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Aim: The aim of this study was to evaluate the feasibility of heparinised saline as flushing media for
frequency-domain optical coherence tomography (FD-OCT) image acquisition during percutaneous
coronary intervention (PCI) optimisation.
Methods and results: Twenty-seven patients undergoing FD-OCT—guided PCI were enrolled. Heparinised
saline was injected into the coronary during FD-OCT image acquisition. A total of 118 runs were analysed
for image quality and diagnostic value. FD-OCT runs were categorised as follows: good runs (GRs),
clinically usable runs (CURs) and clinically not usable runs (NURs); GRs and CURs were combined as
clinically effective runs (ERs). Saline FD-OCT enabled visualisation of all possible coronary lesions. Of the
118 runs analysed, 61%, 27.1%, 11.9% and 88.1% were GRs, CURs, NURs and ERs, respectively. Sixty-one
percent of total runs were left coronary system (LCS) and 39% were right coronary system (RCS) runs.
Among LCS runs, 55.6%, 30.6%, 13.8% and 86.2% were GRs, CURs, NURs and ERs, respectively. Among RCS
runs, 69.6%, 21.7%, 8.7% and 91.3% were GRs, CURs, NURs and ERs, respectively.
Conclusion: This is the first study to demonstrate the technical feasibility of isolated saline FD-OCT for
PCI optimisation.
© 2020 Cardiological Society of India. Published by Elsevier B.V. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Frequency-domain optical coherence tomography (FD-OCT)
imaging is an emerging and useful tool for percutaneous coronary
intervention (PCI) optimisation.! This coronary imaging modality is
safe with good reproducibility.>>* It uses near-infrared light for
image acquisition of the coronary vessel wall with a high resolution
of up to 10 pm.”> The high-resolution images obtained by FD-OCT
allow study of (1) coronary anatomy and pathology, including the
vessel wall, vessel size and lumen; (2) plaque characteristics; (3)
coronary erosion or plaque rupture as a mechanism of acute cor-
onary syndrome; (4) coronary dissections or recanalised thrombus;
(5) stent placement and (6) mechanism of in-stent restenosis.>’

Despite the various benefits of FD-OCT, its clinical applicability is
limited by contrast-induced nephropathy (CIN), which is acute
renal failure caused by exposure to iodine-based contrast media,
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used as the flushing agent for clearance of blood during image
acquisition.®? The risk factors for developing CIN include pre-
existing reduced renal function, age >75 years, heart failure, dia-
betes mellitus and female gender.®

Efforts are ongoing to find a contrast-saving alternative
approach for coronary FD-OCT. Low-molecular-weight dextran is
one of the options that have been explored as an alternative to
contrast for coronary FD-OCT.'>!!? Studies that compared low-
molecular-weight dextran with iodine-based contrast media for
coronary OCT image acquisition revealed no significant difference
regarding image quality between the two methods.'%!'> However,
the use of dextran has been found to be associated with nephro-
toxicity and anaphylactoid reactions.>* A colloid solution con-
taining starch known as Voluven is another flushing solution that
has been compared with iodine-based contrast in an experimental
setting. The results showed that a 50:50 mixture of contrast and
Voluven may be an efficient alternative to the contrast flushing
solution alone."”
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First-generation OCT or time-domain OCT (TD-OCT) uses
balloon occlusion proximal to the area of coronary interest, along
with injection of noncontrast agents, such as saline or Ringer's
lactate solution for blood clearance during image acquisition. This
technique is feasible and yields acceptable results,'® but coronary
occlusion during TD-OCT imaging coupled with its slow pullback
rate may result in an increased risk of ischaemia.'” This disadvan-
tage with TD-OCT is overcome by FD-OCT imaging, which can be
performed without balloon occlusion and with a faster image
acquisition time.!” However, iodinated contrast media are preferred
over noncontrast flushing solutions, such as saline or Ringer's
lactate for nonocclusion techniques, as high viscosity solutions may
be advantageous for complete blood clearance.'®

The use of saline as flushing media for FD-OCT image acquisition
has been studied in few preclinical,'® peripheral intervention'?°
and human carotid artery imaging studies.”’ There is a need to
further understand the feasibility of saline as flushing media for
coronary FD-OCT imaging so as to optimise the imaging technique
and avoid CIN as a result of use of contrast flushing solution. Hence,
we conducted the present study to examine the feasibility of hep-
arinised saline as flushing media for FD-OCT image acquisition
during PCI. Furthermore, we also compared the image quality and
diagnostic value of saline-mediated FD-OCT versus contrast-
mediated FD-OCT in one case.

2. Methods

This was a prospective observational study conducted at the
Department of Cardiology, Base Hospital Delhi Cantt, New Delhi,
India. The study protocol was reviewed and approved by the hos-
pital's ethics committee. The informed consent form was obtained
from all patients before enrolment in the study.

Patients aged >18 years, undergoing FD-OCT—guided PCI for
chronic stable angina or acute coronary syndrome (except patients
with ST elevation myocardial infarction) and willing to participate
in this study were enrolled into the study.

Imaging was performed using an FD-OCT intravascular catheter
system (ILUMIEN OPTIS imaging System; St. Jude Medical, Minne-
apolis, MN, USA). The imaging catheter used was Dragonfly Duo (St.
Jude Medical). Heparinised saline was injected into the coronary
system for blood clearance during OCT image acquisition. Manual
flushing was performed using the 30-mL Luer lock syringe. The
average amount of saline used for blood clearance in the right
coronary system (RCS) was 15 mL and the left coronary system
(LCS) was 18—20 mL. The guiding catheter was properly engaged
before image acquisition. Before every OCT run, 100 mcg of intra-
coronary nitroglycerine (NTG) was given to avoid catheter- or
saline-induced coronary spasm. Electrocardiographic and haemo-
dynamic changes were observed during pullback. A pullback length

Fig. 1. Saline FD-OCT frames: (A) normal coronary with guidewire effect (shown by a star), (B) all three layers of the normal coronary, (C) TCFA (arrow) with the large lipid core, (D)
arrow showing coronary dissection, (E) arrow showing a circumferential calcified lesion and (F) arrow showing a calcium nodule. FD-OCT = frequency-domain optical coherence

tomography; TCFA = thin-cap fibroatheroma.
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of 54/75 mm was taken for each run at the speed of 25 mm/s. Runs
were carried out, both before and after PCI, by a single operator
using heparinised saline as flushing media. All saline OCT runs were
analysed for image quality and diagnostic value, based on specific
parameters, by the study investigator experienced in reviewing
OCT images.

The OCT runs were divided into three categories: good runs
(GRs), clinically usable runs (CURs) and clinically not usable runs
(NURs). GRs were characterised by visualisation of the following:
(1) all three layers of the coronary vessel wall more than 270° of
circumference throughout the length of the run; (2) no blood swirl
in the run and (3) detailed coronary lesion and stent characteristics.
CURs were characterised by the following: (1) up to 270° vessel
wall visualisation; (2) visible blood in the run, but not hampering
the coronary lesion characteristics and minimum lumen area; (3) a
visible proximal and distal reference landing zone and (4) visual-
isation of stent strut apposition, stent edge dissection and plaque
prolapse. NURs were those in which no diagnostic information
could be obtained, largely because of poor clearance of blood. GRs
and CURs were further combined as clinically effective runs (ERs)
for PCI optimisation.

Statistical analysis was carried out using SPSS version 24.0. The
categorical variables were expressed as percentages, and contin-
uous variables were expressed as mean + standard deviation. The
chi-square test was used to compare the categorical variables. A p-
value less than 0.05 was considered as significant.

3. Results

A total of 27 patients undergoing FD-OCT were enrolled, and 118
runs (51 runs before PCI and 67 runs after PCI) runs were analysed.
There were no haemodynamic changes observed during saline OCT.
Transient electrocardiographic changes were observed, which were
found to be normal; there was no incidence of ventricular tachy-
cardia or cardiac arrhythmia during saline flush.

All the three layers of the coronaries were well visualised by
saline OCT (Fig. 1A and B) along with guidewire effect. Vulnerable
plaque characterised by thin-cap fibroatheroma (TCFA) with a large
lipid core was clearly visualised (Fig. 1C). All coronary lesions
including coronary dissections (Fig. 1D), more than 180° calcified
arc (Fig. 1E), calcified nodules (Fig. 1F), fibrotic plaques (Fig. 2A), in-
stent restenosis (Fig. 2B) and red thrombus (Fig. 2C) were visualised
clearly. Active coronary lesions characterised by TCFA (Fig. 2D),
subintimal macrophages (Fig. 2D) and cholesterol crystals (Fig. 2E)
were clearly appreciated. Supplementary Fig. 1 (video 1) and 2
(video 2) show pre- and post-PCI saline FD-OCT L-mode and cross-
sectional frames of the right coronary artery, respectively. Malap-
position, plaque prolapse and rendered stent view were clearly
appreciated, as shown in Supplementary Fig. 2. Both saline and
contrast-mediated FD-OCT were performed in one patient.
Supplementary Fig. 3 (video 3) and 4 (video 4) show pre-PCI left
anterior descending (LAD) artery runs with saline and contrast,
respectively, with the OCT catheter at the same position in this case.

Fig. 2. Saline FD-OCT frames: (A) fibrotic lesion (shown by an arrow head), (B) in-stent restenosis with arrows showing two layers of stent struts, (C) arrow head showing red
thrombus, (D) blue arrow showing TCFA with a cap thickness of 0.06 mm, red arrows showing intimal macrophages in the lesion and green arrow showing vasa vasorum and (E) red
arrow showing intimal cholesterol crystals. FD-OCT = frequency-domain optical coherence tomography; TCFA = thin-cap fibroatheroma.
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Fig. 3. Bar diagram showing image quality-wise distribution of saline FD-OCT runs in
the left coronary system and right coronary system. FD-OCT = frequency-domain
optical coherence tomography. GR = good run; CUR = clinically usable run; NUR =
clinically not usable run; LCS = left coronary system; RCS = right coronary system.

There was no difference in the image quality and measured vessel
parameters. Supplementary Figs. 5 and 6 show pre- and post-PCI
LAD artery saline OCT runs, respectively. Supplementary Fig. 1
(video 1) and 3 (video 3) were analysed as CURs, and
Supplementary Fig. 2 (video 2), 5 and 6 were analysed as GRs.

Supplementary video related to this article can be found at
https://doi.org/10.1016/].ihj.2020.03.013

Of the 118 runs analysed, 61% (72) were GRs, 27.1% (32) were
CURs and 11.9% (14) were NURs. ERs for PCI optimisation were
88.1% (104). Of the 118 runs, 61% (72) were LCS runs and 39% (46)
were RCS runs. The distribution of GRs, CURs and NURs among LCS
and RCS runs has been shown in Fig. 3. There was no statistically
significant difference between GRs, CURs and NURs among LCS
runs and the corresponding RCS runs. ERs were seen in 86.2% of the
LCS runs and 91.3% of the RCS runs. There was no significant dif-
ference in ERs between LCS and RCS runs.

4. Discussion

FD-OCT imaging is an emerging tool for PCI optimisation.! This
technology has been used extensively in coronary imaging to
augment conventional coronary angiography. It provides detailed
coronary lesion morphology with near-light microscope resolution.
It has many important clinical applications such as detection of
TCFA that is at a high risk of rupture®*?> and detection of stent strut
malapposition that is associated with late coronary stent throm-
bosis.>* Furthermore, OCT has been shown to detect these findings
with higher sensitivity than intravascular ultrasound (IVUS); the
acute malapposition rates detected with FD-OCT and IVUS have
been found to be 96.2% and 42.3%, respectively.”®

The clinical utility of FD-OCT is limited by the use of iodine-
based contrast as flushing media for image acquisition owing to
the risk of CIN.® Few small studies and case reports have used low-
molecular-weight dextran as an alternative to contrast for coronary
OCT image acquisition.'%''2 These studies showed no difference in
image quality between dextran and contrast and proposed dextran
as an alternative to contrast. However, dextran use is limited by its
cost, availability, risk of nephrotoxicity and anaphylactoid

reaction.”>'* Heparinised saline is a safe, cheap and commonly used
flushing solution during coronary intervention. Preclinical studies
have used saline as flushing media during OCT."® Saline has also
been used as an alternative to contrast for FD-OCT during periph-
eral interventions.'%%°

The present study used heparinised saline for coronary FD-OCT
image acquisition during PCI optimisation. This is the first study in
which isolated heparinised saline was used for coronary FD-OCT.
Simard et al'® showed that OCT with saline results in smaller area
and diameter values when than contrast-mediated OCT during
intravascular imaging using OCT in rabbits. In our study, intra-
coronary NTG was given before each saline OCT run to prevent OCT
catheter— and saline-induced spasm. The use of saline for FD-OCT
in our study was not associated with any haemodynamic
changes. Although there were transient electrocardiographic
changes, there was no incidence of cardiac arrhythmia or ventric-
ular tachycardia. A recent case series that assessed the feasibility of
the use of FD-OCT using iodinated contrast diluted with heparin-
ized normal saline also reported no haemodynamic or electrocar-
diographic changes or any other complications.?®

All the coronary lesions, including vulnerable plaque (i.e., TCFA),
coronary dissections, calcified lesions, fibrotic lesions, in-stent
restenosis, red thrombus, coronary vasa vasorum and active coro-
nary lesions with macrophages, were seen with saline OCT (Figs. 1
and 2). Post-PCI saline OCT clearly showed stent apposition, prox-
imal landing zone, distal landing zone, edge dissection, plaque
prolapse and rendered stent view (Supplementary Fig. 2). In a
single case, in which both saline and contrast were used, saline-
mediated OCT showed no difference in image quality and diag-
nostic value compared with contrast-mediated OCT
(Supplementary Figs. 3 and 4).

In the present study, 61% of total runs were GRs. Another 27.1%
of total runs were CURs as they had all the information required for
PCI optimisation. About 88.1% of saline OCT runs were ERs for PCI
optimisation. Studies have shown similar success rates with
contrast OCT image acquisition (93%).>” Although about 12% of the
runs analysed were NURs, saline FD-OCT with about 88% ERs may
be a feasible and better alternative in patients who may benefit
from avoidance of contrast.

Saline OCT was effective in both the RCS and LCS in our study,
and the difference in the percentage of ERs between the RCS and
LCS was not statistically significant. There was no adverse event
observed during and after saline OCT. The only prerequisite for
good saline OCT image was a properly engaged coronary catheter
for clearance of blood. This study showed that saline can be used as
a contrast-saving flushing medium for coronary FD-OCT with good
success rate (88.1%). This reduces the extra contrast load required
for coronary imaging during OCT-guided PCI optimisation, thereby
preventing the risk of CIN.

The limitations of this study include a lack of comparison of
image quality and diagnostic value of saline OCT images with that
of contrast OCT images in all cases. This could be done in only one
case that showed no difference in outcomes between the two
techniques.

5. Conclusion

This is the first study to demonstrate the technical feasibility of
coronary FD-OCT using isolated saline as a flushing medium. Both
saline and contrast were used in one case, and the image quality
and diagnostic value of saline OCT were found to be similar to those
of contrast OCT in this case. Saline OCT is safe and can be used for
PCI optimisation. Thus, an obligatory extra contrast load and
associated risk of CIN can be avoided during OCT-guided PCI
optimisation.
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6. Impact on daily practice

The use of contrast as flushing media for image acquisition
during coronary FD-OCT for optimisation of PCI procedures is
limited by CIN. This is the first study to demonstrate the technical
feasibility of coronary saline FD-OCT; 88.1% of runs were found to
be clinically effective and usable. Saline FD-OCT could be a potential
contrast-saving alternative for coronary PCI optimisation. Large-
scale studies in future comparing the efficacy and safety of
contrast-based FD-OCT and saline FD-OCT for PCI optimisation are
needed to further confirm these findings.
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