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BACKGROUND: Patients with previous coronary artery bypass grafting often require invasive coronary angiography (ICA). 
However, for these patients, the procedure is technically more challenging and has a higher risk of complications. Observational 
studies suggest that computed tomography cardiac angiography (CTCA) may facilitate ICA in this group, but this has not 
been tested in a randomized controlled trial.

METHODS: This study was a single-center, open-label randomized controlled trial assessing the benefit of adjunctive CTCA 
in patients with previous coronary artery bypass grafting referred for ICA. Patients were randomized 1:1 to undergo CTCA 
before ICA or ICA alone. The co–primary end points were procedural duration of the ICA (defined as the interval between 
local anesthesia administration for obtaining vascular access and removal of the last catheter), patient satisfaction after 
ICA using a validated questionnaire, and the incidence of contrast-induced nephropathy. Linear regression was used for 
procedural duration and patient satisfaction score; contrast-induced nephropathy was analyzed using logistic regression. We 
applied the Bonferroni correction, with P<0.017 considered significant and 98.33% CIs presented. Secondary end points 
included incidence of procedural complications and 1-year major adverse cardiac events.

RESULTS: Over 3 years, 688 patients were randomized with a median follow-up of 1.0 years. The mean age was 69.8±10.4 years, 
108 (15.7%) were women, 402 (58.4%) were White, and there was a high burden of comorbidity (85.3% hypertension and 
53.8% diabetes). The median time from coronary artery bypass grafting to angiography was 12.0 years, and there were a median 
of 3 (interquartile range, 2 to 3) grafts per participant. Procedure duration of the ICA was significantly shorter in the CTCA+ICA 
group (CTCA+ICA, 18.6±9.5 minutes versus ICA alone, 39.5±16.9 minutes [98.33% CI, −23.5 to −18.4]; P<0.001), alongside 
improved mean ICA satisfaction scores (1=very good to 5=very poor; −1.1 difference [98.33% CI, −1.2 to −0.9]; P<0.001), and 
reduced incidence of contrast-induced nephropathy (3.4% versus 27.9%; odds ratio, 0.09 [98.33% CI, 0.04–0.2]; P<0.001). 
Procedural complications (2.3% versus 10.8%; odds ratio, 0.2 [95% CI, 0.1–0.4]; P<0.001) and 1-year major adverse cardiac 
events (16.0% versus 29.4%; hazard ratio, 0.4 [95% CI, 0.3–0.6]; P<0.001) were also lower in the CTCA+ICA group.

CONCLUSIONS: For patients with previous coronary artery bypass grafting, CTCA before ICA leads to reductions in procedure time and 
contrast-induced nephropathy, with improved patient satisfaction. CTCA before ICA should be considered in this group of patients.

REGISTRATION: URL: https://www.clinicaltrials.gov; Unique identifier: NCT03736018. 
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Coronary artery bypass grafting (CABG) is the 
most common cardiac procedure performed on 
adults in the developed world, with ≈250 000 

patients undergoing the procedure each year in the 

United States.1 Despite advances in percutaneous 
coronary intervention, CABG has a major role in the 
management of patients with coronary artery disease, 
especially those with multivessel or left main stem 
disease.2 However, due to accelerated progression of 
native coronary artery disease after CABG and the high 
failure rates of saphenous vein grafts, ≈1 in 5 patients 
will require an invasive angiogram within 3 years of 
CABG, with up to 15% requiring further revasculariza-
tion within 5 years.3,4

Invasive coronary angiography (ICA) in patients post-
CABG, whilst remaining the gold standard for coronary 
and graft evaluation, is more challenging than in patients 
without grafts. An increased number of vessels to 
engage, variable location of bypass graft ostia, and often 
incomplete information available regarding the number 
and type of grafts placed lead to procedures lasting lon-
ger, high levels of contrast and radiation exposure, and an 
increased risk of complications (eg, stroke and contrast-
induced nephropathy) compared with patients without 
previous CABG.5–10 The benefits of procedural develop-
ments in ICA have also been questioned, with the pos-
sibility of greater contrast use and procedure length with 
radial access compared with femoral in the post-CABG 
patient.11 Therefore, the development of techniques to 
facilitate safer and more efficient ICA is needed.

Computed tomography cardiac angiography (CTCA) 
is a useful clinical tool in the assessment of patients with 
previous CABG, providing a noninvasive evaluation of the 
number and location of bypass grafts, and being highly 
accurate at detecting graft stenoses, with sensitivity and 
specificity in excess of 95%.12,13 Previous observational 
studies have demonstrated the potential benefit of CTCA 
before ICA in reducing procedural time, contrast adminis-
tration, and radiation exposure.14,15 BYPASS-CTCA (Ran-
domised Controlled Trial to Assess Whether Computed 
Tomography Cardiac Angiography Can Improve Inva-
sive Coronary Angiography in Bypass Surgery Patients) 
was designed to assess, in a randomized controlled trial 
(RCT), whether CTCA before ICA led to improved proce-
dural metrics, safety, and patient satisfaction.

METHODS
Data Sharing
The data that support the findings of this study are available 
from the corresponding author upon reasonable request and 
with approval from the trial steering committee.

Trial Design and Oversight
The trial design has been described previously.16 This study, a 
single-center RCT performed at St Bartholomew’s Hospital, the 
largest cardiac center in the United Kingdom, evaluated a strat-
egy of CTCA before ICA in patients with previous CABG. The 
trial was approved by an independent ethics committee and 
supported by the Barts cardiovascular clinical trials unit. 

Clinical Perspective

What Is New?
•	 This study showed for the first time in a randomized 

clinical trial that in patients with previous coronary 
artery bypass grafting undergoing invasive coronary 
angiography, adjunctive computed tomography car-
diac angiography improves patient safety, optimizes 
the angiographic procedure, and increases patient 
satisfaction.

What Are the Clinical Implications?
•	 Upfront computed tomography cardiac angiogra-

phy before invasive coronary angiography resulted 
in reduced procedure times, improved patient sat-
isfaction, and lower incidence of contrast-induced 
nephropathy.

•	 A lower incidence of procedural complications and 
clinical events out to 12 months was also seen.

•	 The results suggest that computed tomography 
cardiac angiography should be considered before 
invasive coronary angiography in patients with pre-
vious coronary artery bypass grafting.

Nonstandard Abbreviations and Acronyms

ACS	� acute coronary syndrome
BYPASS-CTCA	� Randomised Controlled Trial to 

Assess Whether Computed Tomog-
raphy Cardiac Angiography Can 
Improve Invasive Coronary Angiog-
raphy in Bypass Surgery Patients

CABG	 coronary artery bypass grafting
CIN	 contrast-induced nephropathy
CT	 computed tomography
CTCA	� computed tomography cardiac 

angiography
GREECE	� Computed Tomography Coronary 

Angiography in Patients With a 
Previous Coronary Artery Bypass 
Graft Surgery Trial

ICA	 invasive coronary angiography
IQR	 interquartile range
L-RECORD	� Left Radial Compared to Femoral 

Approach for Coronary Angiography 
in Patients With Previous CABG

MACE	 major adverse cardiac event
MI	 myocardial infarction
RCT	 randomized controlled trial
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Patients
Patients considered eligible were those ≥18 years of age 
with a history of previous CABG who had been referred for 
ICA and were able and willing to give written informed con-
sent. Exclusion criteria were cardiac arrest, cardiogenic shock, 
ST-segment–elevation myocardial infarction (MI), chronic renal 
failure with an estimated glomerular filtration rate <20 mL/
min, pregnancy, intolerance to CTCA (ie, contrast allergy or 
inability to tolerate beta-blockers), or a current life-threatening 
condition other than vascular disease that may prevent study 
completion. Eligible patients were approached either at their 
pre–angiography assessment visit (for elective patients) or on 
the ward before invasive angiography (acute patients). They 
were enrolled after giving written informed consent.

Randomization and Treatment
Patients were randomly assigned in a 1:1 ratio to a strategy 
of CTCA before ICA or ICA alone. Randomization was per-
formed using an online electronic randomization system and 
was stratified by acute coronary syndrome (ACS) presentation. 
Block randomization was used with block size varied randomly. 
The allocation algorithm was written by the study statistician in 
Stata (Version 14) using the ralloc command.

Procedures
For patients allocated to CTCA, all CTCAs were performed using 
a third-generation dual-source computed tomography (CT) 
scanner (Somatom FORCE; Siemens). In elective ICA cases, 
CTCA was planned to be performed at least 2 weeks before 
ICA. For patients presenting with ACS, the CTCA and ICA were 
performed within 24 to 48 hours on the basis of scanner avail-
ability and clinical pathways. Although not mandated by the 
study protocol, heart rate control was achieved with the use of 
intravenous beta-blockers at the discretion of the radiographer 
and supervising cardiologist. Patients with atrial fibrillation were 
included in the study. All CTCA scans were reported by an inde-
pendent accredited radiologist/cardiologist detailing the graft 
anatomy, ostial location, and presence of disease. All coronary 
angiograms were performed either by, or under the supervision 
of, an interventional cardiologist. The choice of vascular access 
and whether to cannulate patent bypass grafts on CTCA were 
left to the discretion of the operator, but it was recommended 
not to image grafts found to be occluded on CTCA.

Outcomes
The primary outcome was a coprimary end point consisting of 
ICA procedure duration (defined as the interval between local 
anesthesia administration for obtaining vascular access and 
removal of the last catheter), patient satisfaction scores after 
ICA (on the basis of a validated questionnaire), and the inci-
dence of contrast-induced nephropathy (CIN; a ≥0.3 or ≥26.5 
μmol/L increase in creatinine within 48 hours or ≥1.5× within 
1 week as defined by the Kidney Disease Improving Global 
Outcomes criteria).17,18 Secondary end points included radial 
access rates, contrast amount (in milliliters) and radiation 
exposure administered during ICA, the number of catheters 
used during ICA, the number of grafts not identified during 
ICA, ICA-related complications (coronary or aortic dissection 
or periprocedural MI [Society for Cardiovascular Angiography 

& Interventions definition], stroke, bleeding, or vascular access 
complications), major adverse cardiac events (MACEs), and 
major adverse kidney events.19 MACE was defined as all-cause 
mortality, cardiac mortality, MI (not including periprocedural MI), 
and unscheduled revascularization. Major adverse kidney event 
was defined as all-cause mortality, new onset of renal replace-
ment therapy, and persistent renal dysfunction (>50% increase 
from baseline creatinine).20

Statistical Analysis
The study was sized to ensure that each of the 3 co–primary 
end points was sufficiently powered. The primary end point 
requiring the largest sample size was CIN; 510 patients pro-
vides 80% power (significance level 0.05) to demonstrate a 
CIN reduction of 60%, assuming an estimated CIN incidence 
of 12% in the control arm. We applied the Bonferroni correction 
and used α=0.017 in the calculations. This gives a total sample 
size of 618, which was increased to 688 after accounting for 
dropouts.

The statistical analysis plan (available with the protocol) was 
finalized before any analysis by trial group assignment. Primary 
analyses were presented with 98.3% CIs, and P<0.017 was 
deemed to be statistically significant (to preserve an overall 
α=5% split over 3 co–primary end points using the Bonferroni 
method of adjustment). The main analysis of primary end points 
was conducted on an intention-to-treat population consisting 
of all those randomized who had available data regardless of 
which procedures they underwent. The primary outcome of 
CIN was analyzed using logistic regression; linear regression 
was used for procedural duration and patient satisfaction score. 
For all primary end point analyses, estimates were made unad-
justed and adjusted for ACS and creatinine level at baseline. 
Prespecified subgroup analyses were performed on primary 
outcomes by incorporating and testing interaction terms into 
the models. In addition, a sensitivity analysis was conducted for 
the CIN end point excluding participants who did not undergo 
an ICA. Analyses of secondary outcomes were not adjusted for 
multiplicity. For the analysis for secondary end points, differ-
ences between trial groups were estimated using Cox propor-
tional hazards models for survival outcomes, Poisson regression 
for count outcomes, linear regression for continuous outcomes, 
and logistic regression for binary outcomes. Secondary end 
points are presented with 95% CIs. For the MACE end point, 
a Kaplan-Meier plot was used to show cumulative incidence in 
the 2 treatment groups over 1 year of follow-up. All analyses 
were conducted with the use of Stata software, version 17.0 
(StataCorp).

RESULTS
Patients
Between November 6, 2018, and August 23, 2021, 
688 patients were randomized: 344 in the CTCA+ICA 
group, and 344 in the ICA-only group (Figure  1). In 
the CTCA group, 22 patients did not undergo ICA as a 
result of physician preference on the basis of the CTCA 
result, and one patient died before ICA. This meant that 
there were 321 patients in this group who underwent 
ICA (Figure 1). In the ICA-alone group, 2 patients died 



OR
IG

IN
AL

 R
ES

EA
RC

H 
AR

TI
CL

E

October 31, 2023� Circulation. 2023;148:1371–1380. DOI: 10.1161/CIRCULATIONAHA.123.0644651374

Jones et al BYPASS-CTCA

after randomization but before ICA, resulting in 342 
patients in this group undergoing ICA (Figure 1). Pa-
tients were followed up for a median of 1.0 year (377 
days).

Baseline characteristics are shown in Table 1. In the 
CTCA+ICA group, the median time from CTCA to ICA 
was 6.9 days (interquartile range [IQR], 0.2–63.0 days). 
Shorter times were seen in the ACS group (median, 0.3 
days [IQR, 0.1–13.7 days]) compared with the elective 
group (median, 26.9 days [IQR, 3.1–91.8 days]).

The overall median time from CABG to angiogram 
was 12.0 years (IQR, 5.7–19.2). In 24% of cases, the 
graft details were unknown, as the operation note 
was not available and there had been no subsequent 
angiogram, and 46.3% of patients had a previous coro-
nary angiogram after CABG. The majority of patients 
(92.8%) had a left internal mammary artery graft, with 
arterial grafts comprising 34.2% of grafts overall and 
the remainder venous. The total number of grafts was 
similar between the 2 groups (2.9±0.9 in CTCA+ICA 
and 2.9±0.8 in ICA alone). In the CTCA+ICA group, 
36.0% of grafts were patent or occluded on CTCA, so 
they were not invasively assessed, with one graft not 
found (0.3%). In the ICA-alone group, 19.1% of all 

grafts were not imaged either due to being known to 
be occluded (previous angiography) or being unable 
to locate at the time of angiography (Table 2). Aortog-
raphy, performed with a pigtail catheter and 40 mL of 
contrast, was undertaken as part of invasive angiogra-
phy in 1.2% of the CTCA+ICA group and 17.3% of the 
ICA-only group (P<0.001).

Primary Outcomes
The mean ICA procedure duration was significantly 
reduced for patients in the CTCA+ICA group com-
pared with patients undergoing ICA alone (CTCA+ICA, 
18.6±9.5 minutes versus ICA alone, 39.5±16.9 minutes; 
P<0.001; Figure 2A). This was an unadjusted difference 
of −20.9 minutes (98.3% CI, −23.5 to −18.4), with no 
change seen after adjustment (−20.9 [95% CI, −23.5 
to −18.4]; P<0.001). When comparing total procedure 
time (including percutaneous coronary intervention), 
procedure time remained significantly reduced in the 
CTCA+ICA arm, with a mean difference of 10.8 minutes 
(CTCA+ICA, 70.4±34.7 versus ICA, 81.2±36.4 [95% CI, 
−19.2 to −2.5]; P=0.01). When combining the CTCA and 
ICA procedure durations, there remained a significant 

Figure 1. Study CONSORT (Consolidated Standards of Reporting Trials) diagram.
CIN indicates contrast-induced nephropathy; CTCA, computed tomography cardiac angiography; eGFR, estimated glomerular filtration rate; and 
ICA, invasive coronary angiography.
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reduction in the CTCA+ICA group compared with the 
ICA-alone group (22.1±10.5 minutes versus 39.5±16.9 
minutes; P<0.001).

Patient angiography satisfaction questionnaires were 
completed for 662 patients (99.8%). Patient satisfaction 
scores (1=very good to 5=very poor) were significantly 
better in the CTCA+ICA group (1.5±0.6) compared with 
the ICA-alone group (2.5±1.0; Figure 3A), with a mean 
difference of −1.1 (98.33% CI, −1.2 to −0.9; P<0.001). 
In the CTCA+ICA group, 96% of the patients rated their 

overall satisfaction as very good or good, compared with 
only 46% of the ICA-alone group (Figure 3B). This ben-
efit was seen consistently across all elements of the 
questionnaire (Table S3) and across subgroups (Table 
S4). Across the study, the mean satisfaction score was 
lower (ie, indicating greater satisfaction) among patients 
without a complication compared with those with a com-
plication (1.98 versus 2.73; P<0.001). In the CTCA+ICA 
group, patient satisfaction with the CTCA scan was high, 
with 98% of patients rating their satisfaction as very 
good or good (Table S5).

Postangiography renal function tests were avail-
able for 615 patients and demonstrated an overall CIN 
incidence of 16.1%. Incidence of CIN was significantly 
reduced in the CTCA+ICA group compared with the 
ICA-alone group (3.4% versus 27.9%; odds ratio, 0.09 
[98.33% CI, 0.04–0.2]; P<0.001; Figure  2B). When 
patients in the CTCA+ICA group who underwent CTCA 
only (n=21) were included, the difference persisted, and 
was consistent across the subgroups (Table S6).

Secondary Outcomes
Regarding secondary outcomes (Table 2), the CTCA+ICA 
group had significantly higher radial access rates, a lower 
number of catheters used during ICA, reduction in fluo-
roscopy time, and a reduction in contrast used during ICA, 

Table 1.  Baseline Characteristics.

Characteristics 
CTCA+ICA 
(n=344) 

ICA alone 
(n=344) 

Overall 
(n=688) 

Age, y 69.0 (10.9) 70.6 (9.8) 69.8 (10.4)

Male sex 293 (85.2) 287 (83.4) 580 (84.3)

Race and ethnicity

 � Asian 116 (33.7) 144 (41.9) 260 (37.8)

 � Black 9 (2.6) 15 (4.4) 24 (3.5)

 � White 218 (63.4) 184 (53.5) 402 (58.4)

 � Unknown 1 (0.3) 1 (0.3) 2 (0.3)

BMI, kg/m2 28.6 (5.0) 28.6 (4.5) 28.62 (4.8)

Diabetes 169 (49.1) 201 (58.4) 370 (53.8)

Hypertension 293 (85.2) 294 (85.5) 587 (85.3)

Hypercholesterolemia 262 (76.2) 279 (81.1) 541 (78.6)

Family history 39 (11.3) 53 (15.4) 92 (13.4)

Previous PCI 163 (47.4) 169 (49.1) 332 (48.3)

Previous MI 231 (67.2) 236 (68.6) 467 (67.9)

Chronic kidney disease* 142 (41.2) 134 (38.9) 276 (40.1)

Atrial fibrillation 25 (7.3) 25 (7.3) 50 (7.3)

Stroke 22 (6.4) 27 (7.9) 49 (7.1)

Smoking status

 � Nonsmoker 138 (40.1) 161 (46.8) 299 (43.5)

 � Ex-smoker 179 (52.0) 154 (44.8) 333 (48.4)

 � Current smoker 27 (7.9) 29 (8.4) 56 (8.1)

Presentation

 � Unstable angina 25 (7.2) 27 (7.9) 52 (7.6)

 � NSTEMI 128 (37.2) 127 (36.9) 255 (37.1)

 � Stable angina 191 (55.5) 188 (54.7) 379 (55.1)

 � Other 0 (0) 2 (0.6) 2 (0.3)

LVEF, % 50.5 (11.6) 49.4 (11.8) 49.4 (11.8)

Creatinine, μmol/L 101.9 (34.6) 99.9 (30.2) 100.9 (32.5)

eGFR, mL·min·1.73 m2 65.8 (18.5) 66.3 (17.7) 66.1 (18.3)

Systolic BP, mm Hg 128.0 (16.8) 130.0 (17.1) 129.0 (17.0)

Diastolic BP, mm Hg 71.0 (9.2) 70.5 (9.4) 70.7 (9.3)

Values are mean (SD) or n (%). BMI indicates body mass index; BP, blood 
pressure; CTCA, computed tomography cardiac angiography; ICA, invasive coro-
nary angiography; LVEF, left ventricular ejection fraction; MI, myocardial infarction; 
NSTEMI, non–ST-segment–elevation myocardial infarction; and PCI, percutane-
ous coronary intervention.

*Chronic kidney disease defined as baseline estimated glomerular filtration 
rate (eGFR) <60 mL·min·1.73 m2.

Table 2.  Invasive Coronary Angiography Procedural Data

Characteristics 
CTCA+ICA 
(n=321) 

ICA alone 
(n=342) P value 

Radial access 247 (76.9) 194 (56.7) <0.001

Number of bypass grafts

 � 1 23 (7.1) 23 (6.7) 0.34

 � 2 82 (25.5) 75 (21.9)  

 � 3 143 (44.4) 177 (51.8)  

 � 4 65 (20.2) 62 (18.1)  

 � 5 9 (2.8) 5 (1.5)  

 � Mean±SD 2.9±0.9 2.9±0.8  

Procedure time, minutes 18.6 (9.5) 39.5 (16.9) <0.001

Fluoroscopy time, minutes 8.1 (5.1) 14.9 (7.5) <0.001

Radiation

 � Air kerma, mGy 121.0  
(85.0–188.0)

184.0  
(124.8–301.0)

<0.001

 � DAP, uGym2 770.0  
(510.5–1136.0)

1177.0  
(827.0–1760.0)

<0.001

 � Effective dose, mSV 1.6 (1.0–2.4) 2.6 (1.8–3.9) <0.001

 � Contrast, mL 77.4 (49.1) 173.0 (68.0) <0.001

 � Number of catheters  
during ICA

3 (2–4) 4 (3–5) <0.001

 � Mehran score 7.2 (4.2) 11.0 (5.5) <0.001

Data are median (Q1–Q3), mean±SD, or number (%). CTCA indicates com-
puted tomography cardiac angiography; DAP, dose area product; and ICA, inva-
sive coronary angiography.

https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.123.064465
https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.123.064465
https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.123.064465
https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.123.064465
https://www.ahajournals.org/doi/suppl/10.1161/CIRCULATIONAHA.123.064465
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which persisted even when adding the contrast used dur-
ing CTCA (CTCA+ICA, 148.9±50.6 versus 173.0±68.0 
mL; P<0.001). Percutaneous coronary intervention rates 

were comparable, with 139 patients (43.3%) in the 
CTCA+ICA group and 141 patients (41.2%) in the ICA 
group proceeding to percutaneous coronary intervention 
(Table S7).

Total effective dose received during ICA was signifi-
cantly reduced in the CTCA+ICA group (median, 1.6 mSv 
[IQR, 1.0–2.4]) compared with the ICA-alone group (2.6 
mSv [IQR, 1.8–3.9 mSv]; P<0.001). However, the median 
total effective dose (using a conversion factor of 0.017) 
for the CTCA was 5.8 mSv (IQR, 3–9.9 mSv), resulting in 
a combined radiation dose of 7.50 (IQR, 4.5–11.6 mSv) 
in the CTCA+ICA group, which was significantly greater 
than in the ICA-alone group (2.6; IQR, 1.8–3.9 mSv; 
P<0.001).

In the CTCA+ICA group, 99.7% of patients had com-
plete diagnostic studies after ICA (one patient did not 
have a CTCA preprocedure due to logistical reasons), 
compared with only 75.7% in the ICA-alone group 
(P<0.001), in which the remaining had bypass grafts that 
were not evaluated or quantified at the time of ICA.

Procedural complication incidence was lower in the 
CTCA+ICA group (2.3% versus 10.8%; odds ratio, 
0.2 [95% CI, 0.1 to 0.4]; P<0.001; Table 3), driven by 
reduced vascular access complications and periproce-
dural MI. There was a significant reduction in incidence 
of 1-year MACE in the CTCA+ICA group compared with 
the ICA group (16.0% to 29.4%; hazard ratio, 0.4 [95% 
CI, 0.3–0.6]; P<0.001), driven by reduced rates of spon-
taneous MI (Table 4; Figure 4). There was a significant 
reduction in 1-year incidence of major adverse kidney 
event in the CTCA+ICA group compared with the ICA 
group (6.4% versus 10.2%; hazard ratio, 0.6 [95% CI 
0.3–0.97]; P=0.04), driven by reduced frequency of per-
sistent renal dysfunction (Table 4).

DISCUSSION
In this RCT of patients with previous CABG undergoing 
ICA, CTCA before ICA resulted in reduced procedure 
times, increased patient satisfaction, and lower incidence 
of CIN compared with ICA alone. Upfront CTCA was also 
superior for several secondary end points, including re-
duced contrast dose, reduced ICA radiation exposure, 
and a lower number of angiography catheters used. Pro-
cedural complications were also reduced, with upfront 
CTCA providing safer procedures with subsequent im-
proved clinical outcomes (MACE) for up to 1 year. This 
supports the routine use of adjunctive CTCA before ICA 
to facilitate safe and effective angiography and improve 
patient outcomes.

The study was designed to assess whether CTCA is 
a useful adjunct to planned ICA in patients with previous 
CABG. Previous observational studies have suggested 
upfront CTCA may reduce the exposure of patients to 
contrast, radiation, and the clinical risks of invasive pro-
cedures.14,15,21 A recently presented RCT (GREECE 

Figure 2. Procedural duration and incidence of contrast-
induced nephropathy.
A, Violin plot of the procedural duration of invasive coronary angiography 
(ICA) for the 2 groups. Mean and SD are shown behind the scatterplots. 
B, Contrast-induced nephropathy incidence in both the treatment 
groups. CTCA indicates computed tomography cardiac angiography.
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[Computed Tomography Coronary Angiography in 
Patients With a Previous Coronary Artery Bypass Graft 
Surgery Trial]) has provided some preliminary data.22,23 In 
GREECE, 153 patients with previous CABG and a clini-
cal indication for coronary angiography were randomized 
to CTCA+ICA (n=84) or ICA alone (n=69). The study 
reported a primary end point of an increased total con-
trast volume in the CTCA+ICA arm compared with the 
ICA-alone arm (209 versus 165 mL; P=0.006), despite 
a similar incidence of CIN (16% versus 13.8%; P=0.71). 
Total procedure time (28.5 versus 38.4 minutes; P=0.02) 
and 30-day MACE (5% versus 16%; P=0.02) were lower 
in the CTCA arm. These conflicting results likely highlight 
the underpowered nature of the trial but also uncertainty 
with respect to full use of the CTCA in this group. Higher 
volumes of contrast use during ICA with previous CTCA 
are difficult to explain; however, as the full results are not 
yet published, it is difficult to draw detailed comparisons 
to explain the different results seen between GREECE 
and BYPASS-CTCA. However, the GREECE investiga-
tors did conclude that a larger trial with newer CT scan-

ners could lead to a different outcome, which was the 
case in our study.22

The primary beneficial role of CTCA before ICA in 
patients with previous CABG is in providing information on 
the number and location of bypass grafts and, in particular, 
if they are patent or occluded. This potentially avoids graft-
seeking and facilitates selective engagement during ICA. 
As expected, this allowed for lower volumes of contrast 
use during ICA, which then expectedly leads to lower CIN 
incidence.24 The prognostic significance of CIN has been 
debated in recent years, but there are emerging data that 
CIN after arterial contrast administration during angiogra-
phy, especially in patients with preexisting renal dysfunction, 
is prognostically important.25–27 The CIN incidence of 27.9% 
in the control group (ICA-only) was higher than estimated 
in our assumptions, although, to our knowledge, no study 
has specifically reported CIN incidence after ICA in patients 
undergoing CABG. The incidence of CIN in the ICA-alone 
group corresponded to the average Mehran score of 11.0; 
however, even allowing for the higher volume of contrast, 
this was higher than in the CTCA group.24 We found that the 

Figure 3. Patient satisfaction scores.
A, Mean overall patient satisfaction score of the invasive coronary angiography (ICA) for both treatment groups. B, Breakdown of overall patient 
satisfaction for the 2 groups. CTCA indicates computed tomography cardiac angiography.

Table 3.  Procedural Complications

 

Treatment group Unadjusted Covariate adjusted

CTCA+ICA (n=343) ICA (n=342) Odds ratio (95% CI) P value Odds ratio (95% CI) P value 

Total 8 (2.3) 37 (10.8) 0.2 (0.1–0.4) <0.001 0.2 (0.1–0.4) <0.001

 � Coronary or aortic dissection 1 (0.3) 2 (0.6) 0.5 (0.04–5.5) 0.57 0.5 (0.04–5.5) 0.56

 � Periprocedural MI 2 (0.6) 22 (6.4) 0.1 (0.02–0.4) 0.001 0.1 (0.02–0.4) 0.001

 � Stroke 3 (0.9) 1 (0.3) 3.0 (0.3–29.1) 0.34 3.0 (0.3–29.0) 0.34

 � Vascular access 2 (0.6) 15 (4.4) 0.1 (0.03–0.6) 0.007 0.1 (0.03–0.6) 0.007

Adjusted differences are corrected for baseline creatinine and acute coronary syndrome presentation. CTCA indicates computed tomography cardiac angiography; 
ICA, invasive coronary angiography; and MI, myocardial infarction.
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effect was consistent when using the CIN criteria (≥25% or 
≥0.5 mg/dL increase in creatinine at 48 hours) used in the 
Mehran model, with an incidence of 2.5% in the CTCA+ICA 
group and 24% in the ICA-alone group. The reduction in 
CIN remained in the ACS group despite the CTCA (and 
associated contrast load) often being performed on the 
same day (median 0.3). Whereas the increased incidence of 
CIN in the ICA-alone group was associated with persistent 
renal dysfunction, there was no increase in the incidence of 
need for renal replacement therapy.

Procedure times seen in the ICA-alone group in 
BYPASS-CTCA were comparable to the ICA-only group of 
GREECE (38.4 minutes), and with other series of patients 
after bypass (ranging from 21.9 to 60 minutes).11,22,28,29 
The 18.6 minutes of ICA time in the CTCA group is shorter 

than in all of these aforementioned studies and suggests 
the use of the information provided specifically by CTCA 
led to this reduction. This reduction in ICA procedure time 
was likely because of the need for fewer grafts being inva-
sively imaged at the time of ICA and identifying the location 
of those grafts that were deemed necessary to cannu-
late. Although invasive angiography procedure times were 
reduced, for the elective patients in the CTCA group, this 
was at the time expense of an extra hospital visit, which 
may be difficult or not preferable for some patients.

The degree of reduction seen in procedural complica-
tions in the CTCA group was surprising and driven by 
reduced vascular access complications and frequency of 
periprocedural MI. With knowledge of how many, if any, 
grafts needed to be engaged, those in the CTCA group 

Table 4.  Major Adverse Events

1-y MACE and MAKE 

Treatment group Unadjusted Covariate adjusted

CTCA+ICA (n=344) ICA (n=344) Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value 

MACE 55 (16.0) 101 (29.4) 0.5 (0.3–0.7) <0.001 0.4 (0.3–0.6) <0.001

 � All-cause mortality 21 (6.1) 28 (8.1) 0.7 (0.4–1.3) 0.30 0.7 (0.4–1.2) 0.19

 � Cardiovascular mortality 6 (1.7) 13 (3.8) 0.5 (0.2–1.2) 0.11 0.4 (0.2–1.1) 0.08

 � Nonfatal MI 32 (9.3) 64 (18.6) 0.5 (0.3–0.7) <0.001 0.4 (0.3–0.7) <0.001

 � Unscheduled revascularization 20 (5.8) 32 (9.3) 0.6 (0.3–1.1) 0.09 0.6 (0.3–1.1) 0.09

MAKE 22 (6.4) 35 (10.2) 0.6 (0.4–1.1) 0.08 0.5 (0.30–1.0) 0.04

 � All-cause mortality 21 (6.1) 28 (8.1) 0.7 (0.4–1.3) 0.30 0.7 (0.4–1.2) 0.19

 � New-onset renal replacement 1 (0.3) 1 (0.3) 1.0 (0.1–16.1) >0.99 0.9 (0.04–21.4) 0.96

 � Persistent renal dysfunction 0 (0) 9 (2.6) — 0.004 — —

Major adverse cardiac events (MACEs) and major adverse kidney events (MAKEs) at 1 year are listed. Adjusted differences are corrected for baseline creatinine and 
acute coronary syndrome presentation. CTCA indicates computed tomography cardiac angiography; ICA, invasive coronary angiography; and MI, myocardial infarction.

Figure 4. Major adverse cardiac events at 12 months.
The cumulative incidence (percentage of population) of major adverse cardiac events during the 12-month follow-up period was estimated by 
the Kaplan-Meier method; differences were tested using the log-rank test. CTCA indicates computed tomography cardiac angiography; and ICA, 
invasive coronary angiography.
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had a higher frequency of radial access and therefore a 
lower frequency of vascular access complications.30 The 
reassurance of a patent left internal mammary artery dur-
ing CTCA could mean increasing use of the right radial 
route in this cohort, avoiding the need for femoral access 
and avoiding invasive left internal mammary artery can-
nulation at the time of ICA, which correlates with the find-
ings of L-RECORD (Left Radial Compared to Femoral  
Approach for  Coronary Angiography  in Patients  With 
Previous CABG), in which left radial access was nonin-
ferior to femoral access for patients undergoing CABG 
when the anatomy was known.31 Radial access rates are 
increasing for ICA in patients with CABG, and although 
our reported rates (67% overall and 57% in ICA alone) 
are consistent with the available literature, in centers 
with higher radial access rates, the addition of CTCA 
may not reduce the incidence of complications to the 
same extent. The higher incidence of periprocedural MI 
in the ICA-alone group is likely because of the combina-
tion of increased procedure time, higher number of grafts 
being invasively cannulated, and higher contrast volumes, 
which may explain the benefits of CTCA in this regard.32

Despite the positive procedural benefits of CTCA, there 
were significantly higher total doses of radiation received 
by patients who underwent upfront CTCA. No safety sig-
nal was seen in relation to this during the 1-year follow-
up; however, this has to be acknowledged as a limitation 
of the combined approach, with any long-term conse-
quences not known. Radiation doses with newer CT scan-
ners are likely to be reduced and the benefits at ICA may 
have been underappreciated at our institution on the basis 
of low frame rates and acquisition doses for invasive angi-
ography; as a consequence, the higher combined metrics 
of CTCA and ICA may not be reflected at other centers.

The reduction in 1-year MACE with upfront CTCA seen 
in this study, driven by a reduction in MI, is of interest, 
although as the trial was not powered for this end point, this 
should be viewed as hypothesis-generating only and should 
therefore be the focus of future research. Despite this, there 
is evidence of improvement in multiple variables and out-
comes in the CTCA group that may affect MACE events 
during follow-up: higher rates of radial access, reduced pro-
cedural complications, higher rates of full diagnostic stud-
ies, and therefore potentially complete revascularization, 
reduced incidence of CIN, and improved renal outcomes 
for up to 1 year.25,33 The synergistic benefits of these factors 
could explain these findings, and a similar signal was seen 
in the only other RCT assessing this question (GREECE); 
however, these findings require prospective validation in an 
adequately powered multicenter RCT.22

BYPASS-CTCA was a single-center study, and as such, 
the potential for application across other centers is uncer-
tain. In particular, this approach will not be possible at cen-
ters with lower CTCA capacity and could delay angiography 
and revascularization (although not seen in this study), with 
a potential negative effect on outcomes. The use of newer 

CT scanners may have contributed to the positive results 
demonstrated in BYPASS-CTCA compared with GREECE 
and make the results less generalizable to centers with 
older scanners. The interpretation and application of infor-
mation from CTCA also varies among clinicians. Even at 
this single center, where many operators perform the stud-
ies, differing practice occurs (eg, whether to reimage grafts 
shown to be patent or occluded on CTCA). The assump-
tion that CTCA findings were accurate and grafts engage-
ment at angiography was not mandated is a limitation of 
the study, although no safety concern was seen as far as 
MACEs. As discussed previously, the reduction in proce-
dural complications in the CTCA group may not be found in 
centers with higher radial access rates. Although planned, 
the cost-effectiveness evaluation of CTCA in this setting 
has not been completed so no conclusions around this can 
currently be made. By its nature, the trial was open-label, 
which may have affected subjective end points (eg, patient 
satisfaction), although these subjective end points were 
assessed by individuals blinded to the patient allocation.

Conclusions
Invasive coronary angiography remains the gold standard 
for evaluation of both native coronary arteries and grafts; 
however, in patients with previous CABG, it is technically 
more challenging and is associated with a higher risk of 
complications. This study has shown that the use of up-
front CTCA before ICA leads to reduced procedure time, 
improved patient satisfaction, and reduced incidence of 
CIN. CTCA before ICA, when logistically possible, should 
be considered for this group of patients.
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