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Abstract
Aims: This proof-of-concept study aimed to investigate the clinical feasibility of a modified frequency 
domain optical coherence tomography (FD-OCT) procedure for imaging severely stenotic coronary artery 
lesions.

Methods and results: In total, 46 patients in whom clear images were unobtainable using conventional 
FD-OCT examination were consecutively enrolled in this study. Then, they were randomly divided into two 
groups: group A (FD-OCT examination using the new modified procedure, n=23), and group B (FD-OCT 
examination using a previously described procedure, the Yamaguchi method, n=23). The procedure success 
was 100% in group A and 86.96% in group B. Clear images of the proximal segment were obtained by 
both procedures for all patients. The percentage of clear images for the distal segment was 95.65% in group 
A and 85% in group B. Clear images of the maximal stenosis segment were 100% in group A and 95% in 
group B. However, these outcomes were not significantly different between the two groups. The amount of 
contrast agent used in group A was lower than that used in group B.

Conclusions: The new modified procedure can obtain clear images of severely stenotic coronary artery 
lesions. The difference in contrast volume is of statistical significance but may be of minimal clinical 
significance.
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Introduction
Frequency domain optical coherence tomography (FD-OCT) is 
increasingly used to assess coronary artery lesions in clinical prac-
tice. Compared with time domain optical coherence tomography 
(TD-OCT), FD-OCT has a higher pullback speed without neces-
sitating balloon occlusion of the artery1,2. However, the profile 
diameter of the FD-OCT catheter (approximately 2.7 Fr, 0.9 mm 
diameter) is larger than that of TD-OCT, which can occlude 
severely stenotic coronary artery lesions and cause insufficient 
distal contrast flushing and blood clearance, ultimately leading 
to poor OCT imaging and examination failure. Therefore, the use 
of FD-OCT is not recommended for severely stenotic coronary 
artery lesions with a minimum vessel diameter below 0.9 mm. 
Yamaguchi et al3 recently recommended a new FD-OCT imaging 
procedure that could better characterise severely stenotic coronary 
artery lesions. Their imaging protocol allowed the acquisition of 
approximately 5 cm of the coronary segment in 3.5 s, with a con-
trast medium volume of 14 ml (using a cardiovascular injection 
pump to deliver the contrast medium through the guide cathe-
ter at a rate of 4 ml/s for a total of 14 ml or 3.5 s). The new 
FD-OCT imaging procedure was an improvement over conven-
tional procedures, and images were obtained for most patients in 
whom conventional procedures had failed. Using their proposed 
procedure, the Dragonfly™ imaging catheter (St. Jude Medical, 
St. Paul, MN, USA) is first passed through the lesion and then 
retracted to a position proximal to the target lesion. The cathe-
ter is then passed through the target lesion again before initiat-
ing the pullback. Passing the catheter through severely stenotic 
coronary artery lesions twice is inconvenient and may damage the 
Dragonfly catheter. To image severely stenotic coronary artery 
lesions better, we modified the procedure of Yamaguchi et al. Two 
important adjustments were made: 1) the Dragonfly catheter was 
passed through the lesions just once, and pullback was triggered 
automatically when distal blood was cleared sufficiently, and 
2) 5 ml mixed liquid (saline and contrast 1:1) was injected manu-
ally to flush the blood before injecting contrast medium into the 
target coronary artery (flow rate 3 ml/s, volume 9 ml). This proof-
of-concept study aimed to analyse the new FD-OCT imaging pro-
cedure in patients with severely stenotic coronary artery lesions.

Editorial, see page 13

Methods
STUDY POPULATION AND PROTOCOL
In total, 46 patients with acute coronary syndrome (ACS) who had 
undergone unsuccessful FD-OCT imaging were enrolled consecu-
tively between December 2013 and December 2014. Examination 
failure occurred due to severely stenotic coronary artery lesions 
which resulted in insufficient distal contrast flushing and blood 
clearance. Patients were randomly divided into two groups, group 
A (n=23) and group B (n=23), as shown in Figure 1. Patients in 
group A underwent FD-OCT examination using the new modified 
procedure, and patients in group B underwent FD-OCT examina-
tion using the Yamaguchi et al procedure3. All patients provided 

Conventional procedure of FD-OCT examination

Success

Exclusion

Randomisation

Group B (n=23)Group A (n=23)

Enrolment into the study
(n=46)

Failure because of
severely stenotic lesion

Figure 1. Flow chart. Flow chart of the study protocol, showing the 
enrolment procedure. FD-OCT: frequency domain optical coherence 
tomography; Group A: FD-OCT examination using our modified 
procedure; Group B: FD-OCT examination using the procedure of 
Yamaguchi et al3.

written informed consent prior to coronary angiography and 
FD-OCT examination. The study protocol was approved by the 
local research ethics committee.

CORONARY ANGIOGRAPHY AND ANALYSIS
Coronary angiography was performed using a 6 Fr guiding cath-
eter through the femoral or radial artery, and images were acquired 
after 200 µg of nitroglycerine had been administered into the coro-
nary artery. All results were analysed at an independent core lab-
oratory. The quantitative coronary angiography (QCA) software 
package QCA-CMS (Medis medical imaging systems, Leiden, 
The Netherlands) was used for imaging analysis (Figure 2). The 
minimal lumen diameter, proximal and distal reference lumen 
diameters, diameter stenosis percentages, the total lesion length, 
and the length of maximal stenosis were measured.

OCT IMAGE ACQUISTION
The C7-XR™ FD-OCT™ system (St. Jude Medical) using an 
automatic pullback speed of 20 mm/s was used in this study. 
A 2.7 Fr Dragonfly catheter (St. Jude Medical) was used to 
acquire the images. The procedure was attempted using a 6 Fr 
guiding catheter through the radial artery, and the guiding catheter 
was placed coaxial to the left or right coronary artery, before pass-
ing a 0.014-inch guidewire through the target lesion to deliver the 
Dragonfly catheter.

In group A, the modified FD-OCT imaging procedure was per-
formed as follows: 1) a cardiovascular pump with a guide catheter 
was connected, 2) 5 ml of mixed liquid (1:1 saline and contrast) 
was placed into the injector (volume 5 ml) connected to the flush 
port of the Dragonfly catheter, air was ejected out of the Dragonfly 
catheter, then the catheter was connected to the pullback device, 
3) the Dragonfly catheter was passed through the target lesion, 
4) the pullback trigger of the FD-OCT system was set to auto-
matic and the system mode switched to live view, 5) the 5 ml of 
liquid was injected manually (flow rate ~1 ml/s), before injecting 
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the contrast medium into the coronary artery (flow rate 3 ml/s, 
volume 9 ml), 6) the catheter was automatically pulled back when 
the distal blood was cleared sufficiently, 7) when pullback was 
complete, contrast flush was discontinued, and the Dragonfly cath-
eter was retracted into the guide catheter.

In group B, the procedure proposed by Yamaguchi et al was per-
formed as follows: 1) a cardiovascular injection pump was con-
nected to the guide catheter, 2) an injector (volume 2 ml contrast) 
was connected with the flush port of the Dragonfly catheter, air was 
ejected out of the Dragonfly catheter, then the catheter was con-
nected to the pullback device, 3) the lesion size and the ability of the 
catheter to pass through were confirmed before retracting the cath-
eter to a proximal position, 4) the pullback trigger of the FD-OCT 
system was set to manual, the system mode switched to live view, 
and pullback enabled, 5) the contrast medium was injected into the 
target coronary artery (left coronary artery: flow rate 4 ml/s, vol-
ume 14 ml; right coronary artery: flow rate 3 ml/s, volume 12 ml), 
6) the Dragonfly catheter was passed through the target lesion 
and, as soon as positioning was complete, pullback was initiated, 
7) when pullback was complete, contrast flush was discontinued, 
and the Dragonfly catheter was retracted into the guide catheter.

ENDPOINT AND PARAMETERS
The primary endpoint was the proportion of patients in the two 
groups for whom clear images had been obtained. Clear images 
were defined as having a clear vessel lumen profile and target 
lesion segment (Figure 3). The images were assessed by two 
independent investigators, and the length of the target lesion was 
divided into three segments (maximum stenosis, distal and proxi-
mal); OCT imaging at the three segments was then analysed. The 
safety endpoint was complications associated with the FD-OCT 
examination, such as acute vessel occlusion, angina pectoris, dis-
section, significant arrhythmias and vasospasm. The amount of 
contrast medium was also recorded.

STATISTICAL ANALYSIS
Continuous variables are expressed as mean±standard devia-
tion and categorical variables as absolute numbers and percent-
ages. Differences between groups were assessed using Pearson’s 
χ² test or the Student’s t-test. A p-value <0.05 was considered 
statistically significant. Statistical evaluation was performed 
using dedicated software (SPSS 11.5 for Windows; SPSS Inc., 
Chicago, IL, USA).

Results
BASELINE CHARACTERISTICS
FD-OCT examination was performed in 46 patients who exhib-
ited ACS between December 2013 and December 2014. The 
demographic baseline, serological indicators, current treatments, 
and angiographic characteristics were not significantly different 
between the groups (Table 1).

OCT EXAMINATION AND RESULTS
The results of the OCT examinations are shown in Table 2. The 
OCT examination procedure was successful on the first attempt, 
and clear images were acquired in group A (Figure 3); however, 
clear images could not be acquired in three patients of group B 
due to insufficient distal contrast flushing and blood clearance. 
Therefore, the procedure success rate was higher in group A com-
pared with group B, but the results were not significantly different 
(100 vs. 86.96%, p=0.233). There were no complications associ-
ated with FD-OCT examination in group A. However, one patient 
in group B experienced angina pectoris which stopped after the 
examination ended. The OCT images were assessed from the max-
imal stenosis, distal, and proximal segments. Clear images of the 
proximal segment were obtained for all patients. The percent of 
clear images obtained from the distal segment (95.65 vs. 85%, 
p=0.465) and maximal stenosis segment (100 vs. 95%, p=0.465) in 
group A was higher than that in group B; however, the differences 
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Figure 2. Quantitative coronary angiography (QCA) analysis. A) Severely stenotic lesions in the right coronary artery (white arrow).  
B) QCA-CMS software from Medis for imaging analysis of the severely stenotic lesions in the right coronary artery.
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were not significant. The amount of contrast agent used in group 
A was significantly less than that in group B (7.87±1.01 vs. 
9.74±1.57 ml, p<0.001).

Discussion
OCT is useful for elucidating the morphologic characteristics of 
coronary plaques, with high sensitivity and specificity4-8. First-
generation OCT, TD-OCT, requires a balloon to block the coro-
nary lumen to acquire clear images. This disadvantage limits its 
clinical application. The second-generation OCT, FD-OCT, can 
achieve a rapid pullback speed of up to 25 mm/s with no need 
for balloon occlusion1,2. This advantage has expanded its clinical 
application. However, the catheter used in FD-OCT is larger than 
that in TD-OCT and may block the coronary lumen and cause 
blurring of the distal segment in severely stenotic coronary artery 
lesions. Severely stenotic coronary artery lesions are frequently 

Table 1. Baseline clinical and angiographic characteristics.

Group A
(n=23)

Group B 
(n=23)

p-value

Age (years) 54.8±11.4 58.6±10.9 0.258

Proportion of males, n (%) 16 (69.6) 15 (65.2) 0.753

Hypertension history, n (%) 12 (52.2) 14 (60.9) 0.552

Hypercholesterolaemia, n (%) 8 (34.8) 10 (43.5) 0.546

Current smoker, n (%) 13 (56.5) 11 (47.8) 0.555

Diabetes mellitus, n (%) 9 (39.1) 7 (30.4) 0.536

Systolic blood pressure, mmHg 117.2±20.6 123.1±17.1 0.304

Diastolic blood pressure, mmHg 72.1±15.4 73.7±13.9 0.724

Blood glucose, mmol/L 6.3±1.9 6.1±1.9 0.608

CHO, mmol/L 4.5±0.8 4.3±0.9 0.626

LDL-C, mmol/L 2.8±0.7 2.4±0.9 0.125

Medical treatment
Aspirin, n (%) 23 (100) 23 (100) –

Statin, n (%) 23 (100) 23 (100) –

ACEI/ARB, n (%) 9 (39.1) 10 (43.5) 0.765

ß-blocker, n (%) 9 (39.1) 9 (39.1) –

Coronary angiography
Minimum vessel diameter, mm 0.66±0.15 0.68±0.13 0.736

Maximal diameter stenosis (%) 81.06±3.87 79.69±4.44 0.27

Total length of lesion, mm 29.70±6.38 31.96±7.02 0.259

Length of maximal stenosis, mm 7.62±1.35 7.71±1.45 0.784

Proximal reference diameter, mm 3.51±0.28 3.34±0.35 0.156

Distal reference diameter, mm 3.11±0.25 2.98±0.28 0.104

ACEI/ARB: angiotensin-converting enzyme inhibitors/angiotensin 
receptor blocker; CHO: total cholesterol; LDL-C: low-density lipoprotein 
cholesterol; Medical treatment: the in-hospital treatment

Figure 3. Optical coherence tomography imaging achieved using the new procedure and the Yamaguchi et al procedure. OCT image of the 
new procedure: clear image segments show the distal side of the lesion (A), the stenotic lesion (C), and the proximal side of the lesion (D). 
OCT image of the Yamaguchi et al procedure: image segments show the distal side of the lesion (B), the stenotic lesion (E), and the proximal 
side of the lesion (F).

Table 2. Results of the FD-OCT examinations.

Group A
(n=23)

Group B 
(n=23)

p-value

Procedure success, n (%) 23 (100) 20 (86.96) 0.233

Clear images

Proximal segment, n (%) 23 (100) 20 (100) –

Maximal stenosis segment, n (%) 23 (100) 19 (95) 0.465

Distal segment, n (%) 22 (95.65) 17 (85) 0.323

Contrast medium, ml 7.87±1.01 9.74±1.57 <0.001

Complications, n (%) 0 (0) 1 (5) 0.465
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overestimated by coronary angiography due to the severe narrow-
ing of the lumen and may result in longer than necessary stent 
implantation. Therefore, FD-OCT is sometimes necessary to deter-
mine the appropriate stent length9. Conventional procedures fail to 
acquire clear images because the catheter occludes the coronary 
artery when traversing a severe stenosis. This prevents the contrast 
medium from flushing out the blood for clear imaging. Yamaguchi 
et al3 reported that their method could effectively and safely obtain 
clear images in severely stenotic coronary artery lesions for which 
conventional procedures failed. However, their proposed proce-
dure requires the catheter to be passed through the lesion at least 
twice, which is inconvenient and may damage the catheter. For 
this reason, the FD-OCT procedure was modified for the imag-
ing of severely stenotic coronary artery lesions. Two important 
modifications were: 1) the Dragonfly catheter was passed through 
the severely stenotic coronary artery lesion just once, and pull-
back was triggered automatically when distal blood was cleared 
sufficiently, and 2) 5 ml mixed liquid (saline and contrast 1:1) 
was first injected manually to flush out the blood before injecting 
contrast medium into the coronary artery (flow rate 3 ml/s, vol-
ume 9 ml). In this study, we compared our newly modified proce-
dure with that of Yamaguchi. The results of this proof-of-concept 
study showed that the modified procedure provided clear images 
without failure, whereas the method by Yamaguchi et al resulted 
in unclear images due to insufficient distal contrast flushing and 
blood clearance. The procedure success rate was 86.96% using the 
Yamaguchi method and 100% using the modified method. The 
procedure success rate was numerically, although not significantly, 
lower when using the Yamaguchi method compared with the mod-
ified method. Both procedures can acquire clear images from 
proximal segments; however, imaging the maximal stenosis and 
distal segments is more challenging due to contrast flushing and 
blood clearance. The percentage of clear images obtained from the 
distal (95.65 vs. 85%, p=0.465) and maximal stenosis segments 
(100 vs. 95%, p=0.465) was higher when using the modified pro-
cedure compared with the Yamaguchi procedure. The modified 
procedure was successful on the first attempt and without com-
plications; however, one patient (5%) experienced angina pectoris 
when undergoing the Yamaguchi et al procedure. In the study by 
Yamaguchi et al, clear images were obtained from the 20 patients 
enrolled. In the three remaining patients, OCT signal attenuation 
due to blood flow was observed due to inadequate blood clear-
ance distal to the lesion. The main reason for the success of the 
modified procedure was the use of a mixed liquid (saline and con-
trast, 1:1) to flush away blood in the maximal and distal segments 
before the injection of contrast medium. Although the results 
showed no statistically significant differences, the modified proce-
dure is more convenient than both Yamaguchi’s and conventional 
procedures and may reduce the risk of damaging the Dragonfly 
catheter. Successful imaging of the lesion ultimately leads to better 
guidance for stent implantation.

Another advantage of the modified procedure is the reduced 
use of contrast medium. Conventional procedures require repeated 

contrast injections, which can enlarge the coronary dissection and 
result in contrast-induced nephropathy10,11. The mean amount of 
contrast medium used for OCT in Yamaguchi et al’s study was 
35 ml, with a maximum of 56 ml. These contrast medium volumes 
were not sufficient for patients with longer lesions or those who 
required repeat interventional treatment. For the modified method, 
5 ml mixed liquid (saline and contrast, ratio 1:1) was injected 
(flow rate 1 ml/s) before the contrast medium was injected into 
the target coronary artery (flow rate 3 ml/s, volume 9 ml). The 
advanced flushing of blood distal to the lesion allowed precise 
timing for the contrast medium, and the automatic pullback trig-
ger also assured further contrast medium reduction. In this study, 
the modified method resulted in reduced contrast medium use 
compared with the method of Yamaguchi et al (7.87±1.01 vs. 
9.74±1.57 ml, p<0.001). The difference of approximately 2 ml 
contrast volume is of statistical significance but has minimal clin-
ical significance. We still hope that patients with severely sten-
otic coronary artery lesions that are much longer and often require 
repeat imaging, and patients who may have multivessel coronary 
stenosis, both of which lead to increased use of contrast medium, 
could benefit from this. In these cases, the modified FD-OCT pro-
cedure may be even more valuable.

Limitations
There are several limitations for this proof-of-concept study. First, 
the absence of any statistical differences may be due to the small 
sample size, so further studies are needed to verify the results. 
Second, the newly modified procedure is unsuitable for compli-
cated lesions. Third, no follow-up data from these patients were 
obtained, so additional effects were not discovered.

Conclusions
The newly modified procedure can effectively obtain clear images 
from severely stenotic coronary artery lesions, is more convenient 
and requires the use of a lower amount of contrast medium.

Impact on daily practice
Severely stenotic coronary artery lesions are frequently over-
estimated by coronary angiography due to the severe narrow-
ing of the lumen. This may result in a longer than needed stent 
implantation. Therefore, FD-OCT is sometimes necessary to 
determine the appropriate stent length. Conventional FD-OCT 
procedures fail to acquire clear images because the catheter 
occludes the coronary artery when traversing a severe steno-
sis. This prevents the contrast medium from flushing out the 
blood. The modified procedure developed in this study is clini-
cally feasible, is more convenient, and uses a slightly smaller 
amount of contrast medium compared with the procedure by 
Yamaguchi et al3.
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