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ABSTRACT
Introduction Angiography remains the gold standard 
for guiding percutaneous coronary intervention (PCI). 
However, it is prone to suboptimal stent results due to the 
visual estimation of coronary measurements. Although the 
benefit of intravascular ultrasound (IVUS)- guided PCI is 
becoming increasingly recognised, IVUS is not affordable 
for many catheterisation laboratories. Thus, a more 
practical and standardised angiography- based approach is 
necessary to support stent implantation.
Methods and analysis The Quantitative Coronary 
Angiography versus Intravascular Ultrasound Guidance 
for Drug- Eluting Stent Implantation trial is a randomised, 
investigator- initiated, multicentre, open- label, non- 
inferiority trial comparing the quantitative coronary 
angiography (QCA)- guided PCI strategy with IVUS- guided 
PCI in all- comer patients with significant coronary artery 
disease. A novel, standardised, QCA- based PCI protocol for 
the QCA- guided group will be provided to all participating 
operators, while the PCI optimisation criteria will be 
predefined for both strategies. A total of 1528 patients 
will be randomised to either group at a 1:1 ratio. The 
primary endpoint is the 12- month cumulative incidence 
of target- lesion failure defined as a composite of cardiac 
death, target- vessel myocardial infarction or ischaemia- 
driven target- lesion revascularisation. Clinical follow- up 
assessments are scheduled at 1, 6 and 12 months for all 
patients enrolled in the study.
Ethics and dissemination Ethics approval for this study 
was granted by the Institutional Review Board of Asan 
Medical Center (no. 2017- 0060). Informed consent will 
be obtained from every participant. The study findings 
will be published in peer- reviewed journal articles and 
disseminated through public forums and academic 
conference presentations. Cost- effectiveness and 
secondary imaging analyses will be shared in secondary 
papers.
Trial registration number NCT02978456.

INTRODUCTION
Intravascular ultrasound (IVUS) is a useful 
tool for assessing preintervention lesion 
characteristics and optimising stent implanta-
tion.1 Randomised trials evaluating the utility 
of IVUS for guiding percutaneous coronary 
intervention (PCI) with drug- eluting stents 
(DES) over the conventional angiography- 
based PCI reported conflicting results. Some 
studies showed better outcomes in patients 
undergoing IVUS- guided PCI than in those 
undergoing angiography- guided PCI,2–7 
while others showed comparable outcomes 
between the two strategies.8–10 In a meta- 
analysis of these trials, IVUS- guided PCI, by 
using established criteria for optimising stent 
deployment, was associated with a reduc-
tion in major adverse cardiac events.11–14 

Strengths and limitations of this study

 ► For the first time, the Quantitative Coronary 
Angiography versus Intravascular Ultrasound 
Guidance for Drug- Eluting Stent Implantation trial 
will evaluate the potential of standardised quanti-
tative coronary angiography (QCA)- based percu-
taneous coronary intervention (PCI) algorithm into 
clinical context.

 ► A practical protocol of QCA- guided PCI has been de-
veloped for the trial.

 ► The trial uses a pragmatic design with inclusion 
criteria designed to capture a broad range of real- 
world patients with diverse clinical and anatomical 
features.

 ► Bias in event ascertainment may not be ruled out 
given the open- label trial design.
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However, in these trials, angiography guidance was based 
on visual estimation, and high- pressure postdilation with 
a non- compliant balloon was not routinely used after 
DES implantation. The visual assessment of coronary 
artery lesions has a high degree of variability, leading to 
improper stent sizing with suboptimal stent expansion.15 
Although the benefit of IVUS- guided PCI is increasingly 
recognised, its adoption remains low worldwide.16 The 
real barrier to implementing an IVUS programme in daily 
PCI practice is its high cost.17 IVUS is not affordable for 
many catheterisation laboratories and patients, particu-
larly in low- income and middle- income countries. Thus, a 
more practical and standardised algorithmic approach to 
supporting coronary measurement is necessary. On- line 
quantitative coronary angiography (QCA) is available at 
every catheterisation laboratory and enables a reliable 
assessment of lumen diameter without any additional 
cost.18 19 Coronary sizing by on- site QCA may overcome 
the limitations of visual estimation and aid in deploying 
the proper DES size.

It is well established that postprocedural minimal 
lumen diameter determined by angiography, which 
correlates with the final minimal stent area (MSA) on 
IVUS, is the key determinant of DES failure.20 21 Under-
sizing lumen diameter by visual estimation often leads 
to the selection of a smaller DES, and the lack of high- 
pressure postdilatation with a non- compliant balloon is 
frequently related to postprocedural residual stenosis.22 
DES failure is attributable not to the angiography guid-
ance itself but rather to the suboptimal results associated 
with underestimated stent sizing by visual estimation and 
lack of adequate high- pressure postdilatation. We hypoth-
esised that choosing the appropriate DES size by a novel 
on- site QCA- based algorithm and routine incorporation 
of high- pressure postdilation with an adequately sized 

non- compliant balloon may attenuate the disadvantage 
of the traditional angiography- guided PCI.

METHODS AND ANALYSIS
Study overview and objectives
The Quantitative Coronary Angiography versus Intra-
vascular Ultrasound GUIDancE for Drug- Eluting Stent 
Implantation (GUIDE- DES) trial is a prospective, multi-
centre, open- labelled, randomised comparison trial. 
This trial is investigator initiated with grant support from 
Biotronik (Bülach, Switzerland). Otherwise, the company 
will not be involved in any aspect of the study process, 
including the protocol development, site selection, data 
collection or data analysis. This study is based on the prin-
ciples outlined in the Declaration of Helsinki. The primary 
aim of the trial is to determine whether an on- site QCA- 
based strategy for PCI guidance is valid for preventing 
device- oriented events compared with the IVUS- based 
PCI strategy in all- comer patients who require revascu-
larisation therapy for significant coronary artery disease. 
The primary analysis will be a non- inferiority comparison 
of the two strategies for the primary end point of target- 
lesion failure. The study design is shown in figure 1.

Study population and randomisation
All consecutive patients with significant native coro-
nary artery disease suitable for DES implantation will be 
screened for study entry. Patients meeting all the eligi-
bility criteria and providing written informed consent will 
be included in the study. We will not impose restrictions 
regarding the clinical diagnosis (chronic or acute coro-
nary syndrome) or location, length, or numbers of lesions 
to validate the QCA- based PCI algorithm in various PCI- 
indicated patients. However, we will exclude bypass graft 

Figure 1 Study flow chart. *Sirolimus- eluting Orsiro or Orsiro mission stents were used in this trial. BVS, bioresorbable 
vascular scaffold; CAD, coronary artery disease; DES, drug- eluting stent; ID- TLR, ischaemia- driven target- lesion 
revascularisation; IVUS, intravascular ultrasound; LVEF, left ventricular ejection fraction; MI, myocardial infarction; PCI, 
percutaneous coronary intervention; QCA, quantitative coronary angiography.
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lesions, for which QCA is less established, and lesions 
where IVUS delivery is deemed to be impaired (extreme 
angulation or tortuosity, heavy calcification proximal to 
or within the target lesion). Detailed information on the 
inclusion and exclusion criteria is provided in table 1.

Each patient will receive oral and written information 
and be required to provide written informed consent at 
the time of enrolment. Patients will be randomised in a 
1:1 ratio to undergo a QCA- guided strategy or an IVUS- 
guided strategy immediately after the guidewire crosses 
the culprit lesion. The allocation of the study partici-
pants will proceed through an Interactive Web Response 
System with a permutated block size of six. A total of 
1528 patients will be enrolled from six high- volume PCI 
centres in Korea.

Study procedure
QCA-guided strategy
A PCI protocol for the QCA- guided group is summarised 
in figure 2, and a representative case is illustrated in online 
supplemental figure 1. An algorithm for the reference 
segments’ diameter adjustment in this trial was developed 
based on the previous reports comparing lumen measure-
ments between QCA and IVUS.18 23 Applying this, angio-
grams of vessels that are adequately filled with contrast 
should be obtained after administering intracoronary 
nitroglycerin (250–500 µg). The best image that corre-
sponds to the lesion location with the least foreshortening 
should be selected. Lumen diameters are measured at the 
optimal proximal and distal reference segments by on- site 
QCA using the automatic calibration software embedded 
in the angiography systems. If multiple measurements of 
QCA are performed in different views, it is recommended 
that the largest value be used for the target diameter 
calculation. The following formula derives the adjusted 
QCA value (target diameter) to guide stent selection 
and deployment: Adjusted QCA value=measured QCA 
value +5%–10% of the measured QCA value. Specifically, 
the percentage number multiplied for the adjustment 
varies according to the measured QCA value: 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. A simple calculation table that can practically 
be used in the catheterisation lab will be provided to the 
participating centres (online supplemental table 1). For 
diffuse disease without a normal- looking segment for the 
QCA measurement at a bifurcation site, the use of Finet’s 
formula is recommended to estimate the reference lumen 
diameter of the main branch if applicable (online supple-
mental figure 2).24

The stent size is then selected based on the calculated 
target diameter of the distal reference segment. The stent 
length is visually estimated with the aid of a radiopaque 
guidewire tip (30 mm) for long lesions or an uninflated 
balloon (15 or 20 mm) for short lesions. During stent 
deployment, the stent balloon should be inflated up 
to the pressure corresponding to the distal reference 
segment’s target diameter. Poststenting optimisation 

Table 1 Inclusion and exclusion criteria

Inclusion criteria

1. Man or woman at least 18 years of age

2 Typical chest pain or objective evidence of 
myocardial ischaemia

3. Significant stenotic lesions in native coronary 
arteries* suitable for DES implantation

4 The patient or guardian agrees to the study 
protocol and the schedule of clinical follow- up and 
provides written informed consent as approved by 
the appropriate institutional review board/ethical 
committee of the respective clinical site.

Exclusion criteria

1   Angiographic exclusion criteria:
1.  Bypass graft lesions
2.  Lesions in which impaired delivery of IVUS is 

expected:
 ►  Extreme angulation (≥90°) proximal to or 
within the target lesion.

 ►  Excessive tortuosity (2≥45° angles) proximal 
to or within the target lesion.

 ►  Heavy calcification proximal to or within the 
target lesion.

2 Previous PCI within 6 months before the index 
procedure.

3 Previous bioresorbable vascular scaffold 
implantation.

4 Left ventricular ejection fraction <30%.

5 Hypersensitivity or contraindication to the device 
material and its degradants and cobalt, chromium, 
nickel, platinum, tungsten, acrylic and fluoro 
polymers that cannot be adequately premedicated.

6 Persistent thrombocytopenia (platelet count <100 
x109/L

7 Any history of haemorrhagic stroke or intracranial 
haemorrhage, transient ischaemic attack or 
ischaemic stroke within the past 6 months.

8 A known intolerance to antiplatelet agents (aspirin, 
clopidogrel, prasugrel or ticagrelor).

9 Any surgery requiring discontinuation of aspirin 
and/or use of a P2Y12 inhibitor planned within 12 
months after the procedure.

10 A diagnosis of cancer (other than superficial 
squamous or basal cell skin cancer) in the past 3 
years or current treatment for the active cancer.

11 Any clinically significant abnormality identified at 
the screening visit, physical examination, laboratory 
tests or ECG which, in the judgement of the 
investigator, would preclude safe completion of the 
study.

12 A hepatic disease or biliary tract obstruction, 
or significant hepatic enzyme elevation (alanine 
transaminase or aspartate transaminase >3 times 
the upper limit of normal).

13 Life expectancy <1 year for any non- cardiac or 
cardiac causes.

Continued

https://dx.doi.org/10.1136/bmjopen-2021-052215
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is mandatory using a non- compliant balloon of proper 
size considering the target diameter of the proximal and 
distal reference segment. Proximal and distal edge opti-
misation is performed in which the radiopaque marker 
of a non- compliant balloon is positioned over the stent 
edge and the balloon dilated up to the target diame-
ters (online supplemental figure 3). Multiple balloon 
dilations within the stent should be performed until 
adequate stent expansion is achieved, preferably assessed 
by stent boost subtract imaging. If the result is consid-
ered suboptimal, the use of a step- up approach with 
upsizing postdilations (previous ballooning size +about 
0.2 mm) is recommended. In patients receiving addi-
tional stent implantation to treat a dissection at the distal 
stent edge, postdilation of the overlapping zone with a 
balloon adequately sized to the proximal stent is needed 
to eliminate inter- stent malapposition at the overlapping 
site. This QCA- based PCI algorithm is applicable to main 
epicardial arteries and side branches and can also be used 
for the 2- stent technique. The ideal final result would be a 
harmonious appearance between the reference segment 
and the stent without dissection and minimal residual 
stenosis (<10%) on angiography.25

IVUS-guided strategy
IVUS can be iteratively used at any step of PCI. After 
the intracoronary injection of nitroglycerin, the 40- MHz 
IVUS catheter (Boston Scientific Corporation, Natick, 
Massachusetts, USA) is advanced more than 5 mm distal 

to the target lesion and withdrawn at a motorised pull-
back speed of 0.5 mm/s. Balloon dilatation at the target 
lesion is allowed to facilitate the IVUS catheter passage 
if necessary. Stent size and length are determined by the 
online IVUS measurements. The stent size nearest the 
distal reference segment’s lumen diameter is selected, 
and the stent length is decided by measuring the distance 
from the distal to proximal reference sites. During stent 
deployment, the stent balloon should be inflated up to 
the pressure corresponding to the mid- wall (or lumen) 
diameter of the distal reference segment. Adjunctive high- 
pressure balloon dilation using a noncompliant balloon 
is left to the operator’s discretion based on the IVUS 
findings. It is mandatory to perform IVUS after PCI to 
assess stent optimisation. The IVUS criteria for stent opti-
misation in this trial are as follows: (1) in- stent minimal 
lumen cross- sectional area >distal reference segment’s 
lumen cross- sectional area; (2) complete stent apposition 
and (3) no significant proximal or distal edge dissection 
(media dissection, dissection angle ≥60o, or dissection 
length >2 mm).3 26 27 If the IVUS- defined optimal criteria 
are not met, additional procedures are needed.

Study stent and medical treatment
Biodegradable polymer sirolimus- eluting stents (Orsiro 
or Orsiro Mission, Bülach, Switzerland, Biotronik) will 
be used in both trial arms. Optimal angioplasty requires 
compliance with precise guidelines for adjunctive phar-
macological therapy. Unless pretreated, all patients 
should be administered aspirin 300 mg and P2Y12 inhibi-
tors (clopidogrel 600 mg, ticagrelor 180 mg, prasugrel 60 
mg) before PCI. Unfractionated heparin must be admin-
istered before and during the procedure to maintain an 
activated clotting time greater than 250 s. According to 
the clinical indication and procedural complexity, dual 
antiplatelet agents will be prescribed for at least 6–12 
months following PCI at the discretion of the attending 
physician, and either aspirin (100 mg once daily) or clopi-
dogrel (75 mg once daily) will be continued indefinitely 
thereafter.

Other pharmacological treatments must be opti-
mised early after randomisation in accordance with the 
established standards of practice.28 29 Statins should be 
prescribed in all patients during the study period. Beta- 
blockers, calcium channel blockers or long- acting nitrates 
alone or in combination can be used as antiischaemic 
therapy. An ACE inhibitor or an angiotensin- receptor 
blocker is considered for secondary prevention. Blood 
pressure and diabetic control are emphasised. Patients 
should receive counselling about smoking cessation, 
weight control and regular exercise.

Study endpoints and follow-up
The primary endpoint is the 12- month cumulative inci-
dence of target- lesion failure defined as a composite 
of cardiac death, target- vessel myocardial infarction 
or ischaemia- driven target- lesion revascularisation. 
Secondary endpoints are the rates of all- cause death, 

Inclusion criteria

14 Unwillingness or inability to comply with the 
procedures described in this protocol.

15 Pregnant, breast feeding or childbearing potential.

*At least 70% diameter stenosis on visual estimation, or 50%–69% 
diameter stenosis with objective evidence of ischaemia (positive 
non- invasive stress test or fractional flow reserve ≤0.8).
.DES, drug- eluting stent; IVUS, intravascular ultrasound; PCI, 
percutaneous coronary intervention .

Table 1 Continued

Figure 2 Outline of the QCA- guided PCI strategy. PCI, 
percutaneous coronary intervention; QCA, quantitative 
coronary angiography.

https://dx.doi.org/10.1136/bmjopen-2021-052215
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myocardial infarction, definite or probable stent throm-
bosis, stroke, target- lesion revascularisation and any 
revascularisation at 12 months and procedural success 
(box 1). A cost- effectiveness comparison of QCA- guided 
versus IVUS- guided DES implantation will be performed 
independently. Procedural success is defined as the 
achievement of final in- stent residual stenosis of less than 
30% by QCA of at least one stent at the intended target 
lesion and successful withdrawal of the delivery system 
for all target lesions without the occurrence of cardiac 
death, target- vessel myocardial infarction or repeat 
target- lesion revascularisation during the hospital stay. All 
deaths will be considered cardiac unless an unequivocal 
non- cardiac cause can be established. Specifically, any 
unexpected death even in patients with coexisting poten-
tially fatal non- cardiac disease (eg, cancer, infection) is 
classified as cardiac. The diagnosis of periprocedural 
myocardial infarction is based on the diagnostic criteria 
from the Society for Cardiovascular Angiography and 
Interventions.30 The diagnosis of spontaneous myocar-
dial infarction is based on criteria proposed by the Third 
Universal Definition of Myocardial Infarction.31 Stroke 
is defined as focal loss of neurological function caused 
by an ischaemic or haemorrhagic event, with residual 
symptoms lasting at least 24 hours or leading to death. 
Target- lesion revascularisation is defined as any repeat 
PCI of the target lesion or bypass surgery of the target 
vessel performed for restenosis or other complication of 
the target lesion.

Clinical follow- up assessments will be scheduled via clin-
ical visits or telephone interviews at 1, 6 and 12 months 
for all patients enrolled in the study. Medical history will 
be obtained, while a physical examination and basic labo-
ratory tests will be performed at each visit. Data collected 
during the follow- up visits will include ischaemic symp-
toms, bleeding complications and major adverse cardiac 
events, including rehospitalisation and recatheterisation. 
Angiographic and IVUS images will be collected at the 
core laboratory of Asan Medical Center and analysed 
offline by experts blinded to clinical data.

Statistical analysis
This trial will test the hypothesis that QCA- guided PCI is 
non- inferior to IVUS- guided PCI concerning the primary 
end point of cardiac death, target- vessel myocardial 
infarction or ischaemia- driven target vessel revasculari-
sation at 12 months. Based on previous reports of real- 
world patients without restrictions regarding the clinical 
diagnosis; lesion number, severity or location; or number 
of stents used,32 33 we estimated that the incidence of 
the primary endpoint 12 months after the index proce-
dure would be 8% in the IVUS- guided PCI group. Using 
a noninferiority margin of 3.5% in accordance with the 
noninferiority margins used in contemporary trials of 
DES and considering a 5% of attrition rate, we estimated 
that with a total of 1528 patients, the study would provide 
80% power to show noninferiority on the basis of the 
likelihood- score method by Farrington and Manning at a 
one- sided 0.025 level.34 35

The analyses will be performed according to the 
intention- to- treat principle. A secondary per- protocol 
analysis will be performed to assess the effect of treatment 
crossovers or unanticipated problems that could dilute 
treatment differences of interest. Continuous variables 
will be presented as mean and SD, while categorical vari-
ables will be shown as numbers and percentages. Inter-
group differences will be evaluated by Student’s t- test 
or the Wilcoxon rank sum test for continuous variables 
and by Pearsons’s χ2 test or Fisher’s exact test for categor-
ical variables as appropriate. Cumulative event rates and 
survival curves will be generated using the Kaplan- Meier 
method, while intergroup differences will be compared 
by the log- rank test. Follow- up will be censored at the date 
of the last follow- up or at 1 year, whichever comes first. 
Cox’s proportional hazards regression analyses will be 
conducted to estimate the risk associated with the QCA- 
guided PCI strategy relative to that with the IVUS- guided 
PCI strategy. The proportional hazards assumption about 
the assigned treatments will be tested with the Schoen-
feld residuals test. A two- sided p<0.05 will indicate signif-
icance. SAS software V.9.3 (SAS Institute) will be used for 
all the statistical analyses.

Trial organisation
The members of the executive committee include the 
principal investigators of the investigating centres and 
the persons who organised this study. The committee 
approved the final trial design and protocol issued to the 
data and safety monitoring board (DSMB) and the clin-
ical sites. The committee will be responsible for reviewing 
the final results, determining the methods of presenta-
tion and publication, and selecting secondary projects 
and publications by members of the steering committee. 
An independent DSMB committee, headed by Sung 
Cheol Yun, will receive information on rates of death, 
myocardial infarction, and major bleeding and will make 
recommendations based on the analyses of safety data, 
protocol deviation, IVUS failures and 30- day follow- up 
reports. The DSMB chairperson will notify the data 

Box 1 Primary and secondary endpoints

Primary endpoint
 ► Target- lesion failure (composite of cardiac death, target vessel myo-
cardial infarction or ischaemia- driven target lesion revascularisa-
tion) at 12 months after randomisation

Secondary endpoints
 ► Procedural success
 ► Death at 12 months
 ► Myocardial infarction at 12 months
 ► Stent thrombosis (definite/probable) at 12 months
 ► Stroke at 12 months
 ► Target- lesion revascularisation at 12 months
 ► Any revascularisation at 12 months
 ► Economic (cost- effectiveness) analysis at 12 months



6 Lee PH, et al. BMJ Open 2022;12:e052215. doi:10.1136/bmjopen-2021-052215

Open access 

coordinating centre of any safety or compliance issues. 
The committee will also provide confidential recommen-
dations as necessary of study termination based on the 
safety stopping rules determined at the study onset or 
when a clinically significant result is identified in safety 
analyses of the data. This study will not be stopped early 
based on efficacy results. The executive committee has 
right to the final decision to stop the study prematurely 
based on DSMB recommendations. All DSMB reports will 
remain strictly confidential, but will be made available to 
the regulatory body on request. The centralised clinical 
events committee (CEC) is made up of interventional 
and non- interventional cardiologists who are not partic-
ipants in the study. The CEC develops specific criteria 
used to categorise clinical events in the study that are 
based on the protocol. At the trial onset, the CEC will 
establish clear rules outlining the minimum amount of 
data required and the algorithm followed to classify a 
clinical event. All members of the CEC will be blinded to 
the primary results of the trial. Data coordination and site 
management services will be performed by the Clinical 
Research Center of Asan Medical Center, Seoul, Korea.

Patient and public involvement
There was no patient or public involvement in this trial.

Ethical approval and dissemination
The study protocol was approved by the internal review 
board of Asan Medical Center, Seoul, Korea (no. 2017- 
0060) and each participating centre. The current protocol 
version is 3.2, date 11 March 2021. Informed consent will 
be obtained from every participant by study personnel. 
The authors are solely responsible for this study’s design 
and conduct, all study analyses, manuscript drafting and 
editing, and final manuscript contents. The study find-
ings will be published in peer- reviewed journal articles 
and disseminated through public forums and academic 
conference presentations. Cost- effectiveness and 
secondary imaging analyses will be shared in secondary 
papers.

Current status
The anticipated duration of the study is approximately 48 
months, including the enrolment period of 30 months 
and the follow- up period of 12 months. The first patient 
was enrolled on 23 February 2017, and 1338 patients were 
recruited at the end of March 2021. Although patient 
inclusion has been delayed due to the ongoing COVID- 19 
outbreak, enrolment is expected to end by September 
2021. The primary result of the GUIDE- DES trial will be 
available by late 2022 or early 2023.

DISCUSSION
With IVUS guidance, acute stent placement can be 
optimised toward more significant stent expansion and 
fewer stent edge problems based on the reliable informa-
tion about vessel size, plaque burden, suboptimal stent 

deployment and procedure- related complications. To 
date, 10 randomised trials have compared IVUS- guided 
DES implantation with conventional angiographical guid-
ance. In the IVUS group of one trial, the achievement 
of a minimum stent cross- sectional area greater than 
the distal reference lumen with IVUS guidance was asso-
ciated with a 2.9% rate of 1- year major adverse cardiac 
events vs 5.8% (p=0.007) with angiography guidance.3 
Another large- scale trial showed that by achieving an 
MSA >5.0 mm2 and avoiding geographic miss, IVUS guid-
ance significantly reduced the rate of target- vessel failure 
at 1 year.7 However, despite the accumulating evidence 
supporting the use of IVUS to improve outcomes after 
PCI, its use continues to be infrequent worldwide, mostly 
because of the inaccessibility related to high device 
cost or image interpretation inexperience.36 Thus, an 
overlooked unmet need regarding PCI is to find a way 
to improve outcomes of DES in a typical circumstance 
when IVUS is not available. An important step forward 
would be developing a method to overcome the draw-
back of conventional angiography- guided PCI. Our study 
has incorporated QCA into clinical context and devel-
oped a novel size selection algorithm based on the QCA 
measurement, which standardises the angiography- based 
PCI procedure to select an appropriately sized stent or 
balloon without significant intraindividual or interindi-
vidual variability.

Previous randomised trials did not provide an objec-
tive guide or definition for stent optimisation for the 
angiography- guided group. Using visual assessment, inter-
ventionists tend to choose undersized stents and perform 
less aggressive postdilation, leading to suboptimal imme-
diate results and an increased risk of target- lesion failure.37 
QCA has been used to provide quantitative measures of 
angiography, mostly in clinical studies. The advantage of 
QCA over visual estimation is that its measurements are 
objective and relatively reproducible. Furthermore, QCA 
is easy to use without coregistration or additional cost and 
is available at every catheterisation laboratory. Unfortu-
nately, it is not commonly used to guide PCI in real- world 
practice. This trial will test the utility of real- time QCA 
guidance for PCI with a goal of incorporating core labo-
ratory experiences into daily clinical practice.

In the PROSPECT substudy, there was a strong correla-
tion between minimal lumen diameters on QCA and 
IVUS, with underestimation in relatively small arteries 
(<3.8 mm) and overestimation in larger arteries (>3.8 
mm) with an excellent correlation (r=0.89, p<0.001).23 
Optical coherence tomography (OCT) accurately 
measures lumen diameters because it produces high- 
resolution images that are identical to the actual values. 
The OPUS- CLASS study showed that QCA underesti-
mates lumen diameters by 5% compared with OCT, 
whereas IVUS overestimates lumen diameters by 8% 
compared with OCT.18 Therefore, in this study, we 
planned to differentially adjust the measured QCA values 
by 5%–10% to estimate the reference segment’s lumen 
diameter. Inadequate filling of the vessels with contrast 
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media and coronary artery spasms lead to underestima-
tion of the accurate lumen dimensions. Thus, taking 
images of vessels filled with contrast medium after nitro-
glycerin injection is recommended to overcome measure-
ment errors. QCA should be repeated if the coronary 
lumen dimension increases after pre- dilation of severely 
stenotic lesions. The American College of Cardiology/
American Heart Association guideline recommends a 
minimum residual percent diameter stenosis of <10% by 
visual estimation after stent implantation, and this crite-
rion as stent optimisation was adopted in the QCA- guided 
arm in our study. The concept of ‘the bigger, the better’ 
remains valid in the DES era. Contemporary thin- strut 
DES may have weaker radial strength and greater recoil 
with a smaller lumen area, requiring the need for high- 
pressure postdilation to achieve optimal PCI results.37 
Stent boost subtract imaging allows clear visualisation of 
the stents and reliable detection of stent underexpan-
sion.38 Routine high- pressure postdilation, preferably 
guided by stent boost subtract imaging, will likely lead to 
minimal residual diameter stenosis with a low risk of edge 
problems.22 39 The GUIDE- DES trial will explore whether 
incorporating these angiography- based technical consid-
erations into a standardised PCI algorithm may be an 
acceptable alternative to IVUS- guided PCI in terms of 
device- oriented PCI outcomes.

The success of using QCA for real- time PCI guidance 
may have significant future implications along with the 
development of artificial intelligence technologies. A 
robust deep learning model has already been proposed 
to automatically segment the major vessels on coronary 
angiography.40 With this technique, the image processing 
time can be minimised with less manual correction, 
allowing immediate QCA analysis on the operator screen 
in the catheterisation room. Thus, diagnosis with 3- D 
QCA could be utilised for PCI by combining the 2- D QCA 
of multiple angiograms.41 Further investigations of IVUS- 
based machine learning algorithms may lead to outcomes 
similar to those with IVUS guidance after QCA- guided 
PCI.
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