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Abstract
Aims: Coronary angioscopy (CAS) is a robust imaging methodology for evaluation of vascular healing 
response after stenting. However, the procedure requires a guiding catheter with a diameter of more than 
6 Fr, which is rather invasive at follow-up angiography. Recently, coronary angioscopes of a smaller dia-
meter have been able to pass through a 4 Fr guiding catheter. This study aimed to investigate the feasibility 
and safety of slender CAS observation using a 4 Fr guiding catheter.

Methods and results: Thirty-three consecutive patients who underwent follow-up angiography were 
evaluated. Following usual angiography via the radial artery, the stent segment was observed by non-occlu-
sive CAS through a 4 Fr guiding catheter. Low molecular weight dextran-L (4 mL/sec) was flushed from 
a guiding catheter to replace coronary blood. The success rate, anatomical or procedural factors related to 
the success, and incidence of adverse events were examined. The success rate was 84.8% (n=28/33). The 
luminal diameter at the orifice of the target vessel was larger in the successful than in the failed group 
(4.03±0.61 mm vs. 3.39±0.61 mm, respectively; p=0.009). The presence of deep engagement of the guid-
ing catheter into the target vessel was a key factor for sufficient observation (100% in the successful group 
vs. 0% in the failed group; p<0.0001). No adverse events, such as dissection or acute coronary syndrome, 
were reported.

Conclusions: The new method of CAS through a 4 Fr guiding catheter demonstrated high feasibility and 
safety. This less invasive observation via CAS may be useful for stent follow-up.
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Abbreviations
BVS	 bioresorbable vascular scaffold
CAG	 coronary angiography
CAS	 coronary angioscopy
ECG	 electrocardiogram
LMT	 left main trunk
LAD	 left anterior descending artery
LCx	 left circumflex
QCA	 quantitative coronary angiography
RCA	 right coronary artery
VLST	 very late stent thrombosis

Introduction
Although thrombotic events have decreased markedly since the 
introduction of second-generation drug-eluting stents in daily prac-
tice, life-threatening very late stent thrombosis (VLST) will never 
vanish. VLST originates from delayed arterial healing (or a persis-
tent uncovered stent), stent malapposition, hypersensitivity reac-
tion to the stent polymer, and neoatherosclerosis1. Furthermore, 
the bioresorbable vascular scaffold (BVS) is becoming common as 
a new device for the treatment of coronary artery diseases. At pre-
sent, scaffold thrombosis is the main ongoing limitation of BVS, 
attributed to the large strut thickness2,3.

In order to understand the pathogenesis of VLST or scaffold 
thrombosis in human beings, intravascular imaging is essen-
tial. Moreover, comprehending the vascular healing response in 
a stented segment provides helpful information about patient treat-
ment and is therefore clinically significant.

Coronary angioscopy (CAS) is a unique intravascular imag-
ing modality because the vessel lumen can be directly visualised. 
As shown in previous reports, growth of neointima and uncovered 
struts in the stented segment can be sufficiently evaluated by CAS4. 
In addition, CAS is capable of detecting intracoronary thrombi with 
high sensitivity. CAS is therefore one of the valuable tools for fol-
low-up examination after coronary stenting. However, conventional 
CAS requires a guiding catheter with a diameter of more than 6 Fr 
which is rather invasive, because a 4 or 5 Fr sheath and a catheter 
of the same diameter are commonly used at the angiographic proce-
dure for stent follow-up. CAS using a smaller diameter has recently 
become available, and an angioscope can pass through the lumen 
of a 4 Fr guiding catheter. Although the first-in-man case of CAS 
observation with a 4 Fr guiding catheter was reported previously, 
systematic data about this procedure are absent5.

The aim of this study was to investigate the feasibility and 
safety of a new procedure using CAS through a 4 Fr small dia-
meter guiding catheter for clinical use at stent follow-up.

Methods
SUBJECTS
The present study prospectively investigated 58 consecutive 
patients who underwent coronary angiography (CAG) for stent 
follow-up at Nippon Medical School Chiba Hokusoh Hospital 
between September 2016 and December 2016. Twenty-five 

patients were eliminated because of exclusion criteria, which were 
1) an aorto-ostial stent segment such as the left main trunk (LMT) 
or right coronary artery (RCA) less than 10 mm from the ori-
fice (n=7), 2) chronic renal failure (serum creatinine >2.0 mg/dL) 
(n=0), 3) decompensated heart failure (n=0), 4) history of ana-
phylactic shock caused by contrast media (n=0), 5) no consent to 
undergoing CAS examination (n=6), 6) in-stent restenosis (dia-
meter stenosis >50%) (n=3), 7) de novo stenosis in a stented 
branch (n=9), and 8) stent segment in a bypass graft (n=0). 
Thirty-three patients underwent CAS to observe the condition of 
deployed stents. The study flow chart is shown in Figure 1. The 
study protocol was approved by the Ethics Committee of our insti-
tute and an informed consent was obtained from all patients par-
ticipating in this study.

PROCEDURES
All procedures were performed through the transradial approach 
using a 4 Fr sheath. Four thousand units of unfractionated heparin 
were administered before the procedure and 50 µg of nitroglycer-
ine were administered to each coronary artery immediately before 
CAG. After ordinary CAG for stent follow-up, the stent segment 
was observed by CAS. A non-occlusive and short monorail type 
of coronary angioscope (Smart-i™ type S11; iHeart Medical 
Co. Ltd., Tokyo, Japan) (Figure 2) and a 4 Fr guiding catheter 
(Kiwami; Terumo Corp., Tokyo, Japan) were used. The diameters 
of the coronary angioscope were 1.2 mm at the tip and 0.6 mm 
at the shaft. The guiding catheter had a diameter of 0.055 inches 
(1.27 mm), enabling the angioscope to pass inside the catheter 
lumen. The appropriate shape of the guiding catheter was selected 
according to the anatomy of the coronary arteries, such as Judkins 
left (JL), Judkins right (JR), Amplatz left (AL), and Backup left 
(BL). After engagement of the guiding catheter into the target ves-
sel, a 0.014-inch guidewire was crossed over the stent segment. 
The angioscope was advanced along the guidewire distal to the 
stent through the guiding catheter. For removal of coronary blood, 
low molecular weight dextran-L at a flow rate of 4 mL/sec (total 

August 2015-December 2015
stent follow-up patients (n=58)

Exclusion criteria 1-8

CAS performed (n=33)

Delivery failure

CAS analysed (n=33)

Patients excluded (n=25)

Delivery failure (n=0)

Figure 1. Study flow chart. Twenty-five out of 58 stent follow-up 
patients were excluded according to the exclusion criteria. No cases 
of angioscope delivery failure were reported.
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volume of 36 mL) was flushed from the guiding catheter using 
the auto-injector. In the target stent segment, the angioscope was 
pushed and/or pulled back slowly and gently during the flush.

ENDPOINT
The primary endpoint was the success rate of CAS observation. 
Image quality was used to divide the obtained images into two 
groups: the successful group in which the quality was sufficient 
for evaluation of the stent segment due to continuously clear 
images with complete replacement of the blood, and the failed 
group in which observation was insufficient due to discontinuous 
images or no image acquisition owing to residual blood.

In addition, we analysed lesion characteristics contributing to 
successful observation of CAS as follows: location of the tar-
get vessel (left anterior descending artery [LAD], left circum-
flex artery [LCx], or RCA) and the stent segment (just proximal, 
proximal, mid, or distal), ostial diameter of the target vessel, ref-
erence diameter in the stent segment, lumen diameter at the tip 
of the guiding catheter, deployed stent diameter, deployed stent 
length, and achievement of deep engagement of the guiding cath-
eter into the target vessel. The just proximal segment was defined 
as the LAD or LCx ≤10 mm from the bifurcation. Vessel diameter 
and distance were analysed by quantitative coronary angiography 
(QCA) using QAngio XA, Version 7.2.34.0 (Medis medical imag-
ing systems bv, Leiden, the Netherlands). Deep engagement of 
the left coronary artery was defined as selective insertion into the 
LAD or LCx, and that of the RCA was defined as adaptation more 
than 10 mm from the orifice.

The secondary endpoint was estimation of the safety of the 4 Fr 
coronary angioscope. Procedure-related adverse events, such as 
changes in the electrocardiogram (ECG) during the observation, 
and the occurrence of coronary dissection and acute coronary syn-
drome were checked.

STATISTICAL ANALYSIS
All data were analysed using Statistical Package for Social Sciences 
(SPSS) software, Version 22.0 (IBM Corp., Armonk, NY, USA). 

All numerical data were expressed as the mean±standard deviation 
or the median (25-75% interquartile range), depending on normality. 
If the data were normally distributed, the values were expressed as 
the mean±standard deviation. If the data were not normally distrib-
uted, the values were expressed as the median (25-75% interquar-
tile range). The t-test was used to compare quantitative variables 
between groups, and chi-square analysis was used to compare quali-
tative data between groups. A p-value of <0.05 was considered to be 
statistically significant.

Results
PATIENT CHARACTERISTICS
Patient and lesion characteristics are shown in Table 1. The right 
radial approach accounted for 84.8% (n=28) of cases and the left 
side was chosen in the others. Delivery failure to the stent segment 
was not reported. Types of guiding catheter used were JL in 14, 
BL in four, AL in four cases for the LAD; JL in two, BL in two 
cases for the LCx; and JR in five, AL in one, BL in one case(s) 
for the RCA.

The location of the stent segments is also shown in Table 1. 
Among 33 cases, four cases had LMT lesions and one case had an 
aorto-ostial RCA; these segments were excluded from the analy-
sis because engagement of the guiding catheter conceals the stents 
in the aortic ostium. Finally, 60 segments of 33 vessels were ana-
lysed in this study.

SUCCESS RATE AND FACTORS OF SUCCESSFUL 
OBSERVATION
Among 33 patients, 28 patients (84.8%) were categorised as 
the successful group and five (15.2%) were placed in the failed 
group. Mean time of clear imaging in the successful group was 
5.7±2.5 sec. The proportion of cases in which the whole targeted 
stent was evaluated in the successful group was 42.9% (n=12/28). 
The ratio of observed length to whole targeted stent in the suc-
cessful group was 85.4% (77.0-100%). Haemodynamics, includ-
ing blood pressure and heart rate, laboratory data, and ejection 
fraction, were similar in both groups (Table 2). The success 

4 Fr guiding catheter
(Kiwami; Terumo Corp., Tokyo, Japan)

3,500 mm

1,550 mm

230 mm

0.6 mm (1.8 Fr)O.D. 1.2 mm (3.6 Fr)0.014"

cross-sectional view

4 Fr I.D.

0.050"
(1.27 mm)

Figure 2. Profile of Smart-i™ (type S11) and guiding catheter. The tip of the angioscope was 1.2 mm and the inner diameter of the 4 Fr 
guidewire was 1.27 mm.
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rate did not differ between the LAD, LCx, and RCA (86.4%, 
75.0%, and 85.7%, respectively; p=0.877). The segment-by-seg-
ment success rate was 70.0% (n=42/60) and the rate per location 
was 17.6% (n=3/17) for the just proximal site, 85.0% (n=17/20) 
for the proximal site, 94.4% (n=17/18) for the middle site, and 
100% (n=5/5) for the distal site. Just proximal segments showed 
a lower success rate than the other segments (just proximal seg-
ments 17.6% [n=3/17] vs. the other segments 90.7% [n=39/43]; 
p<0.001) (Figure 3). Table 3 shows the results of QCA analy-
sis. The reference diameter in the stent segment, lumen diameter 
at the tip of the guiding catheter, deployed stent diameter, and 
deployed stent length were not different between the successful 
and the failed groups. The ostial diameter of the target vessel 
was greater in the successful group than in the failed group (suc-
cessful group: 4.14±0.55 mm vs. failed group: 3.39±0.61 mm; 
p=0.009). The success rate was significantly higher in patients 
with deep engagement of the guiding catheter than in patients 

Table 1. Patient and lesion characteristics.

n=33

Age (years) 67.8±9.4

Gender, male (%) 24 (72.4%)

Body weight (kg) 64.1±10.0

Height (cm) 162.4±7.5

BMI (kg/m2) 24.3±2.7

Diagnosis before 
stenting

Acute coronary syndrome 13 (39.4%)

Stable angina 12 (36.4%)

Silent myocardial ischaemia 8 (24.2%)

Diseased vessel 1-vessel disease 14 (42.4%)

2-vessel disease 13 (39.4%)

3-vessel disease 6 (18.2%)

AHA/ACC type A 3 (9.1%)

B1 9 (27.3%)

B2 17 (51.5%)

C 4 (12.1%)

Previous CABG 1 (3.0%)

Previous myocardial infarction 17 (51.5%)

Coronary risk factor Hypertension 25 (73.6%)

Diabetes mellitus 20 (60.6%)

Dyslipidaemia 28 (84.8%)

Current smoking 21 (63.6%)

Stent follow-up period (months) 17.8±18.2

Ejection fraction on echocardiogram (%) 61.7±10.9

Targeted vessel LAD 22 (66.7%)

LCx 4 (12.1%)

RCA 7 (21.2%)

Location of stent 
segment (60 total 
segments)

Just proximal 17 (51.5%)

Proximal 20 (60.6%)

Mid 18 (54.5%)

Distal 5 (15.2%)

Data are presented as mean±SD or number (%). AHA/ACC: American 
Heart Association/American College of Cardiology; BMI: body mass 
index; CABG: coronary artery bypass grafting

Table 2. Comparison of clinical factors between successful and 
failed groups.

Successful 
group
n=28

Failed  
group
n=5

p-value

Haemo-
dynamics

Systolic blood 
pressure (mmHg) 127.1±17.9 140.2±16.9 0.141

Diastolic blood 
pressure (mmHg) 66.2±11.7 68.4±11.5 0.698

Heart rate (/min) 67.0±14.3 65.8±10.4 0.860

Labora-
tory data

Haemoglobin 
(mg/dl) 13.5±1.3 13.3±1.1 0.784

eGFR (ml/min) 67.0±17.1 64.8±21.2 0.802

BNP (pg/ml) 60.8±78.7 50.7±56.9 0.787

Ejection fraction on 
echocardiogram (%) 61.8±10.8 61.4±12.5 0.951

Data are presented as mean±SD. The p-values between groups were 
determined using t-test. BNP: brain natriuretic peptide; eGFR: estimated 
glomerular filtration rate
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Figure 3. Success rate of 4 Fr CAS. Patient-by-patient success rate was 84.8% and segment-by-segment success rate was 70.0%. Just proximal 
segments showed a lower success rate than the other segments. p-values between groups were determined using the chi² test. LAD: left anterior 
descending; LCx: left circumflex; RCA: right coronary artery



114

A
siaIntervention 2

0
1
8

;4
:110

-116

without. As shown in Figure 4, the successful group achieved 
100% deep engagement of the guiding catheter, while the failed 
group achieved 0% (p<0.001).

Table 3. Findings of quantitative coronary angiography.

Successful 
group
n=28

Failed  
group
n=5

p-value

Ostial diameter of target 
vessel, mm 4.14±0.55 3.39±0.61 0.009

Reference diameter in stent 
segment, mm 2.83±0.41 2.53±0.53 0.161

Lumen diameter at tip of 
guiding catheter, mm 3.09±0.43 2.75±0.54 0.124

Deployed stent diameter, mm 3.10±0.44 3.30±0.27 0.240

Deployed stent length, mm 30.6±15.2 25.2±17.8 0.678

Data are presented as mean±SD. The p-values between groups were 
determined using t-test.

p<0.001
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Figure 4. Association between procedural success and deep 
engagement of the guiding catheter. Deep engagement of the guiding 
catheter was the most important factor of the procedural success. 
p-values between groups were determined using the chi² test.

Figure 5. Representative cases of 4 Fr CAS for the LCx. Successful 
(A) and failed (B) cases are shown. The guiding catheter achieved 
a deep engagement position in the successful case (enabling the 
observation of neointimal stent coverage), while it did not in the 
failed case. The neointimal stent coverage of the successful case was 
Grade 1. Stent coverage could not be evaluated in the failed case due 
to the residual blood flow.

The innovation of fibre optics and laser technologies in the 
early 1980s helped the development of CAS6-9. As fibrescopes 
became flexible and thin, CAS was utilised for observation of 
coronary lumens in clinical practice. Two types of CAS cath-
eters have been used, each of which has its advantages and dis-
advantages: balloon-occlusion (FULLVIEW NEO™; FiberTech 
Co., Ltd., Chiba, Japan) and non-occlusion (Visible™; FiberTech 
Co., Ltd.). The monorail type of balloon-occlusion angioscope 
provides continuous images without residual blood. However, 
this invites transient myocardial ischaemia during the observa-
tion and has low delivery performance due to its large diameter 
and high rigidity. In contrast, the non-occlusion angioscope is 
easily deliverable, but with inferior image quality as compared to 
the occlusion angioscope. Moreover, a guidewire inside a micro-
catheter (over-the-wire catheter) is replaced by a fibrescope, and 
the wire is lost for the observation. Both types require a guiding 
catheter of more than 6 Fr in diameter. The systems and proce-
dures of CAS have changed little since the beginning of their 
development.

To the best of our knowledge, our study was the first to evaluate 
novel procedures using a slender CAS catheter. The current inves-
tigation was performed by a non-occlusive and 4 Fr-compatible 
system, which has the advantage of simplicity and less invasive-
ness over conventional procedures. In addition, a guidewire was 
left in the target vessel because of the monorail system of the 

Representative cases are shown in Figure 5. These included the 
successful case and the failed case of 4 Fr CAS carried out for the 
LCx. The guiding catheter in the successful case achieved selec-
tive insertion to the LCx, while that in the failed case did not.

ADVERSE EVENTS RELATED TO CAS PROCEDURES
In all cases, no transient ST-T changes on the ECG were found 
during the observation. No serious adverse events, such as coro-
nary dissection and acute coronary syndrome, were observed.

Discussion
The present investigation demonstrated that more than 80% of 
stent segments were sufficiently observed by slender CAS through 
a 4 Fr small diameter guiding catheter. The procedures were less 
invasive and quite safe.
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catheter. The guidewire is helpful for bail-out in case of unex-
pected complications including dissection, and this may help to 
guarantee procedural safety.

In our series, 84.8% of cases were sufficiently evaluated by the 
4 Fr CAS system. Previous studies have reported that the suc-
cess rate using an 8 Fr guiding catheter and the occlusion type of 
angioscope resulted in a success rate of 82-83%4,10. The occlusion 
type of angioscope cannot be delivered in the presence of severe 
tortuosity or calcification proximal to the target lesion. No cases 
of delivery failure were reported in the present study, suggesting 
that the current CAS catheter produced a delivery capability under 
back-up force by a 4 Fr guiding catheter. Although the definition 
of procedural success and the exclusion criteria were different 
from the previous reports, our observation showed a similar suc-
cess rate regardless of the small size of the 4 Fr guiding catheter. 
The first-in-man case of a 4 Fr CAS system was accomplished 
with flushing of iodine contrast media5. The current procedure, 
using low molecular weight dextran-L, was less invasive com-
pared to the previous procedure.

According to our results, deep engagement of the guiding cathe-
ter into the target vessel and its diameter at the ostium were related 
to the success rate. In particular, deep engagement of the guiding 
catheter was a key factor of the procedural success. Deep engage-
ment of the guiding catheter and consequent selective injection 
of low molecular weight dextran-L was able to wash out coronary 
blood efficiently, and this provided clear images without residual 
blood. The ostial diameter of the target vessel was another fac-
tor of the procedural success. In general, a large vessel makes 
CAS observation difficult because of the large amount of coro-
nary blood that needs to be washed out. However, a large vessel 
diameter was a favourable condition for the observation. Although 
the precise reasons were unclear, large vessels may facilitate deep 
engagement of the guiding catheter and enable good washout of 
blood. The tip of the guiding catheter with a small diameter is 
flexible, and a 4 Fr guiding catheter may allow deep engagement 
easily and safely. This is the one of the most important advan-
tages of a small diameter system when performing CAS. The 4 Fr 
system provides sufficient observation even when the mother-and-
child catheter system is necessary if performing CAS with a larger 
diameter guiding catheter. No major complications were reported 
in this study. From the viewpoint of safety, our procedures were 
acceptable for clinical use.

Limitations
Several limitations in the present study must be noted. First, our 
report is a single-centre trial with a relatively small population and 
is limited to patients evaluated for neointimal stent coverage with 
no restenosis. In addition, the selection of the guiding catheter 
depended on each operator. Operators selected the tip shape of the 
guiding catheter according to the anatomy of each vessel. These 
biases may have affected the procedural success and occurrence 
of adverse events using 4 Fr CAS. Second, aorto-ostial lesions 
were excluded from the analysis. We excluded these lesions on 

the grounds that the tip of the guiding catheter disturbs observa-
tion of the ostial RCA or LMT. Given the low success rate even 
in the just proximal segment of the LAD or LCx, 4 Fr CAS would 
be unsuitable to observe ostial lesions. However, this disadvantage 
might also be applicable to CAS with the larger diameter system. 
Actually, in balloon-occlusion type CAS, the ostium including 
the LMT is invisible because of the approximately 2 cm distance 
between the catheter tip and the occlusion balloon. Third, the pre-
sent study categorised several cases into the successful group in 
which the neointimal coverage was only partially observed. We 
need to recognise the difficulty of observing just proximal seg-
ments, as shown above. Nevertheless, the average consecutive 
observation time of 5.7 sec and the observed length ratio of 85.4% 
against the whole targeted stent length in our successful group are 
considered to be relatively adequate to evaluate neointimal cov-
erage after stent deployment. Fourth, the present study evaluated 
only procedure-related adverse events during the CAS procedure; 
it did not assess the events after the procedure such as 1-day, 
7-day, or 30-day events. Nevertheless, no complications during 
the CAS procedure occurred in the present study. We consider that 
this result substantially endorses its safety.

Historically, CAS contributed towards the illumination of the 
pathogenesis of acute coronary syndrome4 and the identification 
of vulnerable plaques as its origin11. Although we focused on 
implanted stents in this study, 4 Fr CAS could contribute consider-
ably to every situation in daily practice, including stent follow-up 
and plaque evaluation. Moreover, it has the potential to become an 
important technique for follow-up of new devices (such as BVS) 
in the near future.

Conclusions
In conclusion, the present study is the first-in-man report showing 
the feasibility, safety, and lesser invasiveness of CAS with a 4 Fr 
slender system.

Impact on daily practice
CAS is a robust imaging methodology for evaluating vascular 
healing response after stenting. Conventional CAS generally 
requires a 6 Fr guiding catheter and is rather invasive for stent 
follow-up. This study demonstrated a high success rate and the 
safety of CAS with a slender 4 Fr system. It could contribute to 
every situation in daily practice, including stent follow-up and 
plaque evaluation.
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