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ABSTRACT

Background: The benefit of revascularizing chronically occluded coronary arteries
remains debatable, and available long-term outcome reports are sparse. Current
guidelines recommend revascularization of chronically occluded arteries only in pa-
tients with myocardial ischemia and/or symptoms associated with angina. We inves-
tigated outcome of patients with total chronic occlusion of the right coronary
artery (RCA) receiving coronary artery bypass grafting (CABG) surgery with and
without revascularization of the RCA.

Methods: We retrospectively analyzed all patients with chronically occluded RCAs
receiving CABG with (group 1 ¼ RCA-CABG; n ¼ 487) and without (group 2 ¼ No-
RCA-CABG; n ¼ 100) revascularization of the RCA. In total, 587 patients with com-
plete follow-up of a minimum of 6 years were included (92%).

Results: In total, 82% in group 1 versus 86% in group 2 were male (P ¼ .38). Eu-
ropean System for Cardiac Operative Risk Evaluation II was comparable between
both groups (4.35 � 7.09% vs 4.80 � 5.77%, P ¼ .56) with no major differences
regarding preoperative characteristics between groups. Patients in group 1 received
3.24 � 0.79 distal anastomoses, whereas group 2 received 2.45 � 0.83 distal anas-
tomoses (P< .001). Although in-hospital mortality was comparable (2.9% in group
1 vs 5.0% in group 2, P ¼ .27), long-term survival was significantly better in group 1
(P¼ .002). No difference in the incidence of further major adverse cardiac and ce-
rebrovascular events was found.

Conclusions: Patients with a chronically occluded RCA undergoing CABG who did
not receive an RCA graft showed a significantly reduced long-term survival. Given
the herein presented data, revascularization of chronically occluded right arteries
during CABG should be recommended whenever technically feasible. (JTCVS
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Survival in patients with CTO RCA is superior when
receiving CABG to the RCA.
CENTRAL MESSAGE

Revascularization of chronically
occluded right coronary arteries
improves overall survival.
PERSPECTIVE
There is no clear evidence whether CTO coro-
nary arteries should be revascularized during
CABG surgery. In this analysis, overall survival
was significantly better in patients who received
a CABG to the CTO RCA as compared with pa-
tients who did not receive a CABG to the CTO
RCA. No difference in incidence of MACCE was
detectable. Therefore, CABG of CTO RCA is
recommended.

See Commentary on page 180.
g-term survival benefit and suffer less
Coronary artery disease (CAD) and its ideal treatment are
increasingly challenging since patients’ morbidity and the
complexity of comorbidities are increasing. Several studies
have been conducted showing that patients with multivessel
CAD have a lon
from major adverse cardiac and cerebrovascular events
(MACCE) when undergoing complete revascularization
(CR) as compared with incomplete revascularization
(IR).1,2 Nevertheless, patients with chronic total occlusion
(CTO)—defined as a 100% stenosis in a coronary
artery for �3 months—are less likely to receive CR, espe-
cially when CTO is located in the right coronary artery
(RCA).3-6 CTO is a common finding in coronary
angiograms of patients with CAD. The reported
prevalence varies from 18%5 to 49%,7 with the RCA being
most frequently affected (47%-51%).4,5,8 Although CR is
known to lead to a survival benefit in multivessel CAD,2

CR is not routinely performed in CTO vessels5 due to severe
arteriosclerosis, narrow diameters,3,9 and greater incidence
of saphenous bypass failure in CTO vessels.10 These as-
pects may also contribute to a greater incidence of MACCE
Open c Volume 7, Number C 169

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
mailto:wiebke.sommer@med.uni-heidelberg.de
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.xjon.2021.06.007
http://crossmark.crossref.org/dialog/?doi=10.1016/j.xjon.2021.06.007&domain=pdf


Abbreviations and Acronyms
CABG ¼ coronary artery bypass grafting
CAD ¼ coronary artery disease
CR ¼ complete revascularization
CTO ¼ chronic total occlusion
EuroSCORE II ¼ European System for Cardiac

Operative Risk Evaluation II
IQR ¼ interquartile range
IR ¼ incomplete revascularization
MACCE ¼ major adverse cardiac and

cerebrovascular events
MI ¼ myocardial infarction
PCI ¼ percutaneous coronary

intervention
RCA ¼ right coronary artery
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in patients with CTO-RCA as compared with patients with
non-CTO-RCA.3

Since chronic occlusion of the RCA is often not corre-
lated to clinical symptoms of patients, clear treatment
strategies are not included in current guidelines. Hence,
the aim of this study is to examine whether revasculariza-
tion of chronically occluded RCAs and its associated
vessels leads to a clinical benefit, thus providing a recom-
mendation whether CTO-RCA should generally undergo
revascularization.
PATIENTS AND METHODS
This study has been conducted as a single-center, retrospective observa-

tional study (case control study). Retrospective data collection from 2002

to 2011 was approved by the institutional review board of Hannover Med-

ical School (024-04-2018, date: April 9, 2018).

Inclusion Criteria
Patients undergoing coronary artery bypass grafting (CABG) at Hann-

over Medical School with the preoperative diagnosis of chronic occluded

RCA were included into the study. Chronic occlusion of the RCA was

defined as 100% stenosis in the main branch of the RCAwithout antegrade

flow (Thrombolysis in Myocardial Infarction ¼ TIMI 0), which was

assumed to exist for �3 months or presented with visible collateralization

to the distal branches. Diagnoses were acquired by coronary angiography.

Patients were included with a minimum follow-up of 6 years after

CABG surgery, and patients or primary care physicians were contacted

either by telephone or by letter for further follow-up. Patients with a shorter

follow-up were not included into the analysis. Informed consent was

obtained from all patients for data use, including postoperative angiograms

and medical reports.

The following groups were compared in regard to preoperative baseline

characteristics, perioperative characteristics, as well as postoperative

MACCE and survival:

Group 1 ¼ RCA bypass: patients with CTO-RCAwho received at least

1 bypass in the myocardial area supplied by the RCA or its major branches

(posterior descending artery, right posterolateral artery).

Group 2 ¼ No RCA bypass: patients with CTO-RCA who did not

receive a bypass in the myocardial area supplied by the RCA or its major

branches.
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In addition, a subgroup analysis on patients who solely received CABG

surgery without any other surgical procedure was performed, comparing

percutaneous coronary intervention (PCI)-free survival, myocardial

infarction (MI)-free survival, stroke-free survival, as well as overall sur-

vival between patients who received revascularization of a chronically

occluded RCA or not.

End Points
Primary end point was the incidence of all-cause death. Secondary end

points were MACCE, defined as coronary reinterventions by either CABG

or PCI, the occurrence of postoperative MIs, or strokes.

In addition, standard cardiovascular risk factors were included in the

postoperative follow-up. As such, familiar predisposition was defined ac-

cording to current guidelines: familiar manifestation of atherosclerosis

earlier than 55 years in male first-degree relatives or earlier than 65 years

in female first-degree relatives, respectively. The definition of “critical pre-

operative state”was extracted from the European System for Cardiac Oper-

ative Risk Evaluation II (EuroSCORE II): ventricular tachycardia or

ventricular fibrillation or aborted sudden death, preoperative cardiac mas-

sage, preoperative ventilation before the anesthetic room, preoperative ino-

tropes or intra-aortic balloon pump, or preoperative acute renal failure

(anuria or oliguria<10 mL/h).11 The expected mortality risk for surgery

was calculated using EuroSCORE II.

Statistical Analysis
All statistical analyses were calculated using IBM SPSS Statistics 21

(IBM Corp, Armonk, NY) or GraphPad Prism 7 (GraphPad Software,

San Diego, Calif). Categorial variables were compared with the c2 test

or the Fisher exact test, respectively. To examine which categorial compar-

ison caused significance, post hoc comparisons were conducted. In this

case, the P value had to be adapted for the number of comparisons using

Bonferroni correction. Metric variables were compared using Student

t test for independent samples or Mann–Whitney U test. Homogeneity of

variances was analyzed with the Levene test. Survival was compared

with Kaplan–Meier survival analysis and log-rank test. 95% confidence

limits are displayed in the respective figures. To examine which variables

independently influence the survival benefit, a Cox regression was conduct-

ed including the following variables: therapy (RCA-CABG vs No-RCA-

CABG), body mass index, arterial hypertension, atrial fibrillation, carotid

stenosis �50%, familiar predisposition, hyperlipidemia, smoking, preop-

erative stroke, and EuroSCORE II.

RESULTS
Preoperative and Perioperative Characteristics

In both subgroups, median (interquartile range [IQR])
age was 67 (60; 73) versus 67 (59; 74) years (P ¼ .59);
82.3% in group 1 versus 86% in group 2 were male
(P ¼ .38), respectively. Mean EuroSCORE II was similar
in the RCA-CABG group (4.4 � 7.1%) versus the No-
RCA-CABG group (4.8 � 5.8%; P ¼ .20).

Regarding further preoperative characteristics, both
groups showed no differences, with the exception that pa-
tients receiving RCA-CABGmore often underwent isolated
CABG surgery (c2 [2] ¼ 6.23, P ¼ .04). However, this sig-
nificance was not confirmed by post hoc analysis (P>.008,
Bonferroni correction: P ¼ .008) (Table 1).

Comparisons of perioperative characteristics did not
reveal any differences apart from significantly more right
internal mammary artery grafts in the No-RCA-CABG
group (Fisher exact test, P ¼ .001). The difference



TABLE 1. Baseline preoperative characteristics

RCA-CABG,

n ¼ 487 (83.0%)

Data completeness

RCA-CABG

group (%)

No-RCA-CABG,

n ¼ 100 (17.0%)

Data completeness

No-RCA-CABG

group (%) P value

Age, y, median (IQR) 67.0 (60; 73) 100 67.00 (59; 74) 100 .59*

Sex: male, % 82.3 100 86.0 100 .38y
BMI, kg/m2, median (IQR) 27.4 (24.8; 30.1) 100 27.9 (24.5; 31.2) 100 .53*

Chronic dialysis % 2.9 100 6.0 100 .13y
Creatinine clearance, mL/min, median (IQR) 86.0 (64; 113) 100 82.0 (57.3; 107.3) 100 .13*

Arterial hypertension, % 91.0 100 92.9 98 .55y
Diabetes mellitus, % 36.6 100 40.0 100 .80y

Insulin-dependent 21.4 24.0

Non–insulin-dependent 15.2 16.0

Hyperlipidemia, % 73.7 100 78.0 100 .37y
History of smoking, % 66.8 74.0 77 .21y
Carotid artery disease>50% 16.6 77.8 16.7 72 .99y
Atrial fibrillation, % 12.7 100 13.0 100 .94y
Familiar predisposition, % 42.8 54.2 39.6 53 .70y
Stroke, % 8.7 98.8 11.1 99 .45y
Angina pectoris CCS IV, % 26.3 100 24.0 100 .64y
NYHA, % 100 100 .70y

NYHA 1 25.3 23.0

NYHA 2 30.6 33.0

NYHA 3 36.1 33.0

NYHA 4 8.0 11.0

Myocardial infarction within 90 d pre-CABG surgery, % 29.3 92.6 31.2 93 .71y
Chronic lung disease, % 13.6 100 19.0 100 .16y
Critical preoperative state, %z 5.1 100 1.0 100 .10x
Coronary angiography indication, % 100 100 .85y

Elective 72.1 73.7

Urgent 27.9 27.0

CAD stenosis, % 100 100 .77x
1-CAD 1.2 0.0

2-CAD 13.3 13.0

3-CAD 85.4 87.0

LVEF, %, median (IQR) 50.0 (40; 60) 100 50.0 (40; 60) 97 .58*

CABG indication, % 87.3 84 .38x
Elective 55.8 53.6

Urgent 31.5 39.3

Emergency 12.0 7.1

Salvage 0.7 0.0

No. of surgical interventions, %k 92.8 84 .04y
Post-hoc analysis (Bonferroni correction: P ¼ .008)

Isolated CABG 83.5 73.8 .034{
2 procedures 13.2 17.9 .258{
3 procedures 3.3 8.3 .034{

EuroSCORE II %, mean � SD 4.4 � 7.1 100 4.8 � 5.8 100 .20*

RCA, Right coronary artery; CABG, coronary artery bypass graft; IQR, interquartile range; BMI, body mass index; CCS, Canadian Cardiovascular Society; NYHA, New York

Heart Association; CAD, coronary artery disease; LVEF, left ventricular ejection fraction; EuroSCORE II, European System for Cardiac Operative Risk Evaluation II; SD, stan-

dard deviation. *Mann–WhitneyU test. yc2 test. zCritical preoperative state is defined on the basis of the EuroSCORE II: ventricular tachycardia or fibrillation or aborted sudden

death, preoperative CPR, preoperative ventilation before anesthetic room, preoperative inotropes or IABP, preoperative acute renal failure (anuria or oliguria<10 mL/h). xFisher
exact test. kProcedures are defined by EuroSCORE II as “CABG, valve repair or replacement, repair of a structural defect, maze procedure, resection of a cardiac tumor.” {Post-
hoc analysis with Bonferroni correction (for 6 comparisons: P ¼ .008).
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TABLE 2. Perioperative characteristics

RCA-CABG, n ¼ 487 (83.0%) No-RCA-CABG, n ¼ 100 (17.0%) P value

Duration of surgery, min, median (IQR) 196.0 (173; 225) 183.5 (155.8; 215) .02*

Duration of cardiopulmonary bypass, min, median (IQR) 86.0 (70; 110) 78.5 (59; 103) .02*

Duration of aortic clamp time, min, median (IQR) 47.0 (37; 60) 43.0 (27; 58) .01*

Off-pump CABG, n 2 1 .43y
Venous grafts, % .04y
Post-hoc analysis (Bonferroni correction: P ¼ .006)

0 30.6 45.0 .05z
1 49.9 43.0 .66z
2 18.7 12.0 .46z
3 0.8 0.0 .84z

LIMA grafts, % .17x
0 15.4 21.0

1 84.6 79.0

RIMA grafts, % .001y
0 99.2 93.0

1 0.8 7.0

Radialis grafts, % .59x
0 68.8 66.0

1 31.2 34.0

Number of distal anastomoses, median (IQR) 3 (3; 4) 2 (2; 3) <.001*

Complete revascularization, % 86.5 0.0 <.001y
Postoperative ICU stay, d, median (IQR) 1 (1; 3) 1 (1; 2) .20*

Total hospital stay, d, median (IQR) 13 (10; 16) 12 (9; 16) .10*

RCA, Right coronary artery; CABG, coronary artery bypass graft; IQR, interquartile range; LIMA, left internal mammary artery; RIMA, right internal mammary artery; ICU,

intensive care unit. *Mann–Whitney U test. yFisher exact test. zPost-hoc analysis with Bonferroni correction (for 8 comparisons: P ¼ .006). xc2 test.
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regarding the number of venous grafts in both groups did
not remain significant after post-hoc analysis (P > .006,
Bonferroni correction: P ¼ .006). Moreover, the number
of distal anastomoses was slightly lower in the No-RCA-
CABG group (median [IQR] 2 [2; 3]) as compared with
the RCA-CABG group (median [IQR] 3 (3; 4), T
[585] ¼ –8.997, P<.001). Duration of surgery as well as
aortic clamp time showed no significant differences be-
tween both groups (Table 2). Similarly, duration of cardio-
pulmonary bypass time was comparable in both groups
(Table 2).

In 83.0% of the patients with a chronically occluded
main stem of the RCA, CABG was conducted for the
RCA or its consecutive distal branches. In 15.4%, the
RCA territory was supplied by grafts anastomosed to the
RCA stem, whereas in 77.4% the ramus interventricularis
posterior and in 8.9% the ramus posterolateralis dexter or
right posterolateral artery were anastomosed. The majority
of the patients in the RCA-CABG group received 1 graft in
the RCA area (97.1%), whereas only few received 2 anas-
tomoses (2.9%). CR was realized in 86.7% of the RCA-
CABG group. Coronary endarterectomy was performed in
5 patients in the RCA or its larger branches in patients
who received CABG revascularization of the RCA, 3
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patients underwent endarterectomy in the left coronary arte-
rial system. Information on why a chronically occluded
RCA did not undergo revascularization was available in
54 patients. In 53 of these, small vessel size or no suitable
site for anastomosis was given as a reason for not grafting
the vessel. A bias caused by individual surgeons that might
impact the analysis was not identified.

Early Postoperative Outcome
Apart from significantly fewer cardiopulmonary resusci-

tations in the RCA-CAGB group (1.6% vs 5.0% in the No-
RCA-CABG group; c2 test [1] ¼ 4.32, P ¼ .04), no further
differences were detectable in the early postoperative
course (Table 3). Overall, in-hospital mortality was 2.9%
(n ¼ 14) for the RCA-CABG group versus 5.0% (n ¼ 5)
for the No-RCA-CABG group (c2 [1] ¼ 1.2, P ¼ .27),
which is consistent with the expected mortality (Euro-
SCORE II RCA-CABG group 4.35% [�7.09] vs the No-
RCA-CABG group 4.80% [�5.77]). Surgical revision of
the CABG was necessary in 4 cases—3 times in the
RCA-CABG group (0.6%) versus once in the No-RCA-
CABG group (1.0%, Fisher exact test, P ¼ 1.00) (Table 3).

Follow-up data showed a significantly superior survival
in patients receiving revascularization of a chronically



TABLE 3. Early postoperative complications

RCA-CABG, n ¼ 487 (83.0%) No-RCA-CABG, n ¼ 100 (17.0%) P value

Revision CABG, n (%) 3 (0.6) 1 (1.0) .53*

Peripheral wound healing disorder, n (%) 10 (2.1) 1 (1.0) .70*

Sternal wound healing disorder, n (%) 16 (3.3) 1 (1.0) .33*

Re-thoracotomy for bleeding, n (%) 17 (3.5) 5 (5.0) .47y
Myocardial infarction, n (%) 4 (0.8) 0 (0.0) 1.00*

IABP, n (%) 19 (3.9) 4 (4.0) 1.00*

Cardiopulmonary resuscitation, n (%) 8 (1.6) 5 (5.0) .04y
Low cardiac output syndrome, n (%) 13 (2.7) 1 (1.0) .48*

Respiratory failure, n (%) 36 (7.4) 11 (11.0) .23y
Neurologic disorder, n (%) 13 (2.7) 3 (3.0) .74*

Renal failure, n (%) 8 (1.6) 1 (1.0) 1.00*

Dialysis, n (%) 13 (2.7) 2 (2.0) 1.00*

In-hospital mortality, n (%) 14 (2.9) 5 (5.0) .27y
RCA, Right coronary artery; CABG, coronary artery bypass grafting; IABP, intra-aortic balloon pump. *Fisher exact test. yc2 test.
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occluded RCA (Figure 1, A). In the long-term follow-up,
patients receiving revascularization of the RCA showed a
significant better overall survival as compared with patients
without RCA revascularization (log-rank, P ¼ .002)
(Figure 2, A).

No significant difference in the incidence ofMACCEwas
detectable in both groups. Primary end points such as coro-
nary re-revascularization by CABG (Fisher exact test,
P ¼ 1.00) or PCI (Fisher exact test, P ¼ .14) (Figure 2,
B), postoperative MI (Fisher exact test, P ¼ .63)
(Figure 2, C), or stroke (c2 [1] ¼ 0.94, P ¼ .33)
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FIGURE 1. Survival analysis after CABG surgery comparing patients who re

Follow-up comprises a follow-up interval of 14 years with a minimum follow-u

tients who received coronary bypass grafting to the chronic occluded right coro

CABG, Coronary artery bypass grafting; RCA, right coronary artery.
(Figure 2, D) were similarly distributed between both
groups (Table 4). In addition, log rank analysis revealed
that freedom of MACCE between both cohorts was similar
as well (Table 4, Figure 2).
A subgroup analysis focusing on patients that received

only CABG procedures without any additional surgical
intervention supported the previous findings, showing no
significant differences in PCI-free survival (P ¼ .30, log-
rank) (Figure 3, B), MI-free survival (P ¼ .53, log-rank)
(Figure 3, C), or stroke-free survival (P ¼ .27, log-rank)
(Figure 3, D) between both groups. However, the survival
6
Time (years)

rvival after CABG Surgery

9 12

315 155 40
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ceived grafting with the chronically occluded right coronary artery or not.

p of 6 years per patient. Log-rank analysis shows a survival benefit for pa-

nary artery (P ¼ .001). 95% confidence limits are displayed in shadings.
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analysis shows a survival benefit for patients that received coronary bypass grafting to the chronic occluded RCA (P ¼ .001); B, PCI-free survival after
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and patients who did not receive surgical revascularization (P¼ .05).CABG, Coronary artery bypass grafting;RCA, right coronary artery;PCI, percutaneous

coronary intervention.
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benefit of patients receiving surgical revascularization of
the chronically occluded RCA was also detectable in this
subgroup analysis (P ¼ .047, log-rank) (Figure 3, A).

Median follow-up of the RCACABG group was (median
[IQR]) 8.1 (5.6; 10.2) years. Median (IQR) follow-up of the
No RCA group was 7.2 (3.7; 10.3) years.

The following significant (P� .05) and borderline signif-
icant variables (P � .15) calculated by a univariate analysis
were included in the Cox regression: bypass RCA, Euro-
SCORE II, preoperative body mass index, atrial fibrillation,
familiar predisposition, hyperlipidemia, smoking,
and stroke. Cox regression revealed that EuroSCORE
174 JTCVS Open c September 2021
II(Exp[B] ¼ 1.12, P< .01), familiar predisposition (Exp
[B] ¼ 0.64, P ¼ .03), and missing RCA bypass (Exp
[B] ¼ 0.64, P ¼ .04) are independent risk factors for
impaired long-term outcome (Table E1). The results are
summarized in Figure 4.

DISCUSSION
CTOs represent a technically challenging subset of cor-

onary lesions that interventional cardiologists and cardiac
surgeons face during revascularization. The prevalence of
CTOs varies from 18% to 49% of all coronary angio-
grams,5,7 depending on the type of studied patients. A



TABLE 4. Long-term follow-up: MACCE—overall and subgroup analysis “CABG only”

RCA-CABG No-RCA-CABG RCA, n No-RCA, n P value

MACCE overall n ¼ 487 (83.0%) n ¼ 100 (17.0%)

Redo-CABG absolute no.

(%)

5 (1.5) 1 (1.5) 341 67 1.00*

Freedom of redo-CABG, mo

c2 (df) 0.50 (1) .48y
Postoperative PCI absolute

no. (%)

30 (8.7) 2 (3.0) 340 66 .14*

Freedom of PCI, mo

c2 (df) 0.27 (1) .60y
Myocardial infarction

absolute, n (%)

32 (9.3) 4 (6.2) 341 64 .63*

Freedom of myocardial infarction, mo

c2 (df) 0.23 (1) .34y
Stroke absolute no. (%) 36 (10.5) 10 (14.5) 340 68 .333z
Freedom of stroke, mo

c2 (df) 0.47 (1) .50y
MACCE subgroup analysis,

“CABG only”

n ¼ 422 (84.4%) n ¼ 78 (15.6%)

Redo-CABG absolute no.

(%)

5 (1.7) 1 (1.9) 296 52 1.00*

Freedom of redo-CABG, mo

c2 (df) 0.5 (1) .48y
Postoperative PCI absolute

no. (%)

25 (8.4) 2 (3.8) 295 51 .40*

Freedom of PCI in months

c2 (df) 0.27 (1) .60y
Myocardial infarction

absolute no. (%)

30 (10.1) 3 (5.9) 291 50 .45*

Freedom of myocardial infarction, mo

c2 (df) 0.00 (1) .99y
Stroke absolute no. (%) 27 (9.1) 6 (11.3) 295 52 .60z
Freedom of stroke, mo

c2 (df) 0.02 (1) .88

RCA, Right coronary artery; CABG, coronary artery bypass grafting;MACCE, major adverse cardiac and cerebrovascular events; df, degrees of freedom; PCI, percutaneous cor-

onary intervention. *Fisher exact test. yLog-rank test. zc2 test.

Fiddicke et al Adult: Coronary
relevant number of these patients are receiving IR. IR is
more common in older patients presenting more frequently
with relevant comorbidities such as previous stroke, renal
impairment, and reduced ejection fraction. Also, urgent
revascularization of patients with acute coronary syn-
drome shows a greater incidence of incomplete vessel
grafting.12

A common reason for not revascularizing CTOs is the
fear of causing a concurrent blood flow resulting in
degradation of collaterals. However, a recent analysis
showed that the Rentrop grade of collateralization is
not associated with graft failure,4,7 and patients with
high Rentrop gradings even showed a survival benefit
as well as a lower incidence of MACCE when receiving
revascularization by either CABG or PCI compared with
medical treatment only.9 This is in line with our findings
of a general survival benefit when revascularizing
patients with CTO-RCA, since the majority of the pa-
tients in our cohort showed collateralization of the CTO
vessel. However, we did not compare subgroups of
different Rentrop grades.
Data suggest that a history of MI is present in 30% to

55% of the patients undergoing revascularization in the
setting of CTO,8,13 which is in line with our findings of
approximately 30% of patients with a history of MI. None-
theless, the number of silent MIs is certainly underreported,
since Q-wave electrocardiograms are only present in 25%
of patients; however, 86% of these patients seem to have ev-
idence of previous MI by late gadolinium enhancement.14

Even in the setting of acute ST-segment elevation myocar-
dial infarction, the incidence of CTO is 13%.15 In this
group, the presence of CTO in a non–infarct-related artery
was found to be a strong and independent predictor for
both early and late mortality.16 Most likely this effect is
JTCVS Open c Volume 7, Number C 175
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FIGURE 3. Log-rank analyses with 95% confidence limits in shadings. A, Subanalysis on survival after solitary CABG surgery. After excluding all pa-

tients who received additional surgical interventions, a survival benefit persists for patients who received surgical revascularization to chronic occluded

RCAs as compared with patients who did not receive CABG grafting to chronic occluded RCAs (P¼ .047). B, Subanalysis of PCI-free survival after solitary

CABG surgery. No significant difference was detectable between patients who received CABG revascularization to chronic occluded RCAs and patients

who did not receive revascularization (P ¼ .30). C, Subanalysis on myocardial infarction–free survival in patients after solitary CABG surgery comparing

patients with and without CABG revascularization of chronically occluded RCAs. No significant difference between both cohorts was detectable (P¼ .53).

D, Subgroup analysis on stroke-free survival in patients with chronically occludedRCAswho either receivedCABGgrafting to the occluded RCA or not. No

statistically significant difference between both groups was detectable (P¼ .27). CABG, Coronary artery bypass grafting; RCA, right coronary artery; PCI,

percutaneous coronary intervention.
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caused by the inability to provide collaterals to the occluded
vessel combined with acute impairment of preexisting col-
laterals from the acutely occluded vessel to the CTO leading
to a large myocardial territory at risk, this being a potential
explanation for the prognostic benefit of treating CTOs. In
interventional studies comparing successful PCI of CTOs
with failed attempts, successful CTO revascularization re-
sulted in a significantly improved 10-year survival
(73.5% vs 65%), whereas survival of successfully revascu-
larized CTO patients was similar to revascularized non-
CTO patients.13

In interventional studies comparing successful PCI of
CTOs with failed attempts, CTO revascularization resulted
176 JTCVS Open c September 2021
in a significantly improved 1-year outcome (3% vs 7%)%
1-year mortality in nonattempted or failed CTO-PCI group,
P ¼ .01.17

Although CR is generally recommended in coronary
revascularization, in many cases, especially in the pres-
ence of a CTO, revascularization is incomplete.3-6 There
might be several reasons for not anastomosing a CTO,
such as serve arteriosclerosis, small vessels, or good
collateralization. Rentrop and colleagues18 defined an
angiographic grading system based on retrograde filling
of the occluded arterial segment. In particular, CTOs
with a Rentrop grade 0 (no retrograde filling) seem to be
poor candidates for successful revascularization,
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Retrospective analysis on revascularization of chronically
occluded right coronary arteries during CABG surgery.

Methods:
587 patients undergoing CABG surgery with chronic

occluded right coronary arteries.
Group 1 received revascularization of the right coronary artery,
Group 2 did not. Postoperative outcome including survival and

MACCE events were recorded.

Results:
No statistical difference between both groups for:

- stroke-free survival (P = .05)
- myocardial-infarction free survival (P = .57)

- PCI-free survival (P = .17)
Significant survival benefit in patients that received

revascularization to the chronically occluded RCA (P = .001).

Implications:
Revascularization of chronic occluded right coronary

arteries leads to a survival benefit in patients
undergoing CABG surgery.

FIGURE 4. Patients with chronically occluded RCAs undergoing CABG were divided in 2 groups depending on whether the myocardium of the occluded

RCA received surgical revascularization or not. A total of 587 patients were included, of whom 487 patients received a CABG to the RCA or its branches,

whereas 100 patients with an occluded RCA did not receive surgical revascularization. No statistical difference between both groups was detectable in

myocardial infarction–free survival (P ¼ .57), stroke-free survival (P ¼ .05), or PCI-free survival (P ¼ .17). However, survival analysis, as displayed in

the Kaplan–Meier curve, revealed a better survival in patients with revascularization of the occluded RCA as compared with patients without revascular-

ization (P ¼ .001), suggesting that surgical revascularization of an occluded RCA is recommended. RCA, Right coronary artery; CABG, coronary artery

bypass grafting; MACCE, major adverse cardiac and cerebrovascular events; PCI, percutaneous coronary intervention.
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especially when the CTO is located in the territory of the
RCA. Contrary to this, revascularization of a CTO in the
left anterior descending or the left circumflex coronary ar-
tery does not depend on Rentrop grades.4 Hence, a com-
mon fear of revascularizing a CTO is that a competitive
blood flow between the graft and the collateral vessel could
lead to an early graft or collateral degradation resulting in
increased myocardial ischemia. This is a common fear,
although Oshima and colleagues7 and Gestrich and col-
leagues4 have shown that a high Rentrop grade is not asso-
ciated with graft failure and Jang and colleagues9

demonstrated that even patients with a high Rentrop grade
benefit from revascularizing CTO vessels. In addition, Al-
lahwala and colleagues19 observed that successful revas-
cularization is mostly dependent on the collateral filling
of the occluded vessel.

At our institution, CR has been the primary goal in
CABG. Yet, revascularization of CTO has been largely sub-
ject to surgeons’ preference and choice, providing us with
the necessary 2 different cohorts to make the herein
reported comparison. Since in many cases, at our institu-
tion, the decision to graft a CTO-RCA or not was subjec-
tive and not led by strict medical criteria; the resulting 2
cohorts are remarkably similar in many preoperative vari-
ables and risk factors. In our study, CR including grafting
the CTO-RCA shows a significantly improved long-term
outcome with a remarkable survival benefit at all time
points. This survival benefit persists in a subgroup analysis
in patients who solely received a CABG procedure without
any additional surgical interventions. Since confounding
by other important variables is a common problem in retro-
spective analyses, we performed a Cox regression analysis
for independent factors influencing the survival benefit
and, other than grafting the CTO-RCA, found only 2
further independent survival predictors: family history of
cardiovascular disease and greater EuroSCORES II. Inter-
estingly, we did not detect significant differences concern-
ing MACCE criteria during follow-up. This could be due
to the fact that general risk factors were not different be-
tween the 2 groups, and coronary reintervention of the
JTCVS Open c Volume 7, Number C 177
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CTO-RCA, after it was decided that revascularization was
not doable/necessary in the first place, was not attempted
anymore later on.
Limitations
The study has the common limitations of retrospective

data analyses, the most prominent limitation being the
lack of angiography follow-ups to check on graft patency
in the vast majority of patients. Also, the cause of death
in our patients during follow-up could not be determined
in the majority of patients.
CONCLUSIONS
CR of CTOs leads to improved long-term outcome. How-

ever, to find the underlying effect causing impaired survival
in these patients, further studies have to be conducted. This
study can serve as a basis for future prospective studies aim-
ing on developing clear recommendations for cardiac sur-
geons how to deal with chronically occluded coronaries.
Ideally, patients before CABG surgery should be included
with preoperative diagnostics that include myocardial vital-
ity assessment. Yet, the survival benefit found in our data set
of RCA-CABG patients justifies the recommendation to
make an effort to revascularize chronically totally occluded
RCAs during coronary artery bypass grafting surgery when-
ever feasible.
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TABLE E1. Cox regression for independent factors influencing the survival benefit

B df P value Exp(B)

95% CI

Lower limit Upper limit

EuroSCORE II 0.10 1 <.001 1.11 1.07 1.14

Familiar predisposition –0.45 1 .03 0.64 0.43 0.96

RCA-CABG –0.45 1 .04 0.64 0.41 0.98

df, Degrees of freedom; Exp (B), hazard ratio; CI, confidence interval; EuroSCORE II, European System for Cardiac Operative Risk Evaluation; RCA, right coronary artery;

CABG, coronary artery bypass grafting.
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