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Abstract

Background: Optical coherence tomography (OCT) is a high-resolution imaging modality able to
provide near-histological images of vessel walls making it possible to distinguish intima and media
layers of the vessel wall separately. The use of this imaging technique is increasing while data on the
variability and reliability is lacking. The aim of this study was to investigate the reproducibility of
frequency-domain OCT in vein grafts used for coronary revascularization.

Methods: Five pullbacks were analyzed by the same analyst with a 1-month delay (intraobserver) and
by two different analysts (interobserver). Five pairs of pullbacks from the same catheters and vein graft
were also analyzed (inter pullback).

Results: Optical coherence tomography showed low variability in intra- and interobserver analysis
with relative differences of mean media and intima thicknesses and areas of less than 5% for most pa-
rameters. Relative differences of the same parameters in the inter pullback analysis were in the 5—15%
range. Intra- and interobserver reliability was excellent (intraclass correlation coefficient [ICC] > 0.90)
for intima thickness and intima, media and intima-media area measurements. Inter pullback reliabil-
ity was good (ICC: 0.75-0.90) for intima and intima-media area measurements, and moderate to good
for mean intima thickness measurements (ICC: 0.79; 0.7338-0.8284).

Conclusions: Optical coherence tomography provides good reproducibility for the measurements of
parameters relevant for the development of atherosclerosis in vein grafts.

Clinical trial registration: ID NCT01834846. (Cardiol J 2020; 27, 5: 518-523)
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Introduction quality in-vivo images of the coronary vessel

wall [1]. OCT is being adopted worldwide as an

Frequency-domain optical coherence tomo- important part of clinical decision-making as well
graphy (FD-OCT) is a high-resolution intravascular as a promising research tool [2]. Historically, in-
imaging modality that generates near-histological travascular ultrasound (IVUS) has been the gold
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standard for evaluating the development of intimal
hyperplasia in coronary arteries and vein grafts
[3-5]. However, IVUS is not able to distinguish
between the intima and the media layers of the
vessel wall [6]. OCT provides superior resolution
by using near-infrared light instead of ultrasound
for image acquisition. This provides a more ac-
curate estimate of morphological properties such
as lumen diameter [7] and enables researchers to
differentiate between the different layers of the
vessel wall.

Previous studies have shown excellent intrao-
bserver, interobserver and inter pullback repro-
ducibility for quantitative OCT measurements of
lumen diameters and intimal hyperplasia thickness
as well as morphometric stent parameters in native
coronary arteries [8-10]. Clinical trials using inti-
mal hyperplasia measured with OCT as a marker
of development of atherosclerosis in vein grafts are
published [11-14]. However, studies investigating
the reproducibility of similar parameters in vein
grafts used for coronary artery bypass grafting
(CABG) are lacking. Different histological morphol-
ogy and increased diameters in saphenous vein
grafts (SVG) compared to native coronary arteries
could influence reproducibility of OCT.

Methods

Study population

This paper reports reproducibility data from
OCT images obtained from patients undergoing
CABG using SVG as a conduit for revasculariza-
tion. The patients were included in a single center
randomized trial on SVG harvesting [15]. The pa-
tients were examined with OCT 6 months following
surgery. The study is registered in Clinicaltrial.org
(ID NCT01834846). The study complied with
the Consolidated Standards of Reporting Trials
(CONSORT) criteria.

Image acquisition

Optical coherence tomography pullbacks were
obtained using commercially available, frequency-
domain system (ILUMIEN™ PCI Optimization Sys-
tem, OCT Intravascular Imaging System; St. Jude
Medical, St. Paul, MN, USA). A 2.7 F OCT imaging
catheter (Dragonfly; LightLab Imaging, Inc.) was
advanced into the vein graft after administration of
nitroglycerin (200 ug) into the graft. An integrated
automated pullback device was used with a speed
of 20 mm/s. The maximal pullback length allowed
by the system was 55 mm. The blood was cleared

by injection of isoosmolar contrast (Iohexol 350
mgl/L Omnipaque, GE Healthcare, Dublin, Ireland)
at 37°C with an injection pump (ACIST CVi Sys-
tem [ACIST Medical Systems Inc., Eden Prairie,
MN, USA]) through the guiding catheter during
image acquisition. The size of the vein graft was
considered from the angiography and subsequently
contrast flow rate and contrast volume given by
the Acist system. If the first pullback did not give
acceptable pictures, flow rate and volume was ad-
justed. These parameters were identical between
pairs of pullbacks undergoing intra-catheter repro-
ducibility analysis.

Allimages were digitally stored in the FD-OCT
system console and on DVD for later off-line
analysis.

Imaging analysis

Optical coherence tomography analyses were
performed at an independent core laboratory
(KCRI, Krakow, Poland). OCT pullbacks were ana-
lysed using OCT — Ilumien Optis, Offline Review
Workstation (St. Jude Medical, USA).

A single, individual analysis comprised of qual-
itative and quantitative assessment for each graft of
interest. OCT analysis was performed according to
current consensus standard [16, 17], which focused
on measuring thicknesses, areas for intima and
media separately. Lumen area was automatically
detected and contoured by the software and was
manually corrected by the analyst, if necessary.
The intima and media contours were delineated for
every 1 mm frame in the region of interest. Frames
without clear delineated intima-media border at the
entire circumference were excluded from analysis.
Intima thickness was defined as the thickness of
the high backscattering or signal rich area inside
the internal elastic lamina (IEL) in each frame of
the pullback. Media thickness was calculated as
the mean thickness of the low backscattering area
between the IEL and external elastic lamina (EEL)
(Fig. 1). Figures 2 and 3 show an example of the
maximum difference in media thickness measure-
ments between two separate analyses performed
by the same analyst (Fig. 2) and two independent
analysts (Fig. 3). For the inter pullback analysis,
matching of the frames between the pullbacks were
initiated by identifying one corresponding frame
visible on both recordings. After finding the cor-
responding frame, analysis was performed every
1 mm from this frame, assuring that it covered ex-
actly the same region of interest (the same vessel
fragment) as with the previous analysis.
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Figure 1. A. Vessel cross-sectional view; B, D. Magnified parts with media (white arrows); C, E. Corresponding frames
with lumen (inner green contour), internal elastic lamina (middle green contour) and external elastic lamina (outer
white contour) contours. The area between the lumen and the internal elastic lamina is the intima area, whereas the
area between the internal and external lamina is the media area.
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Figure 2. A. Bland-Altman plots of intraobserver measurements of intima area; B. Bland-Altman plots of interobserver
measurements of intima area; C. Bland-Altman plots of inter pullback measurements of intima area.
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Figure 3. A. Bland-Altman plots of intracbserver measurements of average intima thickness; B. Bland-Altman plots
of interobserver measurements of average intima thickness; C. Bland-Altman plots of inter pullback measurements
of average intima thickness.
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Statistical analysis

Five pullbacks with a total of 243 frames were
analyzed two times with a 1 month delay on the
same software under the same conditions by the
same analyst (intra-analysis). Five pullbacks with
a total of 258 frames were analyzed correspondingly
by two different analysts (inter-analysis). Different
frames were analyzed in the interobserver and the
intraobserver analysis. Five pullbacks with a total
of 258 corresponding frames were analyzed by the
same analyst on two different pullbacks obtained
from the same OCT catheter and vein graft (inter
pullback analysis).

Results of the first and the second measure-
ments were presented as a mean with 95% confi-
dence interval (CI) and as median with the first and
the third quartiles. Normality of distribution was
assessed using the Shapiro-Wilk test. Discrepan-
cies between the first and the second analysis were
calculated as absolute and relative differences and
were presented as means with 95% Cls. Intraclass
correlations were calculated as the main measure of
agreement along with the graphical representation
as Bland-Altman plots. The intraclass correlation
coefficients (ICCs) were calculated based on two-
way random effect models [18, 19].

Results

Results of intraobserver, interobserver and
inter pullback variability and reliability analysis
are presented in Tables 1, 2 and 3, respectively.
Bland-Altman plots of interobserver, intraobserver
and inter pullback intima area and intima thickness
measurements are demonstrated in Figures 2 and 3.
The variability of the measurements in the intra-
and interobserver analysis was low, the relative dif-
ferences of mean media and intima thicknesses and
areas were of less than 5% for most parameters.
Relative differences of the same parameters in the
inter pullback analysis were in the 5-15% range.
There were excellent intra- and inter-observer reli-
ability (ICC: 0.90-1.00) for intima and intima-media
area as well as diameter measurements. There
was good inter pullback reliability on intima and
intima-media area measurements (ICC: 0.75-0.90),
whereas the mean intima thickness measurements
showed moderate to good reliability. The reliability
of media thickness measurements was in general
poorer in all groups, this is likely due to the abso-
lute thickness being relatively small compared to
the other measurements.

Discussion

Reproducibility of measurements relating to
intimal hyperplasia was satisfactory for all variables
in the study. The results revealed that albeit satis-
factory, the inter pullback reproducibility was infe-
rior to the intra- and interobserver reproducibility.
There may be different reasons for this. Pullbacks
in the inter pullback analysis were matched frame
by frame, however 1 mm on one pullback does
not necessarily correspond to 1 mm on the other
pullback due to cardiac motion during the record-
ing process. Thus, it is possible that the matching
of each frame on the pullback did not correspond
100% with the the previous frames. The absolute
difference in small measurements from one frame
to the next were small, however relative difference
was large, corresponding to a lower ICC than what
may be expected.

The data reported here demonstrates the
morphological properties of each frame in the vein
grafts. Studies reporting vein wall properties are
likely to report mean values for segments of vein
grafts, not individual frames. This should provide
even better inter pullback reliability than that of
individual frames, as the problem of matching
frames is largely negated. Vein grafts are in general
quite large compared to coronary arteries. FD-OCT
relies on adequate flushing of blood to achieve
acceptable image acquisition. The present experi-
ence is that the contrast flow and volume during
the pullback must be sufficiently large to provide
adequate vein graft flushing during pullback. To
obtain this an injection pump for contrast was
necessary and several patients received multiple
pullbacks of their vein grafts before satisfactory
images were acquired. The combination of large
lumen, a thickening intima layer and the limited
penetration depth associated with OCT are the
main limiting factors when visualizing the vein wall.

Reproducibility of longitudinal measurements
was not investigated in this study, due to the lack of
landmarks for longitudinal measurements. The vein
grafts in this study were investigated at 6 months, and
as expected there was no evidence of atherosclerotic
disease or lesions other than diffuse intimal hyperpla-
sia. The aim of the study was to assess cross sectional
vessel wall characteristics. Longitudinal reproduc-
1hility should be investigated in vein grafts at a later
time point, focusing on atherosclerotic lesion length
or stent parameters in vein grafts after undergoing
percutaneous coronary intervention.

www . cardiologyjournal.org 521



JUBID1900 UOIIR[SII0D SSBJORIUI — DD)| {[BAISIUI 8OUBPHUOD — |

www.cardiologyjournal.org

Cardiology Journal 2020, Vol. 27, No. 5

[eg'0—¥L01 6L°0 [%6EVL-vL'6] %L0ZL [600011L°0-]1LL'0- [€2'1-9L°0] ¥6°0 [¥0"L-£6°0] LO'L [8L°L-09'0]1 6£°0 [¥6°0-68°0]1 06°0 eale eIpS|A
[¥8:0-9£°0] 180 [%£0°11-00'8] %756 [62°0 01 ¢¥"0-] GE'0— [oo—88¢] ov'E [8ge-9¢7¢€l Li'E [Loe-spelvie [Lee—coelzle eale ewnuj
[88°0-18'0] G680 [%L2°11-1£78] %66'6 [0¥°0 01 €5°0-] L0~ [sLg-zLel sev [09-9gv] 8y [eLv-ceel 96 [cLv-06°€]l LOY eaJe xa|dwod elpaw-ewnu|
[69:0-€5'0] 290 [%€8°Z1-60'8] %9¥'0L [L0°0 01 LO'0-] LO'O— [oL"0-£0'0] 80°0 [60°0-80°0] 80°0 [oL0-90°0] £O'0O [80°0-£0°0]1 80°0 uesawl ssawdIy3 eIps|
[eg'0-€£'0] 6L0 [%PvL0l-2L L] %€C'6 [£0°0 0110°0-] €0°0- [6€0-L2 0]l 2€0 [ve0-ze0]l €€°0 [se0-vc'0]l 62°0 [Le'0-62°0] 0E°0 uesw ssaudly} ewiu|
[€D-10] uelpay [12] ueaiy [eD-LO] uelpay [12] ueaiy
(121 [10] duatayp (191
991 aAIle[aa UBSIA| 82UBIBYIP UBSIAI ainseaw puodsag ainseaw jsii4
‘Aljigeljaa yoeq|nd Jalu| g a|qeL
JUBIDIYB0D UOIIR|BII0D SSB|ORIIUI — D) {|BAIBIUI BOUBPLUOD — |
[c6°0-£8°0]1 680 [%zvv-£9'L] %P0'€ [L0°0-03#0°0-]1 €0°0- [€0°L—-G/°0] 88°0 [£6°0-06°0] £6°0 [e0L-L£0] 280 [¥6°0-£8°0] 1L6°0 eale eIps|\
[860-96°0] £6°0 [%L1°0-¥1'L-] %190 [800-10°0] G0°0 [Lsv—c8cloLe [L6'€-L9°€]l 28'€ [69'7-8L7¢] L9°€ [eo-0L°€] L8'€ eale ewnu|
[86°0-£6°0] L6°0 [%9v'0-€8'0-] %8L°0~ [90'0-20°0-] 200 [Log-L9€l L'y [c6'v—65V] GLY [6v'G-09°€] €91 [v6'-09v] LL'Y eale X3|dwod elpaw-ewny|
[eg'0-€£'01 820 [%£8'7-06L] %8€€ [00°0—©01000-] 00'0— [80°0-£0°0] 80°0 [80°0-80°0]1 80°0 [80°0-90°0] £0'0 [80°0-£0°0] 80°0 uesw ssauddly} eipsjn
[86°0—-96'0] £6'0 [%£0°0-8L'L-] %980~ [Lo'0—00°0] LO'O [b¥'0-8z°0]l €€°0 [6e0-9¢°0] LEO [b¥'0—-8z'0] €€°0 [6€°0—9¢€0] 8€'0 Uesw ssaujdly} ewiu|
[€eD-LO] uelpay [12] ueay [€D-L0O] uelpay [12] ueay
[1o] [12] @auaiapp (1]
| aAIle[a1 UBBIA| 99UBIP UedA| ainseaw puodsag ainseaw 3s114
*Allj1qel94 J19AI8SqOJ8IU| " dlqeL
JUBIOI}O0D UOIIR|8II0D SSBJORIIUI — D] {|BAIIUI SOUSPIUOD — |
[L6'0-G8'0]1 880 [%6G5°L-2L V] %98'G  [50°0-0160°0-] L0'0- [0t'L—€8°0] ¥O'L [£11-80°L]€L"L [6€°L-£L70]1 860 oL L-L0°L1 90°L eale elpsA
[£6°0-G6°0] 96°0 [%vev-61c] %9 [60°0-019L°0-1€L'0- [LL€-0v'cl €8T [vee-L6el LLe [sge-LezlGLe [oL-g-98'2] 86°C eale ewnu|
[96°0-€6'0] G6'0 [%08'v—€L'€] %96'€ [GL'0-01GZ2'0-]1 00— [28¥-0S°€]l GL'Y [esv—80°V] €Z'¥ [Lov—vi€]l 86°E [£L¥-06€] vO'V eale xa|dwod elpaw-ewiu|
[eg'0-vL01 6L0 [%¥¥'9-66'¢] %LL Y [00°0-0110°0-]1000— [LL'0-£0°0] 60°0 [60°0-80°0] 60°0 [0L'0-£0°0]1 80°0 [60°0-80°0]1 800 uesaw ssaudIy} eipsjy
[86°0-£6'0]1 860 [%86°€—62'¢] %EL'E [L0'0-0110°0-]1L0°0— [E€0-8L°0] G20 [62°0-92°0]1 82°0 [e€0-8L°0] vZ'0 [8¢0-G¢'0] L2'0 uesw ssaujdly} ewiju|
[€D-LO] uelpay [12] ueay [€D-L0] uelpay [12] ueay
(121 [12] @auaiagp (191
| EY I ESRIEET Y 99U UedA| ainseaw puodsag ainseaw 3s114

"Aljiqerjal Janlasqoeiu] 'L ajqel

522



@Dystein Pettersen et al., Reproducibility of OCT in vein grafts

Limitations of the study

The reliability of results presented in this pa-
per are based on a limited number of pullbacks and
larger studies are warranted. Studies comparing
OCT and IVUS to histological specimen would be
ideal in providing assistance to determine a gold
standard for imaging morphological development
of vein grafts following CABG.

Conclusions

Optical coherence tomography provides
a reliable intraobserver, interobserver and inter
pullback assessment of vein graft intimal hyper-
plasia and other relevant parameters for assessing
vein graft morphology. Concluded herein, OCT is
a suitable tool for assessing early markers of vein
graft disease.

Conflict of interest: None declared
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