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ABSTRACT

Background: Percutaneous coronary intervention (PCI) using drug-eluting stents is an established strategy for the treat-
ment of significant obstructive coronary artery disease. Evidence supports that intravascular imaging-guided PCI offers
advantages over conventional angiography-guided PCI, though its use is limited, likely due to high costs. Angiography-
guided PCI relies on visual estimation, leading to inter- and intra-observer variability and suboptimal outcomes. Quanti-
tative coronary angiography (QCA) provides reliable information about vascular dimensions, overcoming these limitations.
Poststenting postdilation with appropriately sized noncompliant balloons improves outcomes by increasing lumen area and
reducing stent malapposition.

Aims: We investigated the procedural details of each modality used to guide PCI and assessed the utility of QCA-guided PCI
with routine postdilation when intravascular imaging is unavailable.

Methods and Results: A systematic search was conducted from inception to May 31, 2024, identifying nine randomized
controlled trials (with over 500 patients) that compared outcomes of PCI guided by intravascular imaging versus conventional
angiography or QCA. The findings indicate that intravascular imaging guidance significantly improves clinical outcomes
compared to angiography guidance. Notably, QCA-guided PCI with routine postdilation yielded outcomes comparable to those
achieved with intravascular imaging-guided PCI.

Conclusions: QCA-guided PCI with routine postdilation may be a viable alternative for improving PCI outcomes, especially in

settings where intravascular imaging is unavailable.

1 | Introduction

Percutaneous coronary intervention (PCI) using drug-eluting
stents (DESs) is an accepted therapeutic modality for the man-
agement of significant obstructive coronary artery disease [1, 2]. It
improves the prognosis of acute coronary syndrome and

ameliorates symptoms associated with chronic coronary syn-
drome. The clinical course following stent placement is variable,
as it is influenced by procedural results and individual patient
characteristics. Numerous efforts have been made to improve the
outcomes after DES implantation. Intravascular imaging offers
advantages over conventional angiography in evaluating

Abbreviations: DES, drug-eluting stent; Guide-DES, quantitative coronary angiography versus intravascular ultrasound GUIDancE for drug-eluting stent implantation; IVUS, intravascular
ultrasound; LAD, left anterior descending coronary artery; LM, left main coronary artery; OCT, optical coherence tomography; PCI, percutaneous coronary intervention; QCA, quantitative coronary

angiography.
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preintervention lesion characteristics, guiding stent deployment
and optimization, and identifying postintervention complications
[3]. Mounting evidence supports the benefits of intravascular
imaging-guided PCI over conventional angiography-guided PCI
[4]. However, its global implementation remains limited due to
affordability constraints for many catheterization laboratories and
patients [5, 6]. Hence, there may be a need for alternative prac-
tical approaches to improve PCI outcomes in settings where
intravascular imaging is not available.

To address this, a systematic search of the MEDLINE, Embase, and
Cochrane databases was conducted from inception until May 31,
2024. The search aimed to identify randomized controlled trials
comparing outcomes between PCI guided by intravascular imaging
and PCI guided by conventional angiography or quantitative cor-
onary angiography (QCA). Eligible studies were those that ran-
domly assigned patients undergoing PCI with drug-eluting stents to
either an intravascular imaging-guided group or an angiography/
QCA-guided group and reported clinical outcomes with a sufficient
sample size (> 500 patients). The study identification process is
illustrated in the PRISMA flow diagram (Figure 1). Twenty-one
randomized trials met the eligibility criteria; however, twelve trials
with small sample sizes or surrogate marker endpoints were ex-
cluded from the analysis. Ultimately, nine randomized clinical
trials were included. Additionally, a comprehensive review of ar-
ticles related to QCA was conducted, focusing on QCA-guided PCI
as an alternative approach to improving PCI outcomes when
intravascular imaging is unavailable.

1.1 | Angiography-Guided PCI

Coronary angiography remains the gold standard for evaluating
the suitability of the lesion for PCI and guiding the PCI pro-
cedure. Angiographic assessment of intermediate stenosis may
not reliably predict whether the stenosis can induce ischemia,
necessitating the acquisition of additional evidence of physio-
logical significance [1, 2, 7]. However, once PCI is planned for
an ischemia-producing lesion, it was traditionally performed
based on visual estimation, commonly referred to as
angiography-guided PCI.

In brief, the reference artery diameter can be estimated using
the guiding catheter size and predilated balloon sizes, while
lesion length may be determined using the balloon length (15 or
20 mm) [8, 9]. A balloon-to-artery diameter ratio of 1.1 is rec-
ommended for stent size selection and implantation [8, 10, 11].
Although a larger size aligns with the concept of “bigger is
better,” a balloon-to-artery diameter ratio exceeding 1.2 is
associated with a higher risk of coronary perforation or stent
edge dissection [12-14]. Therefore, meticulous attention to stent
sizing with a balloon-to-artery diameter ratio of 1.1 is crucial for
achieving optimal results without procedural complications.
Procedural success is conventionally defined as successful
placement of the stent at the target location with diameter
stenosis < 20%, normal antegrade flow, no flow-limiting dis-
section, and absence of major side branch occlusion based on
visual evaluation. Numerous studies have designated this
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methodology as the standard PCI technique since the intro-
duction of coronary stents. However, angiography-guided PCI
through visual estimation requires a substantial learning curve,
with large interobserver and intra-observer variabilities [9, 15],
which may constitute inherent limitations contributing to
suboptimal outcomes, particularly for inexperienced operators
[16, 17].

1.2 | Intravascular Imaging-Guided PCI
Intravascular imaging modalities, such as intravascular ultra-
sound (IVUS) or optical coherence tomography (OCT) serve as
both diagnostic and guidance tools for PCI [3]. Accurate dimen-
sion measurements, including the reference artery diameter and
lesion length, are crucial for selecting the appropriate stent and
optimizing implantation. However, to obtain a true cross-
sectional image, the imaging catheter should be parallel to the
arterial wall because the beam direction for images is perpen-
dicular to the centerline; otherwise, the measured value may not
accurately represent the true diameter. Intravascular imaging
may overestimate the reference artery diameter, especially near
the curved portion of the artery due to oblique sectional images,
necessitating caution against using excessively larger stents.
Similarly, the longitudinal to-and-fro movement of the imaging
catheter with each heartbeat can lead to false elongation of the
lesion length. These limitations might potentially introduce errors
and warrant thoughtful consideration in clinical or research ap-
plications [18, 19].

The processes of stent selection, implantation, and optimization
using intravascular imaging are well-summarized in an expert
consensus document [3], and a distal lumen reference-based

approach may be safe and straightforward with subsequent
optimization (Table 1). Adjunctive postdilation is recommended
to achieve the absolute or relative criteria for optimal stent ex-
pansion [20-22], while avoiding major stent malapposition (axial
distance > 0.4 mm with longitudinal extension >1 mm) or large
edge dissection (media dissection, dissection angle > 60°, or dis-
section length >2mm). Despite the use of imaging guidance,
optimal stent deployment is observed in approximately 50% of
patients [3, 4], emphasizing the need for improvement.

Numerous randomized trials comparing intravascular imaging
to angiographic guidance for DES implantation have yielded
conflicting results for the primary outcome, with the majority
favouring imaging-guided PCI over angiography-guided PCI
[4, 23-31]. However, in these clinical trials, angiography guid-
ance relied on visual estimation without a standardized proto-
col, whereas imaging guidance adhered to strict study protocols
(Table 2). It is important to clarify systematic, step-by-step
procedural methodological details for both modalities to ensure
a fair comparison between the two procedures. Additionally,
high-pressure postdilation after stenting was performed less
frequently in angiography-guided PCI. The significance of high-
pressure postdilation to minimize residual stenosis after stent-
ing was initially identified through IVUS examination during
the bare-metal stent era [32]. Under-expansion of the stent
delivery balloon is common during stent deployment, necessi-
tating postdilation with noncompliant balloons to enhance stent
expansion, particularly in challenging and resistant lesions
[33-36]. While postdilation tends to be less frequently per-
formed in ST-segment elevation myocardial infarction due to
concerns about no-reflow, it effectively reduces residual stenosis
and stent malapposition, ultimately contributing to improved
long-term outcomes [37, 38].

TABLE 1 | Intravascular imaging and QCA for PCI guidance and optimization.

Intravascular imaging-guided PCI

QCA-guided PCI

References selection
(landing zones)

The largest lumen areas proximal and distal to
the stenosis with plaque burden < 50% on

Normal or normal-looking areas proximal and
distal to the stenosis on angiograms.

intravascular imaging (IVUS, OCT).

Reference diameters

Stent diameter

Measured by intravascular imaging.

Mean distal lumen diameter with up rounding

Measured by QCA.

Stent size to reach a distal reference target

Stent length

Stent optimization

Ideal final results
(optimal criteria)

stent (0—0.25 mm), or mean distal EEM diameter
with rounding down to the nearest 0.25 mm
stent size.

Estimated by measuring the distance between
landing zones using intravascular imaging.

Postdilation is optional and depends on
intravascular imaging findings, guided by optimal
imaging criteria.

MSA > 5.5mm? by IVUS (MSA > 4.5 mm? by
OCT)*, MSA > 90% (or 100%) of distal
reference lumen area or MSA > 80% of average
reference lumen area in non-LM lesions, and
complete stent apposition, and no major edge
dissection on intravascular imaging.

diameter (distal reference diameter by
QCA + 5—10% of distal reference diameter
by QCA).

Estimated using balloons (15 mm and 20 mm)
or the radiopaque tip of the guidewire (30 mm).

Intensive actual postdilation with noncompliant
balloons is mandatory to minimize residual
stenosis.

In-stent minimum diameter stenosis (< 10% by
visual estimation), and a smooth transition at
the stent edges (a horizontal shape for the
proximal edge and a smooth tapering-off shape
for the distal edge), and no major edge
dissection on angiography.

Abbreviations: EEM, external elastic membrane; IVUS, intravascular ultrasound; LM, left main coronary artery; MSA, minimum stent area; OCT, optical coherence
tomography; PCI, percutaneous coronary intervention; QCA, quantitative coronary angiography.
*For LM lesions, distal segment > 7 mm? and proximal segment > 8 mm?2 as measured by IVUS.
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Design

Identify landing zones:

normal or normal-looking areas

proximal & distal to the stenosis

(from shoulder to shoulder)
guidewire’s tip length.

Choose stent size (diameter and length)

FIGURE 2 |

Design by angiograms

Sizing
Perform QCA in the usual practice views
and calculate target diameters.

Estimate the lesion length using the

Stent deployment

Implant the stent and optimise
stent expansion by actual postdilation

Ideal final results:

in-stent minimum diameter stenosis (<10%),
a smooth transition at the stent edges, and
no significant edge dissection

Outline of QCA-guided PCI. PCI, percutaneous coronary intervention; QCA, quantitative coronary angiography.

Obtain angiograms adequately filled with contrast dye after [C NTG (250 — 500pg)
- Focus on major branches supplying viable myocardium.
- Select reference segments (landing zones) to minimize edge problems:
ideal landing zones: normal or normal-looking areas
poor landing zones: areas with bending or milking motion, or sharp turns
proximal landing zone: More complete lesion coverage is preferable.

Sizing by QCA

- Measure the lumen diameters at the reference segments using autocalibration
in the usual practice views without foreshortening and branch overlapping, and

in two views including caudal views for the LM or nearby section of the LAD (<10mm from the ostium).
- Choose a large diameter if multiple QCA measurements are performed.
- Calculate the target diameters of proximal and distal landing zones:

target diameters = measured QCA values + 5 ~ 10% of the measured QCA values

Stent selection

(10% for QCA values < 3.5mm, 9% for 3.6mm, 8% for 3.7mm,
7% for 3.8mm, 6% for 3.9mm, & 5% for QCA values > 4.0mm)

- Stent diameter: selection of a stent to reach a distal reference target diameter
- Stent length: estimated by balloons (15, 20mm) or guidewire radiopaque tip (30mm)

FIGURE 3 |
main coronary artery; QCA, quantitative coronary angiography.

proved inconvenient. In contemporary practice, user-friendly
QCA software with automatic calibration has gained popularity,
eliminating the need for manual catheter calibration. The sys-
tem's automatic calibration of the isocentre involves calculating
the calibration factor based on image geometry, requiring the
evaluated organ to be in the isocentre during image acquisition
[48, 49]. Simultaneously, automatic calibration of the table-to-
object distance involves calculating the calibration factor based

Design, QCA, and stent selection. IC NTG, intracoronary nitroglycerine; LAD, left anterior descending coronary artery; LM, left

on the distance between the table and the centre of the eval-
uated organ. Measurements obtained with automatic isocentre
calibration closely align with those derived from automatic
table-to-object distance calibration (rs = 0.93, p < 0.01) [50].

1.3.21 | Pitfalls of QCA. In radiographic imaging, where
the anatomy is projected onto a plane using a point source and
large area detector, accurate determination of vessel
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Stent placement

Inflate the stent balloon to the pressure needed to reach the target diameter of the distal landing zone for > 20 seconds.

If the target diameter <2.5mm, implant the 2.5mm stent using low pressure (about 2 atmospheres lower than the nominal pressure).

Coronary angiogram

‘ Check the transition shape of the distal stent edge ‘

| Stent optimisation |

’ A smooth tapering-off shape‘

‘ Horizontal or reversed tapering-off shapes

As planned

Step up 0.2mm

~| Distal stent edge |

diameter.

Start postdilation with the distal reference target ‘ Start postdilation with the revised distal target

diameter (distal reference target diameter + 0.2mm).

~| In-stent optimisation |

Start postdilation with “2 radiopaque dots inward & 0.2mm upsizing (distal target diameter + about 0.2mm)”
[retract the balloon by the distance of 2 radiopaque dots from the distal stent edge & dilate it by adding 0.2mm.]

Perform intensive actual postdilation (at least twice in the same area) within the stent, using appropriately
sized noncompliant balloons, until in-stent residual diameter stenosis is reduced less than 10%.

v !t f

~| Proximal stent edge | ‘ Postdilation with the proximal reference target diameter

Coronary angiogram

Step-up approach

EEY

Ideal results

Yes

‘ Attentive points ‘

- Stenting for distal edge dissection: Postdilation of the overlapping zone with a balloon adequately sized to the proximal stent is needed to eliminate inter-stent malapposition.
- LAD ostial stenting: Stent protrusion toward the LM should be verified by injecting contrast dye during stent ballooning and
optimized to eliminate stent malapposition, if present, using a distal LM-sized short balloon

Finish

| Ideal final results |

In-stent minimum residual stenosis (diameter stenosis <10% by visual estimation), and a smooth transition
at the stent edges (a horizontal shape for the proximal edge, and a smooth tapering-off shape for the distal
edge) without significant stent edge dissections on angiography

FIGURE 4 |
coronary intervention; QCA, quantitative coronary angiography.

magnification is pivotal for converting image pixel measure-
ments to precise physical vessel dimensions [45-47]. Employing
an object of known size within the field of view as a reference
aids in establishing the angiogram's magnification. However,
the validity of calibration is confined to the region around the
reference object, and vessels that are not parallel to the image
plane may appear foreshortened due to the projection process.

In general, IVUS tends to overestimate dimensions; OCT serves
as the accurate standard, while QCA tends to underestimate
vessel dimensions [19, 51, 52]. A large co-registration study has
demonstrated significant concordance in diameter measure-
ments between IVUS and QCA (r=0.89, p <0.001) [52]. QCA
tends to underestimate the diameter of small vessels and
overestimate that of large vessels compared to IVUS. The
intersection diameter is 3.8 mm, designating vessels with
diameters <3.8 mm as smaller and those > 3.8 mm as larger.
Despite the pioneering work on on-site QCA guidance [53-55]
and its availability in every catheterization laboratory, it has not
been commonly utilized in routine PCI procedures. QCA values
can vary based on the calibration point, angiographic view, and
vessel size, as described above. This variability might make
interventionists hesitant to adopt it, emphasizing the need for
practical and reliable approaches to overcome its limitations.

1.3.2.2 | Design and QCA. As outlined in Figure 2, we
propose a straightforward algorithm designed to mitigate the

Algorithm for QCA-guided PCI. LAD, left anterior descending coronary artery; LM, left main coronary artery; PCI, percutaneous

shortcomings inherent in current embedded QCA programs.
High-quality coronary angiograms, adequately filled with con-
trast dye by manual or automatic injection, should be obtained
after the administration of intracoronary nitroglycerine
(250-500 ug). Meticulous planning is of paramount importance
for the success of PCI (Design everything: careful design, clean
outcomes - Figures 3, and 4). When selecting arteries for
stenting, priority should be given to major branches supplying
viable myocardium [56]. Conversely, a “keep it open” approach
is advisable, without stenting, for smaller side branches. The
landing zones should be carefully determined based on various
angiographic views, including those that provide a compre-
hensive visualization of the entire coronary artery. The ideal
reference segments, both proximal and distal to the stenosis,
should exhibit a visually normal or normal-looking appearance
to cover the entire stenosis. It is preferable to ensure more
comprehensive coverage of the proximal reference zone to
minimize the risk of proximal edge restenosis.

In routine practice, it is recommended to perform QCA mea-
surement of the reference vessel (landing zone) diameters and
lesions in the usual practice view. Care should be taken to select
the best images without vessel foreshortening and/or branch
overlapping for accurate assessment [57]. While a single QCA
measurement at the usual practice view is generally acceptable,
obtaining QCA measurements at two different views, including
caudal views, may be preferable for the left main coronary
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artery (LM) and proximal portion (within 10 mm from the
ostium) of the left anterior descending coronary artery (LAD).
Additionally, repeated QCA is recommended when the vessel
size increases after predilation of a severely stenotic coronary
artery or chronic total occlusion. Optimal target diameter cal-
culation entails selecting the largest value among multiple
measurements when different views are acquired. The follow-
ing formula presents the target diameters outlined in the
Guide DES trial to guide stent selection, deployment, and
optimization [30, 43]: Target diameter = measured QCA
value + 5%-10% of the measured QCA value. Specifically, the
percentage for adjustment varies based on the measured QCA
value (Supporting Information S1: Table S1): 10% for QCA
values < 3.5 mm, 9% for 3.6 mm, 8% for 3.7 mm, 7% for 3.8 mm,
6% for 3.9 mm, and 5% for QCA values > 4.0 mm.

1.3.3 | Stenting Procedures

Oversized stenting carries the risk of procedural complications
[12-14], while undersized stenting may yield suboptimal results.
Therefore, precise stent sizing is crucial for the success of PCIL

While QCA measurements may not offer the accuracy of
intravascular imaging in determining the reference vessel
diameter, they are more reliable than visual estimation. Initi-
ating PCI can be safely guided by the target diameter of the
distal reference vessel obtained via on-site QCA, with the aim of
achieving optimal results through routine high-pressure post-
dilation (Figure 4, and Supplementary Figure 1).

1.3.3.1 | Stent Selection and Implantation. Stent size
selection is based on the calculated target diameter of the distal
reference segment [30, 43]. For longer lesions, the stent length
is visually estimated using a radiopaque guidewire tip (30 mm),
while an uninflated balloon (15 or 20 mm) is utilized for shorter
lesions. Predilation is necessary for lesions deemed uncrossable
by the stent; otherwise, direct stenting is preferable. For the
treatment of aorto-ostial or LAD ostial diseases, it is important
to position the proximal stent edge carefully at the ostium to
prevent excessive protrusion into the aorta or LM, respectively
(Supporting Information S1: Figure S2).

Usually, a stent that is smaller than the distal target diameter
yet adequate to reach it is chosen (Supporting Information S1:
Figure S1A-E). During stent deployment, the stent balloon is
inflated to the pressure necessary to reach the target diameter of
the distal reference segment for a minimum of 20s, ensuring
adequate stent expansion at the distal part. However, when a
substantial diameter discrepancy exists between the proximal
and distal references, it is crucial to carefully consider the
maximum expansion limit of the chosen stent to avoid malap-
position at the proximal part due to the stent's expansion limit.
Deploying a larger stent beyond the distal target diameter at low
pressure (about two atmosphere lower than nominal pressure)
is recommended under these circumstances, followed by post-
dilation using a proximal-sized balloon to achieve complete
apposition of the proximal stent segment. Similarly, if the target
diameter is below 2.5 mm in stentable small arteries, implanting
a 2.5-mm stent at low pressure (approximately two atmospheres

lower than the nominal pressure) for at least 20s is recom-
mended (Supporting Information S1: Figure S1F). A balloon
inflation time of at least 20 s may facilitate adequate stent ex-
pansion at the distal part without causing the hemodynamic
effects of transient left ventricular dysfunction [58, 59].

Coronary angiography is recommended immediately following
stent placement, after intracoronary nitroglycerine (250-500 ug)
administration, to assess the transitional shape of the distal
stent edge (Figure 4). In the presence of a smooth tapering-off
shape, optimization of the distal edge begins with the original
target diameter (Supporting Information S1: Figure SIA-D). If a
horizontal or reversed tapering-off shape is identified, distal
edge optimization is initiated with the revised distal target
diameter (distal target diameter + approximately 0.2 mm)
(Supporting Information S1: Figure S1E). The latter may occa-
sionally be observed after stenting at the mid to distal LAD,
probably attributable to underestimation of stent sizing by QCA
or vessel dilation following stent placement. The value of
0.2 mm is chosen arbitrarily based on healthy normal intimal
thickness, the mean difference between IVUS- and QCA-
measured diameter, and the investigator's experience [52, 60].

1.3.3.2 | Stent Optimization. Poststenting optimization
utilizing a noncompliant balloon of appropriate size, consider-
ing the target diameter of the proximal and distal reference
segments, is mandatory. Proximal and distal edge optimization
entails placing the radiopaque marker of the noncompliant
balloon over the stent edge and dilating the balloon up to the
target diameters (Supporting Information S1: Figure S3). Opti-
mization of the distal in-stent portion begins with “two dots
inward and 0.2mm upsizing (distal target diameter +
approximately 0.2 mm),” which means retracting the balloon by
a distance of two radiopaque dots (2 X 1 mm in length) from the
distal stent edge and then dilating it by adding 0.2 mm. This
yields a minimum Iumen area greater than the distal
reference lumen area without the risk of edge dissection, con-
sidering that the minimum lumen area is commonly observed
at the distal part of the stent. Thereafter, multiple actual post-
dilations, performed at least twice in the same area within the
stent using appropriately sized balloons, are recommended to
ensure adequate stent expansion and eliminate stent malappo-
sition. Preferably, assessment should be performed using stent
boost subtract imaging, which enhances angiographic visual-
ization of the stent and ensures accurate positioning of the
balloon catheter. If the result is deemed suboptimal, a step-up
approach with upsizing postdilations (previous ballooning
size + approximately 0.2 mm) is recommended (Figure 4).

For LAD ostial stenting, it is essential to confirm stent protru-
sion towards the LM by injecting contrast dye during stent
ballooning. If significant stent protrusion is present, it should be
dilated to eliminate stent malapposition using a distal LM-sized
short balloon (Supporting Information S1: Figure S4A). In cases
where additional stent implantation is required to address dis-
section at the distal stent edge, postdilation of the overlapping
zone with a balloon appropriately sized to the proximal stent is
necessary to eliminate inter-stent malapposition at the over-
lapping site (Supporting Information S1: Figure S4B). For cal-
cified and nondilatable lesions, the pre-stenting lesion
preparation using scoring balloons, cutting balloons, super
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high-pressure balloons, rotablation, orbital atherectomy or
intravascular lithotripsy facilitates stent expansion. However,
achieving poststenting dilation for such challenging lesions can
be accomplished via intravascular lithotripsy or super high-
pressure balloons [61, 62]. Finally, this QCA-based PCI algo-
rithm is applicable to both main epicardial arteries and side
branches, including the two-stent technique (Supporting
Information S1: Figure S1D).

1.3.3.3 | Ideal Final Results. The desired final outcome
should feature a harmonious appearance on angiography,
including a horizontally shaped proximal edge, a smooth
tapering-off shape for the distal edge between the reference
segment and the stent, free from dissection, with minimum
residual in-stent stenosis (diameter stenosis < 10% by visual
estimation). The optimal percentage of diameter taper between
the distal stent edge and the 5-mm distal reference, allowing
sufficient stent expansion without edge complications, remains
uncertain. Studies suggest a natural reduction in coronary
artery diameter at a rate of approximately 0.5% per millimeter
[63, 64]. While a taper of approximately 5% between the distal
stent edge and the 5-mm distal reference seems reasonable
[14, 65], further research is needed to determine the ideal
diameter taper index for improving PCI outcomes.

1.4 | Future Directions

The development of three-dimensional and artificial intelligence-
assisted QCA shows promise in improving accuracy by enabling
the three-dimensional reconstruction of the coronary artery. This
facilitates the evaluation of vessel segment length, diameter, and
volume [66-69]. Furthermore, the sophisticated physiological
parameters derived from QCA, such as quantitative flow ratio and
pressure pullback gradient index, have the potential to guide and
enhance PCI outcomes [70, 71]. Ongoing trials will further delin-
eate their role in the future [72, 73]. In the Guide-DES trial, which
utilized the conventional QCA programs built into the angiography
machine, the degrees of adjustment in the measured QCA values to
the target diameters were chosen based on published data, ex-
perience from IVUS studies, and safety considerations, necessitat-
ing further refinement. If the QCA values measured by emerging
QCA programs prove to be consistent and accurate across various
angiographic views and vessel sizes, 10% oversizing (balloon-to-
artery diameter ratio of 1.1) of the measured values overall may be
applicable in stent selection and optimization.

PCI methods using imaging guidance are well established and
popular, while QCA guidance is not as widely adopted
(Table 1). Achieving effective utilization of QCA in guiding PCI
demands comprehensive training and education, mirroring the
crucial role of education in intravascular imaging. Proficiency
in both imaging-guided and QCA-guided PCI is imperative,
requiring initial hands-on experience to ensure outcomes
comparable to those of imaging-guided PCI when employing
QCA. Various resources, both in-person and online, can be
employed to seamlessly integrate QCA-guided PCI alongside
imaging-guided PCI, providing valuable assistance for PCI
procedures, particularly in scenarios where intravascular
imaging is inaccessible.

2 | Conclusions

Although intravascular imaging is the preferred modality for PCI
guidance, QCA-guided PCI can serve as a viable alternative in
circumstances where intravascular imaging is not readily available.
The limitations of angiography-guided PCI, which relies on visual
estimation, may result in suboptimal outcomes. QCA, with its cost-
effectiveness and easy availability in every catheterization labora-
tory, justifies the transition from angiography-guided to QCA-
guided PCI. Continuous innovation is warranted to further en-
hance the efficacy of current in-built conventional QCA programs
and overcome existing barriers.
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