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ORIGINAL ARTICLE

Three-Dimensional CT for Preprocedural Planning 
of PCI for Ostial Right Coronary Artery Lesions:  
A Randomized Controlled Pilot Trial
Deborah M.F. van den Buijs , MD; Ella M. Poels, MD, PhD; Endry Willems, MD; Daan Cottens, MD; Kevin Dotremont, MSc;  
Karen De Leener, MSc; Evelyne Meekers , MD; Bert Ferdinande, MD; Mathias Vrolix , MD; Joseph Dens, MD, PhD;  
Koen Ameloot, MD

BACKGROUND: Geographic stent-ostium mismatch is an important predictor of target lesion failure after percutaneous coronary 
intervention of an aorto-ostial right coronary artery lesion. Optimal visualization of the aorto-ostial plane is crucial for precise 
stent implantation at the level of the ostium. This study investigates whether preprocedural 3-dimensional computed 
tomography (3DCT), with determination of the optimal viewing angle, would allow for more precise stent implantation and 
reduce procedure time, contrast, and radiation dose.

METHODS: In this single-center, prospective, open-label, core-laboratory blinded trial, a total of 30 patients with an aorto-ostial 
right coronary artery lesion were randomly assigned to either percutaneous coronary intervention with a preprocedural 3DCT 
or angiography-guided percutaneous coronary intervention. The optimal working view angle was determined by 3DCT in the 
intervention group and by the operators’ discretion in the control group. The primary end point was the percentage of patients 
without geographic mismatch, as determined by intravascular ultrasound.

RESULTS: 3DCT-determined C-arm angles were heterogenous but, in general, more extreme left anterior oblique projections 
were used (P<0.0001). While stent implantation was in the optimal position in all patients randomized to the intervention 
group, geographic mismatch was present in 5 (33%) patients randomized to the control group (P=0.06). The mean amount 
of procedural contrast (P<0.0001), mean radiation (P=0.03), and median procedure time (P=0.03) were significantly lower 
in the intervention group. The 3DCT scan was able to predict the calcium arc (P<0.0001) and minimal lumen area by 
intravascular ultrasound (P=0.003).

CONCLUSIONS: Preprocedural 3DCT planning for percutaneous coronary intervention of aorto-ostial right coronary artery 
lesions allows for optimal stent positioning while reducing procedure time, contrast, and radiation dose.

REGISTRATION: URL: https://www.clinicaltrials.gov; Unique identifier: NCT05172323.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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Even with contemporary drug-eluting stents and cal-
cium modification strategies, percutaneous coronary 
intervention (PCI) of an ostial right coronary artery 

(RCA) lesion remains associated with a 4.49% rate of 
target lesion failure at 1 year and a 14.2% rate of target 
lesion revascularization (TLR) at 3 years.1–9

Specific anatomic characteristics of the aorto-ostial 
RCA area may contribute to higher rates of TLR such 
as the funnel-shaped morphology and the tendency to 
recoil due to the greater amount of muscular and elastic 
tissue in the adjacent aortic wall.10,11 Furthermore, exten-
sive calcification may result in stent underexpansion12,13 
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and contact of the guide catheter with the proximal pro-
truding stent may result in longitudinal stent compres-
sion.8 Importantly, PCI of ostial lesions is associated 
with geographic mismatch in up to 50% of patients.5,14,15 
Protruding stent struts can result in increased platelet 
activation, thrombus formation, and distal embolization, 
making future procedures more challenging because 
of difficulty in catheter reengagement of the coronary 
ostium.8,16 Conversely, a too distal implantation of the 
stent increases the risk of restenosis by leaving part of 
the lesion uncovered by stent struts.

Accurate visualization of the aorto-ostial plane is cru-
cial to minimize foreshortening or overlap. Retrospective 
studies have demonstrated that a significant amount 
of unrecognized vessel foreshortening occurs in the 
working views selected by experienced interventional 
cardiologists.17,18 In a previous retrospective computed 
tomography (CT) study, the average optimal viewing 
angle for PCI of aorto-ostial RCA lesions was left anterior 

oblique (LAO) 79° and cranial (CRA) 41°.17 However, 
because there may be significant anatomic heterogene-
ity between patients, we hypothesize that individualized 
preprocedural 3-dimensional CT (3DCT) based determi-
nation of the optimal viewing angle could prevent geo-
graphic mismatch and avoid unnecessary contrast agent 
use and radiation during PCI. Secondarily, we also aim to 
investigate whether a preprocedural 3DCT may predict 
lesion characteristics such as the calcium arc, minimal 
lumen area (MLA), and vessel diameter (mm).

METHODS
Study Design
In this single-center, prospective, open-label, core-laboratory 
blinded trial, a total of 30 patients with an aorto-ostial RCA 
lesion were randomly assigned to either PCI with a preproce-
dural 3DCT (intervention group) or angiography-guided PCI 
(control group). An ostial RCA lesion was defined as a >70% 
angiographic stenosis within 5 mm of the origin of the ostium. 
Exclusion criteria were an emergent PCI indication, in-stent 
restenosis or thrombosis, renal insufficiency (estimated glo-
merular filtration rate <30 mL/min), or a known allergic reaction 
to contrast medium. Written informed consent was obtained 
before inclusion in the trial. Eligible patients were randomized 
in a 1:1 ratio by means of an online module (Castor Electronic 
Data Capture), as stratified by whether advanced calcium 
modification strategies, such as rotablator or laser atherectomy, 
were anticipated. All procedures were performed by 6 differ-
ent interventional cardiologists at Ziekenhuis Oost-Limburg, 
Genk, Belgium. The trial was approved by the ethics committee 
(Z-2021107) and registered at https://www.clinicaltrials.gov 
(Unique identifier: NCT05172323). The data that support the 
findings of this pilot study are available from the corresponding 
author upon reasonable request.

Preprocedural 3DCT
In the intervention group, all patients underwent a cardiac 
coronary CT scan between 30 days and 1 week before PCI. 
Patients with a heart rate >65 bpm were prescribed a single 
dose of bisoprolol 5 mg to optimize imaging and reduce radia-
tion exposure. All patients received a tablet of isosorbide nitrate 
sublingual 5 mg before scanning. Patients were scanned in 
flash mode with the ideal requirements of a pixel size <0.5 
mm, slice thickness <0.8 mm, and slice increment <0.5 mm on 
SOMATOM Force CT scanner (Siemens Healthineers, Erlangen, 
Germany). Ultravist-370 was used as a contrast medium and 
dosed per protocol according to weight. If during the CT scan 
the heart rate remained >65 bpm, intravenous metoprolol was 
administered to lower the heart rate.

The CT images were analyzed and 3D reconstructed using 
the Mimics Innovation Suite software by Materialise (Leuven, 
Belgium). First, an accurate 3D reconstruction of the aorta and 
coronary arteries in the diastolic phase was obtained by apply-
ing the artifical intelligence-based automatic CT Heart tool in 
Mimics. The calcium was segmented using a simple threshold-
ing operation (Figure 1A). Second, based on these 3D recon-
structions, the MLA (mm²) and calcium arc (°) were obtained 
(Figure 1B). Next, the centerline of the aorta and coronary 

WHAT IS KNOWN
•	 Even with drug-eluting stents, calcium modifica-

tion strategies, and different techniques to optimize 
stent positioning, percutaneous coronary inter-
vention of an ostial right coronary artery lesion is 
associated with a target lesion revascularization of 
14.2% at 3 years.

WHAT THE STUDY ADDS
•	 The addition of preprocedural 3-dimensional com-

puted tomography with determination of the opti-
mal viewing angle during percutaneous coronary 
intervention allows for better stent positioning while 
reducing procedure time, contrast, and radiation 
dose.

•	 Further research is warranted to evaluate the addi-
tion of preprocedural 3-dimensional computed 
tomography for percutaneous coronary intervention 
of an ostial right coronary artery lesion to reduce 
target lesion revascularization.

•	 Furthermore, its value in percutaneous coronary 
intervention of bifurcation lesions remains to be 
investigated.

Nonstandard Abbreviations and Acronyms

3DCT	 3-dimensional computed tomography
CT	 computed tomography
IVUS	 intravascular ultrasound
LAO	 left anterior oblique
MLA	 minimal lumen area
PCI	 percutaneous coronary intervention
RCA	 right coronary artery
TLR	 target lesion revascularization
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arteries was automatically calculated using the Fit Centerline 
tool. Based on this, the best-fit diameter (mm) was calculated 
at multiple locations along the coronary artery, giving an indica-
tion of a possible minimum stent diameter that could be a good 
fit. In addition, the distance (mm) along the centerline from the 
ostium to the end of arterial stenosis was calculated, giving an 
indication of a possible minimum stent length to use.

Finally, the optimal angle of the C-arm was determined to 
provide the frontal perpendicular view of the RCA ostium. To 
obtain this C-arm angle, 4 auxiliary points were indicated to 
create 2 planes. The 4 auxiliary points were defined as follows: 
point 1 is the ostium (at the cross-section of the centerline and 
the ostium), point 2 is near the ostium (taken at 3 mm from the 
ostium on the centerline), point 3 is located at the bottom of the 
coronary artery, where the cusp of the aortic valve starts, and 
point 4 is located right above the cusps, where the aorta starts 
to become wider. Next, the first plane along the RCA sagittal 
was defined by points 1, 2, and 3, and the second plane RCA 

cross-section crossed points 3 and 4 and was perpendicular to 
the first plane (Figure 1C). These 2 planes were taken as input 
for the Fluoroscopy tool in Mimics (Figure 1D). In this tool, the 
S curve of a plane visualizes all the C-arm angles for which the 
plane is seen as a line, in other words, a perpendicular view 
on that plane. The cross-section of the S curves of each of 
those planes results in the C-arm angle that gives a perpen-
dicular view of both planes at the same time. This ultimately 
leads to the optimal C-arm angle. However, not every patient 
has a perfect cross-section of the S curves; in some rare occa-
sions, there was no cross-section or the results were inoper-
able angles for the C-arm. In such cases a third plane along the 
RCA axial, perpendicular to the other 2 planes, was created. 
The cross-section of the S curves of this plane with each of the 
2 original planes was defined, resulting in an alternative C-arm 
angle (Figure 1E and 1F; Video S1).

The CT scans of the intervention group were also recon-
structed in 3mensio (Pie Medical Imaging) to compare the 

Figure 1. Three-dimensional (3D) 
computed tomography analysis.
A 3D reconstruction of the aorta and right 
coronary artery (A). Calcium segmentation 
(B). The determination of 4 auxiliary 
points at the ostium (C). The creation of 2 
perpendicular planes (D). The 2 S-curves 
of the planes that define the C-arm angle 
(E and F).
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Materialise C-arm angles with more commercially available 
software. On the short-axis image, the ostium of the RCA was 
located, and the line was rotated to cut through the center of 
the ostium of the RCA. The orthogonal view was given in the 
opposite image. In the angiography simulation view and 3D vol-
ume view, the C-arm angles were reproduced.

Intervention
In the control group, the C-arm angle was defined after con-
trast injections by fluoroscopy or cineangiography from ≥1 
angles to the operator’s satisfaction. In the intervention group, 
only in selected cases where it turned out that the aorto-ostial 
angle was not clearly visualized in the suggested working 
view, the operator was allowed to rotate the C-arm. An intra-
vascular ultrasound (IVUS; OPTICROSS HD, 60 MHz; Boston 
Scientific) was performed by routine practice (pre-PCI IVUS) 
with an automatic pullback speed of 0.5 mm/s. When the 
IVUS was unable to cross the lesion, predilatation with a small 
balloon was allowed. After IVUS-guided calcium modification, 
stenting and postdilatation were performed as per routine 
practice. Stent diameter and length were determined by IVUS 
in both groups. Simultaneous IVUS during stent placement, 
the Szabo technique, or the use of an ostium locator were 
not allowed during stent implantation. When the operator was 
satisfied with the angiographic result, a final IVUS (post-PCI 
IVUS) was obtained, and these images were used for the pri-
mary end point. Additional interventions, such as additional 
stenting (if the ostium was not fully covered with struts) or 
postdilatation (in case of underexpansion or malapposition), 
were allowed. In these cases, a final clinical post-PCI IVUS 
run was obtained (Figure S1).

Trial End Points
IVUS images were analyzed offline by the core laboratory 
blinded to treatment allocation. The primary end point was the 
percentage of patients without geographic mismatch, defined 
as a fully covered ostium and a maximal length between the 
aorto-ostial junction and the most proximal protruding stent 
strut of no more than 3 mm (Figure S2). Secondary end points 
included the percentage of patients who need an additional 
stent after the final IVUS, the volume of contrast administered 
(milliliter), procedural radiation dose (milligray), and procedural 
duration (minute). Calcium arc, MLA (square millimeter), and 
stent diameter as predicted by 3DCT were correlated with 
IVUS-based measurements. Major adverse cardiac event 
defined as a composite of death, nonfatal myocardial infarction, 
nonfatal stroke, stent thrombosis, and target lesion failure was 
evaluated at 6 months (Figure S3).

Statistical Analysis
As there are no previous studies on topic that would allow a 
sample size calculation, we believe that 30 patients would be 
sufficient to show an effect and generate sufficient data for 
a power analysis to design a powered randomized controlled 
trial. Continuous data will be presented by treatment group 
using mean/SD (if normally distributed) or median/interquar-
tile range (if not normally distributed). Categorical data will be 
presented using the observed frequencies and percentages. 
Continuous end points will be analyzed by Student t tests (if 

normally distributed) or by Mann-Whitney U test (if not normally 
distributed). Categorical end points will be analyzed by χ2 tests, 
and odds ratios (+95% CI) will be calculated.

The agreement of calcium arc, MLA, and vessel diameter 
between 3DCT and IVUS will be presented using Pearson cor-
relation coefficients and Bland-Altman analysis.

The C-arm angles determined by Materialise and 3mensio 
were compared in a Bland-Altman analysis, stratified by LAO/
RAO (right anterior oblique) and CRA/CAU (caudal) views.

All statistical analyses were performed using SPSS 25.0 
(SPSS-PC, Chicago, IL). P values of <0.05 were considered 
statistically significant.

RESULTS
Between January 2022 and February 2023, a total of 
30 patients underwent randomization, equally distrib-
uted between both groups. Baseline prerandomization 
characteristics were well balanced between the groups 
(Table 1).

Three-Dimensional CT
The mean heart rate during 3DCT was 64±4 bpm. Two 
patients were in atrial fibrillation during the scan. The 
mean contrast dose was 73±29 mL. One patient had a 
coronary CT combined with a CT for transcatheter aortic 
valve implantation, for which a total of 75 mL of con-
trast was used, and 1 patient had to be scanned twice 
because of motion artifacts, requiring a total contrast 
dose of 170 mL. The median radiation dose during CT 
was 2.46 (1.34–4.65) mSv.

Table 1.  Patient Characteristics

Intervention 
group (n=15)

Control 
group (n=15)

P 
value

Age, y 69.6±10.4 72.4±10.2 0.5

Men, n (%) 13 (86.7) 8 (53.3) 0.05

Mean BMI 26.7±5.2 27.6±4.7 0.64

Diabetes, n (%) 1 (6.7) 4 (26.7) 0.15

Chronic kidney disease (eGFR 
<60 mL/min per 1.73 m2), n (%)

4 (26.7) 3 (20) 0.67

Peripheral artery disease, n (%) 2 (13.3) 1 (6.7) 0.37

Previous PCI, n (%) 3 (20.0) 3 (20.0) 1.00

Previous CABG, n (%) 5 (33.3) 0 (0) 0.01

Severe aortic stenosis present, % 1 (6.7) 2 (13.3) 0.56

Indication for coronary angiography

 � Angina 8 4 0.14

 � Unstable angina 0 2 0.16

 � Cardiomyopathy 2 1 0.54

 � Silent ischemia 3 3 1.00

 � Preoperative 1 2 0.54

 � Other 1 3 0.28

BMI indicates body mass index; CABG, coronary artery bypass graft; eGFR, 
estimated glomerular filtration rate; and PCI, percutaneous coronary intervention.
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Procedural Characteristics
Procedural characteristics are shown in Table 2.

There was important patient heterogeneity consider-
ing the optimal angle for stent implantation (Figure 2). 
In general, more extreme LAO angles were used in the 
intervention group compared with the control group 
(61.47±13.41 versus 34.67±9.18; P≤0.0001).

In 2 patients (1 in each group), it was not possible 
to cross the ostial lesion with the IVUS catheter or with 
small balloons so rotational atherectomy was used for 
debulking. These patients were excluded from the 

analysis for MLA by IVUS, as calcium cracks might over-
estimate the true MLA. The median calcium arc was 270 
(85–270) degrees, and the mean MLA was 3.97±1.85 
mm2 by IVUS.

Study End Points
While stent implantation was in the optimal position in 
all patients randomized to the intervention group, geo-
graphic mismatch was present in 5 (33%) patients ran-
domized to the control group (P=0.06; Table 3; Figure 3). 
In addition to 3 patients with excessive aortic protrusion, 

Table 2.  Lesion and Procedural Characteristics

Intervention group (n=15) Control group (n=15) P value

Access site

 � Radial 13 15

 � Femoral 2 0

Angiographic stenosis ostial RCA, %

 � >90 6 5

 � 70–90 9 9

 � 50–70 0 1

SYNTAX score 1 9.0 (5–12.5) 10 (5–13) 0.90

IVUS measurements pre-stenting

 � MLA, mm2 (n=14 in both groups) 3.97±1.85 3.76±1.58 0.75

 � Calcium arc, ° 270 (85–270) 180 (90–270) 0.77

 � Lesion length, mm 13.78±7.82 18.62±14.42 0.27

 � Diameter distal artery, mm 4.22±0.64 4.35±0.53 0.54

Predilatation performed (number of patients) 12 15

Total number of inflations predilatation 3 (2–5.5) 4 (3.5–6)

Balloons used for predilatation

 � Semicompliant balloon 1 2

 � Noncompliant balloon 13 13

 � Cutting balloon 3 3

 � Scoring balloon 1 1

 � IVL 1 2

Rotational atherectomy (number of patients) 1 2*

 � 1.5 burr used 1 1

 � 1.75 burr used 0 1

 � 2.0 burr used 0 1

Rotational atherectomy performed pre-IVUS 1 1

Total number of stents placed in RCA

 � 1 14 12

 � 2 1 3

Mean stent diameter implanted, mm 3.8±0.5 4.1±0.6 0.32

Mean stent length implanted, mm 30.4±11.6 27.3±7.7 0.40

Postdilatation performed pre-IVUS 7 7

Extra postdilatation post-IVUS 3 4

 � Underexpansion 3 2

 � Other 0 2

Periprocedural complications 1 0

IVL indicates intravascular lithotripsy; IVUS, intravascular ultrasound; MLA, minimal lumen area; RCA, right coronary 
artery; and SYNTAX, Synergy Between Percutaneous Coronary Intervention With Taxus and Cardiac Surgery.

*In 1 patient, a 1.5 and 2.0 burr was used.
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the ostium was not covered in 2 patients randomized to 
the control group. An additional stent was implanted in 1 
of these patients based on the post-PCI IVUS showing a 
4.5-mm uncovered zone.

In an exploratory post hoc analysis, the percentage 
of patients with stent implantation within 1 mm of the 
ostium was significantly higher in patients randomized 
to the intervention group (11/15 [73%] versus 5/15 
[33%]; P=0.03; Figure 3).

The mean amount of procedural contrast agent 
used (60.7±21.5 versus 116.7±37.5 mL; P≤0.0001), 
the mean procedural radiation dose (251.9 [195.6–
393.32] versus 487.3 [407.4–634.00] mGy; P=0.03), 
the median procedure time (37 [24–42] versus 50 
[42.5–67.5] minutes; P=0.03), and the median number 
of cine acquisitions performed before starting lesion 
preparation (1 [1–1] versus 4 [2–5]; P=0.0002) were 
significantly lower in patients randomized to the inter-
vention group. The total amount of contrast used during 
CT scanning and PCI was equal among both groups 
(134±27.7 versus 116.7±37.5 mL; P=0.08; Table 3).

Stent expansion was excellent in the overall cohort 
without significant differences between the groups. The 
major adverse cardiac event rate at 6 months was 0% 
in the intervention group and 6.7% (1/15) in the control 

group (P=0.16). The patient in the control group died 76 
days after PCI with unknown cause. This was graded as 
a possible event of stent thrombosis.

Table 3.  Primary and Secondary End Points

Intervention 
group (n=15)

Control group 
(n=15) P value

% Patients without 
geographic mismatch

100 (15/15) 67.7 (10/15) 0.06

% Patients additional stent 
needed

0 (0/15) 6.7 (1/15) 0.49

Volume of contrast 
administered during PCI, mL

60.7±21.5 116.7±37.5 <0.0001

Total volume of contrast 
administered, mL

134±27.7 116.7±37.5 0.08

Procedural radiation dose, 
mGy

251.9  
(195.6–393.3)

487.3  
(407.4–634.0)

0.026

Procedural duration, min 30.0  
(20.0–45.0)

50.0  
(40.0–70.0)

0.009

Stent expansion, % 0.87±0.13 0.88±0.14 0.77

Median number of cine 
acquisitions before lesion 
preparation

1 (1–1) 4 (2–5) 0.0002

MACE at 6 mo 0/15 1/15 0.16

MACE indicates major adverse cardiac events; and PCI, percutaneous coro-
nary intervention.

Figure 2. Working view angles during percutaneous coronary intervention.
Red, intervention group. Blue, control group. 3DCT indicates 3-dimensional computed tomography; CAUD, caudal; CRAN, cranial; LAO, left 
anterior oblique; and RAO, right anterior oblique.
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Figure 3. Primary end point.
Red, intervention group. Blue, control group. The dark gray zone represents 1 mm of stent protrusion in the aorta (11/15 [73%] vs 5/15 [33%]; 
P=0.03). The light gray zone represents 3 mm of stent protrusion in the aorta (4/15 [26%] vs 10/15 [67%]; P=0.06). RCA indicates right 
coronary artery.
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Lesion Characteristics
The calcium arc (R2=0.69; P<0.0001), MLA (R2=0.49; 
P<0.003), and vessel diameter (R2=0.55; P<0.0001) were 
highly correlated between 3DCT and IVUS (Figure 4). 
However, Bland-Altman analysis showed a 12% vessel 
diameter undersizing with 3DCT compared with IVUS.

Comparison With Commercially Available 
Software
The comparison of the LAO/RAO and CRA/CAU angle 
views showed good correlation between Materialise and 
3mensio (Figure S4).

DISCUSSION
This is the first randomized controlled trial to show the 
added value of 3DCT for preprocedural planning for 
PCI of aorto-ostial RCA lesions. Preprocedural 3DCT 

planning allowed for accurate imaging of the aorto-ostial 
plane and adequate assessment of lesion calcification, 
thereby allowing optimal stent positioning while reducing 
procedure time, contrast, and radiation.

Often encountered as the Achilles heel of interven-
tional cardiology, the rate of TLR in PCI of aorto-ostial 
RCA lesions remains 14.2% at 3 years, even with the 
use of second-generation drug-eluting stents.6 In pre-
vious retrospective studies, the main drivers for TLR 
of aorto-ostial lesions were stent underexpansion and 
geographic mismatch. The latter was present in 54% of 
patients and resulted in a 3-fold increase in the rate of 
TLR.15 While the incidence of geographic mismatch in 
patients randomized to the control group was in line with 
these retrospective data (33% with a 3-mm and 66% 
with a 1-mm tolerance zone), stent implantation was 
within the predefined 3 mm tolerance zone in all patients 
randomized to preprocedural 3DCT planning. At 6-month 
follow-up, no significant difference in major adverse car-
diac events was observed in our study, although 1 patient 

Figure 4. Three-dimensional computed tomography (3DCT) vs intravascular ultrasound (IVUS).
Correlation and Bland-Altman curves for calcium arc (A and B), minimal lumen area (MLA; C and D), and vessel diameter (E and F).
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in the control group had an unexplained death 76 days 
after PCI. An adequately powered future randomized trial 
is necessary to investigate whether preprocedural 3DCT 
can avoid geographic mismatch and effectively reduce 
TLR rates in these vulnerable patients.

In line with a previous retrospective CT study suggest-
ing an average optimal viewing angle for PCI of aorto-
ostial RCA lesions of LAO 79°/CRA 41°,17 the average 
angle in our study was LAO 61°/CRA 13°. Retrospective 
studies revealed that a significant amount of unrecog-
nized vessel foreshortening occurs in the working views 
selected by experienced interventional cardiologists.17,18 
The average viewing angle in our angio-guided group 
was found to be LAO 35°/CRA 9°, suggesting that inter-
ventionalists should use more extreme LAO angles in the 
majority of patients. However, every patient has a unique 
anatomy of the aorto-coronary junction defined by the 
origin of the RCA, the take-off angle from the aorta, and 
the rotation of the aortic root. This resulted in significant 
patient heterogeneity considering the optimal angle for 
stent implantation, thereby underscoring the potential 
benefit of individualized preprocedural CT planning. An 
integrated 3DCT linked with the angiography system in 
the catheterization laboratory could allow operators to 
virtually rotate the aorto-coronary junction to determine 
the optimal C-arm viewing angle in real time.19,20 Cardiac 
motion and the patient’s position on the catheterization 
laboratory table relative to the CT table seem to have 
little impact on the precision of 3DCT to define opti-
mal fluoroscopic viewing angle.17 Upfront determination 
of the optimal viewing angle allowed for 1 single setup 
shot before starting lesion preparation in 13 of 15 (87%) 
patients, while a median of 4 shots were deemed nec-
essary in patients randomized to the angio-guided arm. 
This resulted in a 48% reduction in procedural contrast, 
radiation dose, and procedure times that were on aver-
age 13 minutes shorter. Prediction of the C-arm angle 
has been long established in transcatheter aortic valve 
implantation procedures, with a decrease in the number 
of aortograms, shortening of procedure time, and reduc-
tion in the use of contrast agents.21,22 Commercially avail-
able software to analyze the optimal C-arm angulation 
in transcatheter aortic valve implantation procedures can 
be a good alternative to Materialise software to deter-
mine the optimal C-arm angle in PCI of the ostium of 
the RCA.

Alternative techniques have been described to opti-
mize stent positioning at the level of the RCA ostium. 
Some operators use a second guidewire in the aorta just 
below the ostium to prevent deep intubation of the guid-
ing and to define a landmark for stent placement at the 
level of the ostium. Although cheap and frequently used, 
this floating wire technique is poorly studied, and the risk 
of vessel foreshortening in a 2-dimensional projection 
cannot be excluded. Szabo et al23 described a technique 
for precise positioning of an aorto-ostial stent by using 

a floating guidewire positioned through the proximal 
stent strut to anchor the stent at the ostial location. Its 
usefulness has been demonstrated in larger case series 
with IVUS documentation of correct positioning.24 The 
Ostial-PRO stent positioning system is a guide extension 
with self-expandable radioopaque nitinol feet at the tip 
to mark the plane of the aortic wall. This simple device 
proved successful for optimal positioning in all 30 cases 
reported in a pilot study.25 Finally, some operators use 
live IVUS with the probe on a buddy wire to have real-
time imaging during the initial partial inflation of the stent. 
Importantly, the use of all mentioned techniques was not 
allowed in our study.

In accordance with previous studies, 3DCT was able 
to predict IVUS lesion characteristics such as the calcium 
arc and MLA.26–28 However, in our data, CT angiography 
showed a systematic undersizing of the predicted vessel 
diameter by 12% compared with IVUS, likely explained 
by scattering from surrounding calcium. Upfront CT-
based determination of the calcium modification strategy 
may allow for further shortening of the duration of the 
procedure because devices such as rotablator atherec-
tomy or shockwave balloons can already be prepared by 
nursing staff during the positioning of the guiding and 
wiring of the vessel.

Although the risk of bias was limited because the pri-
mary end point was adjudicated by a blinded core labora-
tory, our study was limited by its open-label single-center 
design and the sample size. Therefore, we consider our 
results to be hypothesis generating. Performing an upfront 
3DCT and offline preprocedural planning has potential 
limitations in terms of health care costs, patient radiation 
and contrast doses, and patient comfort, as PCI had to be 
performed in a second staged procedure. However, in an 
increasing number of patients, the indication for invasive 
angiography is based on CT angiography or CT transcath-
eter aortic valve implantation. In our study, offline prepro-
cedural planning could be performed without additional 
scanning in 4 of 15 patients. Moreover, the reduction in 
procedural contrast use offsets the amount of additional 
contrast necessary for the CT scan, rendering the total 
amount of contrast equal between the groups. Finally, we 
did not perform a CT with measurement of fractional flow 
reserve, and preprocedural planning could be completed 
by including functional evaluation and prediction of post-
PCI fractional flow reserve.

CONCLUSIONS
Preprocedural 3DCT planning for PCI of aorto-ostial 
RCA lesions allows for optimal stent positioning while 
reducing procedure time, contrast, and radiation dose.
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