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ABSTRACT 

Percutaneous angioscopy, using high resolution fiberoptic imaging, allows direct and two-dimensional visualization of 
the vascular interior, thereby enabling macroscopic pathological diagnosis. Percutaneous angioscopy has revealed that 
the vascular luminal surface exhibits various colors and morphologies characteristic of different vascular diseases. This 
imaging technique is used for evaluation of the severity of vascular diseases, staging of atherosclerosis, analysis of 
thrombus composition, evaluation of interventional and surgical therapies, and for guidance of intravascular interven- 
tions such as angioplasty, venous valvuloplasty and aortic stentgrafting. Recently, dye-image angioscopy has been used 
clinically for analyses of thrombus composition, endothelial damage and plaque composition. Intravascular microscopy 
was also developed for cellular imaging of vascular disease. Furthermore, fluorescent angioscopy was developed for 
molecular imaging of substances comprising atherosclerotic plaques. In this article, we describe the history of the de- 
velopment of angioscopy, angioscopic systems and techniques, angioscopic changes associated with vascular diseases, 
angioscope-guided intravascular therapies, and evaluation of intravascular and surgical therapies. Angioscopic pictures, 
except those of the coronary arteries, have rarely been published in the literature, so we have included many representa- 
tive angioscopic pictures obtained by the authors in this article. 
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Percutaneous Angioscopy 

1. Introduction 

Direct observation of changes in the vascular wall was 
previously beyond the scope of any available imaging 
modalities. 

Percutaneous angioscopy (AS) is a high resolution fi- 
beroptic imaging technique which enables direct visuali- 
zation of the vascular wall from within, thereby enabling 
macroscopic pathological diagnosis of vascular diseases. 
This imaging technique is now clinically employed not 
only in the diagnosis of vascular diseases, but also for the 
evaluation of interventional and surgical therapies and 
guidance of intravascular interventions. 

This article presents the past, present and future pro- 
spects of this promising imaging technique. 

2. Overview of Literature on Angioscopy 
(AS) 

Intravascular observations using a rigid endoscope in ani- 
mals were performed by Allen et al. in 1922 [1] and by 
Harken et al. in 1943 [2]. 

In 1956, Sakakibara et al. employed a rigid endoscope 
to examine atrial septal defects during open-heart surgery 
[3]. They also examined aortic valves using the same en- 
doscope in 1958 [4]. 

Many years later, thin and flexible angioscopes were 
developed for percutaneous observation of not only co- 
ronary and peripheral vessels, but also the great vessels, 
and many clinicians have engaged in AS imaging of the 
cardiovascular system. 

Peripheral vascular changes in animals were observed 
by Sugie (1969) [5], Litvack (1985) [6], Uchida (1988) 
[7], and Buckmaster (1995) [8], among others.  

Human coronary arteries were examined by Spears (1985) 
[9], Uchida (1985) [10], Sanborn (1986) [11], Hombach 
(1986) [12], Sherman (1986) [13], Uchida (1989) [14], 
Nakamura (1992) [15], Uchida (1990) [16], Hombach 
(1992) [17], among others.  

Peripheral arteries in patients wereexamined by Uchida 
(1992) [18], Drobinski (1993) [19], Kollar (1997) [20], 
Trubel (1999) [21], among others. 

The aorta was examined by Uchida (1995) [22], Hill 
(1995) [23] Tokuhiro (2000) [24], Tsagakis (2010) [25], *Corresponding author. 
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Aono (2007) [26], among others. 
Peripheral veins were examined by Hoshino (1993) 

[27], Yamaki (2002) [28], Nishibe (2007) [29], Konami 
(2010) [30], among others. 

The caval veins were examined by Uchida (1995) [31], 
but not by others.  

The pulmonary arteries were examined by Shure (1985) 
[32], Uchida (1995, 2010) [33,34], and others. 

The cardiac chambers and valves were examined by 
Uchida (1991, 2001) [35,36].  

Cellular AS, dye-staining AS and molecular AS were 
developed and used clinically by Uchida (1995, 2010, 
2012) [37-42]. 

3. Developmental History of Our AS System 

Difficulties in producing a thin endoscope that can safely 
be introduced percutaneously into the vessels, and equip- 
ment that can displace blood, meant that about 29 years 
elapsed before Uchida and his coworkers successfully 
performed percutaneous AS in patients [5,6]. Although 
this new modality of diagnosis is now performed rou- 
tinely in a number of institutions, it has yet to be adopted 
on a global scale. 

In 1975, a 9F fiberscope was developed in collabora-
tion with Olympus Corporation, Tokyo. This AS was in- 
troduced through an 11F hard tipped guiding catheter 
into a canine left ventricle, but the procedure was aban- 
doned due to marked damage to the endocardial surface. 
In 1976, a 10F balloon tipped guiding catheter was de- 
veloped. This catheter allowed the passage of a 6F fiber- 
scope. However, this AS also had to be abandoned be- 
cause the balloon became frosty during use due to the 
temperature difference between the saline used for bal- 
loon dilatation and the blood in the ventricle. In the same 
year, a fiberscope was devised with a balloon at its tip. 
This fiberscope had a central lumen through which war- 
med saline at body temperature could be infused to dilate 
the balloon. The balloon was pushed against the vascular 
luminal surface to observe changes through the dilated 
balloon. However, introduction of this fiberscope into the 
vessel was very difficult because a guide wire could not 
be used, and if used in combination with a guiding ca- 
theter, a large bore catheter had to be used to allow the 
fiberscope to pass through. This fiberscope was not used 
clinically. In 1983, a 9F balloon guide catheter was de- 
vised in collaboration with the Clinical Supply Company, 
Gifu, Japan. When inflated with CO2, the balloon pro- 
truded distally to the shaft tip to form a dead space be- 
tween the target and the balloon, at the same time pre- 
venting damage to the target tissue by the shaft tip. In 
combination with a 4.8F fiberscope, this balloon catheter 
enabled percutaneous transluminal observation of vessels. 
This AS system is now routinely used clinically for ob- 

servation, not only of peripheral vessels, but also great  
vessels such as pulmonary arteries, caval veins and aorta. 

Angioscopy of aorta and venous system was named as 
aortoscopy and phleboscopy, respectively [22,31]. 

4. Our AS System 

Our AS system comprises a light source, 1.7- 4.5F fiber- 
scope, 6 - 9F guiding balloon catheter, Intensified Chilled 
Coupled Device (ICCD) camera, camera controller, im- 
age divider, DVD recorder and television monitor.  

Usually, a 4.5F fiberscope and 9F balloon guide catheter 
are used for observation of large diameter vessels. The 
4.5F fiberscope (AF 14, Olympus Corporation, Tokyo) 
contains 3000 glass fibers for image guidance and 300 
glass fibers for light guidance. The fiberscope is passed 
through a 9F balloon guide catheter (Clinical Supply 
Company, Gifu, Japan). The balloon is inflated with CO2. 
The catheter has a Y connecter at the proximal end: one 
channel for fiberscope insertion and another for saline 
flushing. The white balance of the AS is adjusted using 
white gauze immersed in saline solution as the white 
color (Figure 1). 

Details of various types of AS systems have been de-
scribed elsewhere [43]. 

5. AS Procedures (Figure 2) 

5.1. Peripheral Artery 

The guiding balloon catheter is introduced antegradely 
through a sheath into either the superficial or deep femo- 
ral artery. Next, the AS is introduced via the guiding 
catheter to place the AS tip at the distal end of the guid- 
ing catheter. The balloon is then gently inflated with CO2 
to occlude the lumen to stop blood flow. Then, the AS is 
advanced or pulled back for observations during saline 
infusion at 5 mL/min manually or using a power injector 
(Figure 2(c)). In cases of observation of a branch distal 
to the popliteal artery, a 5F AS for coronary use (the fi- 
berscope is incorporated into a 5F balloon catheter) is 
employed) (Figure 1(c)). 

When a severe stenosis exists at the superficial femo- 
ral arterial orifice, it is sometimes necessary to expose the 
femoral artery surgically, or use a contralateral approach.  

For observation of the iliac artery, a guiding balloon 
catheter is advanced from the contralateral femoral and 
iliac artery through the bifurcation into the targeted iliac 
artery (Figure 1(a)), or retrogradely from the ipsilateral 
femoral artery into the iliac artery (Figure 1(b)). The 
former approach is sometimes difficult when the angle 
between the iliac arteries is sharp. 

5.2. Peripheral Veins 

The balloon catheter should not be introduced into adistal 
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vein because this maneuver may damage the venous 
valves. The common and external iliac veins can be ex- 
amined by introducing the balloon catheter retrogradely 
from the ipsilateral femoral vein. Observation of internal 
iliac vein is limited to its outlet because the angioscope 
may damage valves. 

For observation of more distal branches of the femoral  
veins, a 6F balloon catheter is introduced through a vein 
located near the ankle and a 1.7F fiberscope is introduced 
into the balloon catheter. This maneuver enables success- 
sive observation of multiple venous valves located in 
distal veins up to the femoral vein. 

 

 
A: The system comprises a light source, image amplifiers for color and fluorescent AS and IVUS, image 
mixer, recorder, and monitor. ICCD: intensified chilled coupled device; B: An AS for large vessel and cardiac 
use. (a) 9F guiding balloon catheter; (b) 5F-fiberscope; (c) a 5F AS for small vessel use. C: (a) Guiding bal- 
loon catheter; (b) Fiberscope; (c) Guide wire; D: IVUS probe for large vessel use. (a) Probe; (b) Guidewire. 
Cited from reference 43 with permission. 

Figure 1. Angioscopy (AS) and intravascular ultrasonography (IVUS) system used in our catheterization laboratory. 
 

 
A: Iliac artery examination introducing an AS incorporated in a guiding balloon catheter through the contra- 
lateral femoral artery and across the bifurcation of common iliac artery into the ipsilateral iliac artery. a, b and 
c in this and other panels: introducer, guiding balloon catheter and fiberscope, respectively. AAo: abdominal 
aorta; B: Observation of iliac artery introducing an AS retrogradely through the ipsilateral femoral artery. IA: 
iliac artery; C: Examination of the femoral artery and its branches introducing an AS antegradely; D: Exami-
nation of the aorta. The guiding balloon catheter tip is pre-shaped depending on the target segment of the aorta 
to be imaged. ATAo: ascending thoracic aorta. DTAo: descending thoracic aorta. Cited from references 46 
and 48 with permission. 

Figure 2. Schematic representation of AS procedure. 
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5.3. Aorta 

Because the aortic diameter is larger than that of the bal- 
loon of the guiding catheter, it is impossible to stop aortic 
flow using the present AS system. 

Following aortography and intravascular ultrasono- 
graphy (IVUS), the balloon catheter is introduced retro- 
gradely using a guide wire through a femoral artery, and 
an AS is introduced into the aorta, then the balloon is 
inflated and gently placed against the aortic luminal sur- 
face. Since the balloon protrudes 5 mm ahead of the 
catheter tip, the distance between the fiberscope tip and 
the aortic luminal surface is maintained at almost 5 mm 
[32,35,36]. The diameter of the visual field is approxi- 
mately 1.2 cm in saline. Heparinized saline solution (10 
IU/mL) is then infused, usually at a rate of 5 - 10 mL/s, 
using a power injector to displace the blood between the 
luminal surface and the fiberscope. The guiding balloon 
catheter is reshaped for easy placement on the targeted 
wall segment, usually an “L” or “U” configuration. By 
slowly pulling back the balloon catheter during the saline 
infusion, significantly long segments of the aortic lu- 
minal surface can be successively visualized (Figure 
2(d)). The total amount of saline solution infused should 
not exceed 500 mL to avoid acute heart failure due to 
volume overload. 

5.4. Caval Veins 

Following venography and IVUS, the balloon catheter is 
introduced in retrograde fashion, and the examination is 
performed similarly to an aortic examination. 

5.5. Measurement of Lesion Sizes 

Measurement of lesion sizes is beyond the scope of the 
present AS system because it uses a fish-eye lens. Ne- 
vertheless, lesion sizes can be roughly assessed using the 
diameter of a guide wire tip placed on or adjacent to a 
lesion. 

6. Combined Use of AS and IVUS 

IVUS System 

In our laboratories, AS is preceded by IVUS because the 
latter enables successive observation of the entire vascu- 
lar wall whereas AS is limited to spot observation. 

We have developed two IVUS systems; a 5F, 20 MHz, 
20 cps probe for peripheral vessel use and a 9F, 12 or 20 
MHz, 20 cps probe for great vessel use. 

The arterial and venous systems are usually examined 
by AS in combination with IVUS. For a femoral arterial 
examination, an IVUS probe is introduced antegradely 
into the superficial femoral artery, in which atheroscle- 
rotic lesions often occur, guided by a 0.014 inch guide 
wire. The guide wire is advanced first, and then the probe  

advanced to the target lesion. The vascular wall is then 
imaged successively by slowly pulling back the probe. 

Following aortography, an IVUS probe for large ves- 
sel use is advanced through a femoral artery into the left 
ventricle, using a 0.035 inch guide wire. Use of a radio- 
focus guide wire (Terumo Company, Tokyo) is recom- 
mended because it is very steerable. Slowly pulling back 
the probe, pineapple-like images from the left ventricle 
down to the iliac artery can be obtained successively 
within 5 min. 

AS or IVUS images and fluoroscopic images are simul- 
taneously displayed on a television monitor for confirma- 
tion of the location of the area under examination. The 
details of the procedures are described elsewhere [22,36]. 

7. AS Images of Peripheral Artery Disease 

The luminal surface of the non-stenotic peripheral artery 
as delineated using angiography is smooth surfaced and 
milky white in color, or light yellow due to fatty streakusing 
AS. Atherosclerotic plaques that stenose or occlude a pe- 
ripheral artery are classified by surface morphology into 
regular (non-ruptured) and complex (ruptured), and by color 
into white and yellow, as for coronary plaques (Figure 3). 
Spiral folds are often observed in apparently normal ar- 
terieson angiography. Spiral blood streams arethought to 
induce spiral folds [44]. 

Thrombus is observed in 20% - 30% of cases at the 
distal end of iliac arterial plaque, and in 30% - 40% at the 
proximal end of the superficial femoral arterial plaque, 
irrespective of whether regular or complex. Thrombus is 
usually thin or miniscule and located at the narrowed 
outlet of the residual lumen in the former, or globular and 
located around the stenotic inlet in the latter. These thro- 
mbi are often not detectable using angiography (Figure 
3). It is considered that thrombi are formed by rheologi- 
cal mechanisms, as clearly demonstrated by an experi- 
mental study [45]. 

Distal embolism is not infrequently observed in patients 
with a trial fibrillation. Typical symptoms are abrupt leg 
pain and pale decoloration of a lower limb. Figure 4 
shows a dark red and globular thrombus occluding the 
left popliteal artery in a patient with chronic atrial fibril- 
lation. The obstructed segment was successfully recana- 
lized by a Tissue Plasminogen Activator (TPA) infusion 
followed by balloon angioplasty. 

8. AS and IVUS Images of Aortic Disease 

Atherosclerotic lesions of the aorta are observed in the 
majority of adult patients, whether symptomatic or asym- 
ptomatic. 

Atherosclerotic aortic plaques are classified as regular 
and complex, as for coronary and peripheral arteries [46- 
48]. 
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From A to C: non-stenotic left common iliac with a small yellow plaque (arrow), concentric stenosis of a su- 
perficial femoral artery with a yellow plaque (arrow), an eccentric and slit-like stenosis of a superficial femo- 
ral artery with a yellow plaque (arrow); From D to F: Distal end of a white plaque obstructing the right exter- 
nal iliac artery with tiny red thrombi (arrow), a red thrombus obstructing the distal end of an iliac arterial 
plaque (arrow), and a red and globular thrombus on the proximal end of a superficial femoral arterial plaque, 
respectively. 

Figure 3. AS images of atherosclerotic plaques and thrombi in peripheral arteries. 
 

 
The thromboembolus was dark red, indicating its age is a few days. Cited from reference 48, with permission. 

Figure 4. Obstruction of the left popliteal artery with a thromboembolus. 
 

Figure 5 shows representative examples of athero- 
sclerotic aortic changes frequently observed in adult pa- 
tients. Fatty streaks are observed in the majority of pa- 
tients. Complex plaques (polypoid or disrupted plaques) 
are often seen using AS in patients without obvious changes 
on aortography. Atherosclerotic changes observed by AS 
are infrequent in the ascending aorta and aortic arch, in- 
crease in frequency in the suprarenal abdominal aorta, 
and are even more common in the intrarenal aorta, where 
disrupted plaques covered with thrombi are frequently

observed (Figure 6). The patients with coronary artery 
disease have more advanced atherosclerotic changes in 
the abdominal aorta than those without [22]. Aono observed 
similar tendency [26]. 

8.1. Saccular Aortic Aneurysms 

Saccular (true) aneurysms can appear in any part of the 
aorta, but occur most frequently in the infrarenal ab- 
dominal aorta. 
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Figure 7 shows an infrarenal abdominal aorta. Al- 
though not detectable using aortography, a large dough- 
nut-like thrombus was detected using IVUS. AS revealed 
it to be a red thrombus. IVUS is more sensitive in de- 
tecting calcification than AS because the latter can only 
visualize exposed calcifications. In our seriesof 12 pa- 
tients with abdominal aortic aneurysm, thrombus was ob-  

served in all, either red, white, or red-and-yellow, indi- 
cating thrombi are formed recurrently within aneurysms. 
Moreover, exposed atheromatous tissue was frequently 
observed, indicating that plaque disruption was likely in- 
duced by distension of the aortic wall [49]. Blood turbu- 
lence within aneurysms may also play a part in thrombus 
formation. 

 

 
IVUS images of aorta from A to D correspond to the AS images from A-1 to D-1, respectively; A and A-1: 
The intima was thin (<3 mm in thickness) by IVUS (A) and milky white using AS (A-1), indicating normal 
aorta. B and B-1: The intima was thick (>3 mm) using IVUS and yellow using AS, indicating fatty streak. C 
and C-1: The polypoid plaque using IVUS (arrow) was a yellow polypoid plaque using AS. This plaque be-
longed to the complex plaque group. D and D-1: A plaque with irregular configuration by IVUS (arrow) was a 
disrupted plaque using AS (arrow), indicating a complex plaque. Cited from reference 46, with permission. 

Figure 5. Aortic lesions observed using IVUS and AS. 
 

 
N: No abnormal changes. R: Regular plaque. C: Complex plaque. a to g: Aortic segments observed using AS. 
Normal segment is frequently seen in the ascending aorta and arch, whereas regular plaques are seen fre- 
quently in the descending aorta, and complex plaques are most frequently observed in the abdominal aorta. 
Cites from reference 46, with permission. 

Figure 6. AS and IVUS changes of the aorta in patients with coronary artery disease. 
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8.2. Dissecting Aneurysm 

Dissecting aneurysms often occur without preceding 
symptoms. There are no reliable methods for predicting 
this often fatal condition. 

Figure 8 shows AS and IVUS images of an aortic dis-
section (DeBakey I). 

Disrupted intimal flaps at the entry, true and pseudo- 
lumens are clearly visualized using IVUS. Since AS is a 

 

 
A: (a) and (b) segments examined using both IVUS and AS. A doughnut-shaped thrombus was observed in 
the aneurysm body using IVUS (a-1). AS revealed it to be a red thrombus (a-2). A calcified plaque was de- 
tected in the distal segment of the aneurysm using IVUS (b-1). The calcified plaque reflected light using AS 
(b-2). Cited from reference 46, with permission. 

Figure 7. An infrarenal saccular aneurysm observed in a 72-year-old male. 
 

 
Arrow in an aortogram A: Segment examined using IVUS and AS. B: Intimal flap (a), entry (b), true lumen 
(T) and pseudolumen (P) confirmed using IVUS. C: Narrowed true lumen in the descending thoracic aorta (T). 
D: The entry observed using AS was a yellow plaque. E: A mural thrombus in the pseudolumen observed us- 
ing AS, which accidentally entered into the pseudolumen. F: Intimal flap observed using angioscopy. Blood 
flow was seen through the pseudolumen. Cited from reference 46, with permission. 

Figure 8. Aortic dissection (DeBakey I) observed in a 48-year-old female. 
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point-to-point observation, whereas IVUS can survey the 
entire aortic wall, IVUS is superior to AS in the detection 
of aortic dissection. 

We observed that the entry was surrounded by dis- 
rupted yellow matter in the majority of patients, except 
those with Marfan syndrome or annuloaortic ectasia, sug- 
gesting that the yellow plaque is the site of initiation of 
dissection. It remains to be elucidated what type(s) of 
yellow plaques are the starting points of dissection. 

9. AS Images of Peripheral Venous Disease 

The major diseases of the peripheral venous system, es- 
pecially the lower limbs, are varicose veins due to venous 
valve insufficiency with or without thrombosis, throm- 
bophlebitis, and neoplastic invasion. 

Figure 9 shows a normal venous valve leaflet [50]. 
There are at least three types of valve leaflet abnormality, 
congenital and acquired, that cause blood regurgitation 
and consequent varicose veins and leg edema (Figure 10) 
[27]. 

Another important venous disease is thrombosis, which 
not frequently acts as a source of pulmonary emboli. As 
shown in Figure 11, venous thrombi are classified as 
mural, often overlooked by phlebography, and globular. 
Further, they are classified as fresh or organized. When 
examined using AS, superficial varicous veins often con- 
tain fresh or organized thrombi [50]. 

10. AS Images of Caval Venous Disease 

Thrombus extending from peripheral veins to the vena 
cavae is often observed. Also seen are Budd-Chiari dis- 
ease and tumor thrombus extending from the liver, kid- 
ney, or pelvic organs [31]. Figure 11-D-1 shows a tumor 
thrombus extending from the hepatic vein into the infe- 
rior vena cava. Cytology revealedit to be hepatocellular  

carcinoma. 

11. Evaluation of Intravascular 
Interventions of Peripheral 
Arteries Using A 

11.1. Simultaneous Observation by a Hybrid of 
AS and IVUS 

We devised a hybrid AS and IVUS system for simulta- 
neous observation of the same target area. This system is 
composed of a 1.7F fiberscope attached to a 5F IVUS 
probe. 

11.2. Balloon Angioplasty 

Figure 12 shows changes in the left superficial femoral 
artery examined using a hybrid AS/IVUS system. Using 
this system, the same changes caused by balloon angio- 
plasty could be observed (Figure 12). 
 

 
Arrow in A: A venous valve. The venous leaflet was sharp edged. Arrow-
head: artificial femur. Cited from reference 50, with permission. 

Figure 9. A normal leaflet of a femoral venous valve (ar-
row). 

 

 

 
A: Coaptation failure of the two valve leaflets (arrow). B: Partial decay of a leaflet (arrow). C: Perforation in a leaflet 
(arrow) and coaptation failure (arrowhead). Cited from reference 27, with permission. 

Figure 10. Anomalous venous valves. 
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A: Apparently normal right common iliac vein using phlebography. Arrow: segment examined using AS. A-1: 
A red mural thrombus (arrows) was detected at the site indicated by arrow in A (arrows). B: A defect pro- 
truding from left common iliac vein into the inferior vena cava was observed using phlebography (arrow). B-1: 
AS shows the defect to be a red thrombus protruding from the left common iliac vein (arrow). C: Intrapelvic 
venous tree. Arrow: Right internal iliac vein. C-1: An organized thrombus was detected in the internal iliac 
vein (arrow). D: Narrowing of the inferior vena cava (arrow). D-1: The narrowing was revealed to be a tumor 
thrombus arising from hepatocellular carcinoma and extended through the hepatic vein (arrow). Cited from 
reference 50, with permission. 

Figure 11. Thrombi in the iliac vein and inferior vena cava. 

 

 
A: Before balloon angioplasty. The stenotic segment was a concentric stenosis using IVUS and a yellow 
plaque using AS. Arrows: IVUS probe. From B to D: After balloon angioplasty. Intimal flaps in the dilated 
segment (arrows in B), exposed atheromatous lesions (arrows in C) and a cleft (arrows in D) were observed. 
Cited from reference 48, with permission. 

Figure 12. Simultaneous evaluation of stenotic lesions of the left superficial femoral artery using a hybrid of IVUS and AS 
before and after balloon angioplasty. 
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11.3. Stenting Figure 13 shows examples of unwanted changes caused 

by balloon angioplasty of the iliofemoral arteries, i.e., 
acute occlusion with intimal flaps, atheromatous tissues 
and thrombi that often require stenting. 

Stenting is a useful therapeutic modality for atheroscle- 
rosis obliterans. 

Figure 14 shows successful recanalization of the left 
common iliac artery by stenting. By combined use of AS 
and IVUS, the acquired lumen size and adequate stent 

AS is very useful for the immediate diagnosis of the 
nature of acute occlusion. 
 

 
From A to D: A large cleft (arrow in A), occlusion of the dilated lumen with atheromatous tissue 
(arrow in B), intimal flaps (black arrow in C) and thrombus (white arrow in C) occluding the 
lumen, and a pseudolumen (arrow) caused by dissection between the intima (white arrowhead) 
and media (black arrowhead), respectively. Cited from reference 46, with permission. 

Figure 13. Various changes in the superficial femoral artery induced by balloon angioplasty. 
 

          
(A)                                                           (B) 

A: Before stenting. Arrows: occlusion at the site of the proximal arrow; B: recanalization of the occluded segment by stenting; Before stenting, severe narrowing was 
observed using IVUS (A), with two narrow residual lumens in the distal end of the occluded segment using AS (arrows in A-1). After stenting, recanalization of 
the segment was confirmed using IVUS (arrows in B), and expanded stent struts using AS (arrow in B-1). Cited from references 52 and 53, with permission. 

Figure 14. (A) Total occlusion of the left common iliac artery recanalized by stenting in a 70 year old male; (B) IVUS and AS 
images before and after stenting in the same patient as in Figure 15(A). 
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strut expansion were clearly evaluated by IVUS and AS, 
respectively. 

11.4. Directional Atherectomy 

Directional atherectomy is used not only for coronary 
arteries, but also peripheral arteries. Figure 15 shows 
successful dilatation of the orifice of the left superficial 
femoral artery using directional atherectomy. The obtained 
lumen size and cut segment of the plaque were evaluated 
using IVUS and AS, respectively. 

11.5. Interventional Therapy of Caval Veins 

Stenotic segment of inferior vena cava caused by Budd- 
Chiari syndrome or tumor thrombus is also dilated by  

balloon angioplasty (Figure 16) or stenting.  

12. Evaluation of Surgical Therapies Using 
AS and IVUS 

12.1. Open Repair of Saccular Aortic Aneurysm 

The combination of AS and IVUS is very useful in the 
evaluation of surgical repair of aortic aneurysms. 

Figure 17 shows changes in the Y graft one month after 
open repair. Pseudoaneurysm was found at the sutured 
segment of the native aortic stump and the graft using 
both AS and IVUS. Sutures on atheromatous tissues were 
also found. It is possible that because fragile atheroma- 
tous tissues were ligated, the sutures were loosened and 

 

 
The stenotic SFA (arrow in A) was dilated using atherectomy (B and C). Dilata-
tion was also confirmed using IVUS (D) and AS (E). Cited from reference 52, 
with permission. 

Figure 15. Directional atherectomy of the left superficial femoral artery (SFA) in a 66-year-old male. 
 

 
The stenotic proximal segment of the inferior vena cava observed using phle-
bography (arrow in A) was composed of yellow matter using AS (arrow in A-1). 
The segment was dilated by balloon angioplasty (B) and clefts were observed us-
ing AS (arrow in B). Six months later, restenosis was not observed using phle-
bography (arrow in C), and the luminal surface of the dilated segment was smooth 
using AS (arrow in C-1). RA: right atrium; IVC: inferior vena cava. Cited from 
reference 31, with permission. 

Figure 16. Budd-Chiari syndrome in a 46-year-old female. 
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endoleakage occurred, leading to psudoaneurysm forma- 
tion. 

Stentgrafts are now widely used in the treatment of aor- 
tic aneurysms. However, migration of the stentgraft and 
endoleakage occur not infrequently, suggesting the need 
for precise calibration of the aneurysm neck, and confir- 
mation of the absence of thrombus and fragile atheroma- 
tous tissues using AS and IVUS in combination. 

12.2. Open Repair of Annuloaortic Ectasia and 
Aortic Dissection 

AS and IVUS are now widely used in the examination of 

pathomorphological changes of the ectatic aortic root in 
patients with annuloaortic ectasia, solitary or associated 
with Marfan syndrome. 

AS is now being used to predict aortic dissection in 
this category of aortic diseases, since our recent finding 
that fold formation in the ectatic aortic root is a morpho- 
logical change predictive of dissection, irrespective of 
the luminal diameter [51]. 

Figure 18 shows changes in the luminal surface of a 
graft 6 months after repair in a patient with aortic dissection. 
The luminal surface of the graft is often covered with 
mural thrombus. 

 

 
A: Angiogram of the Y graft. a and b: body and right limb of the graft examined using IVUS and 
AS. A pseudoaneurysm at the sutured site between the native aortic stump and the graft body 
detected using IVUS (arrow in a-1) and AS (arrows in a-2). Exposed threads were also observed 
using AS (arrow in a-3). No obstruction was observed in the right limb using IVUS (arrow in 
b-1), but neointimal coverage of the graft limb was incomplete using AS (arrow inb-2). Cited 
from reference 49, with permission. 

Figure 17. A 68-year-old male with an infrarenal saccular aneurysm who underwent open repair with a Y graft. 
 

 
A : Aortogram after grafting (arrow). B: IVUS image of the proximal end of the graft located in 
the ascending aorta (arrow). C: IVUS image of the graft in the arch. Arrow: bellows of the graft. 
C-1: Angioscopic image of the graft which corresponds to C. Red and yellow portions suggest 
fresh and organized thrombus, respectively (arrow). C-2: Dye staining angioscopic image after 
topical administration of Evans blue dye. Blue portions indicates fibrin-rich thrombus (arrow). 
Cited from reference 49, with permission. 

Figure 18. Six months after open repair of aortic dissection with artificial graft. The same patient as that in Figure 8. 

Copyright © 2012 SciRes.                                                                                WJCS 



YASUMI UCHIDA, YASUTO UCHIDA 126 

  
13. AS-Guided Intravascular Interventions 

13.1. AS-Guided Intravascular Interventions 

In severely stenosed arteries, the residual lumen is very 
narrow, often making it difficult to introduce a guide 
wire into this lumen under fluoroscopic guidance. An- 
gioscopy is a very helpful method for accurate guide wire 
introduction (Figure 19). 

13.2. AS-Guided Atherectomy 

We developed an AS-guided atherectome to safely re- 
move residual plaquefollowing interventions. A 0.5 mm 
fiberscope is attached to an atherectome, which resem- 
bles an endomyocardial bioptome (Figure 20(A)). This 
system is introduced through a 9F guiding balloon cathe- 
ter into a superficial femoral artery, or iliac artery, to re- 
move residual atheromatous masses (Figure 21) [52]. 

13.3. Angioscopy-Guided Laser Angioplasty 

In 1990, we devised an AS-guided laser angioplasty sys- 
tem, in which a 1.7F fiberscope is fixed onto a laser probe 
for temperature-controlled thermal angioplasty using an 
Nd-YAG laser (Figure 20(B)). Figure 22 shows a repre- 
sentative patient in whom a long segment occlusion of 
the right superficial femoral artery was successfully re- 
canalized using this system, and the process of recanali- 
zation could be monitored successively with AS [53]. 

13.4. AS-Guided Venous Valvuloplasty 

Varicose veins of the legs are caused by acquired or 
congenital venous valve abnormalities. This is a trouble-
some disease, not only from the medical standpoint, but 
also the cosmetic aspect, especially for women. AS- 
guided valvuloplasty has been intensively performed by  

 

 
Severely stenosed right external iliac artery with a narrow residual lumen 
(arrow in A). It was difficult to pass a guidewire through the residual lumen 
under fluoroscopic guidance, but the guide wire (arrow) could be passed 
through the lumen (arrowhead) under AS guidance. 

Figure 19. AS-guided introduction of a guide wire. 

 
A: Angioscope-guided atherectome. a: atherectome. b: fiberscope; B: 
Angioscope-guided laser probe. a: laser probe. b: fiberscope; Cited 
from reference 52, with permission. 

Figure 20. AS-guided therapeutic tools. 

 

 
A: Atheroma protruding into the lumen following balloon angioplasty (arrow); B: During removal of the atheroma by the atherectome. 
Arrow: atherectome tip; C: Removal of the atheromatous tissue by atherectomy was confirmed using AS (arrow). 

Figure 21. Removal of residual atheroma by an AS-guided atherectome. 
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A: Total occlusion of the right superficial femoral artery observed using angiography (arrows); B: 
During thermal laser angioplasty. Arrow: laser tip; C: Complete recanalization after laser angioplasty 
(arrows), confirmed using angiography; D: Angioscopic appearance before laser angioplasty. Using AS, 
the proximal end of the occluded segment was composed of a yellow plaque with a small red thrombus 
on it. Arrow: small residual lumen; D-1: During laser angioplasty. The laser probe can be clearly seen 
using AS (arrow); D-2: After laser angioplasty. The occluded segment was recanalized, but carbonized 
tissue remained on the luminal surface (arrow). Cited from reference 53, with permission. 

Figure 22. A 70-year-old male with total occlusion of the right superficial femoral artery who underwent AS-guided thermal 
laser angioplasty. 
 

 
A: Schematic representation of venous valvuloplasty procedure; B: During valvuloplasty. Arrow: su-
ture needle; C: Following valvuloplasty. Complete coaptation of the two valve leaflets was achieved 
(arrow). Cited from reference 25, with permission. 

Figure 23. AS-guided valvuloplasty of femoral vein. 
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Hoshino and his coworkers, with successful results (Fig- 
ure 23) [27]. Recently, AS-guided venoplasty of the sa- 
phenous vein has been widely performed, with benefi- 
cial effects. 

gates, thereby indicating that the matter was composed of 
fibrin dominant segments and platelet dominant seg- 
ments. Following additional application of fluorescein, 
which stains platelets, the white segments exhibited fluo- 
rescence, by excitation at 470 nm and emission at 515 
nm, confirming that the white segments were composed 
of platelets. 

14. New AS Techniques 

14.1. Dye-Staining AS for Tissue Imaging 

In the field of coronary AS, dye-staining AS is widely 
used for molecular or tissue imaging of the coronary wall 
and thrombi using biocompatible and low-molecular dyes. 
This technology is not yet used systematically in any 
areas other than coronary disease [39]. 

14.2. Cellular Imaging Using Intravascular 
Microscopy 

We devised a rigid angiomicroscope that magnifies the 
target up to ×350. Use of this angiomicroscope is limited 
to straight vessels such as the femoral or iliac artery, not 
curved or tortuous vessels (Figure 25). 

Figure 24 shows white-to-yellow matter in the abdo- 
minal aorta. This matter exhibited blue and white colors 
in a mosaic pattern after topical application of Evans blue 
dye, which stains fibrin blue but not stain platelet aggre-  

Using this angiomicroscope, foam cells in the disrup- 
ted plaque can be clearly discerned (Figure 26) [38]. 

 

 
A: A yellow-to-white mass observed in a saccular abdominal aorta; B: The mass partially stained blue 
with Evans blue dye but other segments remained white (arrow); C: The white segment of the mass ex-
hibited fluorescence after administration of fluorescein, indicating that this segment was composed of 
platelets. 

Figure 24. Dye-staining and fluorescent AS of thrombus composition. 
 

 
A: Lateral view of the angiomicroscope. a: light guide. b: image guide. c: rod lens; B: Scale observed 
using the angiomicroscope. The discrimination power was 10 μm; C: Schematic representation of an- 
giomicroscopic procedure. FA: femoral artery; CIA: common iliac artery; Ao: aorta. Cited from refer- 
ences 34 and 35, with permission. 

Figure 25. Angiomicroscope for cellular imaging. 
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A: The luminal surface of the dilated iliac segment examined using a conventional angioscope. Arrow: 
the segment observed using angiomicroscopy; B: Foam cells observed using angiomicroscopy (arrow); 
Cited from reference 35, with permission. 

Figure 26. The right external iliac artery examined using an angiomicroscope following balloon angioplasty in a 62-year-old 
male. 
 
14.3. Molecular Imaging Using Fluorescent AS 

Molecular imaging of substances comprising atheroscle-
rotic plaques has been intensively studied using a variety 
of imaging techniques. We succeeded in in vivo imaging 
of oxidized low density lipoprotein in the coronary artery 
wall of patients with coronary artery disease [40,41,54]. 
This technique may contribute to the understanding and 
evaluation of molecular targeted therapies of vascular 
disease. 

15. Future Prospects 

The major cause of aortic and peripheral artery diseases is 
atherosclerosis, as in the case of coronary artery disease. 
Until now, a number of imaging techniques have been 
applied to the imaging of the cells such as macrophages, 
and substances comprising atherosclerotic plaques such 
as lipids (cholesterol, cholesterol esters and triglyceride), 
lipoproteins, apolipoproteins, calcium compounds and en- 
zymes, in order to clarify the molecular mechanisms of 
atherosclerotic disease, as well as vascritis such as arteri- 
tis and aortitis, the mechanism of which are not well un- 
derstood. 

Although invasive, angioscopy is a high resolution 
imaging technique and therefore useful for molecular 
imaging and for the guidance and evaluation of molecu- 
lar targeted therapy for vascular disease. Clinical appli- 
cation of fluorescent angioscopy has commenced for 
molecular imaging of coronary and myocardial disease. 
This technique will soon be applied to peripheral and 
great vessels in the clinical situation. 

16. Conclusions 

Recent advances in AS technology allow us to examine 
the vascular interior. This imaging technology is now  

used for the diagnosis of vascular diseases, evaluation of 
surgical and interventional therapies, and guidance of in- 
terventions. AS will also be employed, as in coronary 
artery disease, for cellular and molecular imaging to cla- 
rify the underlying mechanisms of congenital and ac- 
quired vascular diseases, and for molecular targeted therapy. 

We developed or obtained the AS systems and data 
presented in this article prior to 2000. We anticipate that 
new imaging technologies will be developed and further 
contribute to the diagnosis and treatment of vascular dis- 
ease. 
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