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Distal Vessel Quality Score as a Predictor of
Graft Patency after Aorto-Coronary Bypass
Graft: Towards the Optimization of the
Revascularization Strategy

Aims: We aimed to develop a new simple angiographic score that would predict
short- and mid-term patency problems of coronary artery bypass grafts (CABG).

Methods: We enrolled 249 patients who underwent CABG. The Distal Vessel
Quality (DVQ) score was calculated according to 1/visibility, 2/diameter, and 3/size
of the distal vessel as angiographically evaluated at baseline. Each variable was
quantified from 0 (worst) to 3 (best) and the DVQ score resulted from the addition
of these values.

Results: At 5-year of follow-up 16% of the patients had been admitted due
to a coronary event and, after angiography, occlusion of 67 grafts (9.2%) was
demonstrated (median time from surgery: 1.4 [IQR: 0.5-1.7] years). In 67% of the
cases, a diseased graft was the responsible for the event. Venous grafts were 2.5
times more frequently occluded than arterial grafts (p=0.098). Indeed, the use of
arterial grafts (OR=0.217, 95% CI [0.064-0.737], p=0.014) and higher values of DVQ
score (OR=0.555, 95% Cl [0.370-0.832], p=0.004) were independent predictors of
bypass graft patency at 5-year follow-up. To remark, bad correlation of DVQ and
syntax scores was found (R=0.228) and the last failed to predict the risk of early
graft malfunction.

Conclusions: The DVQ score is a new simple tool that may help to predict outcomes
of coronary bypass grafts. Lower values of this score suggest limited benefit of
bypass grafting. Therefore, the DVQ score could help to improve outcomes of
cardiac surgery by improving the selection of patients. External validation of these
results is warranted.

Keywords: Coronary artery bypass graft; Syntax score; Hybrid revascularization

Abbreviations: CABG: Coronary Artery Bypass Graft; DVQ: Distal Vessel Quality;
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SVG: Saphenous Vein Graft

Received: December 29, 2015; Accepted: January 29, 2016; Published: February 02,

2016

Introduction

Prevalence of multi-vessel coronary artery disease is high,
affecting between 41% and 67% of the patients with coronary
stenosis [1,2]. In USA more than half of these cases are treated
with coronary artery bypass grafting (CABG) procedures [1]. It has
been well demonstrated that the use of the left internal mammary
artery (LIMA) to graft the left anterior descending (LAD) artery
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has significant benefits compared to saphenous vein grafts (SVG)
[3,4]. Nevertheless, as a whole, SVG are still the most frequently
type of graft used during CABG. Several studies have evaluated
the patency of SVG in short and long-term follow-up, reporting
up to 13% occlusion rate at 1-year [5,6], and over 20% at five-
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year (6). Clinical and anatomical predictors of graft occlusion after
CABG include lipoprotein levels, and burden of atherosclerotic
disease in SVG [7-9]. Also, quality and diameter of the target
vessel have been previously associated with rate of occlusion or
dysfunction of arterial and vein grafts [10]. Although Syntax score
represents a useful tool to determine the best strategy [11], it
is mainly focused on criteria that underscore percutaneous
intervention (as tortuosity or presence of bifurcations) and not in
specific anatomical predictors of durability of bypass grafts.

Heart team consensus based on several risk models has become
the recommended approach for the decision making process but
no risk score alone can be used to guide the appropriate strategy
of revascularization [12]. In the evidence-based era, subjective
factors seem to weight still too much when balancing the pros and
cons of coronary revascularization surgery in individual patients.
Specially, if we take into consideration the growing range of
alternatives in this field (i.e. hybrid interventions, percutaneous
treatment of chronic total coronary occlusions, external stenting
of SVG, etc).

Therefore, we aimed to develop a new angiographic score that
may allow predicting early- and mid-term patency troubles of
coronary bypass grafts as a new tool for the decision making
process in the field of coronary revascularization.

Methods

A total of 254 consecutive patients who underwent CABG, with
previous coronary angiography, were retrospectively included
and a mean follow-up of 6-years was obtained. Five patients
were excluded from the analysis due to low-quality angiographic
records precluding from correct analysis (incomplete/limited
angiographic exam with one or more vessel/graft not injected
selectively), leading to a final study population of 249 patients.

Angiographic evaluation and score calculation

Angiographic images were analyzed at baseline and at the time
of any clinical event requiring angiographic evaluation at follow
up. All significant stenosis were described and classified as
moderate (50 to 70%), severe (70-99%), or occlusion (100%), and
vessel diameters were determined through quantitative coronary
analysis (QCA) in an independent core lab (www.icicorelab.es).
Also, Syntax score was determined as previously described [11].

Distal Vessel Quality (DVQ) score was calculated for each grafted
vessel by assignment of a value from 0 to 3 to each one of the
three following items: 1/vessel visibility, 2/vessel diameter, and
3/size of the vessel-dependent myocardial territory (named as
“distribution”) as angiographically evaluated for each vessel. Final
score for each vessel was the result of the addition of the score for
each item (“single-vessel DVQ score”). The Mean DVQ score for
each patient was the result of the cumulative score for all grafted
vessels divided by the number of vessels (“mean global DVQ
score”). Criteria to determine this score have been summarized
in Table 1 and several representative examples are depicted in
Figure 1. All analysis were performed by two interventional
cardiologists with experience in angiographic analysis, blinded to
outcomes of the grafts at the time of baseline images analysis,
and interobserver variability was assessed.
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Table 1 Criteria to determine distal vessel quality (DVQ) score. It was
calculated for each grafted vessel by assignment of a value from 0 to
3 to each one of the three following items: 1/vessel visibility, 2/vessel
diameter, and 3/size of the vessel-dependent myocardial territory
(named as “distribution”) as angiographically evaluated for each vessel.

2 Not occluded, suboptimally visualized

Very small diameter: <1.5 mm

2 Medium diameter: 2-2.5 mm

n Impossible to evaluate

‘ Distribution
‘ 2 Medium distribution (co-dominant)

Follow up of the study population

Clinical follow up was available for all patients. Also, coronary
angiography if performed at follow up was evaluated through
QCA to determine the presence of new significant coronary
artery or grafts stenosis.

Statistical analysis

The data are expressed as absolute rate and percentage in case of
qualitative variables. Quantitative variables are described as mean
(SD) or median (25th-75th interquartile range [IQR]) depending
on variable distribution. Group comparisons were analysed using
Student’s t-test or its non-parametric equivalent, Mann-Whitney
U-test for continuous variables, and Chi-square test or Fisher’s
exact test for categorical variables. Statistical significance was
defined as p-value <0.05. The variables associated with patency
troubles of the bypass grafts were determined by univariate
analysis. The univariate normality assumptions were verified with
the Kolmogorov-Smirnov tests. Independent predictors of this
main event were determined through logistic regression analysis
including in the model the variables exhibiting a P value <0.10
in the univariate analysis. All hypothesis testing were two-sided
with a significance level of 0.05.

Interobserver variability was assessed by Kappa-coefficient for
the DVQ and the severity and number of coronary stenosis at
baseline. The value of the DVQ score with the best sensitivity and
specificity to determine graft patency was estimated by receiver
operator curve (ROC) analysis. Also, Kaplan-Meier analysis to
determine patency of the grafts in the follow up according to
DVQ score was performed. Finally, syntax and DVQ scores were
compared through correlation analysis test.

All analyses were conducted using the statistical package SPSS,
version 18.0 (SPSS, Inc.; Chicago, Illinois, USA).

Results
Study population

A total of 249 consecutive patients who underwent single CABG
between 2007 and 2010 with previous coronary angiography

This article is available in: http://interventional-cardiology.imedpub.com/
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Figure 1 Examples of estimation of distal vessel quality (DVQ) score in several cases included in the present study. Quantitative coronary
angiography was used to determine vessel diameter and severity of the stenosis.
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in our center were evaluated. The mean follow-up was of 6.5
+ 0.3 years (available for all patients, all with at least 5 years of
follow-up). Mean age was 66.3 £ 9.7 years and 82.7% were males.
Risk factors included hypertension in 53.4%, diabetes mellitus
in 30.5%, and dyslipidemia in 49.8%. Other comorbidities have
been summarized in Table 2 leading to a mean log Euro SCORE
of 14% [13].

Angiographic and anatomical characterization:
DVQ score

Anatomical information (visibility, diameter and distribution) of
the distal vessels of the affected coronary arteries were evaluated,
as described in Table 1, by two interventional cardiologists with
experience in QCA, from the coronary angiography performed
before CABG surgery. Mean single-vessel DVQ score for visibility,
diameter, and distribution was 8.13 + 1.38. Interobserver
variability for the determination of DVQ score was estimated
showing a ponder Kappa of 0.9854, 95% Cl (0.9679-1), p=0.0089.
Also, a mean Syntax score of 31.13 + 3.07 was calculated.

Each patient received a mean of 2.9 bypass grafts, up to a total
of 741 grafts to the following target vessels: LAD artery (33.2%),
obtuse marginal artery (27.3%); posterior descending artery
(PDA) (14.8%), diagonal branch (DX) (9.4%), right coronary artery
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(RCA) (6.5%), posterolateral artery (PLA) (6.2%), and ramus
intermedius (RI) (2.6%). Distribution of grafts and events related
to them, according to the single-vessel DVQ score, has been
summarized in Figure 2. A 61.3% (453) were venous grafts and
38.7% (287) were arterial grafts, most of them (85.2%) from the
left internal mammary artery.

Clinical events and angiographical outcomes

At follow-up, 44 patients (17.7%) required new admission due
to cardiac events and all of them underwent new angiographic
evaluation. Of them, 42 patients (16.8% from global population,
and 95.4% from those with clinical events) presented new bypass
graft occlusion. Main individual characteristics of these patients
have been summarized in Table 3. Reasons for re-admission
included ST-elevation myocardial infarction (STEMI) (2.4%), Non-
ST-elevation myocardial infarction (NSTEMI) (11.9%), unstable
angina (50%), stable angina (31%), or others (4.7%). Occlusion of
67 (9.1%) grafts was angiographically demonstrated at a median
time from surgery of 511 days [IQR: 168-606], specially affecting
those sutured to the PLA (6/46, 13%) followed by those sutured
to obtuse marginal (25/202, 12.4%) and the LAD (20/246, 8.1%).
Distribution of events according to the affected graft has been
summarized in Figure 2 and time distribution in Figure 3.
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Figure 2 Chart-flow showing distribution of coronary grafts (to native vessels) and graft occlusion in the follow up. DX: Diagonal; LAD:
Left anterior descending; OM: Obtuse marginal; PDA: Posterior descending artery; PLA: Posterior lateral artery; RCA: Right
coronary artery; Rl: Ramus intermedius.
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Comparison of patients who developed bypass graft occlusion and
those who did not has been summarized in Table 2. To remark, no
differences in terms of dyslipidemia severity or technical issues
(as type of graft, off pump intervention, use of sequential grafts,
or operators) were found. Bypass dysfunction affected more
frequently patients with arterial hypertension (73.1% vs. 51.6%,
p=0.001) without any other significant difference concerning
other cardiovascular risk factors or LDL-cholesterol levels. Venous
grafts were 2.5 times more frequently occluded than arterial
grafts (p=0.098). A mean DVQ score of 7.6 predicted with the
best sensitivity (64%) and specificity (59%) the development
of clinical events (STEMI, NSTEMI, progressive/new angina, or
cardiac mortality) in the follow up with an area under the curve
of 0.592 (Cl 95% [0.507-0.677]). In particular, a single-vessel DVQ
score of 9 was associated to a rate of graft patency at follow up
of 93% as opposed to 88% when DVQ score was <9, p=0.048.
The combination of a single-vessel DVQ score <9 (n=282 grafts)
and the use of a SVG (69% of them) was associated to a rate of
graft occlusion of 14.3% as opposed to 7.4% in those with DVQ
score=9 and SVG (55.8%), p=0.020. No differences were found in
the Syntax score between patients who presented graft occlusion
32 and those who did not 32 p=0.142. The use of arterial grafts
(OR=0.217, 95% Cl [0.064-0.737], p=0.014) and higher values
of single vessel DVQ score (OR=0.555, 95% ClI [0.370-0.832],
p=0.004) were independent predictors of bypass graft patency at
5-year follow-up.

4

Discussion

Current American and European revascularization guidelines
recommend CABG as first choice for patients with 3-vessel
disease, 2-vessel disease affecting proximal LAD, and diseased
left main [14,15]. Among 249 patients who underwent CABG
following these indications, occlusion of the grafts was detected
in 9.1% of the cases at a median time from surgery of 1.4 years.
To remark, this finding followed clinically indicated angiography.
Anatomical predictors of this event included the use of venous
grafts (70.1%), single vessel and mean global DVQ scores, but not
Syntax score. We found that the combination of venous grafts
with DVQ score <9 were associated to poor outcomes and high
rate of early graft unpatency. Many cardiologists and surgeons
feel that primary clinical benefit of bypass comes from a LIMA
to LAD graft given that over time most SVG become diseased or
occluded. We believe that despite the opportunity of bypass all
diseased vessels, the benefit of doing that in vessels with a DVQ of
less than 9 present certain limitations. Therefore, this new score
may help to improve the selection of the best revascularization
strategy promoting hybrid approaches. Besides, the DVQ score is
a new tool useful for comparison of results in future research in
the field of CABG.

Decision tools to choose revascularization
strategy for complex coronary artery disease

Risk stratification is an integral and increasingly important aspect

This article is available in: http://interventional-cardiology.imedpub.com/
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Table 2 Comparison of main baseline clinical and anatomical characteristics for patients with or without occluded coronary grafts suffering from
coronary events at 5 years follow-up.

ghronlc obstructive pulmonary 1(0.4%) 0 (0%) 4(0.6%) 0.999
isease

onlmticaglatonwse 722 wose sy
0.999
041

Diameter

Medium diameter: 2-2.5 mm 176 (23.8%) 22 (32.8%) 154 (23%)

Distrbution
Medium distribution 95 (12.9%) 17 (25.4%) 78 (11.6%)
Syntaxscore 32 (30-33] 32 [29-33] 32[30-33] 0.142

DX: Diagonal; LAD: Left anterior descending; LDL: Low-density lipoproteins; LIMA: Left internal mammary artery; OM: Obtuse
marginal; PDA: Posterior descending artery; PLA: Posterior lateral artery; RCA: Right coronary artery; Rl: Ramus intermedius. SVG:
Saphenous vein graft.

of the assessment of patients with complex coronary artery  process[14,15]. Most common risk models take into consideration
disease. Heart team consensus based on several risk models has  clinical variables (STS, Euroscore) [16,17] or anatomical variables
become the recommended approach for the decision making (SYNTAX)[11]. The progressive development of anatomical-based

© Under License of Creative Commons Attribution 3.0 License 5
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Table 3 Individual clinical and anatomical profile of patient who underwent coronary bypass graft surgery and suffered from new coronary event in
the follow up.

45 Male  No  Unstableangina 32 885 Ven SVG-OM/9

58 Male No  Unstableangina 29 828  Ves  svGows
75 Female No  Unstableangina 28 842 VentVen
73 Male Yes Unstableangina 32 500  Ven  svGlADS
67 Male  No  Unstableangina 33 728 Ven SVG-LAD/8

54 Male  No  Unstableangina 36 900 Ven+VensVen  LIMALAD/9,SVG-OM/9, SVGRCA/S
8 Male  No  Unstableangina 34 828 ArttVen LIMA-LAD/9 SVG-OM/9

81 Male  No  Unstableangina 33 900 Ven  sVGOmM/9
67 Male  No  Unstableangina 37 842 ArtAt
58 Male Yes Unstableangina 31 814 Ves  svGom9
69 Male No  STEMI 30 614 At
72 Male Yes  Stableangina 31 842 Ve  svGomj9
61 Male  No  Stableangina 33 828 Ven SVG-OM/9

68 Male Yes  Stableangina 30  7.85  Art+Art+Art+Ven  LIMA-LAD/9 LIMA-RI/9 Radial-OM/9 SVG-PDA/6
70 Male  No  Stableangina 32 771 ArttVen LIMA-LAD/9, SVG-OM/9

67 Male No  Stableangina 32 871 Ven  sVGPLAD
56 Male No  Stableangina 31 757 Ve  SVGRCA/8
80 Male No  Other 33 842 Ve  sVGPDA7
62 Male No  NSTEMI 24 557 Ven  sVGDX9
75 Male No  NSTEMI 30 78 Ve __ sGOM7

SVG-LAD/9, SVG -OM/7

LIMA-LAD/9, LIMA-OM/9

LIMA-LAD/7

risk scores culminating in the SYNTAX score Il (that can better  with the DVQ score (Figure 4). The ideal score is far from these
guide decision making between CABG and PCl than the original models and the effort to develop a model integrating anatomical
anatomical SYNTAX score) [18] has undoubtedly improved the and clinical data has sacrificed simplicity reducing its applicability
performance of these risk models in terms of stratification for  in real practice. Visual assessment is more representative with
the individual patient. Nevertheless, Syntax lacks of accuracy to  the daily practice and real life at catheterization laboratories
predict graft-related events as evidenced by the bad correlation  than quantitative assessment; likewise it is quicker and useful

6 This article is available in: http://interventional-cardiology.imedpub.com/
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Figure3 Kaplan-Meier curves showing occlusion of
the coronary grafts as clinically guided at 5
year follow-up.

to make decisions about the best revascularization strategy.
Frequently this decision is taken in the catheterization laboratory.
According to our findings, the DVQ score may help to decide
more objectively which cases could benefit from a percutaneous
approach performed within the same index procedure, which
patients may benefit more from surgical revascularization, or if
hybrid strategies need to be further discussed.

Rate and predictors of dysfunction of CABG

Long-term patency of the coronary bypass grafts is one of the
main determinants of outcomes after cardiac surgery [3]. In our
study the graft occlusion was found in a 9.1% of the patients due
to a clinical event, at a median time from surgery of 1.4 years,
which is consistent with previous studies reporting a 1-year rate
of occlusion of up to 13% [5,6] when angiography is systematically
performed. Apart from clinical factors related to grafts’ outcomes
(Table 2) and technical aspects of the surgery (including the use
of arterial grafts) [3,4], there is scarce evidence on the influence
of other anatomical factors [10]. Previous attempts to assess
the distal vessels quality had been reported. Nevertheless, the
complexity and invasiveness of these methods precluded from
their use as therapeutic guiding [19]. As a matter of fact, in daily
routine evaluation of the quality of the distal vessel is commonly
performed under subjective criteria. To remark, the extended
use of a consensus score to assess the quality of the distal vessel
before grafting may be a useful tool for both, the clinical decision-
making process and research as it may allow analysis of results
under comparable criteria [20,21]. We elaborated a simple
descriptive score that presented a clear association with bypass
occlusion. Indeed, only optimal values of single-vessel DVQ score
(=9) were related to adequate outcomes of SVG (98.7% of patency
at 5-year) while DVQ scores <9 presented a rate of SVG occlusion
of 59.6% (p=0.017).

Diameter of a grafted vessel has been previously associated with
higher rate of occlusion or dysfunction of arterial and vein grafts

© Under License of Creative Commons Attribution 3.0 License
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[10]. Accordingly, a low DVQ score and a diameter under 2.5 mm
(one of the items evaluated by this score) strongly suggested risk
of graft unpatency at mid-term. Specifically, the proportion of
native vessel lumen diameter under 2.5 mm among patients with
graft occlusion (40.3%) was significantly higher than in patients
free of events (with 30.2%, p=0.011).

To remark, predictability of graft occlusion with this new score was
much better than with Syntax score (Table 2), which is somehow
logical as the Syntax score was mainly based on predictors of
failure for percutaneous interventions and not surgical outcomes
[11]. Accordingly, a lack of correlation between both scores was
detected (Figure 4).

Alternative strategies in the scenario of complex
coronary artery disease

CABG continues to be the preferred strategy to treat three-
vessel disease. One of the main theoretical advantages of this
approach is that it allows a complete revascularization with lower
risk of events as compared to percutaneous revascularization
[14,15]. Nevertheless, new generations drug-eluting stents have
demonstrated low rate of target lesion revascularization [22,23]
and some recent studies suggest that the use of everolimus eluting
stents in patients with diabetes mellitus and multi-vessel disease,
was associated with lower upfront risk of death compared with
CABG surgery and a similar risk of death at long term [24]. In
addition, the debate concerning the degree of revascularization
(total if surgery vs. partial if PCl), is no longer binary given the
current results of percutaneous techniques in the field of chronic
total occlusions (up to 80-90% of success), that make them rise as
a good alternative to achieve complete revascularization with low
rates of complications [24]. Since comparison of these different
strategies has not been performed taking into consideration
the quality of the distal vessel, accurate conclusions cannot be
obtained. Eventually, surgical revascularization is losing the status
quo of the last decades and will need to incorporate imaginative

10,0 -

©
o
1

Mean DVQ Score

40 -

Syntax Score

Figure 4 Graphical representation of distribution of Syntax and
DVQ scores according to graft occlusion. To remark,
bad correlation between both scores is evident.
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alternatives to keep on offering better outcomes in complex
coronary disease. This includes hybrid procedures that can
combine the benefits of a minimal invasive surgery providing a
LIMA graft to the LAD and stenting of the circumflex and/or the
right coronary artery [21,24]. Also, newer approaches including
the use of prosthetic conduits or external stenting for SVG [25]
are under research. The use of the DVQ score for analysis of the
outcomes may help to better understand the best alternatives to
treat our patients.

Study Limitations

The study was conducted in a single high-volume tertiary center
what may had conditioned the results of CABG. The cohort
size could have been underpowered for analyses of outcomes
and the influence of cardiovascular risk factors, but the strict
follow up at 5-year increases the value of the results. Although
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interobserver variability was assessed, external validation under
prospective analysis of this score will have to be performed. Also,
angiographic characterization of the degree of atherosclerosis of
the saphenous grafts will be needed as its impact could not be
evaluated in the present study. Finally, the DVQ score could not
be evaluated in the present study for alternative grafts different
to SVG and LIMA.

Conclusion

The DVQscoreisanew simple tool to predict outcomes of coronary
artery bypass grafts. Lower values of this score, especially when
vein grafts are used, suggest little benefit of grafting certain
vessels. Therefore, this score could be useful to identify patients
who may benefit from percutaneous revascularization or hybrid
strategies.
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