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Optimal Morphological Criteria Evaluated by Intravascular Ultrasound to
Predict Future Clinical Outcomes in The Complex Percutaneous Coronary

Intervention Lesions

Abstract

Background: Intravascular ultrasound (IVUS) guidance of stent implantation can help
optimal stent deployment in comparison to angiographic guidance alone. Thus, 1VUS
guidance might enhance short and long-term clinical outcomes of cases performing
percutaneous coronary intervention (PCI). The purpose of this work was to investigate the
optimal morphological criteria evaluated by IVUS to predict the clinical outcomes in PCI of
complex lesions.

Methods: This observational prospective study was carried out on 56 patients who
underwent PCI for complex coronary lesions guided by IVUS. All patients were subjected to
standard 12- lead electrocardiogram (ECG), routine laboratory examinations [complete blood
count (CBC), blood urea and serum creatinine, prothrombin time, and international
normalized ratio (INR)], echocardiography, coronary angiography, PCI and 1VUS guidance
(both pre and post stenting).

Results: 7 of 45 cases with coronary bifurcation lesion (CBL) were treated with a two-stent
technique that was planned upfront in 5 of them and was applied as a bail-out strategy in 2
cases. Whereas, in the remaining 38 cases, provisional stenting strategy was adopted and
ended up with one-stent technique that went smooth and uneventful as guided and optimized

by adjunctive IVUS. Only one patient (2%) had a non-fatal myocardial infarction 4 months



post-index procedure. No incidence of other composite endpoint was encountered during the
6 months follow-up period of the study.

Conclusions: Intravascular ultrasound (IVUS) guidance is associated with favourable
procedural and clinical results for cases undergoing complex PCI procedures. This well-
established evident role of IVUS in complex PCI procedures is driven mainly by the insights
it offers that help better upfront procedural planning in addition to acute procedural result
optimization.
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Introduction:

Coronary angiography remains the gold standard test for the evaluation and diagnosis of
coronary artery disease (CAD) as well as for providing reliable effective therapeutic options.
But it has a critical limitation as it generates a 2-dimensional demonstration of a 3-
dimensional coronary lumen. So, it fails to delineate the anatomy accurately ™.

In addition, lesion features can impair and complicate accurate angiographic evaluation of the
disease severity as in patients of lesion foreshortening, eccentricity, angulations, diffuse
reference vessel disease, calcification, vessel overlap and streaming of contrast 1],

Complex coronary lesions show unique challenges to the interventional cardiologist and are
remaining connected with high risk as represented by higher rates of technical difficulties,
stent failure and procedural complications, their outcomes are often not satisfactory 2.

These complex lesions are classifiable by anatomic criteria, involving heavily calcific lesions,
thrombus containing culprit lesions, extremely tortuous or angulated vessels and chronic total
occlusions, or by location, as bifurcations, saphenous vein grafts and unprotected left main
4].

Intravascular ultrasonography (IVUS) has been an essential tool in the cardiac catheterization
laboratory for more than two decades, providing valuable information about the coronary
vascular lumen anatomy, dimensions, and wall. It has been found to be more accurate and
reproducible than traditional angiography for assessing the severity of atherosclerotic disease
[1, 5, 6]_

Compared to angiographic guidance alone, 1IVUS guiding of stent implantation leads to
optimal stent deployment. Thus, IVUS guidance might improve short and long-term clinical
results of cases performing percutaneous coronary intervention (PCI) ")

Thus, it is important to evaluate IVUS driven morphological criteria needed to optimize PCI

of complex lesions and their role in prediction of clinical results.



The purpose of this work was to analyse the optimal morphological criteria evaluated by
IVUS to predict the clinical outcomes in PCI of complex lesions.

Patients and Methods:

This observational prospective study included 56 cases who had unprotected left main
lesions, bifurcation lesions, calcified lesions, chronic total occlusions (CTO), thrombus
containing lesions, stent failure revascularizations and saphenous vein graft lesions. They
underwent PCI for complex coronary lesions guided by IVUS in the period from July 2019 to
May 2021.

Exclusion criteria were unsuccessful PCI procedure, intolerance to contrast media,
indications for urgent coronary artery bypass surgery (CABG) and cardiogenic shock.

All cases were subjected to history taking, complete clinical assessment, standard 12- lead
ECG, routine laboratory analyses [complete blood count (CBC), blood urea and serum
creatinine, prothrombin time and international normalized ratio (INR)], echocardiography,
coronary angiography, PCI and 1VUS guidance (before and after stenting).

Coronary angiography

Significant coronary lesions are defined according to 2018 ESC/EACTS Guidelines on
myocardial revascularization as left main lesion lesions more than 50 % stenosis, or proximal
left anterior descending artery (LAD) lesion more than 50 % stenosis, or more than 90 %
stenosis in other LAD segments or 70 — 90% stenosis in other major coronary vessel with
non-invasive evidence of myocardial ischemia.

Calcification was categorised as moderate (radiopacities noticed only with cardiac motion
before contrast injection) or severe (radiopacities noted only with cardiac motion before
contrast injection) (radiopacities noted without cardiac motion before contrast injection
generally compromising both sides of the arterial lumen). Aorto-ostial lesion was located

within 3 mm of the origin of an epicardial artery arising from the aorta. Coronary perforation



was demonstrated by dye extravasation during or after the interventional operation and
categorized as type | (extraluminal crater), Il (myocardial or pericardial blushing), or Ill
(contrast streaming or cavity spilling) °!. A computer-aided, automated algorithm (QAngio
XA 7.3; Medis Medical Imaging Systems, Leiden, The Netherlands) was utilized for
quantitative analysis employing Standard Methodology ™.

PCI: All procedures were 1VUS-guided, were performed and patients received medications
during and after procedures according to the current PCI guidelines . The used stents were
all second-generation drug eluting stents.

IVUS guidance:

IVUS was performed using 1 of 3 commercially available systems (OptiCross, Boston
Scientific Corporation, Maple Grove, Minnesota; Refinity, Philips, Rancho Cordova,
California. Kodama HD, ACIST Medical Systems, Eden Prairie, Minnesota) and automated
pullback at 0.5 mm/s or 1.0 mm/s. IVUS run was performed before and after stenting, IVUS
catheter was advanced at least 10 mm distal to the lesion after intracoronary administration of
nitroglycerin (100 to 200 mg). All IVUS images were stored onto a DVD thereafter for off-
line measurements using echoPlaque 3.0 (INDEC Medical Systems, Inc., Mountain View,
California). IVUS measurements were done by the treating physician and > 1 experienced
IVUS technician.

Pre-stenting IVUS run was used to assess lesion severity and morphologic characteristics as
composition of plaque, degree of calcification in the plaque to guide the decision of using
atherectomy (rotational or orbital) or cutting balloon or to use the regular semi-compliant
balloon if no extensive calcifications is there. Calcium was hyperechoic plaque with acoustic
shadowing and was classified as superficial when the calcium's leading edge was within the

superficial 50 percent of the plaque. Severe calcium was maximum superficial calcium arc

=270° . Protruding calcium was convex-shaped calcium in the lumen. Calcified nodule



(CN) was defined as protruding calcium with distinct IVUS features: irregular convex
luminal surface and is typically eccentric 4.

Reference segment was defined as a cross-sectional image adjacent to the lesion with less
than 40 percent plaque burden. The diameter of the stent was computed using the lumen
diameter of the distal reference (ratio of 0.8 to media diameter or 1:1 to lumen diameter).
IVUS was used as well to determine the length of the stents by calculating distance between
proximal and distal landing zones with no or less than 50% plaque burden 2.

In moderate left main lesions, IVUS was used to calculate the minimal lumen area (MLA) to
evaluate the lesion significance, defining the lesion significant if MLA is less than 6 mm?. In
moderate non-left main lesions, IVUS was used to measure MLA. For vessels larger than 3.5
mm the lesion will be stented if MLA is <3.6 mm?, for vessels larger than 3 mm but smaller
than 3.5 mm, lesion will be stented if MLA is < 2.7 mm?, for vessels smaller than 3 mm the
lesion will be stented if MLA is < 2.4 mm? ¥,

Post-stenting IVUS run was done to detect stent apposition, expansion and edge
dissection/hematoma with proper management accordingly thereafter.

The proximal and distal reference segments were examined statistically and qualitatively for
stent edge dissections. Effective lumen cross sectional area (CSA) at the point of the smallest
lumen CSA during the dissection segment (lumen CSA minus area behind the dissection
flap), maximum dissection angle, and dissection length were measured .

Clinical follow-up:

Incidence of major adverse cardiac events (MACE) in the form of (Death, non-fatal
myocardial infarction or target vessel revascularization) was recorded at 1and 6 months after

hospital discharge.

Statistical analysis



Continuous data with a normal distribution have been expressed as the mean and standard

deviation. Categorical data have been documented as frequency and percent. Statistical

analysis was conducted using version 10.0 of SPSS (SPSS Inc., Chicago, Illinois).

Results:

Table 1 shows baseline clinical demographics.

Table 1: Baseline clinical demographics (n = 56)

Total (n=56)
Age, years 73.8+£12.2
Male sex 43 (77)
Hypertension 43 (77)
Dyslipidemia 40 (71)
Diabetes mellitus 29 (52)
Current smoker 24 (43)
Creatinine clearance <60mL/min 27 (48)
Prior myocardial infarction 12 (21)
Prior percutaneous coronary intervention 21 (38)
Prior coronary bypass grafting 25 (45)
Clinical presentation at index procedure
Stable angina 27 (48)
Unstable angina 24 (43)
Non-STEMI or STEMI 5(9)
Use of statin at admission 38 (68)
LVEF% 56.46+8.30

Data are presented as mean = SD or frequency (%). STEMI=ST-segment elevation myocardial infarction.

LVEF=left ventricular ejection fraction.

Table 2 shows target vessels, lesions characteristics and procedural details in the studied

cases.

Table 2: Target vessels, lesions characteristics and procedural details in the studied

patients (n=56)

Total (n=56)
Three vessel disease 28 (50)
Target vessel
Left main 34 (61)
Left anterior descending 38 (68)
Left circumflex 13 (23)
Right 4(7)
Saphenous venous graft 3(5)
Lesion type
Unprotected left main 21 (38)




Bifurcation 45 (80)
Calcified 46 (82)
Chronic total occlusion 4 (7)
Thrombus containing lesions 3(5)
Stent failure lesions 6 (11)
Saphenous venous graft lesions 3(5)
Diffuse 35 (63)
Focal 1(2)
Aorto-ostial 4(7)
Access site
Femoral 44 (79)
Radial 12 (21)
Total stent length, mm 46.8+25.0
Maximum stent size, mm 3.36+0.42
Maximum balloon pressure, atm 19.7+£3.3
Maximum device diameter, mm 3.72+0.51
Pre-maximum diameter stenosis, % 82.7£10.4
Final maximum diameter stenosis, % 1.7+0.5
Final TIMI flow 3 56 (100)
Contrast amount, mL 201+109
Radiation dose, mGy 26171734
Fluoro time, min 37+16
Procedural time, min 125446
Data are presented as mean + SD or frequency (%).
Table 4 shows morphological criteria evaluated by IVUS.
Table 3: Morphological criteria evaluated by IVUS
Total (n=56)
Pre-stenting morphological criteria
Plaque burden in treated vessels, % 78.5 +8.3
Maximum superficial calcium arc, ° 311 +42
Superficial calcium arc >270° 49 (88)
Calcified nodule 8 (14)
Thrombus 3(5)
Bifurcation lesions
Significant side-branch disease (upfront two-stent technique) \ 5(9)
Chronic total occlusion lesions
Intraplaque position of PTCA wire (along entire course of CTO body) 2 (4)
Partial subintimal position of PTCA wire 2 (4)
Stent failure lesions (underlying mechanism)
Marked stent under-expansion due to severe calcium 2 (4)
Stent fracture/mechanical deformity 1(2)
Protruding calcified nodule 1(2)
Late acquired stent malapposition 1(2)
Thrombosis of bioresorbable vascular scaffold 1(2)
Post-stenting morphological criteria
Suboptimal stent expansion / incomplete stent apposition 36 (64)




Acute procedural complications 6 (11)
Medial dissection with intramural hematoma 2 (4)
Perforation 1(2)
Geographic miss 1(2)
Longitudinal stent deformity 1(2)
Accidental stent crushing 1(2)
Data are presented as mean + SD or frequency (%).
Table 4 shows follow up and clinical outcomes in the studied cases.
Table 4: Follow up and clinical outcomes (n=56)
Total (n=56)
MACE
Non-fatal myocardial infarction 1(2)
All-cause mortality 0
Target vessel revascularization 0

Data are presented as frequency (%), MACE=major adverse cardiac events.

patient with significant ostio-proximal LAD lesion with distal left main (LM) that showed

ambiguous moderate stenosis by angiography, two IVUS pullbacks from both LAD and left

circumflex artery (LCX) were carried out to assess LM lesion, Minimal lumen area (MLA)

was more than 6 mm?, also ostial LCX showed no significant plagque burden/stenosis, so only

a single stent was deployed in ostio-proximal LAD with good results. Figure 1

(B) © (D)

(B

Figure 1: A) CAG showed distal LM moderate lesion (red arrow). B) LAD-LM IVUS
pullback showed calcific plaque with MLA at distal LM = 6.5 mm? C) LCX-LM IVUS
pullback showed calcific plaque with MLA at distal LM = 6.3 mm2. D) IVUS image at

ostial LCX showed no significant stenosis (MLA = 3.8 mm2, PB = 54%). E) IVUS image




at proximal LAD lesion, showed significant concentric calcific plaque with MLA =2.4

mm?,

Patient with mid LAD calcific lesion, IVUS run after pre-dilatation showed severe calcium
(360° calcium arc) with limited localized calcium fracture achieved by balloon, then orbital
atherectomy (OA) was used for adequate lesion preparation prior to stenting, final stent

expansion was satisfactory. Figure 2.

(A (B) (©
Figure 2: A) IVUS after balloon pre-dilatation, 360> Ca arc can be seen with some
fractures caused by balloon inflation, however, most of the calcium arc (2-3 quarters)
remained continuous. B) 1VUS post RA, islands of calcium can be seen widely separated
by multiple nice fractures, and lumen CSA is way larger. C) Final IVUS run post-
stenting with satisfactory stent expansion.

Discussion

IVUS also plays a pivotal role in guidance and optimization of PCI and can improve long-
term clinical outcomes. However, IVUS usage in regular PCI remains controversial due to
additional time needed and due to cost consideration ),

In the present study, only one patient (2%) had MACE in the form of non-fatal myocardial
infarction (MI). No incidence of other composite endpoints (i.e., death and target vessel
revascularization) was encountered during the six months follow up period of the research.

In agreement with the current research, Hong et al. *®! have recently investigated the effect of
pre-stenting 1IVUS on acute procedural as well as clinical results in a meta-analysis of four
clinical trials and concluded that, superior procedural results in terms of a bigger MSA and

larger angiographic minimal lumen diameter were detected in pre-stenting IVUS guided PCI
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procedures. Acute procedural outcomes were significantly favoured in the subset of patients
with acute myocardial infarction and small vessels lesions.

In ULTIMATE trial, IVUS identified optimal stent deployment criteria were: 1) the MSA in
the stented segment is >5.0 mm2, or 90% of the MLA at the distal reference segment; 2)
plaque burden (PB) less than 50 % in the segment 5-mm proximal or distal to the stent edge;
and 3) no edge dissection includes media with a length >3 mm .

In agreement with the clinical benefits proved by follow-up of cases enrolled in the present
research, Zhang et al. ™® reported that IVUS guidance has decreased overall MACE with
myocardial infarction, early and late ST, and mortality during follow-up of at least 1 year.

On contrary to the present study, Park et al. %! have denied any significantly different
outcomes between IVUS- and angiography-guided PCI in terms of MACE or stent
thrombosis or in-stent restenosis.

the present study reported that left main (LM) was revascularized in 34 cases (61%), of which
21 cases (38%) had unprotected LM. Acute procedural complications occurred in 2 cases;
MACE was detected in only one case of this subgroup in the form of non-fatal Ml in the six-
month clinical follow up period of the study.

In agreement with these findings, Hernandez et al. ®! have reported that IVUS guidance of
PCI with DES in LMS lesions is a predictor of less adverse outcomes. In contrast, the
absence of IVUS in LMS PCI has been established as a predictor of MACE, including
cardiac mortality, MI, the requirement for TLR, and ST.

Current study included 45 cases (80%) with bifurcation lesions (CBL). Two-stent technique
was planned upfront in 5 cases as guided by pre-stenting IVUS evaluation of side-branch. In
two cases with adopted provisional stenting strategy, post-stenting medial dissections with
large intramural hematoma complicated the procedure and were treated with bailout stenting.

One-stent technique was carried out in the remaining 38 cases with satisfactory results as
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guided and optimized by adjunctive IVUS. MACE was detected in only one case of this
subgroup in the six-month clinical follow up time of the study.

In agreement with the present study, Yang et al. ! have reported favourable clinical
outcomes in terms of lower incidence of MACE associated with 1VUS guidance of
bifurcation lesions PCI method in a recent systematic review and meta-analysis that included
five studies involving 7,830 cases with coronary bifurcation lesions.

In the present study, calcified lesions with at least moderate calcification by angiography
were found in 46 cases (82%). Pre-stenting IVUS evaluation demonstrated presence of
superficial calcium arc >270° in 49 cases (88%) and the presence of calcified nodule (CN) in
8 cases (14%). Atherectomy (rotational or orbital) was used in 32 cases (57%) for adequate
calcium modification/debulking followed by final optimum acute stent results. No MACE
was detected among this lesions subset during clinical follow up period of the research.

Ueki et al ® highlighted pre-stenting IVUS as a crucial tool to decide if the lesion requires to
be modified with atherectomy devices.

Current study included 4 CTO lesions that were successfully treated guided by IVUS (3 cases
antegradely and one case retrogradely). IVUS run after successful wire crossing delineated
position of the PTCA guidewire indicating partial subintimal course in 2 cases. Also, pre-
stenting 1VUS has identified mechanical factors that may be incriminated in progression of
the disease into CTO in 2 cases (both are in-stent CTO lesions), Post stenting IVUS guided
optimization of final procedural results was used. LSD complicated one case and was
managed successfully with appropriately sized high pressure balloon inflation. No MACE
was encountered among cases of this subgroup during clinical follow up.

In concordance with the present study, Okamura et al. *® stated that the usage of IVUS to
guide CTO PCI might be linked with significant decrease in major adverse cardiac event

frequency involving stent thrombosis.
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In the present study, two cases of ST were treated; IVUS showed incompletely resorbed BVS
in one case and in the other case, LASM of a first-generation DES associated with marked
positive remodelling of the vessel were detected. Choi et al. ! have emphasized the role of
IVUS in treatment of ST, it helps the operator to use appropriate stent size as it is usually
difficult to assess true vessel dimensions by Coronary artery angiography (CAG) in the
presence of large thrombotic burden, so the last stent outcome maight be suboptimal in lack
of IVUS guidance.

The present study included 6 cases with stent failure. IVUS guidance helped to establish the
process and choose the appropriate management accordingly.

In agreement with these findings, Hassan et al. * have conducted a meta-analysis which
involved persistent and late acquired malapposition in 2,080 cases from 5 randomized trials
of 1* generation DES and recommended that there was a rise of very late stent thrombosis
(ST) in patients with late stent malapposition versus those without late stent malapposition.

In the current investigation, three cases of SVG lesions PCI were included. In one case, graft
perforation complicated the procedure following aggressive NC balloon inflation to correct
stent malposition, this was managed by Covered stent (CS) placement with good results. In
another case, IVUS assessment of the lesion before stenting provided morphologic criteria
suggestive of thickened venous valve. No MACE was found in this subgroup during follow
up.

Chowdhury et al., ! included 37 participants of graft perforation in a review of all
participants of graft perforations. Risk factors for perforations involved: old grafts with more
than 80% luminal stenosis. Perforations were observed following usage of various cardiac
devices with stent placement (30%), balloon angioplasty (36%), post-dilation with NC
balloon (16%), guide wire perforation (1 case), post IVUS imaging (1 case) and one case

after use of thrombus extraction device.
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In the present study, 35 cases (63%) with diffuse lesions were treated successfully with IVUS
guidance. The case with reported non-fatal myocardial infarction during follow up period
showed diffuse disease at index procedure.

The TULIP study ! demonstrated favourable angiographic and clinical outcomes in patients
with long coronary lesions (> 20 mm) treated under IVUS guidance.

On the contrary, Kim et al. ! have compared 1\VUS guidance versus angiography guidance
for long coronary stenosis in a randomized study and concluded that the strategy of routine
IVUS for DES implantation in long lesions did not improve the 1-year MACE rates.

In the current study, aorto-ostial lesions were treated in 4 cases (7%). Post-stenting IVUS has
identified acute procedural mechanical complications in two cases (i.e., geographic miss in
one case and LSD in the other case) and they were managed properly under IVUS guidance
with optimum results. No MACE was encountered during clinical follow up of those patients.
In agreement with the present study, Costa et al. ! have reported higher frequency of
geographic miss in this subset of lesions; this is attributed to inadvertent movement of the
stent or the so-called melon seeding” phenomenon.

Limitations: Small number of cases involved in the study and short — term clinical follow up.
Conclusions:

IVUS guidance is associated with favourable procedural and clinical outcomes of cases
undergoing complex PCI procedures. This well-established evident role of IVUS in complex
PCI procedures is driven mainly from the insights it offers that help better upfront procedural
planning as well as acute procedural result optimization.

Ethical Approval and Consent:

An informed written consent was taken from all cases. The research conformed to the

Declaration of Helsinki. The institutional review board (IRB) of hospitals where study was

14



conducted approved research protocol; also, the study was approved by the ethical committee
of Tanta University.
List of abbreviations:

CABG: Coronary artery bypass surgery
CAD: Coronary artery disease

CAG: Coronary artery angiography
CBC: Complete blood count

CBL.: Coronary bifurcation lesion

CN: Calcified nodule

CS: Covered stent

CSA: cross sectional area

CTO: Chronic total occlusion

DES: Drug-eluting stent

ECG: electrocardiogram

ESC: European Society of Cardiology
INR: international normalized ratio
IRB: Institutional review board

IVUS: Intravascular ultrasound

LAD: left anterior descending artery
LASM: late acquired stent malapposition
LSD: longitudinal stent deformity

LDL: Low-density lipoproteins

LCX: left circumflex artery

LVEF: Left ventricular ejection fraction
MACE: Major adverse cardiovascular events
MI: Myocardial infarction

MLA: Minimal lumen area

MSA: Minimal stent area

NC: Non-compliant

OA: Orbital atherectomy

PB: Plaque burden

PCI: Percutaneous coronary intervention
SVG: Saphenous venous graft

ST: stent thrombosis

STEMI: ST-segment elevation myocardial infarction.
TLR: Target lesion revascularization
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