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SOUHRN

Cíl: Vzhledem k zájmu o používání safény jako štěpu pro koronární bypass (coronary artery bypass graft, 
CABG) bylo cílem této studie získat další poznatky umožňující zdokonalit léčebný postup, a zabránit tak 
dalšímu poškození žilního štěpu safény (saphenous vein graft, SVG).
Metody: Tento komplexní přehled popisuje současné standardy, aktuální postupy při léčbě a výsledky koro-
nárního bypassu s použitím SVG; zároveň představuje řadu metod a nových postupů s potenciálem zlepšit 
jak bezprostřední, tak dlouhodobou průchodnost štěpu, přináší poznatky o patofyziologii poškození SVG 
i jak mohou tyto poznatky ukázat na nové možnosti léčby případného poškození.
Výsledky: Odhojení SVG může být výsledkem trombózy, intimální hyperplazie a  aterosklerózy. K  akutní 
trombóze dochází v důsledku hyperkoagulability, patologie v oblasti spojky nebo z  technických důvodů, 
jako jsou poškození štěpu a defekty anastomózy. Hlavními patofyziologickými faktory v rozvoji intimální 
hyperplazie jsou migrace a proliferace buněk hladkého svalstva cév (vascular smooth muscle cell, VSMC). 
Prvním krokem, který celý proces spouští, je dysfunkce nebo poškození endotelu při poškození cév. Tento 
přehled popisuje postupy od odebrání SVG až po jeho implantaci včetně výběru štěpu, způsobu jeho odběru, 
jeho důkladného vyšetření, konzervaci a implantaci štěpu s použitím speciálních pomůcek a vybavení. Pře-
hled rovněž seznamuje čtenáře s farmakoterapií v různých stadiích implantace SVG s cílem zabránit rozvoji 
neointimální hyperplazie a její případné léčby.
Závěr: Zlepšení dlouhodobé průchodnosti SVG vyžaduje propojení optimalizovaných chirurgických postupů, 
přísných farmakoterapeutických režimů a nových doplňkových strategií. Pro snížení počtu případů odhojení 
SVG a delší přežívání pacientů s CABG je naprosto nezbytné pokračovat v translačním výzkumu v oblasti 
cévní biologie a biotechnologií.

© 2026, ČKS.

ABSTRACT

Aim: Gaining further insight to enhance treatment to stop the progression of saphenous vein grafts (SVG) 
disease, given the interest in using saphenous veins as grafts in coronary artery bypass graft (CABG).
Methods: This comprehensive review synthesizes the current standards, contemporary treatment, and re-
sults related to coronary arterial bypass grafting using SVG, exploring a variety of methods and develop-
ments that have the potential to improve both immediate and long-term graft patency. Understanding 
pathophysiology of SVG disease and where it leads to suggest potential new treatments for the condition.
Results: Failure of SVG can be the results of thrombosis, intimal hyperplasia, and atherosclerosis. Acute 
thrombosis caused by hypercoagulability, conduit-related pathology, or technical such as graft trauma and 
anastomotic defects. The migration and proliferation of vascular smooth muscle cells (VSMCs) in the tunica 
intima layer is the main pathophysiology of intimal hyperplasia. Endothelial dysfunction or damage from 
vascular injury is the first step that sets off the process. This review narrates SVG graft-to-implant strategies 
that include graft selection, harvesting technique, careful graft assessment techniques, graft preservation, 
and technology-assisted techniques. The review also covers pharmacotherapy that targets distinct stages of 
the SVG condition to prevent and treat neointimal hyperplasia.
Conclusion: Improving long-term SVG patency requires integration of optimized surgical techniques, rigorous 
pharmacological regimens, and novel adjunctive strategies. Continued translational research into vascular bio-
logy and biotechnology is crucial to reducing SVG failure rates and improving patient survival after CABG.
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Introduction

Coronary artery disease (CAD) remains the leading cause 
of morbidity and mortality worldwide, with an estimated 
17.9 million deaths annually, representing nearly one-third 
of all global deaths.1 The global economic impact of CAD 
is immense, driven by costs of hospitalizations, loss of pro-
ductivity, and long-term management.2 Despite extensive 
progress in preventive cardiology—including statins, anti-
hypertensive therapy, antiplatelets, and smoking cessati-
on—CAD incidence continues to rise in parallel with aging 
populations, sedentary lifestyles, obesity, and diabetes.3

For more than four decades, coronary artery bypass 
grafting (CABG) has been the gold standard of surgical 
revascularization for patients with advanced or complex 
CAD, particularly those with left main stenosis, three-ves-
sel disease, diffuse atherosclerosis, or diabetes mellitus.4 
The SYNTAX, FREEDOM, and EXCEL trials have consis-
tently demonstrated the survival and repeat-revascular-
ization advantage of CABG over percutaneous coronary 
intervention (PCI) in these populations.5–7 While PCI offers 
less invasiveness, CABG remains superior for long-term 
durability of revascularization.

The choice of conduit is central to CABG outcomes. 
The left internal mammary artery (LIMA) to the left ante-
rior descending artery (LAD) is universally considered the 
“gold standard” anastomosis, with patency rates exceed-
ing 90% at 10–15 years.8 However, the saphenous vein 
graft (SVG) continues to be the most widely used conduit 
globally because of its availability, length, ease of har-
vest, and ability to reach multiple distal coronary targets. 
In fact, more than 70–80% of CABG procedures world-
wide still use SVGs in some capacity.9

Yet, SVGs represent the Achilles heel of CABG. While 
LIMA durability is excellent, SVG patency rates drop 
steeply over time—10–15% occlude within the first year, 
and up to 50% fail within 10 years.10,11 The main drivers 
are acute thrombosis, intimal hyperplasia, and acceler-
ated atherosclerosis. These processes are influenced by 
a combination of patient-related risk factors (e.g., diabe-
tes, smoking), technical issues (harvesting trauma, preser-
vation), and biological mechanisms (endothelial dysfunc-
tion, smooth muscle proliferation, oxidative stress).12

Understanding the mechanisms of SVG failure has 
driven numerous innovations, from no-touch harvesting 
techniques, advanced preservation solutions, and phar-
macological strategies (dual antiplatelet therapy, statins, 
PCSK9 inhibitors), to novel adjunct technologies such as 
external stents and bioengineered grafts.13–16 Yet, despite 
these efforts, SVG disease remains a major determinant 
of long-term CABG outcomes.

This review synthesizes recent global evidence on SVG 
disease, covering pathophysiology, risk factors, surgical 
strategies, pharmacological therapy, technological ad-
juncts, outcomes, and future perspectives, with a focus on 
both international data and regional experiences.

Historical perspective of CABG And SVG

The history of CABG is rooted in the pioneering work of 
René Favaloro at the Cleveland Clinic in the late 1960s, 

who performed the first successful CABG using autolo-
gous saphenous vein grafts. Early results were revoluti-
onary, providing surgical treatment for previously unt-
reatable coronary artery disease. During the 1970s and 
1980s, CABG expanded worldwide, rapidly becoming one 
of the most common performed major surgeries. In those 
early decades, SVGs were the default conduit. They were 
easy to harvest, versatile in length, and familiar to sur-
geons. Initial short-term outcomes were excellent, with 
high rates of symptom relief and survival improvement. 
However, as long-term angiographic and clinical follow-
-up became available, it was increasingly evident that 
SVGs had limited durability compared with arterial con-
duits.17

By the 1980s, observational angiographic studies 
showed SVG patency rates of ~70% at 5 years, dropping 
to ~50% at 10 years, while LIMA patency exceeded 90% 
at 10 years. This realization spurred greater interest in 
arterial grafting strategies, particularly the right internal 
mammary artery (RIMA), radial artery, and gastroepiploic 
artery.18

Nevertheless, the SVG remained indispensable. Arte-
rial conduits have limitations: the RIMA increases the risk 
of sternal wound complications, particularly in diabetic 
and obese patients; the radial artery is susceptible to va-
sospasm and is not suitable in all patients; and the gastro-
epiploic artery is technically demanding and infrequently 
used. Moreover, many patients requiring CABG have mul-
tivessel disease involving 3–4 targets, for which available 
arterial conduits are often insufficient. Consequently, 
current CABG strategies reflect a combination approach: 
a  LIMA-to-LAD graft for durability, supplemented with 
SVGs to other coronary territories. Even in advanced cen-
tres advocating multi-arterial grafting, SVGs remain nec-
essary in the majority cases.19,20

Pathophysiology of saphenous  
vein graft disease

SVG failure is a  multifactorial, time-dependent process, 
classically divided into three phases:
1. Early failure (0–1 month): Acute thrombosis
Acute thrombosis occurs in ~10–15% of grafts. The most 
common causes were technical issues (conduit trauma, 
poor anastomosis), hypercoagulability, and low-flow sta-
tes. The mechanism of acute thrombosis involved venous 
endothelium, graft that accustomed to low-pressure cir-
culation undergoing injury under arterial pressure. The 
process causes endothelial denudation, platelet activati-
on, and fibrin deposition (Fig. 1).21,22

2. �Intermediate failure (1–12 months): Intimal hyperplasia
Intimal hyperplasia is the pathognomonic lesion of SVG 
disease. It represents the intermediate phase of graft 
failure, occurring after the initial risk of acute throm-
bosis but preceding late atherosclerosis. The process is 
primarily triggered by endothelial injury sustained du-
ring vein harvesting and implantation into the arterial 
circulation. The venous conduit, originally adapted to 
a  low-pressure, low-flow environment, is suddenly ex-
posed to arterial shear stress and pulsatile pressure, re-
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and other oxidative mediators. This imbalance leads to 
vasoconstriction, loss of anti-thrombotic surface proper-
ties, and promotion of a pro-inflammatory vascular mili-
eu. The dysfunctional endothelium triggers inflammatory 
activation, during which cytokines such as interleukin-6 
(IL-6), tumor necrosis factor-α (TNF-α), and C-reactive pro-
tein (CRP) are released, inducing expression of adhesion 
molecules (VCAM-1, ICAM-1, and E-selectin). These mole-
cules facilitate leukocyte adhesion, transmigration, and 
accumulation within the graft wall, initiating a  chronic 
inflammatory response.22,23

Subsequently, vascular smooth muscle cells (VSMCs) 
within the media undergo phenotypic switching from 
a quiescent, contractile state to a synthetic phenotype ca-
pable of proliferation, migration into the intima, and se-
cretion of extracellular matrix (ECM) proteins. This adap-
tive yet maladaptive remodelling response contributes to 
intimal hyperplasia, the hallmark intermediate lesion in 
SVG disease.25

Persistent oxidative stress further accelerates vascular 
injury: oxidized low-density lipoprotein (ox-LDL) par-
ticles are taken up by macrophages to form lipid-laden 
foam cells, which drive the development of atheroma-
tous plaques within the graft. Over time, inflammatory 
cells and macrophages secrete matrix metalloproteinases 
(MMPs) that degrade ECM components such as collagen 
and elastin, leading to thinning of the fibrous cap and 
plaque instability, predisposing the vein graft to rupture 
and occlusive thrombosis.23,27

Hemodynamic factors

Veins are adapted to low-pressure and low-flow states. 
When saphenous veins are transposed into the arterial 
circulation, they are suddenly exposed to a hemodynamic 
environment for which they are not physiologically adap-
ted. Normally accustomed to low-pressure and low-shear 
conditions, the venous endothelium experiences substan-
tial mechanical stress when subjected to arterial shear 
and pulsatile pressure. Recent evidence demonstrates 
that this abrupt exposure induces endothelial injury and 
apoptosis mediated by mechanosensitive pathways such 
as the FGL2/FcγRIIB signaling cascade, leading to endothe-
lial denudation and dysfunction. In addition, increased 
tangential stress and wall tension provoke maladaptive 
remodelling characterized by medial hypertrophy, smo-
oth muscle cell activation, and extracellular matrix accu-
mulation.24,28

Biomechanical and immunological studies further 
show that turbulent flow patterns at the graft–artery 
anastomosis amplify endothelial activation and inflam-
matory signaling, promoting smooth muscle migration 
and intimal hyperplasia. This combination of mechani-
cal overload and inflammation drives concentric wall 
thickening and progressive luminal narrowing, setting 
the stage for vein graft disease. Together, these findings 
underscore that early hemodynamic mismatch—specifi-
cally increased shear stress, pulsatile arterial pressure, and 
disturbed flow—is the primary initiator of the structural 
and biological deterioration that ultimately compromises 
long-term graft patency.29

sulting in endothelial denudation, platelet activation, 
and a cascade of inflammatory and proliferative signals. 
These early insults initiate vascular remodelling within 
the graft wall.23

Following endothelial injury, vascular smooth muscle cells 
(VSMCs) migrate from the media to the intima and under-
go phenotypic modulation from a contractile to a synthetic 
state. In this state, VSMCs proliferate and secrete compo-
nents of the extracellular matrix (ECM)—notably collagen, 
elastin, and proteoglycans—resulting in progressive in-
timal thickening. This neointimal formation narrows the 
graft lumen and increases vascular stiffness. Hemodynamic 
factors such as disturbed flow and oscillatory shear stress 
further promote VSMC proliferation and extracellular ma-
trix deposition, reinforcing a cycle of maladaptive remode-
lling. Experimental and clinical studies have confirmed that 
the extent of intimal hyperplasia correlates strongly with 
graft stenosis and mid-term occlusion rates.24,25

Although intimal hyperplasia rarely causes acute graft 
occlusion, it establishes the pathological substrate for 
accelerated atherosclerosis within the vein graft. Thus, 
intimal hyperplasia is not only a hallmark lesion but also 
a pivotal transitional stage linking early mechanical and 
endothelial injury to the eventual development of graft 
atherosclerosis.

3. Late failure (>1 year): Accelerated atherosclerosis
Unlike native coronary atherosclerosis, SVG atheroscle-
rosis is diffuse, concentric, and prone to plaque rupture. 
Histological features in SVG atherosclerosis are large lipid 
cores, thin fibrous caps, heavy inflammatory infiltrates. 
Late SVG failure clinically often presents as unstable angi-
na, myocardial infarction, or distal embolization.26

Molecular mechanisms

The process of SVG disease begins with endothelial dys-
function, characterized by reduced bioavailability of nit-
ric oxide (NO)—a key vasodilator—and concomitant upre-
gulation of endothelin-1, reactive oxygen species (ROS), 

Fig. 1 – Aortocoronary bypass, operative field showing a  saphe-
nous vein graft with visible intraluminal thrombus.

Fig. 1 – Aortocoronary bypass, operative field showing a saphenous vein graft with 

visible intraluminal thrombus.
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Risk factors for saphenous  
vein graft (SVG) failure

SVG patency is determined by a complex interaction be-
tween patient-specific, graft-specific, and surgical/tech-
nical factors. Understanding these risk factors enables 
surgeons to identify high-risk patients, tailor surgical stra-
tegies, and optimize postoperative care.

1. Patient-related risk factors

Diabetes mellitus
Chronic hyperglycaemia induces endothelial dysfunction, 
oxidative stress, and accumulation of advanced glycati-
on end products, all of which accelerate smooth muscle 
proliferation and intimal hyperplasia. Histopathologic 
evidence further supports these findings, as patients with 
type II diabetes undergoing CABG exhibit characteristic 
structural changes within SVGs—such as intimal fibrosis, 
vacuolization of endothelial and smooth muscle cells, and 
pre-existing microvascular injury. Although the direct im-
pact of these alterations on long-term graft patency re-
mains to be fully clarified, they likely contribute to the 
heightened vulnerability of diabetic SVGs to early and 
progressive failure.30

Dyslipidaemia
Elevated low-density lipoprotein (LDL) cholesterol and 
persistent hypertriglyceridemia promote lipid infiltra-
tion and foam-cell formation within the SVG intima, 
accelerating graft atherosclerosis and luminal loss. Expe-
rimental and animal data show very rapid lipid accumu-
lation and foam-cell development in veins graft exposed 
to hypercholesterolaemia, supporting a direct biological 
effect of circulating atherogenic lipoproteins on graft 
walls.23,31

Smoking
Smoking induces a  cascade of vascular insults that di-
rectly compromise SVG integrity and long-term patency. 
Tobacco exposure increases oxidative stress and systemic 
inflammation, reduces endothelial nitric oxide bioavaila-
bility, and enhances platelet activation and aggregation, 
creating a  prothrombotic and pro-inflammatory milieu 
within the graft. Clinical and observational studies consis-
tently demonstrate that active smoking is associated with 
reduced graft patency and higher rates of adverse cardio-
vascular outcomes after CABG.32

Chronic kidney disease (CKD)
Chronic kidney disease promotes a pro-atherothrombotic 
vascular phenotype through persistent endothelial dys-
function (reduced NO signalling, impaired endothelial 
repair), chronic inflammation, and accelerated medial/in-
timal calcification. These mechanisms plausibly render sa-
phenous vein grafts more susceptible to early neointimal 
hyperplasia and late atherosclerotic failure. Consistent 
with this biology, lower preoperative eGFR independent-
ly predicts higher SVG failure, contemporary reviews fur-
ther confirm CKD as an adverse determinant of long-term 
post-CABG outcomes.33,34

Age and sex
Advanced age is associated with impaired saphenous 
vein graft (SVG) survival following coronary artery bypass 
grafting (CABG). Aging leads to progressive endothelial 
dysfunction characterized by decreased nitric oxide (NO) 
bioavailability, increased oxidative stress, and reduced 
endothelial regenerative capacity. Studies of human sa-
phenous veins have shown that older donor age corre-
lates with decreased endothelium-dependent relaxation 
and heightened susceptibility to intimal hyperplasia.35

Sex-based differences further influence graft out-
comes. Several large observational cohorts have reported 
that women experience lower SVG patency and higher 
mortality after CABG compared with men. The underly-
ing factors is poorly understood but this disparity maybe 
attributed in part to smaller coronary and conduit ves-
sel diameters in women, which predispose to early graft 
thrombosis and competitive flow phenomena.36–38

Hypertension
Elevated and fluctuating arterial pressures expose the 
venous conduit—naturally adapted to low-pressure envi-
ronments—to excessive hemodynamic stress, leading to 
endothelial injury, vascular smooth muscle cell proliferati-
on, and maladaptive intimal hyperplasia. These processes 
accelerate graft wall remodelling and lumen narrowing. 
A  recent retrospective study demonstrated that poor 
blood pressure control was significantly associated with 
lower long-term SVG patency following CABG, undersco-
ring the role of hypertension as an independent predictor 
of graft failure. Chronic wall tension and disturbed flow 
patterns also promote atherogenesis and medial degene-
ration, further compromising graft durability.39

2. Graft-related risk factors

Vein quality
Pre-existing structural abnormalities in the saphenous 
vein, such as varicosities, thin vessel walls, or small lu-
minal diameters, have been consistently associated with 
early thrombosis and late stenosis following coronary ar-
tery bypass grafting (CABG). These morphological chan-
ges reflect chronic venous remodelling and loss of medial 
smooth muscle integrity, predisposing the conduit to en-
dothelial disruption and impaired adaptation to arterial 
pressure once grafted. Recent study reported that SVGs 
with diameters ≤2 mm exhibited markedly reduced long-
-term patency—approximately 55% at 10 years—compa-
red with larger conduits (>2 mm, ≈88%), highlighting ve-
ssel size as a critical determinant of graft survival. Proper 
intraoperative vein assessment and selective harvesting 
of morphologically healthy segments are therefore essen-
tial to optimize long-term SVG performance.23,40

Conduit length and flow
Long and tortuous grafts are vulnerable mechanical-ha-
bitat risks: excessive graft length and tortuosity predis-
pose the conduit to kinking, focal flow separation, and 
turbulence, which in turn amplify shear-stress abnormali-
ties, endothelial dysfunction and focal intimal hyperpla-
sia. Although conduit geometry is recognized as an im-
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portant determinant of flow dynamics, recent literature 
highlights an ongoing evidence gap regarding the direct 
association between graft length and long-term patency. 
The specific contribution of graft length remains poorly 
defined and warrants further investigation. Preoperative 
ultrasonographic mapping of the great saphenous vein—
assessing diameter, wall quality, and tortuosity—therefo-
re remains a  crucial step to optimize conduit selection, 
reduce wound morbidity, and potentially enhance long-
-term graft patency.41,42

3. Technical and perioperative factors

Harvesting technique
According to recent studies, conventional saphenous vein 
harvesting that strips the perivascular tissue and subjects 
the conduit to unregulated, high-pressure distension 
causes immediate structural and biological injury—me-
chanical trauma and endothelial denudation reduce nitric 
oxide bioavailability and expose subendothelial matrix, 
promoting platelet adhesion and acute thrombosis, while 
wall injury triggers vascular smooth muscle cell activation 
and intimal hyperplasia that accelerate graft stenosis. In 
contrast, “no-touch” or pedicled harvesting—where the 
vein is removed with its surrounding adipose and adven-
titia intact and handled minimally—has been associated 
with improved graft morphology and superior long-term 
patency, albeit at the cost of higher leg-wound morbidity 
in several series and registries. Endoscopic vein harves-
ting (EVH) reduces donor-site complications and wound 
morbidity compared with open techniques and is widely 
adopted, but operator technique matters: poorly perfor-
med EVH or excessive traction/distension during EVH can 
still produce endothelial injury.43,44

Therefore, many centres now emphasise a  “soft-
touch” conduit preparation strategy—defined by atrau-
matic handling, avoidance of high-pressure distension 
(use of low-pressure or no-pressure spasmolytic tech-
niques), preservation of perivascular tissue when feasible, 
and standardised intraoperative graft assessment—to 
minimise endothelial and adventitial injury and optimise 
SVG performance. Contemporary guideline reviews and 
consensus statements recommend these pragmatic steps 
while acknowledging ongoing debates (and recent tri-
al data) about the balance between patency gains and 
wound complications, and call for standardisation of har-
vesting and preparation protocols to improve reproduc-
ibility of outcomes.45

Preservation solution
Conventional storage media such as plain saline or he-
parinized autologous blood expose harvested SVG to 
a non-physiologic, unbuffered environment that promo-
tes acidosis, oxidative stress, endothelial cell loss and im-
paired vasoreactivity, and several translational and clini-
cal reports have linked saline storage to worse markers of 
endothelial injury. To mitigate these effects, investigators 
have evaluated a spectrum of preservation strategies such 
as simple buffered isotonic solutions and modified physio-
logic buffers that better maintain pH and ionic balance or 
specially formulated endothelial-damage-inhibitor (EDI) 

solutions such as DuraGraft that supply antioxidants and 
protective ions. Some others studied hospital-compoun-
ded recipes (for example the GALA solution: glutathione, 
L-ascorbic acid, L-arginine) tested in retrospective cohorts 
and early trials and organ-preservation-derived solutions 
(e.g., HTK/TiProtec-derivatives) that were developed to 
limit cold ischemia–reperfusion injury and have shown 
endothelial protection in experimental models. However, 
the clinical evidence remains heterogeneous and adequa-
tely powered trials with angiographic or functional graft-
-patency and hard clinical endpoints are limited.46

Anastomotic technique
Poorly constructed anastomoses—particularly those per-
formed under excessive tension, with graft redundancy, 
twisting, or kinking—create local hemodynamic distur-
bances that manifest as flow separation, recirculation zo-
nes, and regions of low wall shear stress, which in turn 
accelerate early thrombosis and graft failure. Technical 
errors such as malalignment, adventitial injury, or mis-
-angle at the heel or toe of the graft further impair en-
dothelial integrity and trigger platelet aggregation. Re-
cent hemodynamic studies and clinical data confirm that 
non-physiologic geometry at the anastomosis correlates 
strongly with early occlusion risk. Competitive flow in ter-
minal anastomoses of saphenous vein grafts, grafts with 
suboptimal configuration and moderate native coronary 
stenosis showed higher occlusion rates.47,48

In the realm of graft configurations, direct (single, 
end-to-side) SVG anastomoses remain the most common 
but may be vulnerable to competitive flow when the na-
tive target vessel stenosis is only moderate. Sequential 
grafting—where a  single vein conduit supplies several 
distal anastomoses—has been shown to improve flow ef-
ficiency and reduce conduit waste in multivessel disease, 

Fig. 2 – Y-graft of SVG in CABG.
Fig. 2 – Y-graft of SVG in CABG.
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though it demands technical precision. Composite graft 
configurations (e.g., Y- or T-grafts using a  conduit such 
as the SVG or internal thoracic artery) are gaining inter-
est for their potential to optimize inflow supply, reduce 
aortic manipulation and adapt to extended revasculariza-
tion strategies. Recent found that a no-touch SVG used as 
a Y-composite graft demonstrated non-inferior one-year 
morphologic outcomes compared to an aortocoronary 
SVG configuration (Fig. 2).49

These findings reinforce that meticulous surgical 
technique—ensuring tension-free routing, minimal re-
dundancy, proper alignment, anastomotic angle optimi-
zation, and configuration choice tailored to target mor-
phology—is essential to minimize early thrombosis and 
preserve long-term SVG patency.

On-pump vs off-pump CABG
Off-pump coronary artery bypass grafting (OPCAB) may 
be associated with lower SVG patency when performed 
in the hands of less experienced surgeons or at lower-vo-
lume centres, although when performed in high-volume 
centres with experienced teams the long-term outcomes 
may be equivalent to on-pump CABG (ONCAB). Several 
randomised controlled trials (RCTs) and meta-analyses 
have shown that OPCAB is linked to a higher risk of graft 
occlusion with one updated meta-analysis reporting a re-
lative risk (RR) of 1.40 (95% CI 1.23–1.59) for SVG occlusi-
on in OPCAB vs ONCAB.50

The difference has been attributed in part to the tech-
nical challenges of performing distal anastomoses on 
a  beating heart, potential incomplete revascularisation, 
fewer grafts per patient, and the steeper learning curve 
of OPCAB. Observational data also suggest that centres 
and surgeons with lower OPCAB volumes have worse 
outcomes and higher reintervention rates. On the other 
hand, recent analyses suggest that in centres with estab-
lished OPCAB expertise and high annual volumes the SVG 
patency and overall outcomes approximate those of ON-
CAB.51 

Therefore, when selecting OPCAB for a  patient, the 
surgeon’s experience and institutional volume should be 
taken into accounts, and intraoperative verification of 
graft quality (e.g., transit-time flow measurement) be-
comes particularly important to mitigate the higher risk 
of SVG failure. 

Minimally invasive CABG and robotic CABG
In minimally invasive coronary artery bypass surgery, the 
use of SVG has demonstrated acceptable patency rates 
comparable to those achieved with conventional ster-
notomy approaches. Angiographic and computed tomo-
graphy follow-up studies report early to mid-term SVG 
patency of approximately 80–90%, indicating that mini-
mally invasive access does not compromise graft durabi-
lity when proper harvesting and anastomotic techniques 
are applied.52

In robotic-assisted coronary artery bypass grafting 
(CABG) and totally endoscopic coronary artery bypass 
(TECAB), reported graft patency outcomes are generally 
favourable, primarily reflecting the routine use of the 
left internal mammary artery (LIMA) to the left anterior 
descending artery. The well-established durability of the 

LIMA conduit substantially influences overall patency re-
sults in these procedures. However, evidence specifically 
evaluating SVG patency in robotic CABG and TECAB re-
mains limited. Although available data suggest accept-
able early and mid-term SVG patency, further systematic 
follow-up is required to more clearly characterize long-
term SVG outcomes in this minimally invasive context.53

Surgical strategies to improve SVG patency

Refinements in surgical technique are among the most 
effective interventions for improving SVG durability.

1. Vein harvesting techniques
Current studies emphasize that no touch harvesting is 
superior in terms of patency compared to conventional 
open harvesting. Endoscopic vein harvesting reduces 
wound complications and improves cosmetic. Early re-
ports raised concerns about inferior patency, but other 
contemporary studies suggest equivalent outcomes when 
performed by experienced teams.

2. Preservation solutions
Traditionally, SVGs are stored in saline or blood during 
surgery. However, these solutions fail to prevent ischemic 
and oxidative injury. Buffered solutions (e.g., DuraGraft, 
Custodiol) provide antioxidant protection and maintain 
endothelial nitric oxide synthase (eNOS) activity, resulting 
in lower intimal hyperplasia.

3. Anastomotic technique
Sequential anastomosis can improve flow and reduce com-
petitive flow, though carries risk of compromising multiple 
territories if the proximal graft fails. Individual grafting 
provides greater security but may sacrifice flow efficiency. 
Meticulous construction with avoidance of kinking, exce-
ssive tension, and precise suturing remains critical. Addi-
tionally, when a graft is anastomosed to a coronary vessel 
with only moderate stenosis (i.e., less-tight native flow re-
sistance), the phenomenon of competitive flow from the 
native coronary reduces graft flow, increases the pulsatility 
index (PI) and retrograde flow fraction, and thereby aug-
ments the risk of early graft occlusion. 

From a  haemodynamic standpoint, computational 
modelling has demonstrated that increasing competi-
tive flow (i.e., decreasing the severity of native stenosis) 
leads to lower time-averaged wall shear stress (TAWSS) 
and higher oscillatory shear index (OSI) in the graft, con-
ditions known to promote endothelial dysfunction and 
subsequent occlusion. 

4. Intraoperative graft flow measure
Intraoperative graft flow measurement has become 
a  cornerstone in ensuring graft quality during CABG, 
especially for assessing the viability of SVGs and arterial 
grafts before chest closure. One of the most widely used 
tools is transittime flow measurement (TTFM), which 
quantifies the mean graft flow (MGF), calculates a pul-
satility index (PI), assesses diastolic filling (DF) and may 
even incorporate advanced waveform analysis such as 
fast Fourier transform (FFT) to detect subtle anomalies. 
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Yet, intraoperative graft flow measurement should be 
considered a complement to, rather than a replacement 
for, surgical judgment. Surgeons are advised to measure 
flow under stable hemodynamic conditions, interpret the 
full waveform shape (not just single values), and revise 
grafts when persistently low flow, high PI or reverse flow 
are detected.

4. On-pump vs off-pump CABG
To improve SVG patency, the choice between on-pump 
and off-pump techniques should be guided by surgical 
expertise and patient characteristics. In the case of off-
-pump CABG, special attention should be paid to maintai-
ning hemodynamic stability, avoiding target-vessel mo-
tion, and minimizing conduit trauma—factors that may 
explain the slightly higher graft failure rates when done 
in lower-volume centres. Indeed, a  2022 meta‐analysis 
found that overall graft patency and SVG patency were 
significantly poorer in off-pump vs on-pump CABG (RR 
~1.32 for any graft occlusion; RR ~1.37 for SVG occlusion). 
Meanwhile other trial found non-inferiority of off-pump 
vs on-pump graft patency when performed by experien-
ced surgeons.50,54

5. External stents and conduit supports
External stenting places a  flexible scaffold around the 
SVG to limit outward dilation, reduce wall tension, and 
thereby blunt the mechanotransduction cascade that 
drives smooth muscle cell proliferation and intimal hyper-
plasia. Early human and preclinical data consistently show 
that external support produces more uniform lumens, less 
focal dilation, and significantly smaller intimal-hyperpla-
sia areas and intima–media thickness versus unsupported 
SVGs. However, the translation from favourable vessel re-
modelling to hard clinical benefit remains incompletely 
proven.55

6. Other surgical innovations
Composite grafting — for example an internal mammary 
artery-based Y-graft that supplies both the LAD and an 
attached SVG — offers important technical and physio-
logic advantages: it reduces aortic manipulation (fewer 
proximal aortic anastomoses), provides competitive LIMA 
flow that can pressurize downstream conduits, and can 
improve run-off and shear stress patterns in the distal co-
ronary bed. Using arterial inflow (RITA or LIMA) to supply 
an SVG limb (composite-grafts), which may improve SVG 
behaviour by exposing it to arterial nitric-oxide produc-
tion and more favourable hemodynamic.56

Pharmacological therapies for SVG patency

While surgical technique is crucial, pharmacotherapy is 
equally important in preventing graft failure. Drugs act 
on the thrombotic, inflammatory, and proliferative path-
ways that drive SVG disease.57

1. Antiplatelet therapy
In clinical practice following CABG, aspirin remains the 
foundation of antiplatelet therapy: begin as soon as hae-
mostasis is secured (ideally within 6 hours) to reduce ear-

ly graft thrombosis, and plan for long-term daily aspirin 
to minimise graft occlusion and major adverse cardiac 
events (MACE). For patients at higher risk of SVG failure 
(e.g., multiple SVGs, poor graft flow, or concomitant acu-
te coronary syndrome), consider dual antiplatelet therapy 
(DAPT) with aspirin + a P2Y₁₂ inhibitor for 12 months, pro-
vided bleeding risk is acceptable. For example, the DA-
CAB trial showed that aspirin + ticagrelor improved SVG 
patency and reduced MACE up to five years versus aspirin 
alone.57

On the other hand, the POPular CABG trial found no 
significant improvement in SVG occlusion at 1 year and 
an increased bleeding trend with DAPT. Consequently, 
the decision to use DAPT should be individualised: assess 
patient-specific factors (bleeding risk, graft count, graft 
flow quality, comorbidities) and aim for shared decision-
making, monitoring carefully for bleeding. In lower-risk 
patients (stable CAD, single SVG, no ACS), monotherapy 
with aspirin may suffice; in higher-risk cases the incre-
mental benefit of DAPT may justify the bleeding risk, 
provided close follow-up is ensured. Regular review of 
antiplatelet strategy and adjustment based on renal func-
tion, haemodynamic changes, and concurrent therapies 
is advised.58

2. Lipid-Lowering Therapy

Statins
Intensive statin therapy has biological plausibility for pro-
tecting SVGs. Statins lower LDL-C and exert pleiotropic 
actions (anti-inflammatory, antithrombotic, improved en-
dothelial function) that reduce lipid deposition, blunt ex-
pansive remodelling and intimal hyperplasia in veins con-
duits. Observational and randomized data have linked 
statin use and lower LDL levels with less SVG disease and 
smaller intimal hyperplasia on imaging. However, some 
findings imply that early LDL lowering alone may be insu-
fficient to prevent the multifactorial process of early SVG 
failure (thrombosis, technical factors) and that benefits 
on atherosclerotic progression may emerge later.59

PCSK9 inhibitors
Trials testing intensive LDL lowering beyond statins 
(PCSK9 inhibitors) have directly addressed whether deep-
er LDL reduction with adding evolocumab to background 
statin therapy did not show a reduction in early SVG fai-
lure.60

3. Anticoagulation
Routine postoperative warfarin or other full-dose oral 
anticoagulation solely to improve SVG patency is not re-
commended because randomized trials and pooled ana-
lyses have not shown a consistent patency advantage that 
outweighs the clear increase in bleeding risk. When an-
ticoagulation is required (for AF, mechanical valves, LV 
thrombus, etc.), clinicians must explicitly plan antithrom-
botic combinations because adding antiplatelet therapy 
increases bleeding risk. In exceptional situations (exten-
sive endarterectomy, early graft thrombosis), consider in-
dividualized short-term anticoagulation with careful risk–
benefit assessment and local multidisciplinary input.61
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Future research direction

Anti-proliferative such as sirolimus analogues or other 
anti-proliferative drugs have been investigated for pre-
venting intimal hyperplasia, but more research is needed 
to evaluate its potensial for SVG disease.62 Polymeric ex-
ternal stents, in some recent studies show reduced inti-
mal hyperplasia, but though long-term clinical benefit 
remains questionable.63

Bioengineered conduits, developed using decellular-
ized scaffolds or synthetic polymers seeded with endo-
thelial or stem-derived vascular cells, are under active 
preclinical and early translational evaluation. Current 
studies show encouraging biomechanical strength, bio-
compatibility, and the ability to remodel and integrate 
into host tissue, but long-term durability and thrombosis 
resistance remain key hurdles before clinical adoption. 
Emerging tissue-engineered vascular grafts (TEVGs) must 
demonstrate not only safety and manufacturability at 
scale, but patency rates at least equivalent to, if not bet-
ter than SVG to become a viable alternative for CABG in 
routine practice.64

Conclusion

SVG failure remains a  critical limitation of CABG. Alt-
hough numerous innovations show promising potential 
to improve saphenous vein graft patency, current evi-
dence consistently demonstrates that the most decisive 
determinants of long-term outcomes remain the funda-
mentals: high-quality surgical technique, thorough preo-
perative optimization, and appropriate, guideline-direc-
ted pharmacotherapy. In other words, while adjunctive 
technologies may enhance results in the future, the cor-
nerstone of successful CABG today continues to rely on 
meticulous operative practice and comprehensive medi-
cal management.

Conflict of interest
There is no conflict of interest

Funding
None.

Ethical statement
The work was carried out in compliance with the Declara-
tion of Helsinki.

References
	 1.	 World Health Organization. Cardiovascular diseases (CVDs): 

Key facts. Geneva: WHO; 2023. Available from: https://www.
who.int/news-room/fact-sheets/detail/cardiovascular-diseases-
(cvds). [cited 2026-08-22]. 

	 2.	 Roth GA, Mensah GA, Johnson CO, et al. Global burden of 
cardiovascular diseases and risk factors, 1990–2019: Update 
from the GBD 2019 Study. J Am Coll Cardiol 2020;76:2982–
3021. 

	 3.	 Virani SS, Alonso A, Aparicio HJ, et al. Heart disease and stroke 
statistics—2021 update. Circulation 2021;143:e254–e743. 

	 4.	 Mohr FW, Morice MC, Kappetein AP, et al. Coronary artery 
bypass graft surgery versus PCI in three-vessel and left main 

coronary disease: 5-year follow-up of the SYNTAX trial. Lancet 
2013;381:629–638. 

	 5.	 Farkouh ME, Domanski M, Sleeper LA, et al. Strategies for 
multivessel revascularization in patients with diabetes. N Engl J 
Med 2012;367:2375–2384. 

	 6.	 Stone GW, Sabik JF, Serruys PW, et al. Everolimus-eluting 
stents or bypass surgery for left main coronary artery disease. 
N Engl J Med 2016;375:2223–2235. 

	 7.	 Goldman S, Zadina K, Moritz T, et al. Long-term patency of 
saphenous vein and left internal mammary artery grafts after 
CABG. J Am Coll Cardiol 2004;44:2149–2156. 

	 8.	 Leon KN, Soliman R. Long Term Results of LAD Reconstruction 
with LIMA Patch in Patients with Multiple Significant LAD 
disease. Eur Heart J Suppl 2022;24(Supplement_G): 
suac049.007.

	 9.	 Caliskan E, de Souza DR, Böning A, et al. Saphenous vein grafts 
in contemporary coronary artery bypass graft surgery. Nat Rev 
Cardiol 2020;17:155–169. 

	10.	 Taggart DP, Benedetto U, Gerry S, et al. Bilateral versus single 
internal-thoracic-artery grafts at 10 years. N Engl J Med 
2019;380:437–446. 

	11.	 Samano N, Souza D, Pinheiro BB, et al. Twenty-Five Years of 
No-Touch Saphenous Vein Harvesting for Coronary Artery 
Bypass Grafting: Structural Observations and Impact on Graft 
Performance. Braz J Cardiovasc Surg 2020;35:91–99. 

	12.	 Goldstein DJ, Chang HL, Mack MJ, et al. Intimal hyperplasia, 
saphenous vein graft disease, and clinical outcomes: Insights 
from the CTSN VEST randomized trial. J Thorac Cardiovasc Surg 
2024;167:1782.e5–1792.e5. 

	13.	 Bu JQ, Xu Y, Chen L, et al. One-year patency rates of SVGs 
harvested using the no-touch technique during off-pump 
CABG. Front Cardiovasc Med 2025;12:1478239. 

	14.	 Weltert LP, Wolf LG, Garufi L, et al. External Stents for Vein 
Grafts in Coronary Artery Bypass Grafting: Targeting Intimal 
Hyperplasia. Surg Technol Int 2020;35:197–201. 

	15.	 Kulik A, Abreu AM, Boronat V, Ruel M. Impact of lipid levels and 
high-intensity statins on vein graft patency after CABG: Midterm 
results of the ACTIVE trial. J Card Surg 2020;35:3286–3293. 

	16.	 Sandner S, Thielmann M, Puskas J, et al. Intra- and 
postoperative management of conduits for CABG. Eur Heart J 
2025;46:19–32. 

	17.	 Dimagli A, Soletti G Jr., Harik L, et al. Angiographic Outcomes 
for Arterial and Venous Conduits Used in CABG. J Clin Med 
2023;12:2022. 

	18.	 Gaudino M, Benedetto U, Fremes S, et al. Angiographic 
Patency of Coronary Artery Bypass Conduits: A Network 
Meta-Analysis of Randomized Trials. J Am Heart Assoc 
2021;10:e019206. 

	19.	 Raja SG. Multiple Arterial Grafting in CABG: Outcomes, 
Concerns, and Controversies. J Vasc Dis 2025;4:29. 

	20.	 Sadeghi PMM, Sadeghi MMM, Derakhshan M, et al. To reverse 
or not to reverse the radial artery in coronary artery bypass 
graft surgery? Histopathologic concerns and media thickness. 
Heliyon 2023;9:e20873. 

	21.	 Harik L, Perezgrovas-Olaria R, Soletti G Jr, et al. Graft 
thrombosis after coronary artery bypass surgery and 
current practice for prevention. Front Cardiovasc Med 
2023;10:1125126. 

	22.	 de Vries MR, Quax PHA. Inflammation in vein graft disease. 
Front Cardiovasc Med 2018;5:3. 

	23.	 Xenogiannis I, Zenati M, Bhatt DL, et al. Saphenous Vein Graft 
Failure: From Pathophysiology to Prevention and Treatment 
Strategies. Circulation 2021;144:728–745. 

	24.	 Yao G, Li H, Zuo X, et al. Oscillatory shear stress promotes vein 
graft intimal hyperplasia via NADPH oxidase-related pathways. 
Front Surg 2023;10:1073557. 

	25.	 Zhang D, Cao Y, Liu D, et al. The Etiology and Molecular 
Mechanism Underlying Smooth Muscle Phenotype Switching in 
Intimal Hyperplasia of Vein Graft and the Regulatory Role of 
microRNAs. Front Cardiovasc Med 2022;9:935054. 

	26.	 Guida GA, Angelini GD. Pathophysiology and Mechanisms 
of Saphenous Vein Graft Failure. Braz J Cardiovasc Surg 
2022;37(Spec 1):32–37. 

	27.	 He C, Ye P, Zhang X, et al. The Role of TGF-β Signaling in 



502	 Patency of Saphenous Vein Grafts

Saphenous Vein Graft Failure after Peripheral Arterial Disease 
Bypass Surgery. Int J Mol Sci 2023;24:10381. 

	28.	 Jackson ML, Bond AR, Ascione R, et al. FGL2/FcγRIIB Signalling 
Mediates Arterial Shear Stress-Mediated Endothelial Cell 
Apoptosis: Implications for Coronary Artery Bypass Vein Graft 
Pathogenesis. Int J Mol Sci 2024;25:7638. 

	29.	 Heng EE, Wang H, Obafemi O, et al. The biomechanics and 
prevention of vein graft failure in coronary revascularization. 
Vessel Plus 2023;7:31.

	30.	 Ak E, Ak K, Midi A, et al. Histopathologic evaluation of 
saphenous vein grafts in patients with type II diabetes mellitus 
undergoing coronary artery bypass grafting. Cardiovasc Pathol 
2021;52:107328. 

	31.	 de Vries MR, Simons KH, Jukema JW, et al. Accelerated 
atherosclerosis and calcification in vein grafts: a study in 
APOE*3-Leiden transgenic mice. Atherosclerosis 2020;304:18–
26. 

	32.	 Bahar R, Hermansen SE, Dahl-Eriksen Ø, et al. The risk factors 
for radial artery and saphenous vein graft occlusion are 
different. Scand Cardiovasc J 2022;56:127–131.

	33.	 Siddiqi S, Ravichandren K, Soltesz EG, et al. Coronary artery 
bypass graft patency and survival in patients on dialysis. J Surg 
Res 2020;254:1–6. 

	34.	 Cho ME, Brunt KR, McDonald MW, et al. Endothelial 
dysfunction in chronic kidney disease: a clinical perspective. 
Am J Physiol Heart Circ Physiol 2025;329:H135–H153. 

	35.	 Saemann L, Wernstedt L, Pohl S, et al. Impact of Age on 
Endothelial Function of Saphenous Vein Grafts in Coronary 
Artery Bypass Grafting. J Clin Med 2023;12:5454. 

	36.	 Sandner, S, Redfors, B, An, K. et al. Coronary Artery Bypass 
Graft Failure in Women: Incidence and Clinical Implications. J 
Am Coll Cardiol 2024;84:182–191.

	37.	 Osherov A, Gallego-Colon E, Abu-Alkean I, et al. Gender 
differences in the incidence of saphenous vein graft 
intervention. J Cardiothorac Surg 2024;19:643. 

	38.	 Koechlin L, Salikhanov I, Gahl B, et al. Sex-Specific Differences 
in Early Occlusion Rate After Coronary Artery Bypass Grafting. 
Ann Thorac Surg 2026;121:92–99.

	39.	 Deng DM, Li P, Zhao Y, et al. Correlation between 
blood pressure control levels and long-term patency of 
saphenous vein grafts after coronary artery bypass grafting: 
a retrospective case-control study. J Cardiothorac Surg 
2025;20:221–230. 

	40.	 Szpytma MM, Baker RA, Gimpel D, et al. Optimal conduit 
diameter selection in coronary bypass grafting using 
saphenous vein. Heart Lung Circ 2024;33:898–907. 

	41.	 Tinica G, Chistol RO, Enache M, et al. Long-term graft patency 
after coronary artery bypass grafting: Effects of morphological 
and pathophysiological factors. Anatol J Cardiol 2018;20: 
275–282. 

	42.	 Akca F, Lam KY, Verberkmoes N, et al. Predictive value of 
great saphenous vein mapping prior to endoscopic harvesting 
in coronary artery bypass surgery. Interact Cardiovasc Thorac 
Surg 2020;31:16–19. 

	43.	 Das P, Sayyed A, Bharath S, et al. Impact of distension pressure 
on saphenous vein endothelial injury in coronary artery bypass 
grafting. Indian J Thorac Cardiovasc Surg 2024;40:424–432. 

	44.	 Krishnamoorthy B, Raaj S, Susanj A, et al. An Expert Panel 
Review of Endoscopic Vein Harvesting Devices: Benefits, 
Limitations, and Clinical Insights. Interdiscip Cardiovasc Thorac 
Surg 2025;40:ivaf204. 

	45.	 Taggart DP. ‘No-touch’ or ‘soft-touch’ vein graft harvesting for 
CABG. Indian J Thorac Cardiovasc Surg 2025;41:4–6. 

	46.	 Layton GR, Ladak SS, Abbasciano R, et al. The Role of 
Preservation Solutions upon Saphenous Vein Endothelial 
Integrity and Function: Systematic Review and UK Practice 
Survey. Cells 2023;12:815. 

	47.	 Apan JJ, Tayo L, Honra J. Numerical Investigation of the 
Relationship between Anastomosis Angle and Hemodynamics 
in Ridged Spiral Flow Bypass Grafts. Applied Sciences 
2023;13:4046. 

	48.	 Okantey O, Jonszta T, Sieja J, et al. Influence of graft 
anastomosis and graft morphology on long-term patency of 
the saphenous vein after aortocoronary bypass. Biomed Pap 
Med Fac Univ Palacky Olomouc Czech Repub 2024;168:223–228. 

	49.	 Sohn SH, Park JH, Choi JW, et al. Morphologic changes of the 
no-touch saphenous vein as Y-composite versus aortocoronary 
grafts (CONFIG trial). PLoS One 2025;20:e0322176.

	50.	 Zhou Z, Fu G, Feng K, et al. Randomized evidence on graft 
patency after off-pump versus on-pump coronary artery bypass 
grafting: An updated meta-analysis. Int J Surg 2022;98:106212. 

	51.	 Razavi AA, Malas J, Salam A, et al. Off-Pump Coronary Artery 
Bypass Grafting is Overutilized. Semin Thorac Cardiovasc Surg 
2025;37:43–47. 

	52.	 Snegirev MA, Paivin AA, Denisyuk DO, et al. Minimally invasive 
multivessel coronary bypass surgery: Angiographic patency 
data. J Card Surg 2020;35:620–625. 

	53.	 Hwang B, Ren J, Wang K, et al. Systematic review and meta-
analysis of two decades of reported outcomes for robotic 
coronary artery bypass grafting. Ann Cardiothorac Surg 
2024;13:311–325. 

	54.	 Sajja LR, Sarkar K, Mannam G, et al. Graft patency at 3 months 
after off- and on-pump coronary bypass surgery: a randomized 
trial. Indian J Thorac Cardiovasc Surg 2020;36:93–104. 

	55.	 Goldstein DJ, Puskas JD, Alexander JH, et al. External 
Support for Saphenous Vein Grafts in Coronary Artery 
Bypass Surgery: A Randomized Clinical Trial. JAMA Cardiol 
2022;7:808–816. 

	56.	 Katsavrias K, Prapas S, Calafiore AM, et al. Improvement of 
the outcome of the saphenous vein graft when connected 
to the internal thoracic artery. Front Cardiovasc Med 
2024;11:1478166. 

	57.	 Zhu Y, Zhang W, Dimagli A, et al. Antiplatelet therapy 
after coronary artery bypass surgery: five year follow-up of 
randomised DACAB trial. BMJ 2024;385:e075707. 

	58.	 Willemsen LM, Janssen PW, Peper J, et al. The Effect of 
Adding Ticagrelor to Standard Aspirin on Saphenous Vein 
Graft Patency in Patients Undergoing Coronary Artery Bypass 
Grafting (POPular CABG): A Randomised, Double-Blind, 
Placebo-Controlled Trial. Circulation 2020;142:1799–1807. 

	59.	 Kulik A, Voisine P, Mathieu P, et al. Statin therapy and 
saphenous vein graft disease after coronary bypass surgery: 
analysis from the CASCADE randomized trial. Ann Thorac Surg 
2011;92:1284–1290; discussion 1290–1291. 

	60.	 Verma S, Leiter LA, Teoh H, et al. Effect of evolocumab on 
saphenous vein graft patency after coronary artery bypass 
surgery (NEWTON-CABG CardioLink-5): an international, 
randomised, double-blind, placebo-controlled trial. Lancet 
2025;406:1223–1234. 

	61.	 Mauro MS, Finocchiaro S, Calderone D, et al. Antithrombotic 
strategies for preventing graft failure in coronary artery 
bypass graft. J Thromb Thrombolysis 2024;57:547–557. 

	62.	 Ryu J, Jang EH, Lee J, et al. Prevention of neointimal 
hyperplasia after coronary artery bypass graft via local delivery 
of sirolimus and rosuvastatin: network pharmacology and in 
vivo validation. J Transl Med 2024;22:166. 

	63.	 Heng EE, Wang H, Obafemi O, et al. The biomechanics and 
prevention of vein graft failure in coronary revascularization. 
Vessel Plus 2023;7:31. 

	64.	 Sembiring YE, Ledyastatin RA, Nurrahmah A, et al. 
Comparative Assessment of Various Concentration and 
Exposure Time of Sodium Dodecyl Sulfate as Decellularization 
Agents for Small-Vessels Vascular Tissue Engineering. Open 
Access Maced J Med Sci 2022;10:1–9.


