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The concept of a direct association between coronary graft patency and clinical status is generally accepted. However, the relationship is
more complex and variable than usually thought. Key issues are the lack of a common definition of graft occlusion and of a standardized
imaging protocol for patients undergoing coronary bypass surgery. Factors like the type of graft, the timing of the occlusion, and the
amount of myocardium at risk, as well as baseline patients’ characteristics, modulate the patency-to-clinical status association. Available
evidence suggests that graft occlusion is more often associated with non-fatal events rather than death. Also, graft failure due to competi-
tive flow is generally a benign event, while graft occlusion in a graft-dependent circulation is associated with clinical symptoms. In this sys-
tematic review, we summarize the evidence on the association between graft status and clinical outcomes.
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Introduction

The classic concept of a direct and close association between coron-
ary artery graft patency and clinical status is intuitive and biologically
plausible. However, the relationship is more complex and variable
than generally thought. In this review, we summarize the evidence of
the association between coronary graft patency and clinical status in
patients with coronary artery disease. A systematic review of the lit-
erature was performed by a medical librarian; the search strategy,
study selection methods, and the PRISMA flowchart are provided in
the Supplementary material online (Supplementary material online,
Table S1 and Figure S1).

Incidence, mechanisms, and
timing of graft failure

The incidence of graft failure varies for the different types of conduits.
At 5 years, failure rates of 17.5% for the saphenous vein graft (SVG),
2.3% and 13.5% for the left and right internal thoracic artery (LITA
and RITA), respectively, and 9.4% for the radial artery (RA) have
been reported.1,2 Ten-year failure rates are 39% for SVG, 15% for
LITA, 20–25% for RITA, and 11–15% for the RA.3,4

The pathophysiology of graft failure varies in different postopera-
tive periods, being mainly due to acute thrombosis within the first
postoperative month, intimal hyperplasia in the 1st year, and athero-
sclerosis thereafter (Figure 1).1

Early failure is predominantly due to technical factors (anasto-
motic defect, kinking), competitive flow, haemodynamic factors,5 or
hypercoagulability.6 Intimal hyperplasia is an adaptive process that
starts at the anastomotic site and is generally self-limited, but in
some cases, can become generalized and lead to graft occlusion.7

Atherosclerosis in bypass grafts is accelerated compared with na-
tive coronary arteries and has distinctive morphologic features such
as a concentric and diffuse pattern and a poorly defined fibrous cap
at high risk for rupture.8

The different mechanisms lead to failure with different time
courses: technical failure and thrombosis usually cause acute occlu-
sion, while failure due to intimal hyperplasia and atherosclerosis
occurs over a longer period of time.

Different types of bypass conduits have different histologic charac-
teristics of failure, with fibrous hyperplasia being more common in ar-
terial grafts and atherosclerosis in SVGs. Sex and other baseline
clinical characteristics,9 pharmacological interventions, such as the
use of anti-platelets and lipid-lowering therapy,10,11 and even genetic
variants12 may affect the risk of graft failure.

Graphical Abstract

Variables modulating the interaction between graft occlusion and clinical status.
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..Current guidelines recommend that early graft failure is treated by
either percutaneous interventions or reoperation, based on the
Heart Team decision, while percutaneous interventions are pre-
ferred to treat late graft failure.13

The issues with graft patency
studies

Invasive angiography has traditionally been used for patency stud-
ies, but we now have evidence that computed tomography angi-
ography has very high sensitivity and specificity in assessing
coronary grafts14 and will likely become the new standard. The
use of intravascular imaging techniques adds important anatomic
information and may help in identifying the mechanism respon-
sible for graft failure.15

A key factor complicating the analysis of graft patency studies is
the lack of a universal definition of graft failure and of graft patency.
Although in recent years, the three-level Fitzgibbon classification
(grade A: excellent graft with unimpaired runoff; grade B: stenosis
reducing calibre of proximal or distal anastomoses or trunk to <50%
of the grafted coronary artery; grade O: occlusion)16 has been

adopted by several groups, many investigators have used different
scales with heterogeneous definitions.17

Another key issue is that from graft patency studies one can deter-
mine only when graft occlusion was visualized, but not when occlu-
sion occurred. In trying to establish a causal relationship between
graft failure and clinical events, it is key to know that graft failure
came first and the event thereafter.

Other important complicating factors are differences in the com-
pleteness and timing of follow-up in the published series.17 Graft pa-
tency studies inherently suffer from survivor bias. In most
observational series, imaging of grafts is reserved for symptomatic
patients introducing a major selection bias. It has been shown
that reported graft failure rates are higher in studies including
only symptomatic patients.18 Even in randomized controlled tri-
als, incomplete follow-up is common because of new medical
complications or consent withdrawal. It has been shown that
patients who decline late angiography have different baseline risk
profiles than patients with imaging follow-up.19 While analytic
options to address incomplete follow-up exist,20 they have not
been consistently applied.

When femoral access and use of angiography were the norm, the
selection criteria for graft patency studies excluded patients with

Figure 1 Pathophysiology of graft failure in different postoperative periods.
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vascular and renal disease. This limitation is less relevant today, but it
applies to most of the published evidence. An important consider-
ation is patient age—older patients represent a large proportion of
patients undergoing surgical revascularization but because of their
shorter survival and higher comorbidities are under-represented in
patency studies.

Another important confounding factor is related to the functional
severity of the grafted coronary vessel.21 Functional data have shown
that when the indication to revascularization is based on angiography
alone, up to 20% of the grafted target vessels do not have flow-
limiting stenosis.22,23 The consequent chronic native competitive
flow is a strong risk factor for occlusion for arterial grafts, and among
them the RA is more affected than the internal thoracic artery24,25

(Figure 2). However, graft occlusion due to competitive flow is a dif-
ferent event than graft occlusion from other causes. In the IMPAG
trial, arterial graft failure was mainly due to competitive flow and was
not associated with clinical events.24 SYNTAX-LE MANS was an
angiographic sub-study of the SYNTAX trial evaluating the patency
of bypass grafts in patients with left main disease, a situation at high
risk of competitive flow: no correlation between adverse events at
15-month follow-up and graft failure was found.26

The likely reason behind this finding is that the implantation of a by-
pass graft creates a separate coronary inflow, parallel to the native
circulation. If the latter is dominant and the graft fails from competi-
tive flow, there is no reduction in distal perfusion and, thus, no clinical
events associated with graft failure. In contrast, with percutaneous
interventions and stent thrombosis, there is a sudden reduction of
the only flow source that generally results in clinical events.

The completeness of revascularization and the number of grafts
implanted, as well as the viability of the myocardial area served by the
graft are other important modulators of the association of graft oc-
clusion with clinical events (Graphical abstract).

In addition, some of the factors that affect graft patency, such as
renal failure and diabetes, also affect progression of native coronary
disease, and clinical outcomes may be driven by the latter rather than
the former.

Finally, it must be noted that the majority of patency studies date
back to the era of the introduction of coronary surgery and may not
represent current surgical practice (Table 1).16,26–38

Studies supporting an association
between graft patency and clinical
outcomes

In one of the first angiographic series of coronary artery bypass graft
surgery (CABG), Winer et al.39 performed postoperative angiog-
raphy in 67 patients and found that angina improvement and graft pa-
tency were highly correlated. Bourassa et al.28 described a close
association between graft patency and survival in 600 CABG cases
and Knatterud et al.33 in a sub-analysis of the POST CABG study
showed that SVG failure was associated with adverse clinical events,
including death.

Fitzgibbon et al.16 in a study of more than 5000 grafts found
that graft patency was inversely associated with the need for
reoperation and directly associated with survival. In an analysis
from the Duke Cardiovascular Databank on 1243 patients, graft
failure was associated with death, myocardial infarction (MI), or
repeat revascularization.34

In a study of 1296 CABG patients, Lytle et al.31 found that at 7-year
follow-up, patients with SVG stenosis occurring within 5 years of sur-
gery and patients with no SVG stenosis had similar outcomes, but
when the stenosis occurred in the SVG to the left anterior descend-
ing artery (LAD), survival was significantly reduced and the adverse
event rate increased.

Shavadia et al.36 in a provincial angiographic database from Alberta
found that LITA-to-LAD failure, but not SVG failure to non-LAD tar-
gets was associated with reduced long-term survival.

Loop et al.40 found a significant association of decreased mor-
tality and all cardiac endpoints with the use of the LITA com-
pared with the SVG to graft the LAD, and postoperative
angiography revealed significantly higher patency of the arterial
conduit. A small randomized trial found similar results: improved
cardiac event-free survival at 10 years in patients who received
LITA vs. the SVG to graft the LAD, and improved patency of the
arterial graft.41

In the PREVENT IV trial, graft failure was associated with an
increased risk of revascularization, but not of death or MI and
the association was consistent for venous and arterial grafts.35

Of note, most of the revascularizations were performed within
2 weeks of the protocol-mandated angiography, suggesting that
the event rate may have been inflated due to the imaging
protocol.

In the RAPS trial, the risk of adverse events was significantly
higher in patients with graft stenosis.38 An individual patient-
level meta-analysis of six angiographic trials comparing RA with
SVG found a reduction in graft occlusion and in the composite of
death, MI, or repeat revascularization at 5 years in the RA arm.42

An association between graft patency and stress test perform-
ance was reported by Korpilahti et al.43 in 1999.

The use of cholesterol-lowering medications and of anti-
thrombotic or anti-platelet therapy reduced SVG occlusion and

Figure 2 Reduction in graft failure using fractional flow reserve
for coronary artery bypass grafting. Reproduced with permission
from Spadaccio et al.25

1436 M. Gaudino et al.
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improved outcomes in several trials, but the causal relation between
patency and outcomes is unclear due to the effect of the medications
on the native coronary circulation.11,44,45

Studies showing no association
between graft patency and clinical
outcomes

Robert et al.27 in a study of 72 CABG patients found that at long-term
follow-up, angina recurrence was mainly due to progression of native
disease rather than graft occlusion. Achuff et al.46 described symp-
tomatic and functional improvement in 7 out of 12 patients with all
grafts occluded and Benchimol et al.47 did not find any association be-
tween clinical status and graft patency in a small series of 32 patients.

Hoel et al.48 in a study of 90 patients found no association between
graft patency and MI and Huikuri et al.32 in a study of 339 patients

showed that graft patency was not associated with survival at 5-year
follow-up.

In the ROOBY trial, LAD status, but not graft patency, was associ-
ated with patient-reported angina 1 year after CABG.49

In the acute postoperative setting, Brindis et al.30 showed that the
majority of the cases of perioperative MI after CABG were not associ-
ated with graft occlusion and Aintablian et al.50 did not find an associ-
ation between graft status after surgery and postoperative
appearance of new Q waves. A systematic review of the results of
emergency angiography in patients with perioperative MI following
CABG found that graft failure was not the cause of the acute event in
37.9% of the cases.51

Possible reasons for the described
discrepancy among studies

While there is no clear-cut explanation for the reported discrepancy
among studies, several factors need to be taken into account. Many

....................................................................................................................................................................................................................

Table 2 Overview of selected studies examining the effect of CABG graft type on disease progression in the native
coronary circulation

Study (first

author, year)

Type of study No. of

patients

included

Follow-up

(mean/median,

years)

Comparators Key finding

Alderman,

199357

Post hoc analysis—

CASS study

314 5 LITA vs. SVG A significant increase in native coronary artery

disease progression in the LAD territory was

observed in patients who received an SVG

instead of an LITA graft.

Dimitrova,

201255

Observational 772 5.5 ± 3.5 LITA vs. RA

vs. SVG

RA and LITA grafting had a strong protective ef-

fect against progression of native coronary

artery disease. Native vessel disease progres-

sion at 1, 5, and 10 years after CABG was

0.01%, 4%, and 8% in territories with patent

LITA grafts; 0.01%, 6%, and 11% with patent

RA grafts (P = 0.157); and 3%, 19%, and 43%

with patent SVG (P < 0.0001).

Zhu, 201458 Post hoc analysis—

RAPCO trial

405 6.2 ± 3.1 Arterial graft

vs. SVG

The use of arterial grafts was an independent

predictor of disease regression in the native

vessel.

Zhang, 201656 Observational 468 5.4 ± 3.4 (CABG)

5.3 ± 3.4 (PCI)

CABG vs. PCI Patients receiving LITA-to-LAD CABG had a

significantly lower incidence of downstream

disease progression compared with those

receiving LAD PCI with BMS or DES (LITA

12.4% vs. BMS 85.9%, HR 0.34, 95% CI 0.20–

0.59; vs. DES 24.1%, HR 0.39, 95% CI 0.20–

0.79).

Yoon, 201752 Observational 911 4.7 Arterial graft vs.

SVG vs.

No graft

The new occlusion rate of vessels after CABG

was highest with SVG, followed by arterial

grafts, and lowest in non-bypassed vessels, ir-

respective of baseline vessel stenosis degree

(intermediate stenosis, 11.1% vs. 5.2% vs.

1.7%, P < 0.001; severe stenosis, 23.7% vs.

15.9% vs. 9.9%, P < 0.001).

BMS, bare metal stent; CABG, coronary artery bypass grafting; DES, drug-eluting stent; HR, hazard ratio; LAD, left anterior descending artery; LITA, left internal thoracic artery;
PCI, percutaneous coronary intervention; RA, radial artery; SVG, saphenous vein graft.

The association between coronary graft patency and clinical status 1439
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of the series that show no association between graft failure and symp-
toms are from an era when it was common to graft any stenosis
>50% in any target vessel; graft failure due to flow competition or
limited run-off in small target vessels (both situations at low risk of
clinical events) were likely more common in these series. In addition,
routine postoperative imaging was used more commonly in the older
series, while the more contemporary studies may suffer from a higher
selection bias, with only symptomatic patients referred for imaging.

Effect of surgical grafting on
native coronary circulation

Saphenous vein graft grafting has been shown to accelerate progres-
sion of the proximal native stenosis to occlusion in many studies.52–54

However, the use of arterial grafts is not associated with native sten-
osis progression and seems to have a protective effect on the distal
coronary circulation (Table 2).52,55–58 While the mechanisms of this
effect are speculative, it is possible that the local anti-inflammatory
and antithrombotic molecules that prevent atherosclerosis in arterial
grafts may exert a protective effect on the native coronary bed.

Conclusions and practical
implications

The association between graft patency and clinical status is complex
and highly variable (Graphical abstract).

Overall, the number of studies that support an association be-
tween graft occlusion and clinical events (mostly non-fatal) is higher

than the number of studies that refute it (Figure 3). An important ex-
ception is graft failure from competitive flow that is usually
asymptomatic.

Based on our data, one should conclude that the role of routine
imaging follow-up after CABG appears limited. In addition, the in-
cidental finding of asymptomatic graft failure in a CABG patient
should not prompt re-intervention. Our finding of a variable asso-
ciation between graft status and clinical events has also implica-
tions for the design of future CABG trials: the assessment of
clinical outcomes alone may underestimate the effect of interven-
tions aimed at modifying graft patency and, for this reason, the use
of patency as a surrogate or secondary outcome should be
considered.

Supplementary material

Supplementary material is available at European Heart Journal online.

Data availability
The data underlying this article will be shared on reasonable request
to the corresponding author.
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