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ABSTRACT

Introduction: In this study, we aimed to evaluate the most common causes of
recurrent angina after coronary artery bypass grafting (CABG) and our treatment
approaches applied in these patients.

Methods: We included all patients who underwent CABG, with or without
percutaneous coronary intervention after CABG, at our hospital from September
2013 to December 2019. Patients were divided into two groups according to the
time of onset of anginal pain after CABG. Forty-five patients (58.16 + 8.78 years) had
recurrent angina in the first postoperative year after CABG and were specified as
group | (early recurrence). Group Il (late recurrence) comprised 82 patients (58.05 +
8.95 years) with angina after the first year of CABG.

Results: The mean preoperative left ventricular ejection fraction was 53.22 + 8.87%
in group |, and 54.7 + 8.58% in group Il (P=0.38). No significant difference was
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registered between groups | and Il regarding preoperative angiographic findings
(P>0.05). Failed grafts were found in 27.7% (n=28/101) of the grafts in group | as
compared to 26.8% (n=51/190) in group Il (P>0.05). Twenty-four (53.3%) patients
were treated medically in group I, compared with 54 (65.8%) patients in group |l
(P=0.098). There was a need for intervention in 46.6% (n=21) of group | patients, and
in 34.1% (n=28) of group Il patients.

Conclusion: Recurrent angina is a complaint that should not be neglected because
most of the patients with recurrent angina are diagnosed with either native coronary
or graft pathology in coronary angiography performed.

Keywords: Coronary Artery Bypass. Angina Pectoris. Stroke Volume. Percutaneous
Coronary Intervention. Vascular Graft Occlusion.
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INTRODUCTION

Coronary artery bypass grafting (CABG) is the recommended
treatment for coronary artery disease (CAD) involving left main
coronary artery or multiple vessels disease, with a survival benefit
compared to percutaneous coronary intervention (PCHI'Z.
Nevertheless, recurrent angina after CABG is really demoralizing
because this complaint was the most frequent indication for
coronary artery bypass surgery. However, it is frequently known that
coronary revascularization procedures do not guarantee complete
relief of recurrent angina after the proceduret. Recurrence of
angina in the first year has been reported in 20-30% of patients
after successful CABGH™, and it is usually due to a technical problem
with a graft. Late recurrent angina can occur with the development
of stenosis in a bypass graft or with progression of atherosclerosis
in non-bypassed vessels. Failure of the saphenous vein grafts (SVGs)
usually occurs without symptoms and does not seem to affect
cardiovascular events and mortality after CABGF!. In this study, we
aimed to evaluate the most common causes of recurrent angina
after CABG and our treatment approaches applied in these patients.

METHODS
Patients

From September2013to December2019, 1,183 patients underwent
isolated CABG in our institution. We included all patients who had
coronary angiography (CAG) with or without PCl after CABG at
our hospital in the same period. CAG was performed in a total of
127 patients with respect to standard angiography indications by
interventional cardiologists. Patients were divided into two groups
according to the time of onset of anginal pain after CABG.
Forty-five patients (10 women, aged 58.16 + 8.78 years) had
recurrent angina in the first postoperative year after CABG and were
specified as group | (early recurrence). Group Il (late recurrence)
comprised 82 patients (17 women, aged 58.05 + 8.95 years) with
angina after the first year of CABG.

CABG with concomitant cardiac procedures, such as valve
replacement or repair, aortic replacement, or left ventricular
aneurysmectomy, were excluded from this study.

Data Collection

The study was conducted in accordance with the principles of
Helsinki Declaration and was approved by the ethics committee
of Sakarya University, Medicine Faculty (approval E-71522473-
050.01.04-113296-58, date: 04/03/2022). All preoperative, operative,
and postoperative data were reviewed from electronic medical
records for each patient.

Surgical Methods

Standard anesthetic technique was used during induction (fentanyl,
midazolam, and pancuronium) followed by the maintenance
of isoflurane and propofol. All operations were performed via
median sternotomy. The internal thoracic artery (ITA) and SVG were
prepared if necessary. Surgical revascularization was performed
under cardiopulmonary bypass (CPB) (except for five patients). CPB
was established via standard aortic arterial and two-stage venous
cannulation. Antegrade cardioplegia delivery cannulas were
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inserted into the aortic root. In selected patients (left main lesions
and acute coronary syndromes), the retrograde cardioplegia
cannulas were inserted into the coronary sinus in addition to
antegrade cannulas. Diastolic arrest was maintained by delivery
of intermittent, moderately hypothermic blood cardioplegia in all
patients. Body temperature was maintained between 28°C and
30°C during CPB. Distal anastomoses were performed under aortic
cross-clamping  while proximal anastomoses were performed
with side clamping during rewarming. ITA was routinely applied
for left anterior descending artery revascularization, and SVG was
anastomosed to other target vessels. Before removal of cross-
clamp, a last cardioplegic solution (hot-shot) at 37°C was delivered.

Statistical Analysis

Data analysis was performed using IBM Corp. Released 2017, IBM
SPSS Statistics for Windows, Version 25.0, Armonk, NY: IBM Corp. The
variables were investigated using visual (histograms, probability
plot) and analytical (Kolmogorov-Smirnov/Shapiro-Wilk's test)
methods to determine whether they are normally distributed.
The continuous variables were expressed as mean and standard
deviation or as median and interquartile range, depending on the
normality of their distribution. The Pearson’s chi-square test (or
Fisher's exact test, where applicable) was used to compare discrete
variables, while the independent t-test was used for continuous
variables between the groups. The statistically significant two tailed
P-value was considered as < 0.05.

RESULTS

One hundred and twenty-seven patients were enrolled in the
present study according to the inclusion criteria. A total of 45
patients were in group | (22.2% female, mean age 58.16 + 8.78
years), and 82 patients were in group Il (20.7% female, mean age
5805 + 895 years). Baseline characteristics of all patients are
summarized inTable 1.

There were no significant differences between the groups with
respect to hypertension, hyperlipidemia, cigarette smoking,
chronic renal failure, and cerebrovascular disease (P>0.05). Diabetes
mellitus was seen in 77 patients (group I: 48.9% [n=22]; group II:
67.1% [n=55], P=0.045). The mean preoperative left ventricular
ejection fraction (LVEF) was 53.22 + 8.87% in group |, and 54.7 +
8.58% in group Il (P=0.38). No significant difference was registered
between groups | and Il regarding preoperative angiographic
findings (P>0.05).

Most of the operations (n=122) were performed under CPB, except
for five patients in group I (P=0.09). Operative data of all patients are
summarized inTable 2. Left internal mammary artery was harvested
in 122 patients and was not used for left anterior descending
coronary artery anastomosis in five patients due to poor flow after
harvesting. Mean numbers of grafts of both groups were 2.24 +
0.8 and 2.33 £ 0.97 in groups | and I, respectively (P=0.167). There
were no significant differences between the groups with respect
to coronary anastomosis sites, coronary endarterectomy, coronary
artery quality, and coronary artery diameter (P>0.05). Complete
revascularization was not achieved in some patients (n=19)
because there was no suitable coronary artery for bypass grafting.
Incomplete revascularization (IR) of both groups was declared in
eight (17.7%) and 11 (13.4%) patients in groups I and Il, respectively
(P=0.51).

Brazilian Journal of Cardiovascular Surgery



Salihi S, et al. - Recurrent Angina After Coronary
Artery Bypass Grafting

Table 1. Demographic characteristics of all patients.
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Group | Group I
Characteristics P-value
(n=45) (n=82)
Age, years (mean+SD) 5816+ 878 5805+ 895 0.74
Female sex, n (%) 10 (22.2%) 7 (20.7%) 0.84
Associated diseases, n (%)
Hypertension 9 (86.6%) 68 (82.9%) 0.58
Diabetes mellitus 2 (48.9%) 5(67.1%) 0.045
Hyperlipidemia 5(55.5%) 39 (47.6%) 0.39
Cigarette smoking 21 (46.6%) 29 (35.3%) 0.21
Peripheral vascular disease 5(11.1%) 5(6.1%) 031
Carotis artery disease 8 (17.8%) 8(9.7%) 0.19
Chronic renal failure* 3(6.7%) 3 (3.6%) 0.44
Preoperative AF, n (%) 0 1(1.2%) 046
Echocardiographic findings
LVEF (%) 53.22+887 54.7 + 858 038
Mitral regurgitation, n (%) 0.77
Mild 23(51.1%) 40 (48.8%)
Moderate 2 (4.4%) 2 (2.4%)
Angiographic findings
LMCA stenosis 4 (8.9%) 16 (19.5%) 0.11
LAD stenosis 45 (100%) 79 (96.3%) 0.19
Diagonal stenosis 5(11.1%) 7 (8.5%) 0.63
Circumflex stenosis 25 (55.5%) 52 (63.4%) 0.38
RCA stenosis 30 (66.7%) 44 (53.6) 0.15

Data are presented as mean value + SD or number of patients (percentage)
AF=atrial fibrillation; LAD=left anterior descending coronary artery; LMCA=left main coronary artery; LVEF=left ventricular ejection

fraction; RCA=right coronary artery; SD=standard deviation
*Creatinine level of > 2 mg/dl

Indications for Coronary Angiography and Treatment
Approaches

The average time between the cardiac operation and CAG was
831 + 3.63 months in group | and 48.87 + 21.14 in group Il. The
distribution of indications for CAG was similar in both groups.
The primary indication for undergoing CAG included 10 (22.2%)
patients with ST-elevation myocardial infarction in group I and nine
(10.9%) patients in group Il (P=0.235). Angiographic findings were
summarized inTable 3. There was no significant difference between
groups with respect to new native vessel stenosis (P>0.05). Failed
grafts were found in 27.7% (n=28/101) of the grafts in group | as
compared to 26.8% (n=51/190) in group II (P>0.05). Twenty-four
(53.3%) patients were treated medically in group |, compared with
54 (65.8%) patients in group Il (P=0.098). There was a need for
intervention in 46.6% (n=21) of group I patients,and 34.19% (n=28) of
group Il patients. The distribution of treatment approaches applied
in all patients according to the results of CAG is shown in Table 4.

Comparing group | with group II, intervention of graft failure (six
[13.3%] and three [3.6%)], respectively) was higher in group |, but
there was no statistically significant difference (P=0.098).

DISCUSSION

In this study, we aimed to evaluate the most common causes of
recurrent angina after CABG and our treatment approaches applied
in these patients. Comparison of the two groups confirmed that
the two groups were similar with no significant differences in
angiographic findings after recurrent angina and these treatment
approaches.

Recurrent angina after CABG is always a frustration to both the
patient and the physician. For most surgeons an occluded graft
anastomosis is seen as a surgical fault, while an occluded native
vessel counts as fate®. Most common causes of early recurrent
angina are technical errors, poor target vessel runoff, graft
insertion site lesion, and IR. This is an indication for prompt CAG
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Table 2. Perioperative parameters.
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Group | Group I
Variables P-value
(n=45) (n=82)

Surgical technique, n (%)

OPCAB 0 5(6.1%) 0.09
Grafts, n (%)

LIMA 42 (93.3%) 75 (91.4%) 0.71

Venous graft 37 (82.2%) 65 (79.3%) 0.69
Number of grafts 224+08 233+097 0.167
Coronary anastomosis site, n (%)

LAD 45 (100%) 82 (100%)

LIMA 42 (93.3%) 75 (91.4%) 0.71
Venous graft 3(6.7%) 7 (8.5%) 0.71

Diagonal 3(6.7%) 9 (11%) 043

Circumflex 27 (60%) 48 (58.5%) 0.87

RCA 16 (35.5%) 16 (19.5%) 0.04

RDP 10 (22.2%) 27 (32.9%) 0.20
Coronary artery diameter

<1Tmm 9 (20%) 17 (20.7%) 092
Coronary artery quality

With heavy plaque 14 (31.1%) 28 (34.1%) 0.73
Coronary endarterectomy 1(2.2%) 7 (8.5%) 0.15

Data are presented as mean + standard deviation or number of patients and percentage
LAD=left anterior descending coronary artery; LIMA=left internal mammary artery; OPCAB=off-pump coronary artery bypass surgery;

RCA=right coronary artery; RDP=right descending posterior artery

with PCl, if feasible®. The main factors of SVG failure during the
first postoperative year has been suggested by Cataldo et al”!
to be a small vessel diameter, reduced wall motion of the vessel-
dependent myocardial region, and the right coronary as target
vessel. In our study, 45 (35.4%) patients had recurrent angina in the
first postoperative year. There were new native vessel stenosis in
18 (40%) patients and graft failure in 28 (27.7%) grafts. Recurrent
angina after the first year (called late recurrent angina) can occur
with the development of stenosis in a graft (either saphenous vein
or arterial) or with progression of atherosclerosis in native vessels.
Late recurrence was seen in 82 (64.6%) patients with recurrent
angina after the first year of CABG. Thirty-two (39%) patients had
new native vessel stenosis, and graft failure was seen in 38 (20%)
grafts.

The incidence of recurrent angina after CABG varies considerably
among reported studies®®. Cameron et al®! reported that after
CABG, 24% of patients had angina at the first year, which increased
to > 40% by the sixth postoperative year. Early graft failure is
considered to be largely dependent on procedure complications
and occurs in up to 15% of cases"®™, In our study, it is difficult to
say the exact incidence of recurrent angina after CABG because the
study was retrospective, and it is very difficult for some patients to

know when and how they have chest pain. This is unfortunately
one of the major limitations of this study. However, roughly the
incidence of chest pain requiring CAG is approximately 10.7%.
Patients with unstable angina generally should proceed directly
to CAG, whereas patients with stable angina may be candidates
for noninvasive testing to evaluate their risk and the extent of
myocardial hazard"?. The impact of CAG early after CABG for
suspected postoperative myocardial ischemia was investigated
by Rupprecht et al® One hundred eight patients suspected with
ischemia underwent postoperative CAG after CABG. Seventy-nine
(73%) patients demonstrated graft pathologies. Fifty-two (48%)
of these patients were treated with PCl (stent implantation). The
main inclusion criterion of this study was myocardial ischemia after
CABG defined as an increase of creatine kinase-myocardial band
within 48 hours after uneventful surgery. In our study, the inclusion
criteria were CAG with or without PCl after CABG in patients with
recurrent angina after CABG. Our study population was different in
that it incorporated patients who had angina after CABG.

The finding of CAG after CABG was reported to be normal in 42
to 67% of patients. Graft pathologies were noted in 33 to 58% of
cases>, Janiec et al"® showed that most of the postoperative
recurrence of CAD symptoms are possibly attributable to internal
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Table 3. Postoperative angiographic findings.
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Group | Group I
Variables P-value
(n=45) (n=82)
Time of coronary angiography, months 831+363 4887 £21.14 0.000
Indication for postoperative angiography, n (%) 0.236
Stabile angina pectoris 19 (42.2%) 40 (48.7%)
NSTEMI 16 (35.5%) 33 (40.2%)
STEMI 10 (22.2%) 9(10.9%) 0.235
Anterior 1(2.2%) 1(1.2%)
Inferior 9 (20%) 8(9.7%)
Angiographic findings
No coronary or graft pathology, n (%) 11 (24.4%) 25 (30.5%) 0.84
New native vessel stenosis, n (%)
LMCA stenosis 2 (4.4%) 1(1.2%) 0.286
LAD stenosis 0 (0%) 3 (3.6%) 0.266
Diagonal stenosis 6 (13.3%) 6 (7.3%) 0.268
Circumflex stenosis 6 (13.3%) 7 (8.5%) 0394
RCA stenosis 4 (8.9%) 15 (18.3%) 0.155
Graft pathology, graft (%)
LIMA-LAD anastomosis occlusion 6/42 8/75 0.538
LAD venous graft occlusion 2/3 2/7 0614
Diagonal venous graft occlusion 1/3 3/9 0.55
CX-IM venous graft occlusion 0/7 0/1 0
CX-OM1 venous graft occlusion 3/5 8/21 0.554
CX-OM2 venous graft occlusion 7/15 12/34 0.889
RCA venous graft occlusion 5/16 4/16 0.19
RDP venous graft occlusion 4/10 14/27 0.206

Data are presented as mean + standard deviation or number and percentage

CX-IM=circumflex intermedial artery; CX-OM1=circumflex first obtuse marginal artery; CX-OM2=circumflex second obtuse marginal
artery; LAD=left anterior descending coronary artery; LIMA=left internal mammary artery; LMCA=left main coronary artery; RCA=right
coronary artery; RDP=right descending posterior artery; NSTEMI=non-ST-elevation myocardial infarction; STEMI=ST-elevation

myocardial infarction

mammary artery (IMA) failure or progression of atherosclerosis in
native coronary arteries. SVG are most often used in CABG but are
exposed to graft disease!'”, and their reduced long-term patency is
well established when compared to IMA grafts'®, Sergeant et al[™
reported that recurrent angina after CABG has minimal impact on
survival and is not predictive of myocardial infarct. Occurrence of
chest pain in a patient with normal angiographic findings, usually
associated with ST-segment depression during spontaneous or
provoked angina, is called cardiac syndrome X. Angina is thought
to be secondary to microvascular dysfunction??. In our study, there
were 11 (24.4%) patients in group |, and 25 (30.5%) patients in
group Il with normal angiographic findings. These patients were
treated medically. All of them had stable angina pectoris, and none
of them had myocardial infarction findings. It was shown that

optimal medical treatment had a bigger impact on outcomes than
the choice of revascularization method?".

Several studies have shown that CAG and PCl can be performed
safely after CABGR??, Repeated CAG and the need for
reintervention were not rare after CABG. The incidence of CAG and
the need for intervention were higher in patients operated with
only a single or no SVGs in addition to the IMA when compared to
those with multiple additional SVGs"®. The type of bypass conduit
and risk factors for arteriosclerosis affect the need for coronary
reintervention. Aggressive post-CABG risk factor reduction and
maximum arterial grafting at primary operation should decrease
coronary reinterventions?¥, Not all patients with recurrent angina
and significant angiographic findings following CABG underwent
further PCl. In the literature, patients treated medically only
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Table 4. Treatment approaches of all patients after coronary angiography.
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Group | Group Il
Variables P-value
(n=45) (n=82)
Maximum medical treatment, n (%) 24 (53.3%) 54 (65.8%) 0.166
No coronary or graft pathology 1 (24.4%) 25 (30.5%)
New native vessel stenosis 3(6.7%) 3(3.6%)
Graft pathology 10 (22.2%) 26 (31.7%)
Intervention of native coronary artery, n (%) 15 (33.3%) 25 (30.5%) 0.741
LAD 2 (44%) 1(1.2%)
Diagonal 1(2.2%) 2 (2.4%)
Circumflex 2 (4.4%) 7 (8.5%)
RCA 0(22.2%) 15 (18.3%)
Intervention of graft, n (%) 6(13.3%) 3 (3.6%) 0.067
LIMA-LAD 2 (44%) 1(1.2%)
Aorta-LAD 2 (4.4%) 0
Aorta-CX 1(2.2%) 1(1.2%)
Aorta-RCA 1(2.2%) 1(1.2%)

Data are presented as number of patients (percentage)

CX=circumflex artery; LAD=left anterior descending coronary artery; LIMA=left internal mammary artery; RCA=right coronary artery

include 10 to 20% of all patients™ ™. In our study, PCl is mostly
favored for patients’ comfort and its technical ease in forty-nine
patients. Because PCl is not always feasible, forty-two patients were
conservatively treated without intervention.

Limitations

The main limitation of this study is its retrospective and
observational nature. Moreover, our study included all patients
who had recurrent angina leading to CAG but did not include
those patients who may have had an ischemic event but did not
undergo CAG or intervention. In our study, it is difficult to say the
exact incidence of recurrent angina after CABG. This is one of the
major limitations of this study.

CONCLUSION

Recurrent angina is a complaint that should not be neglected
because most of the patients with recurrent angina are diagnosed
with either native coronary or graft pathology in CAG. Postoperative
CAG is a useful tool with a significant therapeutic value.

No financial support.
No conflict of interest.

Authors’ Roles & Responsibilities

SS

HIE

FT

BO

HS

Substantial contributions to the conception or design of the work;
or the acquisition, analysis, or interpretation of data for the work;
drafting the work or revising it critically for important intellectual
content; final approval of the version to be published

Substantial contributions to the conception or design of the work;
or the acquisition, analysis, or interpretation of data for the work;
final approval of the version to be published

Substantial contributions to the conception or design of the work;
or the acquisition, analysis, or interpretation of data for the work;
final approval of the version to be published

Substantial contributions to the conception or design of the work;
or the acquisition, analysis, or interpretation of data for the work;
final approval of the version to be published

Substantial contributions to the conception or design of the work;
or the acquisition, analysis, or interpretation of data for the work;
final approval of the version to be published

Substantial contributions to the conception or design of the work;
or the acquisition, analysis, or interpretation of data for the work;
final approval of the version to be published

REFERENCES

1.

Mohr FW, Morice MC, Kappetein AP, Feldman TE, Stahle E, Colombo
A, et al. Coronary artery bypass graft surgery versus percutaneous
coronary intervention in patients with three-vessel disease and left
main coronary disease: 5-year follow-up of the randomised, clinical
SYNTAX trial. Lancet. 2013;381(9867):629-38. doi:10.1016/50140-
6736(13)60141-5.

Kolh P Windecker S, Alfonso F, Collet JP, Cremer J, Falk V, et al. 2014
ESC/EACTS guidelines on myocardial revascularization: the task force

Brazilian Journal of Cardiovascular Surgery



Salihi S, et al. - Recurrent Angina After Coronary
Artery Bypass Grafting

10.

11.

12.

13.

14.

on myocardial revascularization of the European society of cardiology
(ESC) and the European association for cardio-thoracic surgery
(EACTS). Developed with the special contribution of the European
association of percutaneous cardiovascular interventions (EAPCI). Eur J
Cardiothorac Surg. 2014,46(4):517-92. doi:10.1093/ejcts/ezu366.
Abbate A, Biondi-Zoccai GG, Agostoni P, Lipinski MJ, Vetrovec GW.
Recurrent angina after coronary revascularization: a clinical challenge.
Eur Heart J. 2007;28(9):1057-65. doi:10.1093/eurheartj/ehl562.
Laird-Meeter K, ten Katen HJ, Brower RW, van den Brand MJ,
Serruys PW, Haalebos MM, et al. Angina pectoris, one to 10 years
after aortocoronary bypass surgery. Eur Heart J. 1983;4(10):678-86.
doi:10.1093/oxfordjournals.eurheartj.a061378.

Lopes RD, Mehta RH, Hafley GE, Williams JB, Mack MJ, Peterson
ED, et al. Relationship between vein graft failure and subsequent
clinical outcomes after coronary artery bypass surgery. Circulation.
2012;125(6):749-56. doi:10.1161/CIRCULATIONAHA.111.040311.
Rupprecht L, Schmid C, Debl K, Lunz D, Flérchinger B, Keyser A. Impact
of coronary angiography early after CABG for suspected postoperative
myocardial ischemia. J Cardiothorac Surg. 2019;14(1):54. doi:10.1186/
$13019-019-0876-0.

Cataldo G, Braga M, Pirotta N, Lavezzari M, Rovelli F, Marubini E. Factors
influencing 1-year patency of coronary artery saphenous vein grafts.
Studio Indobufene nel Bypass Aortocoronarico (SINBA). Circulation.
1993,88(5 Pt 2):1193-8.

Kirklin JW, Naftel CD, Blackstone EH, Pohost GM. Summary of a
consensus concerning death and ischemic events after coronary
artery bypass grafting. Circulation. 1989;79(6 Pt 2):181-91.

Cameron AA, Davis KB, Rogers WJ. Recurrence of angina after coronary
artery bypass surgery: predictors and prognosis (CASS Registry).
Coronary Artery Surgery Study. J Am Coll Cardiol. 1995;26(4):895-9.
doi:10.1016/0735-1097(95)00280-4.

Fitzgibbon GM, Kafka HP, Leach AJ, Keon WJ, Hooper GD, Burton JR.
Coronary bypass graft fate and patient outcome: angiographic follow-
up of 5,065 grafts related to survival and reoperation in 1,388 patients
during 25 years.J Am Coll Cardiol. 1996;28(3):616-26.doi:10.1016/0735-
1097(96)00206-9.

Barner HB, Standeven JW, Reese J. Twelve-year experience with internal
mammary artery for coronary artery bypass. J Thorac Cardiovasc Surg.
1985,90(5):668-75.

Miller DD. Evaluation of the patient with stable angina following
coronary artery bypass surgery. Cardiovasc Clin. 1991,21(2):137-67.
FleiBner F, Issam |, Martens A, Cebotari S, Haverich A, Shrestha ML. The
unplanned postoperative coronary angiogram after CABG: identifying
the patients at risk. Thorac Cardiovasc Surg. 2017,65(4):292-5.
doi:10.1055/5-0035-1564927.

Thielmann M, Massoudy P, Jaeger BR, Neuhduser M, Marggraf G, Sack
S, et al. Emergency re-revascularization with percutaneous coronary
intervention, reoperation, or conservative treatment in patients with

20.

21.

22.

23.

24.

Braz J Cardiovasc Surg 2024;39(4):e20230303

acute perioperative graft failure following coronary artery bypass
surgery. Eur J Cardiothorac Surg. 2006;30(1):117-25. doi:10.1016/].
€jcts.2006.03.062.

Laflamme M, DeMey N, Bouchard D, Carrier M, Demers P, Pellerin M,
et al. Management of early postoperative coronary artery bypass graft
failure. Interact Cardiovasc Thorac Surg. 2012;14(4):452-6. doi:10.1093/
icvts/ivr127.

Janiec M, Nazari Shafti TZ, Dimberg A, Lagerqvist B, Lindblom RPF.
Graft failure and recurrence of symptoms after coronary artery bypass
grafting. Scand Cardiovasc J. 2018,52(3):113-9. Erratum in: Scand
Cardiovasc J. 2018;52(3):170. doi:10.1080/14017431.2018.1442930.
Motwani JG, Topol EJ. Aortocoronary saphenous vein graft
disease: pathogenesis, predisposition, and prevention. Circulation.
1998,97(9):916-31.doi:10.1161/01.cir.97.9.916.

Goldman S, Zadina K, Moritz T, Ovitt T, Sethi G, Copeland JG, et al.
Long-term patency of saphenous vein and left internal mammary
artery grafts after coronary artery bypass surgery: results from a
department of veterans affairs cooperative study. J Am Coll Cardiol.
2004/44(11):2149-56. doi:10.1016/jjacc.2004.08.064.

Sergeant P, Blackstone E, Meyns B. Is return of angina after coronary
artery bypass grafting immutable, can it be delayed, and is it
important? J Thorac Cardiovasc Surg. 1998;116(3):440-53. doi:10.1016/
S0022-5223(98)70010-8.

IONA Study Group. Effect of nicorandil on coronary events in
patients with stable angina: the impact of nicorandil in angina (IONA)
randomised trial. Lancet. 2002:359(9314):1269-75. Erratum in: Lancet
2002;360(9335):806. doi:10.1016/50140-6736(02)08265-X.

Igbal J, Zhang YJ, Holmes DR, Morice MC, Mack MJ, Kappetein
AP, et al. Optimal medical therapy improves clinical outcomes in
patients undergoing revascularization with percutaneous coronary
intervention or coronary artery bypass grafting: insights from the
synergy between percutaneous coronary intervention with TAXUS
and cardiac surgery (SYNTAX) trial at the 5-year follow-up. Circulation.
2015;131(14):1269-77. doi:10.1161/CIRCULATIONAHA.114.013042.
Thielmann M, Sharma V, Al-Attar N, Bulluck H, Bisleri G, Bunge JJH, et
al. ESC joint working groups on cardiovascular surgery and the cellular
biology of the heart position paper: perioperative myocardial injury
and infarction in patients undergoing coronary artery bypass graft
surgery. Eur Heart J. 2017,38(31):2392-407. doi:10.1093/eurheartj/
ehx383.

Neumann FJ, Sousa-Uva M, Ahlsson A, Alfonso F, Banning AP, Benedetto
U, et al. 2018 ESC/EACTS guidelines on myocardial revascularization.
Eur Heart J. 2019;40(2):87-165. Erratum in: Eur Heart J. 2019;40(37):3096.
doi:10.1093/eurheartj/ehy394.

Sabik JF 3rd, Blackstone EH, Gillinov AM, Smedira NG, Lytle BW.
Occurrence and risk factors for reintervention after coronary artery
bypass grafting. Circulation. 2006;114(1 Suppl):1454-60. doi:10.1161/
CIRCULATIONAHA.105.001149.

This is an open-access article distributed under the terms of the Creative Commons Attribution License.
BY

Brazilian Journal of Cardiovascular Surgery



