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ABSTRACT

BACKGROUND

Malaysia, a multiracial country, has been burdened by ischemic
heart disease, the leading cause of death for the past 10 years.

The success of coronary artery bypass grafting surgery (CABG)
particularly depends on the continued patency of aortocoronary
grafts. The study aims to identify the graft patency rate and risk

factors of graft failure among symptomatic post CABG patients.

METHODS

Data were collected from 80 patients with a history of CABG,

who underwent conventional coronary angiography for refractory
angina in Hospital Sultanah Aminah Johor, Malaysia from January
2014 till December 2018. The graft patency was evaluated with
conventional coronary angiography. Graft patency was assessed
with the Kaplan-Meier method. Differences between graft patency
were tested with log-rank test at a 5% significance level and result
with p-value <0.05 was considered statistically significant.

RESULTS

Among the 80 post CABG patients with cardiac symptoms, there
were 2 patients with acute myocardial infarction (2.5%) and 24
patients with NSTEMI (30%). 22 patients (27.5%) were found to
have all grafts patent despite being persistently symptomatic.
Left internal mammary arterial (LIMA) graft remained as the best
conduit with a significantly better short, medium, and long term
patency (up to 20 years) compared to SVG graft (Log-rank test,
p-value < 0.05). Indian race and age less than 70 years had
higher risk of SVG graft stenosis.

CONCLUSION

Type of conduits remains the most important factor in determining
the coronary artery bypass graft patency, with LIMA produces the
best patency rate in both short and long term.

INTRODUCTION

Ischemic heart disease (IHD) is the leading cause of death

for the past 10 years from 2005 to 2019 in Malaysia, mainly for
population aged 15 to 64 years old." The surgical intervention
for coronary artery disease is mainly by coronary artery bypass
grafting surgery (CABG), which is the operation most commonly
performed in cardiac surgery.

CABG has been shown to effectively improve survival and
symptoms among patients with severe multiple coronary artery
disease.?® The success of coronary revascularization particularly
depends on the continued patency of aortocoronary grafts, which
include left internal mammary artery (LIMA) and saphenous vein
grafts (SVGs).*°

Graft failure is associated with poorer outcomes. It is defined

as graft whose patency is threatened by a hemodynamically
significant lesion, or > 75% stenosis, in the inflow tract, outflow
tract, or within the body of the graft.® It can be divided into three
temporal categories: early (zero to 30 days), midterm (30 days to
one year) or late (after one year).5 " Early graft failure occurs in up
to 15% of patients after coronary artery bypass grafting surgery. it
is mainly caused by the thrombotic events within the anastomosis
site. A fully developed plaque will require three to five years to
form on a new graft.68

Therefore, even with graft revascularization after surgery, patients
with coronary artery disease remain at high risk for recurrent acute
coronary disease. Salvage of the failed grafts is an important
clinical challenge to both the surgeons and cardiologists. Thus,
more researches have now focused on methods to monitor and
control the development of graft failure. By understanding the
pathophysiology of graft stenosis, multiple factors including
operative techniques, underlying disease and follow up therapy,
are important to successful management of graft failure.” 8 °©

OBJECTIVES

Identify the graft patency rate and risk factors of graft failure
among symptomatic post CABG patients.

STUDY DESIGN AND METHOD

This is a cross-sectional study conducted in Hospital Sultanah
Aminah Johor, Malaysia. All symptomatic patients with prior
CABG who proceeded with coronary angiography in Hospital
Sultanah Aminah from January 2014 till December 2018 were
included in the study. Patients’ angiographic findings, pre-CABG
cardiac status, and CABG operative findings were retrospectively
reviewed and compared. The patients’ clinical outcomes were
further compared by the presence of LIMA graft which was
known to affect long term survival of CABG patients. The study
was approved by the National Medical Research Register
Malaysia. The primary endpoint for this study is graft patency
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over time by graft type and territory among these symptomatic
patients with a history of CABG in Hospital Sultanah Aminah
Johor, Malaysia.

Graft failure is defined as one of a patent graft whose patency
is threatened by a hemodynamically significant lesion, or = 75%
stenosis, in the inflow tract, outflow tract, or within the body of the
graft, usually by coronary angiography. Coronary angiography
is the gold standard for coronary artery disease diagnosis.™ It is
performed by a cardiologist to assess the patency of coronary
arteries and grafts post CABG. In case multiple coronary
angiographies were performed post CABG to assess graft
failure, the last coronary angiography findings were included in
the study. Duration of graft patency is calculated from the day
of CABG until the day of last coronary angiography post CABG,
measured in months.

STATISTICAL ANALYSIS

Analysis were performed using R version 3.6.1. Descriptive
analysis was done for socio-demographic variables at baseline.
Numerical data such as age were summarised using mean

+ standard deviation (sd) or median. Categorical data such

as ethnicity and graft stenosis were summarised using rate

in percentages (%). Difference between continuous variables
were compared using independent t-test at 5% significance
level. Associations between categorical data were tested using
Pearson’s chi-square test. Conduit patency curve were estimated
using the Kaplan-Meier method and difference groups were
tested using the log-rank test. Risk factors association to graft
stenosis was assessed by simple cox regression. A value of
p<0.05 (two-sided) was considered statistically significant.

RESULTS

From January 2014 to December 2018, there was a total of 80
(70 men, 10 women) post CABG patients with cardiac symptoms
proceed for coronary angiography. There were two patients

with acute myocardial infarction (2.5%), 24 patients with Non
ST-elevated Myocardial Infarction (NSTEMI) (30%), 25 patients
with unstable angina (31.3%), and 29 patients with stable angina
(36.3%). Two post CABG patients were excluded from the study
due to acute myocardial infarction and asystole prior to coronary
angiography. The baseline demographic characteristics were
shown in Table 1.

GRAFT FAILURE

Out of these 80 patients, Coronary angiography revealed at least
one graft was occluded among 57 patients (72.3%). 23 patients
(27.7%) were found to have all grafts remain patent despite
persistently symptomatic.

Based on the coronary angiographic findings, the patients
were advised for medical therapy or second revascularizations
including Percutaneous Coronary Intervention (PCI) or redo-
CABG. The therapeutic management was decided following
treating cardiologist and cardiac surgeon’s discussion. There
were nine PCI (11.3%), five redo-CABG (6.3%), and 66 medical
treatment (82.5%) for these symptomatic patients.

PRESENCE OF LIMA

The patients were further divided based on the presence of LIMA
grafts. Coronary angiography revealed that graft occlusion was
found in eight patients (72.7%) in the non-LIMA group (n= 11).
49 patients (71.0%) with LIMA anastomoses had at least one

Graft Patency Symptomatic Post CABG

Table 1. Baseline Characteristics

Demographic Characteristic N=80 Percentage %
Gender

Male 70 87.5
Female 10 125
Age (mean, years) 66.5 -
Race

Malay 24 30.0
Chinese 31 38.8
Indian 25 31.2
Smoking status

Smoker 14 17.5
Non smoker 32 40.0
Ex smoker 34 425
Family History of IHD

Yes 36 45.0
No 44 55.0
Comorbidity

Diabetes Mellitus 57 71.2
Hypertension 66 82.5
Hypercholesterolemia 74 92.5
ESRF 4 5.0
Medication

Antiplatelet 77 96.3
Beta blocker 49 61.3
Statin 75 93.8
Diuretics 17 21.3
Cardiac Function

Ejection fraction, % (Median) 50 -
Min 15

Max 70

CCS Class

1 46 57.5
2 40 8785
8 4 (5.0%)
NYHA

1 43 53.8
2 34 42.5
3 8 8,75
Angina history

STEMI 2 25
NSTEMI 24 30.0
Unstable Angina 25 31.3
Stable Angina 29 36.3
Indication of CABG

1VD 1 1.2
1VD + Redo mitral valve replacement 1 1.2
2VD 2 25
3VD 75 93.8
3VD+ Aortic stenosis 1 1.2

Blood Investigation

Total cholesterol (mmol/L)
HDL (mmol/L)

LDL (mmol/L)

Triglyceride (mmol/L)

Fasting Blood Sugar (mmol/L)
Creatinine (umol/L)

eGFR (mL/min/1.73m2)

meanzsd, (min, max)
4.27 + 1.14 (2.2, 8.0)
1.14 + 0.28 (0.5, 1.9)
2.39 + 1.03(1.0.6.1)
1.54 + 0.80 (0.6, 5.3)
6.86 + 2.05 (3.6, 14.1)
124.63 + 136.09 (61, 760)
74.54 x 24.25 (5.6, 123.6)

CCS: Canadian Cardiovascular Society grading;

NYHA: New York Heart Association Functional Classification
STEMI: ST- elevated Myocardial Infarction

NSTEMI: Non ST- elevated Myocardial Infarction

ESRF: End stage renal failure

VD: Vessel Disease
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graft occluded. Presence of LIMA was not protective against
graft occlusion. The mean interval from CABG operation to the
postoperative angiographic assessment of these 80 patients was
107.06 months (8.9 years), with duration range from the shortest
at seven months to the longest at 267 months (22.2 years). The
mean interval from CABG operation to coronary angiography
study was longer among patients with LIMA graft (111.7 months),
but the difference was not statistically significant. (table 2 and

table 3)

Graft Patency Symptomatic Post CABG

GRAFT PATENCY RATE- THE TYPE OF GRAFTS

There was a total of 239 grafts, which divided into 69 LIMA,
five radial artery, and 165 SVG grafts. Based on the coronary
angiography, we found that LIMA graft had significantly better
short, medium, and long term patencies compared with SVG
graft (Log-rank test, p-value < 0.05). (Table 4, Figure 1) Radial
artery graft patency was not included for comparison due to its
small number (n=5) to generate statistical value.

Table 2. Comparison of baseline character between LIMA and

non-LIMA group

Baseline Character LIMA Group Non-LIMA Group p Value
n =69 n=11

Gender <0.713

Male 60/69 (87.0%) 10/11 (90.9%)

Female 9/69 (13.0%) 1/11(9.1%)

Age (meanz sd, years) 66.4+8.8 68.0+7.5 <0.469

Race <0.223

Malay 24/69 (34.8%) 1/11(9.1%)

Chinese 25/69 (36.2%) 6/11 (54.5%)

Indian 20/69 (29.0%) 4/11(36.4%)

Smoking status <0.609

Smoker 13/69 (18.8%) 1/11(9.1%)

Non smoker 28/69 (40.6%) 4/11(36.4%)

Ex smoker 28/69 (40.6%) 6/11 (54.5%)

Family History of IHD <0.493

Yes 30/69 (43.5%) 6/11 (54.5%)

No 39/69 (56.5%) 5/11 (45.5%)

Comorbidity

Diabetes Mellitus 48/69 (69.6%) 9/11(81.8%) <0.404

Hypertension 56/69 (81.2%) 10/11 (90.9%) <0.429

Hypercholesterolemia  64/69 (92.8%) 10/11 (90.9%) <0.829

Medication

Antiplatelet 67/69 (97.1%) 10/11 (90.9%) <0.315

Beta blocker 42/69 (60.9%) 7/11 (63.6%) <0.861

Statin 64/69 (92.8%) 11/11 (100 %) <0.356

Diuretics 15/69 (21.7%) 2/11(18.2%) <0.789

CCS Class <0.696

1 39/69 (56.5%) 7/11(63.6%)

2 26/69 (37.7%) 4/11(36.4%)

3 4/69 (4.8%)  0/11(0.0%)

NYHA <0.776

1 37/69 (53.6%) 6/11 (54.5%)

2 29/69 (42.0%) 5/11 (45.5%)

3 3/69 (4.3%)  0/11(0.0%)

Angina history <0.907

STEMI 2/69 (2.9%)  0/11(0.0%)

NSTEMI 20/69 (29.0%) 4/11(36.4%)

Unstable Angina 25/69 (36.2%) 4/11(36.4%)

Stable Angina 22/69 (31.9%) 3/11(27.3%)

Table 3. Comparison of graft failure rate and mean interval from
CABG operation to coronary angiography based on presence of

Table 4. Comparison of Graft patency rate by type of grafts over
time

Type N Occlusion Graft Patency, % (95% Cl)

of Graft (%) 5 years 10 years 20 years

LIMA 69  8(11.5) 98.4 90.6 62.7
(89.1,99.8) (78.6,96.0) (25.7,85.2)

SVG 165 93 (56.3) 88.6 59.3 6.7
(82.5,92.7) (49.9,67.5) (2.2, 14.6)

RAD 5 3(32.2) - - -

Figure 1: Graft patency curve for comparison of SVGs and
LIMA grafts over time (months)
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SVGS GRAFT PATENCY RATE- DISTAL ANASTOMOSIS SITE
Overall, there was a total of 93 SVG graft stenosis (56.3%, N=
165). SVG patencies were further compared based on its distal
anastomosis site either left anterior, left posterior or right territory.
No significant difference of graft patency over time based on the
distal anastomotic site. (Table 5, Figure 2)

RISK FACTOR ASSOCIATIONS WITH SVGS GRAFT PATENCY
Among 80 these post CABG patients, 57 patients (72.3%) had

at least one graft occluded. Out of 69 LIMA grafts, eight grafts
were occluded upon coronary assessment, compared to 93
graft occlusions of 165 SVG grafts. The associations between
preoperative risk factors and SVG graft occlusion were examined
with simple cox regression, as shown in Table 6. Age and

LIMA race were found to be associated with increased risk of SVG
LIMA Group Non-LIMA Group p Value graft occlusion. Age less than 70 years had higher risk of graft
n=69 n="1 stenosis compared to age above 70 years (HR 2.64, Cl 1.40
Graft failure, n (%) 49(71.0%)  8(72.7%) <0.907 -4.99, p = .002). Indian race was associated with significant
Xllg:?si)nterval, months  111.7(9.3)  77.8(6.5) <0.081 increased risk of graft occlusion compared to other races (HR
2.30, Cl 1.14 - 4.67, p = .021).
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Table 5. Comparison of Graft patency rate by site of distal anastomosis

Distal Anastomosis Site N Occlusion (%) Graft Patency, % (95% Cl)

5 years 10 years 20 years
Left Anterior Territory (LAD/ D1) 29 16 (55.2) 825 (62.8,92.3)  67.8(44.6,82.9) 10.3 (0.6, 35.6)
Left Posterior Territory (OM/LCX/ INT) 68 40 (58.8) 89.3(78.7,94.7)  54.6(39.9,67.2) 7.1(1.3,19.9)
Right Territory (RCA/PDA/ PLV) 68 37 (54.4) 90.6 (80.2, 95.7) 60.9 (45.6, 73.1) 4.5(0.4, 18.2)

LAD: Left anterior descending artery
D1: Diagonal 1 artery

OM: Obtuse marginal artery
LCX: left circumflex artery

Figure 2: Graft patency curve for comparison of SVGs based
on the distal anastomosis site - left anterior(LAD/ D1), left
posterior(OM/LCX/ INT) and right territory(RCA/PDA/ PLV)
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DISCUSSION

In comparison to medical treatment and PCI, CABG surgery
undoubtedly reduces angina severity and frequency in at least
80- 85% of patients. Though coronary artery bypass surgery
has stood the test of time, its success mainly depends on the
long term patency of the grafts. Recurrent limiting angina after
CABG, however, has been a major challenge to the treating
surgeon and physician. To patients, it is much more grievous
than mortality. In our center, there were a total of 80 patients
present with refractory angina after CABG surgery from 2014 till
2019. Despite optimal medical management, the other option

is revascularization, either PCI or redo surgery. Redo- CABG

is often fraught by patients due to its high mortality risk, 2-3
times higher than the first surgery with relatively less promising
angina alleviation. Redo- CABG is associated with greater

risk of bleeding, exploration difficulty due to adhesions, and
potential injury to the existing grafts. Therefore, redo- CABG is
only limited to selected good candidates.™ High-risk patients are
often left with medical treatment. In our center, there is 6.3% of
a redo- CABG among the 80 patients with recurrent symptomes,
in comparison to 82.5% of medical treatment. It is inadequate in
most of the cases, and this is when interventional cardiologists
these days could offer endo-coronary techniques as alternative
solutions.

For decades, refractory angina after CABG surgery is often
associated with graft failure. A prospective study from Reda
AA et al in 2014 showed 56% of grafts were occluded among
post CABG patients with recurrent angina.™ In our center, up to

INT: Intermediate artery
RCA: Right coronary artery

PDA: Posterior descending artery
PLV: Posterior left ventricular artery

Table 6. Preoperative Factor affecting patency of SVG
(simple Cox regression)

Variable HR (95% CI HR) X2(d.f)2  p-value
Age (year) 0.94 (0.91, 0.98) 9.41 (1) 0.002
Age group (year)

- Above 70 1.00

- Less 70 2.64 (1.40, 4.99) 9.75 (1) 0.002
Ejection fraction (%) 0.99 (0.97, 1.01) 1.32 (1) 0.251
Total cholesterol 1.15(0.87, 1.52) 0.9 (1) 0.343
HDL 0.47 (0.16, 1.39) 1.89 (1) 0.169
LDL 1.24 (0.90, 1.70) 1.63 (1) 0.202
TG 1.02 (0.72, 1.43) 0.01 (1) 0.920
FBS 1.15 (0.99, 1.34) 2.99 (1) 0.084
Creatinine 0.998 (0.995, 1.00) 1.23 (1) 0.267
EGFR 1.02 (1.00, 1.03) 419 (1) 0.041
Gender

- Female 1.00

- Male 0.63 (0.30, 1.35) 1.27 (1) 0.260
Race F 5.23 (2) 0.073

- Chinese 1.00

- Malay 1.28 (0.67, 2.43) 0.74° 0.459°

- Indian 2.30 (1.14, 4.67) 2310 0.021°
Diabetes

-No 1.00

- Yes 1.11 (0.62, 2.01) 0.13 (1) 0.718
Hypertension

- No 1.00

- Yes 1.34 (0.69, 2.63) 0.78 (1) 0.377
Hypercholesterolemia

-No 1.00

- Yes 1.06 (0.41, 2.74) 0.01 (1) 0.920
Smoking status 0.34 (2) 0.844

-No 1.00

- Yes 0.84 (0.40, 1.75) -0.47 ® 0.641°

- Ex-smoker 1.03 (0.56, 1.89) 0.11° 0.912°
Family history

- No 1.00

- Yes 1.12(0.65, 1.92) 0.16 (1) 0.689
CCS class 2.48 (2) 0.289

-1 1.00

-2 1.50 (0.82, 2.73) 1310 0.189°

-3 2.10(0.63, 7.01) 1.20° 0.230°
NYHA class 3.13(2) 0.209

-1 1.00

-2 0.61(0.34, 1.09) -1.66° 0.096 ©

-3 1.12(0.34, 3.71) 0.195° 0.846°

HR = hazard ratio
a likelihood ratio (LR) test
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72.8%, post-CABG patients of refractory angina were found to
have at least one graft occluded. By retrospective evaluation,
the graft failure rate was not affected by the presence of LIMA
(71% versus 72.7%, p <0.609). Interestingly, the duration from
CABG to coronary angiography assessment among symptomatic
patients with LIMA was 33.9 months longer than patients with
total venous grafts. However, we failed to prove it statistically
due to the relatively small sample size which represents the main
limitation of our study. The protective impact of IMA grafting on
survival has been well established. Cameron A and colleagues
found that IMA grafting reduced the risk of dying by a factor of
0.73, and was a significant predictor of late survival.’® Our study
suggested, despite survival, LIMA is important in the delay of
recurrent symptoms presentation. Further local studies with
larger sample sizes are required for investigation.

Among symptomatic post CABG patients, 27.7% of patients had
all grafts remain patent. Their coronary angiographic findings
were associated with the progression of native coronary vessels
as the culprits of their refractory angina. Progressive native
coronary atherosclerosis beyond the grafted segments or
previously non grafted vessels often results in more fibrotic and
calcified occlusion. It is challenging to tackle the lesion through
usual balloon angioplasty, and cutting balloon angioplasty
followed by stenting is often required. PCI of a native coronary
artery is technically more preferable than PCI to the SVG of the
same territory, as SVG PCI carries a higher acute and long-
term risk." " Theoretically, SVG intervention causes dislodge of
atheroembolic debris, and through contrast flow, it is flushed to
smaller caliber distal coronary vessels, results in periprocedural
angina and ischaemic myocardial infarction.

Out of the 239 conduits, Kaplan-Meier graft patency curves
showed that LIMA appeared to have a statistically significant
better graft patency at five, ten, and twenty years. In a
comparison of extended late graft patency follow up at 20

years, SVGs graft patency was drastically reduced to 6.7%, as
compared to 62.7% of LIMA graft. It showed that LIMA graft

has prognostic benefits for early, mid, and long term patency
compared to SVGs. It is consistent with large trial analysis
Veterans Affairs trial which showed the 10-year patency was 61%
for SVGs and 85% for LIMA grafts.™

The hypothesis is during the first year post CABG, platelet
aggregation, growth factor secretion, endothelial dysfunction,
inflammation, luminal foam cell accumulation, decreased local
fibrinolytic potential from plasminogen activator inhibitor-1
upregulation and marked intimal hyperplasia result in up to
15% of SVG grafts occluded.® Subsequently, lipid deposition
within intimal hyperplasia and atherosclerotic plaque formed.
After 6 years, neointimal growth, atherosclerosis, and vein graft
arterialization causes narrowed lumen and increased pressure
load. This process accelerates the graft occlusion rate and at 11
years only 50-60% of the grafts will be patent. At 10 years, only
up to 40% of the patent venous grafts will be free of disease.
Arterial grafts especially the left internal mammary artery, on the
other hand, offer a patency rate of over 90% at 10 years when
anastomosed to the left anterior descending coronary artery.'

Undoubtedly, LIMA to LAD territory produced the best graft
patency over time. But there was no apparent graft-by-territory
interaction when SVG graft patency rate was compared based
on the distal anastomotic sites. Overall, SVGs had a mean graft
patency rate of 88.6%, 59.3%, and 6.7% at five, ten, and twenty
years. The finding was, in contrast, to study by Sabik JF et al.

Graft Patency Symptomatic Post CABG

The study in 2011 concluded that bypass grafts performed to
the left anterior descending coronary artery produce the best
patency, followed by those performed to diagonals, circumflex
branches, and the posterior descending artery which have
intermediate patency; and those performed to the main right
coronary artery have the worst patency.'”

Graft stenosis was associated with multiple risk factors. Besides
surgical related risk factors. It is highly related to smoking
status, hyperlipidemia and diabetes mellitus.® In our study, the
implication of preoperative comordities on graft failure was not
significant due to the small sample size. Age less than 70 years
was associated with higher risk of graft occlusion. Interestingly,
Indian race was twice the risk of SVG graft occlusion compared
to Chinese and Malay race in Malaysia. The finding was
consistent with a review article by Volgman AS et al in 2018
which stated that Indians have higher proportional mortality
rates from atherosclerotic cardiovascular disease compared with
other Asian groups.?' Further large scale prospective studies
are needed to compare the graft stenosis among different age
groups and race groups in Malaysia.

LIMITATION

The major limitation of the study is the single center with
retrospective data collection and a relatively small number

of patients. Additionally, other confounding factors including
medication compliance, preoperative coronary disease severity,
intraoperative factors like conduits and anastomosis quality,
cross-clamp time, and perioperative morbidities were not
assessed in the study.® %20 The radial arterial graft was not
included in the graft analysis due to its small number to generate
statistical value (five from a total of 240 grafts), which may lead
to the underestimation of its net clinical benefit. However, since
the universal sampling of all symptomatic patients from a single-
center was used in the study and patients’ records were followed
for up to 20 years, we believe that a meaningful conclusion may
be drawn from our data.

CONCLUSION

In Hospital Sultanah Aminah, Johor, the majority (72.3%) of
post CABG patients with refractory angina who had coronary
angiography, have graft failure. However, up to 28.7% of
symptomatic post CABG patients are found to have all grafts
patent with progression of native coronary arterial disease.
Indian race and age less than 70 years were associated with
higher risk of SVG graft stenosis.

We support the use of LIMA graft to LAD territory as it produces
a statistically significant better five, ten, and twenty years
patency compared to SVG graft, with a patency rate of 98.4%,
90.6%, and 62.7% respectively. Meanwhile, we find no difference
in graft-by-territory interaction when SVG grafts are used.

KEYWORDS
Graft Patency, Coronary artery bypass graft surgery, Left internal
mammary artery, Refractory angina, Saphenous vein graft
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