5.4). If there is residual air inside the catheter, air bubbles
or ST elevation on the electrocardiograph is observed during the procedure; a 20—
30 ml syringe of saline solution should be used to repetitively flush the coronary
arteries and wash out any air post procedure. When the probing catheter in the
angioscopy catheter set cannot cross over severe stenosis, an aspiration catheter
(>7Fr) for thrombectomy can be used instead of the original probing catheter.

5.5 Focus Alignment of Angioscopy

In order to align the focus of the angioscopy catheter, the tip should be placed close
to a dry gauze in order to confirm the imaging. The image should be focused to align
either the 2 x 2 or 3 x 3 markers (Fig. 5.5). The focusing dial should be adjusted
carefully and the focus confirmed. Following repetitive use, the tip should be
cleaned with damp gauze and the focus readjusted. When protein becomes attached
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Fig. 5.4 Inserting inner catheter to outer probing catheter. Outer probing catheter should be as
straight as possible while inserting the inner probing catheter. The inner catheter is placed within
the outer catheter while immersed in saline solution

Fig. 5.5 Focus alignment of
angioscopy. The image
should be focused to align
either the 2x2 or 3x3 markers

to the tip, the image may become unfocused. When large particles are observed on
the image, it may be resultant from particles contained within the connection rather
than the catheter tip. The connection should be wiped with either gauze or cotton
swab or the “white balance” button reset.

5.6 Insertion of the Fiber Catheter into the Probing Catheter

Similar to other catheters, the fiber catheter is easily damaged under excessive
bending. When the fiber is broken, sufficient light is unable to reach the catheter
tip. When product is not in use, it is recommended to place a cover over the fiber
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when stored. The probing catheter is inserted beyond the target location. Care should
be given that the guiding catheter does not become disengaged when the probing
catheter is inserted into tortuous vasculature (the guiding catheter should ideally be
coaxially positioned). It might be impossible to advance the fiber catheter when the
guiding catheter is bent. When the catheter is placed in position, the inner catheter
and guidewire are removed (quickly removing product may result in the introduction
of air). Use a 2.5 ml syringe to remove any residual air, and confirm the backflow of
blood. When reverse blood flow is not observed, the catheter may have become
wedged in a smaller vessel diameter, and under minimal negative pressure, the
catheter should be pulled slightly proximal. Not correcting this issue may result
in an ST elevation.

5.7 Care During Insertion

The 2nd operator should introduce low molecular dextran removing residual air
with the Y-connector connected. The fiber catheter is then inserted though probing
catheter. Further flushing of dextran should be performed again with the catheter
inserted at a 40-50 cm depth to ensure removal of all residual air. Finally, the
fiber catheter is further inserted just prior to the tip of the guide catheter. If the
guiding catheter tip is positioned at a bend, some resistance may be incurred during
insertion. If the fiber catheter is within the guiding catheter, it can be advanced
further even under some resistance. If the guiding catheter is excessively bent,
the guiding catheter positioning should be corrected. Insertion resistance will be
increased if the probing catheter is also placed in a bent position. A fluoroscopic
marker is located at the tip, and the catheter should be advanced 1 cm at a time. The
catheter should be inserted as straight as possible to avoid damage to the catheter.
Excessive force may result in the fiber catheter breaking.

When image recording is commenced, it can be difficult to determine the vessel
location and whether target location is pre- or posttreatment. All significant lesion
locations should be recorded on cine angiography while imaging, noting details such
as the position of the catheter and the grade of the plaque.

5.8 Careful Consideration During Imaging

It is important that the lead physician be aware of the positioning of both probing
catheter tip and fiber catheter when pulling the probing catheter back. The image in
Fig. 5.6a is the correct positioning.

When the fiber catheter is positioned far from the tip of probing catheter, the
observational range is small, and the whole image is dark as in Fig. 5.6b. The
image is improved by reducing the distance between catheters. In addition, if blood
removal was inadequate by appropriate dextran flushing due to strong blood flow,
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Fig. 5.6 The positioning of fiber catheter in probing catheter. (a) The fiber catheter placed at
correct position from the tip of probing catheter. Yellow plaque clearly evident. (b) When the fiber
catheter is far from the tip of the probing catheter, the observational range is small, and the whole
image is dark. The image is improved by reducing the distance to the tip of the catheter. In addition,
if blood removal was not adequately performed by appropriate dextran flushing because of strong
blood flow, the image might be improved by increasing the light quantity without bringing the
catheter closer to the tip

the image might be improved by increasing light quantity without reducing the
distance between catheters. As flushing may cause a slight offset, it is important
to correct the positioning. There is a 1-2 s delay between pullback and the image,
making it difficult to determine accurate positioning if retracted too quickly. Further,
it is important that the fiber catheter is not retracted before the probing catheter as
this may result in injury to the vessel.

5.9 Complication with Procedure of Angioscopy

The general complications of this nonocclusion type of angioscopy are similar to
the imaging modality in other blood vessels, for example, catheter-induced spasm,
intimal injury, deformation of stent, etc., and there are no specific complications.
However, it is important that we do not push it forcibly when the probing catheter
cannot reach for the target lesion because of resistance with a severe stenosis,
calcification, bending vessel, and the stent edge when we advance probing catheter
in the vessel.

5.10 Future Prospects

The inability to see through blood flow because of its opaque nature and the resulting
need to remove blood from the visual field using dextran-flushing technique remain
the primary obstacles to the widespread and routine use of nonocclusion type of
angioscopy to evaluate the luminal wall.
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At present, certain angioscopic techniques may possibly recognize the presence
of coronary artery calcification, but assessment/quantification of coronary artery
calcification is not a current application of this evolving technique.

However, angioscopy is able to observe vulnerable plaque and arteriosclerotic
change, as well as identify the presence of thrombus, currently not feasible with
an IVUS or OCT system. It is considered that the use of this device will become
more prevalent, although the advancement of hardware of the nonocclusion type of
angioscopy system is a requirement moving forward.
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