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Abstract: Objective: Little is known about the fate of bypass grafts to the right coronary system.
To investigate the long-term patency of venous bypass grafts directed to the right coronary artery
(RCA) based on postoperative angiograms and to identify predictors of graft occlusion. Methods:
In this single-center study, all patients who underwent coronary angiography from 2005 to 2021
after previously undergoing isolated coronary artery bypass grafting (CABG) were included. The
primary endpoint was graft occlusion over a median follow-up of 9.1 years. Results: Among a total of
1106 patients (17.0% women, 64 (57–71) years median age), 289 (26.1%) received a sequential vein graft
and 798 (72.2%) a single graft. Multivariate regression revealed age (HR 1.019, CI 95% 1.007–1.032),
the urgency of CABG (HR 1.355, CI 95% 1.108–1.656), and severely impaired left ventricular function
(HR 1.883, CI 95% 1.290–2.748), but not gender and chronic total occlusion (CTO) as predictive
factors for graft occlusion. Single conduits were found to be a predictor of graft patency (HR 0.575
CI 95% 0.449–0.737). The angiographic outcome showed an overall 10-year freedom from graft
occlusion of 73.4% ± 1.6%. The 5-year (10-year) freedom from graft occlusion was 76.9% ± 2.8%
(57.8% ± 4.0%) for sequential grafts and 90.4% ± 1.1% (77.8% ± 1.7%) for single grafts (log-rank
p < 0.001). Conclusions: In symptomatic patients with renewed angiography, venous bypass grafting
of the RCA showed acceptable long-term patency rates. Single bypass grafting of the RCA was
superior to sequential grafting, which needs to be further investigated.

Keywords: coronary artery disease (CAD); coronary artery bypass grafting (CABG); coronary artery
graft patency; right coronary artery

1. Introduction

Coronary artery bypass grafting (CABG) remains a standard procedure for revascular-
ization of three-vessel disease/coronary artery disease (CAD) [1,2]. Despite experiences of
over half a century, the conduit of choice remains a matter of debate in terms of long-term
patency, further sustained by the lack of evidence due to inherent difficulties in conducting
prospective studies. Moreover, interobserver bias and the heterogeneity of patients further
contribute to this dilemma. The general opinion that arterial grafts are superior to venous
grafts has been demonstrated for revascularization of the left coronary artery (LCA), defin-
ing the synopsis of the current guidelines [3–6]. This phenomenon may originate from
several factors (1) smaller vessel diameters of the LCA compared to the right coronary
artery system; (2) mainly diastolic perfusion within the left system with consecutively
less competitive blood flow as opposed to diastolic/ systolic blood flow in the RCA; as
well as (3) reduced wall stress due to smaller muscle mass of the right ventricle. Venous
graft disease has been the topic of several clinical studies and ongoing basic research [7,8].
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Within six weeks, the development of intimal hyperplasia and arteriosclerosis in the venous
grafts lead to graft occlusion in approximately 50% of conduits over ten years, with some
investigations reporting even worse patency rates [9–11]. Whether the storage solutions of
the venous conduits or the preimplantation manual dilation are responsible for endothelial
damage, activation of the endothelium, and inflammation, has not been distinguished yet.

Despite standard recommendations preferring arterial revascularization, even the
largest randomized controlled trial has not been able to show benefits in terms of survival
when bilateral internal thoracic artery (ITA) CABG was performed instead of single ITA [4].
In addition, in this trial, ITA grafts to the RCA were prohibited due to concerns about
long-term patency. Moreover, the fate of the RCA system has not been addressed in
subpopulation analysis or other reports. Thus, the optimal revascularization strategy for
the RCA remains a matter of ongoing investigation.

This study aims to analyze the long-term patency of venous conduits utilized for the
revascularization of the right coronary artery and determine possible risk factors associated
with graft occlusion.

2. Patients and Methods
2.1. Patients

The cohort comprises a total of 1106 patients. All patients underwent isolated CABG
(without concomitant procedures such as a valve or aortic interventions) with revascular-
ization of the RCA utilizing a saphenous venous graft (SVG) at our institution. However,
“sequential” RCA grafts also included bypasses coming via the left coronary system. An-
giographic investigations were performed between 2005 and 2020. All patients underwent
CABG between January 1993 and January 2021. During this period, 16,194 isolated CABG
procedures were performed at our institution. Of those, 7898 patients received an RCA
bypass graft. We excluded all patients who underwent coronary angiography within the
first 30 postoperative days (44 patients (including three arterial bypass grafts). Graft occlu-
sion was detected in fifteen patients (including one arterial bypass graft) and five patients
deceased within 30 days) since the need for early cardiac catheterization is usually due to
periprocedural adverse events, which does not reflect the objective of our investigation.
Angiographic investigations for patients with a history of CABG performed at an external
institution were also excluded. The study design is depicted in the CONSORT diagram
(Figure 1).

Due to the retrospective nature of the study, the need for informed consent was waived
by the local Research Ethics Committee of the University of Heidelberg, and the study was
subsequently approved (S-942/2020, 14 December 2020).

2.2. Data Collection

Data sets were collected from medical records consisting of over 5000 variables for
each patient. Included were demographic characteristics, cardiovascular risk profile, diag-
nostic methods, patients’ preoperative clinical status, details of the surgery, postoperative
outcome, and angiography findings. The maximum of institutional follow-up was included.
All available preoperative and postoperative angiographies and their reports have been
analyzed and verified by experienced interventional cardiologists and cardiac surgeons. If
multiple angiographies were detected for a patient, the earliest described graft occlusion
was documented in this study. Graft occlusion was defined as the complete cessation of
blood flow in the respective vessel. Furthermore, later interventions concerning the native
coronary arteries (CA) or grafts were also included.

2.3. Statistical Analysis

Continuous variables were expressed as mean ± standard deviation or median and
interquartile range (IQR) in data not normally distributed, and categorical variables as ab-
solute and relative frequencies. Student’s t-test and Pearson’s χ2 were used for continuous
and categorical variables, respectively.
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To investigate the influence of different patient characteristics and procedural factors
associated with graft occlusion, a cox hazard univariate logistic mixed effect model was
performed, containing factors that have been proven to influence outcomes after CABG.
Aiming to investigate the influence of additional factors on graft patency, we analyzed
parameters such as measured graft blood flow, coronary diameter, and the number of
sequential anastomses, utilizing a cox hazard logistic mixed effect regression, after dividing
the cohort into a single graft and sequential graft subgroups. The influence of blood flow
was not analyzed for the total cohort since flow rates of sequential grafts are not comparable
to flow rates of single anastomosis grafts if not measured within the respective sequence.
Nineteen patients who received a T-/Y-venous graft were included in the overall patency
analysis but not further analyzed due to sample size limitations. Due to the exploratory
character of this analysis, all p values are of descriptive nature. A p value < 0.05 was
considered significant. All analyses were performed using SPPS Statistics 28 (IBM Corp.,
Armonk, NY, USA) and GraphPad Prism 9.3.1 (GraphPad Software, San Diego, CA, USA).

3. Results
3.1. Demographics and Clinical Presentation

A total of 1106 patients were included in the study after exclusion according to the
above-mentioned criteria. The median patient age was 64 (IQR 57–71) years at the time of
initial CABG, of whom 188 (17%) were female, with a median logistic EuroScore of 6.05%
(IQR 3.14–10.43). Thirty-five percent of the patients underwent previous percutaneous
coronary intervention (PCI), and 3.5% had previous cardiac surgery. Cardiovascular risk
factors were distributed as shown in Table 1, wherein 50% of patients presented with a
history of smoking. Atrial fibrillation and severely impaired LV function were detected in
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7.6% and 10.8% of the patients, respectively. Further demographic details are depicted in
Table 1.

Table 1. Patient Characteristics at time of CABG.

Patient Characteristics Total (n = 1106) Sequential Graft (n = 289) Single Graft (n = 798) p-Value

Age in years, mean (SD), median (IQR) 63.72 (9.90)
64 (57–71)

66.27 (10.34)
68 (59–74)

62.83 (9.57)
63 (57–70) <0.001

Female, n (%) 188 (17%) 46 (15.9%) 139 (17.4%) 0.555

BMI, mean (SD), median (IQR)
27.25 (5.75)
27 (25–29)
missing: 8

27.9 (8.97)
27 (25–29)
missing: 1

27.01 (4.03)
27 (24–29)
missing: 7

0.082

euroSCORE (logistic), median (IQR) 6.05 (3.14–10.43)
missing: 332

7.21 (3.90–11.76)
missing: 33

5.52 (2.87–9.58)
missing: 294 0.018

NYHA III-IV, n (%) 830 (75.3%)
missing: 4 221 (76.5%) 594 (74.4%)

missing: 4 0.572

Diabetes, n (%) 350 (31.8%)
missing: 7 106 (36.7%) 240 (30.3%)

missing: 7 0.054

Smoking, n (%) 513 (51.0%)
missing: 100

136 (50.2%)
missing: 18

368 (51.3%)
missing: 80 0.765

COPD, n (%) 176 (16.1%)
missing: 11

66 (23.0%)
missing: 2

107 (13.6%)
missing: 9 <0.001

Atrial Fibrillation, n (%) 84 (7.6%)
missing: 1

37 (12.8%)
missing: 1 46 (5.8%) 0.001

Unstable Angina, n (%) 381 (34.8%)
missing: 10

91 (31.6%)
missing: 1

283 (35.9%)
missing: 9 0.187

Previous MI, n (%) 563 (50.9%) 137 (47.4%) 417 (52.3%) 0.211

Decompensation, n (%) 68 (6.1%) 20 (6.9%) 46 (5.8%) 0.752

Hyperlipidemia, n (%) 894 (82.2%)
missing: 18 244 (84.4%) 634 (81.3%)

missing: 18 0.218

Previous cardiothoracic operation, n (%) 39 (3.5%) 8 (2.8%) 31 (3.9%) 0.346

Dialysis/KT/ARF, n (%) 27 (2.4%)
missing: 3 13 (4.5%) 13 (1.6%)

missing: 3 0.028

Severely impaired LV-Function, n (%) 104 (10.8%)
missing: 145

44 (15.2%)
missing: 9

55 (8.3%)
missing: 136 0.002

Moderately + severely impaired
LV-Function, n (%)

358 (37.3%)
missing: 145

135 (48.2%)
missing: 9

212 (32.0%)
missing: 136 <0.001

Previous PCI, n (%) 388 (35.1%)
missing: 1 117 (40.5%) 265 (33.2%)

missing: 1 0.031

Emergency/Urgent indication 426 (38.5%) 94 (32.5%) 328 (41.1%) 0.014

Values are “n (%)—n missing”, “mean ± SD—n missing” or “median (Q1–Q3)—n missing”. Missings are provided
if present. BMI, Body-Mass-Index; NYHA, New York Heart Association; COPD, Chronic Obstructive Pulmonary
Disease; MI, myocardial Infarction; KT, kidney transplant; ARF, acute renal failure; LV, left ventricular; PCI,
percutaneous coronary intervention; SD, standard deviation, IQR, interquartile range.

A mean number of 2.81 ± 0.65 grafts were utilized for revascularization. From
1106 patients, 289 (26.1%) received sequential vein grafting, 798 (72.2%) single vein- and
19 (1.7%) a T-/Y-venous graft. Chronic total occlusion (CTO) of the RCA was preopera-
tively detected in 174 (15.7%) patients. Visible collateralization of the RCA with distin-
guishable targeting vessels (ramus marginals dexter [RMD]; right posterior descending
[RPD] or ramus posterolateralis dexter [RPLD]) was observed in 95 of 174 (55%) CTOs in
preoperative angiography.

3.2. Patency Rate of the Venous Bypass Conduit

The median period between CABG and the latest angiography was 9.1 (IQR 4.5–14.3)
years. The overall graft occlusion rate was 33.3%. The native RCA intervened in 15.8%,
and the SVG directed to the RCA intervened in 11.8% of the cases during follow-up.
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The coronary angiography findings, as well as graft characteristics, can be found in
Table 2. Intraoperative findings, graft localizations, postoperative complications, time to
angiography stratification, and indication for angiography are shown in supplement tables
(Supplementary Tables S1–S4).

Table 2. RCA, perioperative and follow-up characteristics.

Characteristics Total (n = 1106) Sequential Graft (n = 289) Single Graft (n = 798) p-Value

Total n grafts, mean (SD) 2.81 (0.65) 2.41 (0.66) 2.95 (0.59) <0.001

CTO, n (%) 174 (20.5%)
missing: 259

52 (21.8%)
missing: 50

119 (20.1%)
missing: 206 0.598

Visible collateralization, n (%) 95 (11.8%)
missing: 301

28 (12.4%)
missing: 63

66 (11.7%)
missing: 234 0.790

Preoperative main RCA stenosis missing: 386 missing: 90 missing: 292

0%, n (%) 2 (0.3%) 1 (0.5%) 1 (0.2%) 0.494

25%, n (%) 7 (1.0%) 1 (0.5%) 6 (1.2%) 0.411

50%, n (%) 48 (6.7%) 11 (5.5%) 36 (7.1%) 0.448

75%, n (%) 196 (27.2%) 53 (26.6%) 138 (27.3%) 0.864

90–95%, n (%) 226 (31.4%) 64 (32.2%) 157 (31.0%) 0.771

99%, n (%) 76 (10.6%) 19 (9.5%) 56 (11.1%) 0.557

100%, n (%) 165 (22.9%) 50 (25.1%) 112 (22.1%) 0.396

Graft flow missing: 291 missing: 104 missing: 187

Mean graft flow, mL/min ± SD 64.89 ± 35.67 75.87 ± 39.60 61.42 ± 33.78 <0.001

Range graft flow, mL/min 6–340 12–340 6–270

Total low graft flow < 20 mL/min, n (%) 54 (6.6%) 5 (2.6%) 49 (8.0%) 0.002

Outcome at follow-up

Overall graft occlusion during follow-up, n (%) 368 (33.3%) 101 (34.9%) 260 (32.6%) 0.682

Graft occlusion of CTO, n (%) 69 (39.7%) 20 (38.5%) 47 (39.5%) 0.899

Occlusion of native RCA in follow-up
angiogram, n (%) 785 (71%) 171 (59.2%) 604 (75.7%) <0.001

Patency rates, censored

1-year, % ± SD 96.5 ± 0.6% 94.2 ± 1.4% 97.1 ± 0.6% <0.001

5-year, % ± SD 87.4 ± 1.1% 76.9 ± 2.8% 90.4 ± 1.1% <0.001

10-year, % ± SD 73.4 ± 1.6% 54.8 ± 4.2% 77.8 ± 1.7% <0.001

median survival in years (SD) 14.39 (1.78) 17.01 (0.58) <0.001

Intervention native RCA, n (%) 174 (15.8%) 55 (19.0%) 117 (14.7%) 0.125

Intervention bypass graft, n (%) 130 (11.8%) 22 (7.6%) 107 (13.4%) 0.006

Values are “n (%)—n missing”, “mean ± SD—n missing” or “median (Q1–Q3)—n missing”. Missings are
provided if present. CTO, chronic total occlusion, RCA, right coronary artery; SD, standard deviation, IQR,
interquartile range.

The overall 1-, 5-, and 10-year freedom from graft occlusion rate was 96.5 ± 0.6%,
87.4 ± 1.1%, and 73.4 ± 1.6%, respectively (Figure 2A). The 1-, 5-, and 10-year freedom
from graft occlusion rate was 94.2 ± 1.4%, 76.9 ± 2.8%, and 57.8 ± 4.0% for sequential
grafts and 97.1 ± 0.6%, 90.4 ± 1.1%, and 77.8 ± 1.7% for single grafts (log-rank p < 0.001)
(Figure 2B).

Of note, an additional analysis comparing bypass graft patency of single versus
sequential conduits without censoring patients that underwent coronary angiography
within the first 30 postoperative days (additional 3/12 single RCA bypass occlusions and
11/29 sequential bypass graft occlusions) also showed superior patency rates of single RCA
bypass grafts in comparison to sequential grafts (p < 0.001, data not shown).
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In addition, when comparing single and sequential bypass grafts, analysis of “graft
failure” (defined as occlusion or severe stenosis ≥75%) also showed the superiority of
single RCA bypass grafts (p < 0.001, data not shown). A combined endpoint analysis (graft
occlusion, stenosis ≥75% and/or bypass intervention) also revealed lower event rates in
patients with single bypass grafts (p < 0.001, data not shown).

Out of 289 sequential grafts in 70 (24.6%) patients, only the RCA segment was sequen-
tially targeted with detected total graft occlusion in 28 (40.0%) patients during follow-up.
In 215 (75.4%) patients, both the right and left coronary system was targeted 215 (75.4%).
Thereof total occlusion was detected in 73 (34.0%) patients. Of 73 occluded sequential
grafts targeting both RCA and LCA, 22 grafts were patent within the LCA system and
51 occluded on the level of the neo-ostium at the proximal aortic anastomosis (four missing
values for both).

3.3. Regression Analysis

Univariate regression analysis revealed several influencing factors on RCA conduit
patency, which are listed in Table 3. The type of grafting technique was significantly
correlated to patency since single grafts reduced the risk of occlusion almost by half in
this cohort (HR 0.567 CI 95% 0.450–0.71, p < 0.001). CTO showed no influence on patency.
Impaired LV function and atrial fibrillation have been detected as possible risk factors, as
well as BMI. Age was found to be a significant risk factor for early graft occlusion (HR 1.024,
CI 1.013–1.036, p < 0.001). The grade of RCA-stenosis did not correlate with graft patency
in this investigation (p = 0.255).

After including significant influencing univariate factors in a mixed effect model,
multivariate analysis revealed age, grafting technique, impaired LV function, and urgency
of CABG procedure as significant risk factors for long-term graft occlusion (Table 3).

Furthermore, within the subgroup of single bypass conduits, the lumen diameter of
the target vessel (mean 1.578 ± 0.3 mm) did not show a relevant influence on graft occlusion
(p = 0.56), whereas the measured blood flow (61.37 ± 34 mL/min) was detected as a risk
factor for graft occlusion in univariate analysis (HR 0.992 CI 0.987–0.997; p = 0.002). To
distinguish whether multiple sequential anastomoses affect graft occlusion, we performed
a regression analysis for sequential grafts (2.06 ± 0.639 anastomoses, range 1–4), showing
no significance for multiple anastomoses in a sequential graft (p = 0.335).
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Table 3. Univariate/multivariate Cox regression analysis of the complete cohort (outcome variable:
graft occlusion (yes/no)).

Univariate Multivariate

Variable p-Value HR 95% CI p-Value HR 95% CI

Urgency 0.008 1.281 1.067–1.538 0.003 1.355 1.108–1.656
CTO 0.166 1.213 0.923–1.594

Visible collateralization 0.123 1.316 0.929–1.864
Single grafting <0.001 0.567 0.450–0.715 <0.001 0.575 0.449–0.737

Age <0.001 1.024 1.013–1.036 0.002 1.019 1.007–1.032
Gender 0.462 1.109 0.842–1.461

BMI 0.036 1.013 1.001–1.024 0.166 1.008 0.997–1.020
euroSCORE (logistic) 0.159 1.010 0.996–1.024

Unstable Angina 0.054 0.807 0.649–1.004
Previous MI 0.850 0.989 0.877–1.114

NYHA 0.432 1.099 0.869–1.390
Diabetes 0.128 1.190 0.952–1.487

Hyperlipidemia 0.445 1.109 0.851–1.444
Smoking 0.298 1.122 0.903–1.395

Previous cardiothoracic operation 0.050 0.562 0.316–1.001
COPD 0.142 1.251 0.928–1.687

Dialysis/KT/ARF 0.393 1.425 0.633–3.206
Creatinine 0.478 0.944 0.805–1.107

Atrial Fibrillation 0.020 1.729 1.091–2.739 0.428 1.216 0.750–1.974
Severely impaired LV-Function, <0.001 1.931 1.331–2.803 0.001 1.883 1.290–2.748

Previous PTCA 0.678 1.047 0.842–1.302

CTO, chronic total occlusion; BMI, Body-Mass-Index; NYHA, New York Heart Association; COPD, Chronic
Obstructive Pulmonary Disease; MI, myocardial Infarction; KT, kidney transplant; ARF, acute renal failure; LV,
left ventricular; PCI, percutaneous coronary intervention.

4. Discussion

We present a single-center retrospective cohort analysis, investigating long-term ve-
nous bypass graft patency to the right coronary system and determining risk factors
associated with graft occlusion. Our analysis revealed a more than acceptable overall
patency rate for saphenous vein grafts (SVG) targeting the RCA of 73 % after ten years in a
cohort that has undergone repeated angiography, mainly for symptomatic reasons rather
than for study purposes (Figure 3).
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The venous conduits target the RCA proof of acceptable long-term durability, despite
controversial findings from previous studies [10,11]. However, Goldman et al. reported a
10-year patency rate of SVGs to the RCA of only 56% in a nowadays historic cohort [10].
In another study, Fitzgibbon et al. described a 45% occlusion rate after >6.5. years of vein
grafts targeting the RCA [12]. Ruttmann et al. found in a subgroup analysis a lower risk
for graft occlusion when the radial artery (RA) was grafted to the RCA compared to the
usage of SVG. Furthermore, 99.2% of all SVGs were single anastomosis grafts, of which
43% showed occlusion after 6.5 years [11].

In this study, the grafting technique proved most influential, resulting in a signifi-
cantly higher patency rate for single bypass conduits to the RCA compared to sequential
vein-grafting. This finding is in keeping with an analysis from the PREVENT IV trial,
demonstrating a higher one-year venous graft failure for sequential conduits compared
to single SVGs [13]. On the other hand, Li et al. provided a systematic review reporting a
risk reduction of 0.67 (95% CI 0.60–0.74) for occlusion of sequentially anastomosed venous
grafts compared to single grafts [14]. The same study showed that side-to-side anastomoses
of the sequential grafts were more patent than end-to-side anastomoses. However, the com-
parison between single grafts and end-to-side anastomoses showed comparable patency
rates. Nevertheless, both studies did not distinguish targeted coronary systems. Several
pathophysiological factors may be responsible for superior patency rates of single conduits
to the RCA:

First, the RCA—proximal to the crux cordis—usually provides larger vessel diame-
ters compared to the typically targeted LCA branches. Consecutively, the RCA system is
more susceptible to competitive blood flow than the LCA system. Hence, arterial revas-
cularization of the RCA should only be considered in the presence of severe native vessel
stenoses to avoid competitive blood flow, which in turn elevates the risk for early graft
occlusion of arterial conduits, such as the RA as well as gastroepiploic artery (GEA) [15–17].
Nonetheless, competitive blood flow may also affect venous grafts, accelerating intimal
hyperplasia and arteriosclerosis as the main reasons for early occlusion. Higher intraoper-
atively measured blood flow rates in the single graft group were correlated with longer
patency rates, in accordance with the findings of other studies [18,19]. However, coronary
vessel diameters did not show any influence on the patency of single conduits in our
analysis, keeping in mind that morphological lumen diameters succumb to significant
interobserver bias with only marginal difference in our analysis. In a small observational
cohort investigation of patients with CTO or subtotal RCA occlusion, Aksut et al. reported
that despite narrow lumen diameters of target vessels, anastomosed venous grafts distal
from the crux cordis are less prone to occlusion than proximally anastomosed grafts, within
a mean follow-up of 67 months [20]. Conversely, we found no correlation between CTO
and venous graft patency.

Second, compared to the LCA, which is mainly supplied during diastole, the RCA
perfusion occurs in up to 50% of cases during systole [21]. Thinner myocardium and lesser
wall stress lead to reduced extravascular compressive forces hindering flow during systole,
especially in intramural vessels. This observation contradicts the theory that sequential
conduits with higher blood flow may be beneficial compared to single venous conduits.
However, if sequential conduits are applied, the target vessel is usually the RPD and not
the main RCA proximal from the crux cordis, leading to a limited perfused territory behind
the anastomoses. If the RCA is targeted at segments 1–3, the supplied territory becomes
significantly larger, especially in the presence of the right dominant type, and even more
so if the underlying stenosis is proximal high-grade stenosis or CTO. However, a major
influencing factor for sequential graft occlusion may be the runoff within the upstream
LCA. Significant stenoses in the LCA system and greater myocardial territories may reduce
the runoff capacity of the distal vein graft making the graft prone to competitive native
blood flow and revascularization territory of the distal RCA.

Third, the optimal positioning of the venous conduit is of great importance. Technical
challenges are an underestimated factor for the long-term patency of sequential grafts [22].
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On the other hand, single bypass grafts also bear the risk of kinking and positioning
complications. While these obstacles present risk factors for both single and sequential
conduits, they may have more impact on sequential grafts for the revascularization of the
right coronary system, as it represents their last run-off region. However, this issue is out
of the scope of our study and remains to be studied.

According to current guidelines, arterial conduits should be chosen as the second
and even the third conduit, predominantly based on systematic reviews of RCTs [2,23,24].
However, no unambiguous distinction between the coronary systems has been made. Data
from the RAPCO trial (8 years FU) compared specifically the RA (n = 112) and SVG (n = 304)
for grafting of the RCA. No significant differences were found between patency rates and
clinical events [25]. The grade of coronary stenosis did not influence the patency of the
venous conduits. The RA patency rate was only 64.7% versus 93.3% for the SVG if the
grade of RCA stenosis was smaller than 80%. On the other hand, Shi et al. assessed a better
risk-adjusted survival in a matched pairs subgroup analysis of 148 patients for grafting the
RCA with a RA conduit compared to the SVG (86 ± 6.5% vs. 74 ± 7.8%; p = 0.0046) after
15 years [26].

Interestingly, Glineur et al. analyzed data from two randomized controlled trials
and found significantly higher patency rates for the SVG compared to the gastroepiploic
artery and RA in a protocol-driven 3-year coronary angiography follow-up. The lumen
diameter was found to be a relevant predictor for graft patency in arterial conduits to the
right coronary system assessing a threshold of under 1.1 mm beneficial for arterial conduit
patency. The venous conduits were not affected by lumen diameters [27]. In line with these
findings, neither the grade of RCA stenosis nor the diameter of the anastomosed coronary
artery did influence graft patency in our study.

Besides age, we found impaired left ventricular function and urgency of CABG pro-
cedure both to be relevant risk factors for graft occlusion. Despite outcome improvement
for patients with impaired LV function undergoing CABG over medical therapy alone,
heart failure remains a relevant risk factor for early graft occlusion and survival [28,29].
Surprisingly, the female gender showed no impact on graft patency in our analysis in
contrast to other findings [29]. Larger diameters of the main RCA often addressed in these
patients may be responsible for comparable outcomes for both genders since smaller lumen
diameter is a contributor to worse outcomes in women after CABG in general.

Interestingly, the presence of diabetes did not correlate with venous graft occlusion
to the RCA, like the findings reported by Raza et al. concerning outcome differences in
diabetic and non-diabetic patients for long-term patency of the ITA- and the SVG [30].

5. Conclusions

The revascularization of the RCA will remain controversial, especially regarding
the decision between sequential- or single grafting as the technique of choice as graft
occlusion has a deeply multifactorial etiology, and our analysis is not representative of the
general CABG population. However, with growing evidence leaning towards total arterial
revascularization for the left coronary system, single venous bypass grafting to the RCA
should retain its value for several reasons: First, in the case of bilateral ITA for complete
arterial revascularization, including the RCA is often limited due to graft length. On the
other hand, the use of RA as a possible third arterial conduit may not seem feasible if RCA
stenosis is not of the highest grade. Moreover, if T/Y-grafted arterial conduits are used for
revascularization of multiple vessels, steal phenomena may occur, especially if the radial
artery is utilized and anastomosed to the left ITA.

Thus, targeting the RCA with the SVG will remain part of surgeons’ armamentarium
in addition to arterial revascularization of the LCA.
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6. Strength and Limitations

This is a retrospective observational study and is thus susceptible to the inherent
limitations of this type of analysis. It comprises a heterogenic patient cohort without a
comparator group, yet it focuses on outcome analyses in a comparatively large group of
patients. When the baseline characteristics of patients with single or sequential bypass
are compared, significant differences between the cohorts are apparent in several respects.
Missing values are consecutively endogenous and are addressed for each variable. In
addition, information on the presence of ICD devices was not available in our analysis, and
ICD implantation in a CABG population may potentially impact long-term follow-up in
multiple aspects [31,32]. Furthermore, information on cardiomyopathies was not included
in our analysis. In this context, especially the diagnosis of hypertrophic cardiomyopathy
(HCM) is of particular importance as this disease entails thickening of the myocardium
and is related to an increased risk of ischemia. Thus, coronary artery disease is found in
approximately 20% of HCM patients [33,34]. Moreover, this study mainly included patients
who underwent coronary angiography due to recurrent angina and/or acute coronary
syndrome during follow-up. Thus, the results may not be representative of all patients
who underwent isolated CABG surgery. Several variables and characteristics, such as the
specific location of RCA anastomoses and exact graft vessel diameter, were not available for
analysis. Moreover, the time to event analysis comprises relevant limitations since the exact
time of graft occlusion remains unknown and is vaguely estimated by the time of coronary
angiography. This assumption overestimates graft patency in our study. Nevertheless,
this report allows for insight into the angiographic follow-up of SVGs directed to the RCA
system in symptomatic patients.
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Abbreviations

CA coronary artery
CABG coronary artery bypass grafting
CI confidence interval
CTO chronic total occlusion
HCM hypertrophic cardiomyopathy
HR hazard ratio
ICU intensive care unit
ITA internal thoracic artery
LCA left coronary artery
RCA right coronary artery
RMD ramus marginalis dexter
RPD right posterior decending
RPLD ramus posterolateralis dexter
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