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ABSTRACT
Background: Coronary bifurcation lesions (CBLs) account for approximately 15-20% cases of percutaneous
coronary intervention (PCI) and remain a challenging lesion subset for cardiac interventionists. As compared
to non-CBLs, PCI of CBLs was associated with poorer clinical outcomes in terms of major adverse cardiac events
(MACE) particularly target lesion failure (TVF)
Objectives: To set up a method to detect BFC/POC shape and to its dimension in different bifurcation types
and locations; to validate the four models based on the coronary bifurcation measurement from normal
population; to investigate potential relevance of the BFC/POC morphology in CBLs interventions.
Methods:
Inclusion criteria:
1.

subjects with unknown chest discomfort in whom coronary artery disease could be finally excluded
clinically,

2.

subjects underwent CCTA with normal or negative findings either by CCTA or invasive coronary
angiography if obtainable,

3.

images of CCTA with high-quality.

Exclusion criteria:
1.

subjects with unknown chest discomfort in whom coronary artery disease couldn’t be finally excluded
clinically,

2.

any detectable lesions in any bifurcated segments by CCTA,

3.

suboptimal images of CCTA.

Result: A total of 200 subjects eligible were included in this study with measurable bifurcations located at
different bifurcation types and location including the distal LM of 200.
Distribution at both side branch at PMV and POC, re directing the significant important. Normal
coronary bifurcation measurement in the different segment bifurcations.
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For coronary bifurcation core and for distal LM bifurcation the best rule was Finet whose vessels
diameters obey Finet rule.
The mother vessel diameter calculated with the HK rule or Murray is either bigger or smaller than that
measured with professional software of CCTA.
Conclusion: For more accurate description of the relationship among three bifurcated segments: for the Y-type
and T-type, the best rule was finet types for both bifurcations whose vessels diameter and bifurcation angles
obey finet rule. The mother vessel diameter calculated with the HK rule or Murray is either bigger or smaller
than that measured with professional software of CCTA. For bifurcations of the distal LM, LAD-Dx, LCX-OMx,
and distal RCA, the best rule was finet type whose vessels diameter and bifurcations angel obey finet diameter
rule. The bifurcations from coronary artery were found to obey the finet diameter model and angle rule much
more than HK and Murray’s model. For distal LM bifurcation the best rule was Finet whose vessels diameters
obey Finet rule.
Keywords: Percutaneous coronary intervention (PCI), Computed Tomography Coronary Angiography (CCTA),
CT, Polygon of confluence (POC), Coronary Bifurcation Core (BFC), Coronary artery disease (CAD)

INTRODUCTION
Coronary bifurcation lesions (CBLs) account for approximately 15-20% cases of percutaneous
coronary intervention (PCI) and remain a challenging lesion subset for cardiac interventionists. As compared
to non-CBLs, PCI of CBLs was associated with poorer clinical outcomes in terms of major adverse cardiac events
(MACE) particularly target lesion failure (TVF)

[1, 2].

There were numerous causes attributable to the

unfavorable outcomes but the major one may be the failure to restore the native bifurcated morphology by
current PCI techniques. Hence, investigation of bifurcated anatomy or/and improvement of PCI techniques are
of great clinical relevance. Percutaneous coronary intervention (PCI) attempts to restore the lumen area of a
diseased artery to “normal” reference dimension through percutaneous transluminal coronary angioplasty
(PTCA) or stenting. As atherosclerosis often stems from the junction of a bifurcation and diffuses over the vessel
length the question becomes what is the therapeutic target diameter of the diseased vessel to restore flow
optimality to a bifurcation. In other words, if the diameters of two segments of a “normal” bifurcation are
known, can an optimal diameter of the third segment be determined to ensure an optimal flow through the
bifurcation? has long been established that there is an optimal relationship between the diameters of the three
segments of a bifurcation. Table 1 lists the most commonly referenced bifurcation models that provide a
mathematical relationship between the three segments of a bifurcation (i.e., Dm, Dl and Ds for the diameters of
mother, large and small daughters, respectively). In 1926, Murray was the first to derive a cubed relationship
between the mother and two daughter vessels. The premise of Murray’s derivation is the minimum energy
hypothesis; i.e., the power for transport of blood through a bifurcation is minimized. This is the principle of
efficiency where departure from which requires greater energy dissipation. Huo and Kassab 7 recently showed
a similar relationship based on the same premise in a tree structure, but found an exponent instead of 3 in the
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Murray model. Finet proposed an empirical fractal-like rule. An additional expression stemming from area
conservation (exponent of 2) has traditionally been invoked for the vasculature. The objective of this study is
to validate the four models (Table 1) based on the coronary bifurcation measurement from normal population.
The most accurate rule based on a physical and physiological principle can then be used to determine the
desired diameter segment when the diameters of the two other segments in a bifurcation are known for
percutaneous treatment.

Rationale:
A bifurcation vessel is composed mainly by 3 segments (proximal main vessel, PMV; distal main vessel,
DMV; and side branch, SB), 3 bifurcated angles and 1 bifurcated core (BFC) where the 3 segment connect each
other, encompassing an area, the polygon of confluence (POC) and 1 carina. Also, a bifurcation vessel can be
categorized by 2 types (T- or Y-type) according to the distal bifurcated angle (DBA) of ≥70 or <70.
It has long been established that there is an optimal relationship among the diameters of the three
segments of a bifurcation [3]. As listed in the Table 1, the most commonly referenced bifurcation models that
provide a mathematical relationship between the three segments of a bifurcation (DM, DL and DS for the
diameters of mother, large and small daughters, respectively). In 1926, Murray was the first to derive a cubed
relationship between the mother and the two daughter vessels, so-called Murray’s rule

[4].

The premise of

Murray’s derivation is the minimum energy hypothesis; i.e., the power for transport of blood through a
bifurcation is minimized. This is the principle of efficiency where departure from which requires greater energy
dissipation. Huo and Kassab recently showed a similar relationship based on the same premise in a tree
structure, but found an exponent instead of 3 in the Murray model [5]. Finet proposed an empirical fractal-like
rule, greatly facilitating clinical practice [6].
Murray’s rule and the associated rules have been broadly adopted for guidance of CBLs interventions.
For an instance, if the “normal” or reference diameters of two segments of a bifurcation are known, an optimal
diameter of the third segment can be determined to ensure an optimal flow through the bifurcation, which is
very useful for properly selecting of interventional devices. Besides, Murray’s rule can be used for optimization
of CBLs interventions, such as selection of the suitable balloon size for proximal optimization treatment or final
kissing balloon dilation. Moreover, Murray’s rule can also be used for prediction of bifurcated restenosis or
MACE following CBLs intervention. For example, Kang J et al. found a rule of “5-6-7-8” for prediction of
restenosis and re-PCI of distal LM CBLs [7]. However, there are several issues not addressed whether Murray’s
rule and the associated rules are adapted to the BFC or POC [8]., or not clearly state whether all the rules have
an equal power to descript the relationship among the bifurcated segments in different types of bifurcations.
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Bifurcation diameter models
HK

Relationship
D

7/3 PMV 7/3 DMV 7/3 SB
=D
+D

Physical mechanisms
Minimum energy

Finet

Dm=0.678 × (Dl+Ds)

‘’Fractal’’-type relation

Murray

D 3m = D 3l + D 3s

Minimum energy and WSSConstant

Area Preservation

D 2m = D 2l + D 2s

Velocity-constant

Table 1: Bifurcation diameter models and the corresponding physical mechanisms
where Dm, Dl, and Ds are the diameters of mother, larger and smaller daughter vessels, respectively.
A coronary bifurcation lesion [9]. occurs at or near a division of a major coronary artery. Characterizing
bifurcation lesions involves assessing the lesion morphology in three important anatomic segments: (1)
proximal main branch (MB); (2) distal MB; and (3) side branch (SB).
The carina is the inflection point at which the proximal MB bifurcates into the distal MB and SB. The
European Bifurcation Club defines a bifurcation lesion as a significant stenosis (i.e., >50%) in a coronary artery
adjacent to and/or involving the origin of an SB that is clinically significant.
Numerous classification schemes have been proposed to characterize coronary bifurcation lesions [2.1].
The simplest and most widely used is the Medina classification. The Medina classification assesses plaque
burden based on the presence (“1”) or absence (“0”) of stenosis in the proximal MB, distal MB, and SB (Figure
1).

Figure 1: For example, a lesion involving the proximal and distal MB without any SB involvement is classified
as Medina “1,1,0”. One distinction is to distinguish “true” or “complex” lesions from “nontrue” or “pseudo-”
bifurcation lesions.
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A “true” bifurcation lesion involves significant (>50%) stenosis in both the MB and the SB (i.e., Medina
1,1,1; 1,0,1; or 0,1,1), whereas all other lesion types would be classified as “nontrue.” It is important to
recognize that angiography may be limited in terms of its ability to appropriately classify bifurcation lesions,
and adjunctive modalities such as intravascular ultrasound (IVUS) may be necessary to determine a lesion’s
true classification.
Among patients with chest pain without significant coronary artery disease, coronary artery spasm
(CAS), myocardial bridge (MB), and/or insignificant coronary stenosis (ICS) have been frequently found.
From a long‐term clinical evaluation of patients without coronary artery disease, aging and ICS were
strongly associated with major adverse cardiac events. Further, aging, dyslipidemia, ICS, CAS, and MB were
strongly associated with sustained angina pectoris. Additionally, when clinicians are evaluating the cause of
chest pain, it may be judged to be cardiovascular if the physician suspects the presence of CAS, MB, and ICS
despite absence of significant coronary artery disease. In particular, CAS, MB, and ICS may exist independently
but could also appear in combination with one another. The combination of CAS, MB, and/or ICS was associated
with poor long‐term clinical outcomes compared with single factors. The presence of ICS was the strongest
independent predictor for major adverse cardiac events and sustained angina pectoris; therefore, patients with
chest pain and ICS should be carefully treated and need close clinical follow‐up, even in the absence of
significant coronary artery disease.
Chest pain is a major symptom of ischemic heart disease such as angina pectoris (AP) and acute
coronary syndrome (ACS); [10,11]. therefore, it is important to identify and diagnose the causes of pain in these
patients. The main mechanism of AP is the imbalance between oxygen demand and supply in the myocardium.
Obstructive coronary stenosis, coronary artery spasm (CAS), and myocardial bridge (MB) are well‐known
causes of myocardial ischemia. [10.11.12.13.14.15.17]. CAS is a well‐known endothelial dysfunction, and MB is
substantially implicated in a high incidence of CAS; thus, both MB and CAS are major causes of vasospastic
angina. [11,12]. Therefore, if the cause of chest pain is judged to be cardiovascular, clinicians usually evaluate
coronary arteries with electrocardiography, stress test, cardiac computed tomography scans, and coronary
angiography, (CAG) including the intracoronary acetylcholine (ACH) or ergonovine provocation test. [11].
Obstructive coronary stenosis requires active treatment with mechanical revascularization and drug
intervention, as it is known to be closely related to poor prognoses such as ACS, myocardial infarction (MI), and
death.1 However, if no significant coronary lesion is seen on CAG despite chest pain, the scope of determining
the prognosis and its association are limited.

BACKGROUND
Cardiovascular disease (CVD) [18]. is a class of diseases that involve the heart or blood vessels. CVD
includes coronary artery diseases (CAD) such as angina and myocardial infarction (commonly known as a
heart attack). Other CVDs include stroke, heart failure, hypertensive heart disease , rheumatic heart
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disease, cardiomyopathy, heart arrhythmia, congenital heart disease, valvular heart disease, carditis, aortic
aneurysms, peripheral artery disease, thromboembolic disease, and venous thrombosis.
Cardiovascular disease is the leading global cause of death, accounting for an estimated 17.5 million
deaths in 2012, and coronary artery disease represented 42 % of these deaths.
Percutaneous Coronary Intervention is a non-surgical procedure that uses a catheter to place a small
structure called a stent to open up blood vessels in the heart that have been narrowed by plaque buildup, a
condition known as atherosclerosis.
However, in-stent restenosis of bare metal stents (BMS) and late thrombosis of drug-eluting stents
(DES) are important limitations of coronary stenting today with poor stent expansion being a predictor of
restenosis.
Both stent over-sizing and under-sizing can have detrimental effects. Larger stents induce more
trauma to vessels and can lead to coronary dissection and/or rupture Under expanded or undersized stents
increase the risk of both restenosis and the likelihood of stent thrombosis. It is therefore important for the
cardiovascular community to understand and quantify the anatomy of the coronary vessels, in particular, that
of bifurcations where atheromatous narrowing is common. In the China, there were an estimated 954,00000
PCI [19]. procedures in 2010. In a large European study with nearly 100,000 stent deployments, restenosis rates
were estimated at 7.4 % for BMS and up to 5.8 % for DES. With the advent of computational atlasing and
associated tools, we can deliver an innovative and accurate database to assist in the informed improvement of
stent technology. The aims of this study are therefore to characterize the coronary anatomy for future stent
design, and to establish a large normal database of cases to which future models with disease can be compared.
Most studies in the literature rely on anatomical measures derived from patients with established disease, use
suboptimal two-dimensional projection imaging techniques, and suffer from high inter observer variability
(e.g. Previously, we published selected basic measures such as angles and diameters. In this work, we present
a computer- aided design (CAD) [20]. to a correspond population of shapes, and apply it to build a large expertreviewed fully 3D atlas of vessel bifurcations. This atlas allows us to test for shape differences in a holistic
fashion by using clinical risk factors. Heart disease is the leading cause of death among men and women in the
United States. Coronary artery disease affects 16.5 million Americans. The American Heart Association (AHA)
estimates that someone in the US has a heart attack about every 40 seconds. In addition, for patients with no
risk factors for heart disease, the lifetime risk of having cardiovascular disease is 3.6% for men and less than
1% for women. Having 2 or more risk factors increase the lifetime risk of cardiovascular disease to 37.5% for
men and 18.3% in women.
Unstable angina: This may be a new symptom or a change from stable angina. The angina may occur more
frequently, occur more easily at rest, feel more severe, or last longer. Although this can often be relieved with
oral medications (such as nitroglycerin), it is unstable and may progress to a heart attack. Usually, more intense
medical treatment or a procedure is required to treat unstable angina.
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Non-ST segment elevation myocardial infarction (NSTEMI): This type of heart attack, or MI, does not
cause major changes on an electrocardiogram (ECG). However, chemical markers in the blood indicate that
damage has occurred to the heart muscle. In NSTEMI, the blockage may be partial or temporary, so the extent
of the damage is usually relatively small.
ST segment elevation myocardial infarction (STEMI): This type of heart attack, or MI, is caused by a
sudden blockage in blood supply. It affects a large area of the heart muscle and causes changes on the ECG as
well as in blood levels of key chemical markers.
Although some people have symptoms that indicate they may soon develop acute coronary syndrome,
some may have no symptoms until something happens, and still, others have no symptoms of acute coronary
syndrome at all.
Ischemia is a condition described as "cramping of the heart muscle." Ischemia occurs when the
narrowed coronary artery reaches a point where it cannot supply enough oxygen-rich blood to meet the heart's
needs. The heart muscle becomes "starved" for oxygen-rich blood to meet the heart's needs. The heart muscle
becomes "starved" for oxygen.
Ischemia of the heart can be compared to a cramp in the leg. When someone exercises for a very long
time, the muscles in the legs cramp up because they're starved for oxygen and nutrients. Your heart, also a
muscle, needs oxygen and nutrients to keep working. If the heart muscle's blood supply is inadequate to meet
its needs, ischemia occurs, and you may feel chest pain or other symptoms.
Ischemia is most likely to occur when the heart demands extra oxygen. This is most common during
exertion (activity), eating, excitement or stress, or exposure to cold.
When ischemia is relieved in less than 10 minutes with rest or medications, you may be told you have
"stable coronary artery disease" or "stable angina." Coronary artery disease can progress to a point where
ischemia occurs even at rest.
Ischemia and even a heart attack can occur without any warning signs and is called "silent" ischemia.
Silent ischemia can occur among all people with heart disease, though it is more common among people with
diabetes. Non-modifiable risk factors (those that cannot be changed) include: Male gender. Men have a
greater risk of heart attack than women do, and men have heart attacks earlier in life than women. However,
beginning at age 70, the risk is equal for men and women. Advanced age. Coronary artery disease is more likely
to occur as you get older, especially after Age 65. Family history of heart disease. You have an increased risk
of developing heart disease if you have a parent with a history of heart disease, especially if they were
diagnosed before Age 50. Ask your doctor when it's appropriate for you to start screenings for heart disease so
it can be detected and treated early. Race. African Americans have more severe high blood pressure than
Caucasians and, therefore, have a higher risk of heart disease. The risk of heart disease is also higher among
Mexican Americans, American Indians, native Hawaiians, and some Asian Americans. This is partly due to
higher rates of obesity and diabetes in these populations. Modifiable risk factors (those you can treat or
control) include: Cigarette smoking and exposure to tobacco smoke High blood cholesterol and high
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triglycerides – especially high LDL ("bad") cholesterol over 100 mg/dL and low HDL ("good") cholesterol
under 40 mg/dL. Some patients who have existing heart or blood vessel disease, and other patients who have
a very high risk, should aim for an LDL level less than 70 mg/dL. Your doctor can provide specific guidelines.
High blood pressure (140/90 mmHg or higher) Uncontrolled diabetes (HbA1c >7.0) Physical inactivity
Being overweight (body mass index [BMI] 25–29 kg/m2) or being obese (BMI higher than 30 kg/m2)

Hypotheses:
We hypothesize that the different located bifurcations and morphology of BFC/POC may not abide
Murray’s rule or the associated rules.

Objectives:
This study aims: 1) to set up a method to detect BFC/POC shape and to its dimension in different
bifurcation types and locations; 2) to validate the four models based on the coronary bifurcation measurement
from normal population; 3) to investigate potential relevance of the BFC/POC morphology in CBLs
interventions.

MATERIALS AND METHODS
Sample Data:
In this study Computed tomographic angiography (CTCA) is routinely used in the assessment of
coronary heart disease due to its superior resolution compared with other imagining modalities. All datas were
collected from CTCA lab database (Fuzhou union hospital, department of Cardiology) with the consent from Dr
Chen. All the patients included here are with zero calcium score, no stenosis, HTN and DM is not associated
with size and angels of coronary bifurcation.
We used CTCA atlas to assess the POC for distal LM. Four segments within 90 LM bifurcation were
(1) ostial LAD, (2) POC, and (3) distal LM (DLM)--from LAD and (4) ostial LCX.
A population N= 200 with no stenosis, zero calcium score and no intermediate artery was
retrospectively selected from our CTCA database. The population demographics were 67% male and 33%
female, the youngest patient is 41 and oldest one is 85.

Study population:
Inclusion criteria:
1.

subjects with unknown chest discomfort in whom coronary artery disease could be finally excluded
clinically.

2.

subjects underwent CCTA with normal or negative findings either by CCTA or invasive coronary
angiography if obtainable.

3.

images of CCTA with high-quality.
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Exclusion criteria:
1.

subjects with unknown chest discomfort in whom coronary artery disease couldn’t be finally
excluded clinically.

2.

any detectable lesions in any bifurcated segments by CCTA.

3.

suboptimal images of CCTA.

CCTA imaging:
Coronary computed tomography angiography (CCTA) was performed by using a multi-slice CT scanner
(Evolution, GE Healthcare, optima CT660, USA) with ECG-gated during total cardiac circle for coronary artery
imaging. Basilica vein was punctured for a bolus injection of 1.0 ml/kilogram of iodic contrast medium.
Imagining raw data was digitally stored in a workstation incorporated with specialized analytic software
(Software for Evolution, GE Healthcare, optima CT660, USA) to subsequently reconstruct and analyze 2-and 3dimensional images.

CCTA analysis:
Target bifurcation for measurement:
1.

All bifurcations, either T-type or Y-type bifurcation, were deemed to be candidates of the target
bifurcations.

2.

The target bifurcations could be located at the distal LM (LM-LAD-LCX), LAD-Dx, LCX-OMx, or distal
RCA (RCA-PDA-PL) bifurcations.

3.

The SB diameter should be ≥2.5mm;

Build-up measuring models:
1.

POC definition: firstly drawing the centerlines of each bifurcated segment respectively, and then
the lines from the carina level perpendicular to the centerline of DMV and SB (served as DMV and
SB diameter or two of the bottom margin of POC); step-by-step measuring PMV diameter along PMV
centerline at 1.0 mm step-size until the diameter abruptly increases by 0.25mm bigger than PMV
reference diameter to identify the beginning of the bifurcated core.

2.

For Y-type bifurcation, there is a polygon area connecting each bifurcated segment (BFC/POC)
which was encompassed by 5 margins (Figure-1), whereas for T-type bifurcation, there is a
trapezoid area rather than a POC in the bifurcated core.
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Figure 2: Definition of the polygon of the confluence in the bifurcated core for the Y-type bifurcations
Parameters for measurements:
1.

Distal bifurcation angle (DBA): measured in the end-diastole at the best projection plane of the
different bifurcations.

2.

Dimensions: (1) each marginal length of POC including the diameter of PMV, DMV and SB, and the
length of the SB and DMV margin; (2) maximal diameter of POC from LAD carina and LCX carina,
(3) maximal length of POC from bifurcated carina to the point intersected with the PMV centerline.

3.

Area and volume: (1) POC area on 2D images, (2) POC volume on 3D images.

Statistical analysis:
All analyses were performed with statistical software packages (SSPS 20.0, Chicago, IL, USA).
Data were expressed as mean ± SD for continuous or frequency for discrete or categorical variables.
To compare differences between groups, student t test was performed for continuous variables, and chi square
or Fisher's exact test for the discrete variables. A p value < 0.05 was considered statistically significant.
CTA IMAGING AND ANALYSIS:
Collection of data sets of 100 subjects eligible has been finished (following figure).
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• Coronary CT angiography (CTA) is the use of computed tomography (CT)angiography to assess
the coronary arteries of the heart

Figure 3: Locations of the bifurcations have been determined

Figure 4: Locations of the bifurcations have been determined
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Figure 5: Shapes and types of the bifurcations have been identified

• The left coronary artery originates from the aortic sinus and splits into two main vessels , the left
circumflex(LCX) and the left anterior descending (LAD) or LMB.
• We will focus more on polygon of confluence (POC)

Figure 6: Segmentation of the bifurcations has been set up

Coronary Computed Tomography Angiography (CCTA):
Coronary computed tomography angiography (CCTA) uses an injection of iodine-containing contrast
material and CT scanning to examine the arteries that supply blood to the heart and determine whether they
have been narrowed. The images generated during a CT scan can be reformatted to create three-dimensional
(3D) images that may be viewed on a monitor, printed on film or by a 3D printer, or transferred to electronic
media.
Tell your doctor if there's a possibility you are pregnant and discuss any recent illnesses, medical
conditions, medications you're taking, and allergies. You will be instructed not to eat or drink anything several
hours beforehand and to avoid caffeinated products, Viagra or similar medication. If you have a known allergy
to contrast material, your doctor may prescribe medications to reduce the risk of an allergic reaction. These
medications must be taken at multiple intervals beginning 13 hours prior to your exam. Leave jewelry at home
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and wear loose, comfortable clothing. You may be asked to wear a gown. If you are breastfeeding, talk to your
doctor about how to proceed.
Coronary computed tomography angiography (CCTA) is a heart imaging test that helps determine if
plaque buildup has narrowed the coronary arteries, the blood vessels that supply the heart. Plaque is made of
various substances such as fat, cholesterol and calcium that deposit along the inner lining of the arteries.
Plaque, which builds up over time, can reduce or in some cases completely block blood flow. Patients
undergoing a CCTA scan receive an iodine-containing contrast material as an intravenous (IV) injection to
ensure the best possible images of the heart blood vessels.
Computed tomography, more commonly known as a CT or CAT scan, is a diagnostic medical imaging
test. Like traditional x-rays, it produces multiple images or pictures of the inside of the body.
The cross-sectional images generated during a CT scan can be reformatted in multiple planes. They
can even generate three-dimensional images. These images can be viewed on a computer monitor, printed on
film or by a 3D printer, or transferred to a CD or DVD.
CT images of internal organs, bones, soft tissue and blood vessels provide greater detail than
traditional x-rays, particularly of soft tissues and blood vessels.

limitations of Coronary CTA:
A person who is very large may not fit into the opening of a conventional CT scanner or may be over
the weight limit—usually 450 pounds—for the moving table.
Patients who are extremely overweight or who have abnormal heart rhythms may not be good
candidates for this test because image quality may be compromised.
Unlike CCTA, which is only a diagnostic test, invasive coronary angiography can be used for both
diagnosis and treatment in a single session. If a narrowing or blockage is found during a CCTA, it cannot be
treated at the same time. Patients with a high risk of coronary artery disease and typical symptoms might
undergo coronary angiography instead of CCTA because they are more likely to need treatment.
CCTA can be difficult to read if there are many areas of old, calcified (hardened) plaque, which can be
the case in older patients.
SEGMENTATION:
The left coronary artery main, also called the left main for short, typically originates at the left aortic
sinus of Valsalva and courses in the left anterior direction. After approximately 1 to 2 cm, the left main
bifurcates into the left anterior descending artery(LAD) and the circumflex artery (LCX) between the left atrial
appendage and the pulmonary trunk.
In our database CTCA LAB, (Fujian. Medical university union hospital), containing over 400 cases, we
chose 200 cases of normal study and avoiding third branch trifurcation termed intermediate, arteries with
stenosis were excluded from this study.
Typically, the LAD presents one or more child vessels named diagonals. Analogously, the LCX gives rise
to obtuse marginals. We only considered the LAD, LM, POC, first diagonal (D1) and first obtuse marginal (OM1)
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arteries. A standard operational procedure ensured that the largest branch was labelled as the first obtuse
marginal or diagonal. Subsequent branches were identified and labelled but were not included in this
bifurcation study. In the right coronary artery, the most important bifurcation from an interventional point of
view typically occurs at the crux of the heart, splitting into the posterior descending and the postero lateral
branches; we refer to this bifurcation as simply the (right-coronary) crux.
CTCA scans were semi-automatically segmented as previously described Briefly, a virtual catheter was
placed in the left coronary ostium in the CT volumes (Fig. 1). Centerlines were then automatically created and
further refined manually. Luminal meshes were generated from these centerlines and the CTCA scans using
customized level-set software. All the cases were visually checked for quality and manually labelled. The
European Bifurcation Club (EBC) is an academic consortium created in 2004 whose goal has been to assess and
recommend the appropriate strategies to manage normal coronary bifurcation in normal population in 2009,
the EBC assigned to the angiographic subcommittee the task of developing a consensus regarding the
appropriate use of CTCA for the evaluation of bifurcation shape and size in normal population. In Therefore,
the aim of this document is to provide an update on the recommendations based on statistical size and shape
on normal coronary bifurcation analysis.

Figure 7: Screen-shot of the segmental tool MIA lite used to extract the luminal mesh from the centerlines
and the ct volume, resulting segmentation with the left main bifurcation highlighted in red, units in mm.
3D bifurcation coronary reconstruction from angiographic images Coronary artery disease is the main
cause of ischemic heart disease and death in developed countries. Particularly, the treatment of coronary
lesions at the bifurcation is a current challenge interventional cardiology. Providing a virtual coronary model
and information about stenting implant can represent an important support for the clinical practice, especially
for the procedure planning The aim of this study is to implement a method for 3D reconstruction of bifurcation
coronary arteries to provide a computer-based tool, having a simple graphical user interface (GUI), devoted to
the 3D visualization of the coronary vascular tree and to the calculation of its several geometrical features from
two single-plane angiography images [2,3,4]. This elaboration can be further extended for the generation of 3D
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computational mesh of the vessel wall to be used within structural Finite Element Analysis (FEA). In this study
we define a methodological framework, resembling the work- flow depicted in Figure8.

Figure 8: Schematic work-flow of the 3D reconstruction procedure
In the following, we describe briefly each step of the workflow, which is implemented in Matlab
(The MathWorks Inc., Natick, MA, USA).
Image enhancement is performed to improve the image quality, removing the noise and enhancing
the contrast of the original image.

RESULTS
A total of 200 subjects eligible were included in this study with measurable bifurcations located at the
distal LM of 100, LAD-Dx of 150, LCX-OMx of 120, and distal RCA of 120.
1. Parameter measurements
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DBA()

Branch

diameter

(mm)

PMV
Distal LM

179

(n=200)

4.5±0.8

Marginal

length

(mm)

(mm)

DMV

Maximal measurements
(mm )

(mm )

(mm2)

SB

DMV-L

SB-L

P0C-D POC-L

POC-A

3.8±1.7

3.7±0.9

1.8±0.6

4.1±0.7 4.1±0.7 12.63±0.9

2.8±0.5
Table 2: Parameters measurements in the distal LM bifurcation

a)

Parameter measurements in the different located bifurcations
DBA()

Branch diameter(mm)

Marginal

Maximal measurements

length(mm)
PMV
Distal

DMV

SB

DMV-L

SB-L

POC-

POC-

POC-

D(mm)

L(mm)

A(mm2)

179

4.5±0.8

3.8±1.7

2.8±0.5

3.7±0.9

1.8±0.6

4.1±1.2

4.1±0.7

12.63±0.9

LAD-Dx

127

4.0±0.6

3.3±1.4

2.6±0.7

3.2±0.9

1.6±0.7

3.9±1.0

3.9±0.6

11±0.9

LCX-

170

3.5±0.5

3.0±2.0

2.4±0.7

2.9±0.9

1.4±0.6

3.2±1.0

3.8±0.7

10.5±0.6

167

4.4±2.0

3.2±1.4

2.5±0.7

3.0±0.6

2.5±0.6

4.0±1.0

4.1±0.9

9.5±3.8

LM

OMx
Distal
RCA
Table 3: Parameter measurements in the different located bifurcations
Table 3. Normal coronary bifurcation measurement in the different located bifurcations
Abbreviations: DMV-L = the length of DMV margin of POC; SB-L = the length of SB margin of POC; POC-D = the
maximal diameter of POC; POC-L = the maximal length of POC; POC-A = the maximal area of POC (similar in the
following table unless otherwise indicated)
2.

Comparison of measurements in the different types of bifurcation
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DBA()

Branch diameter(mm)

Marginal

Maximal measurements

length(mm)

T-

PMV

DMV

SB (LCX)

(LM)

(LM)

81±10

4.3±0.6

3.9±1.7

3.1±0.5

60±10

4.7±0.5

3.2±1.2

2.6±0.6

DMV

SM

POC-D

POC-L

POC-A

(LCX)

(mm)

(mm)

(mm2)

3.8±0.7

1.8±0.6

4.2±0.9

4.1±0.5

13.2±0.9

1.9±0.5

1.9±0.5

4.3±0.8

4.0±0.5

12.6±0.7

type
Ytype
Table 4: Parameter measurements in the different bifurcated types
Table4. Correlation of maximal POC length/diameter to distal bifurcation angle, showed that there was
linear relationship between the maximal POC length to distal bifurcation angle (r = x, P<0.001).
From table4 for the Y-type and T-type, the best rule was finet types for both bifurcations whose vessels
diameter and bifurcation angels obey finet rule. The mother vessel diameter calculated with the HK rule or
Murray is either bigger or smaller than that measured with professional software of CCTA.
The bifurcations from coronary artery were found to obey the finet diameter model and angel rule much
more than HK and Murray’s model. For distal LM bifurcation the best rule was Finet whose vessels diameters
obey Finet rule.
3.

Validation of four rules in different bifurcated types and locations
Y bifurcation
HK
Mother diameter(mm)
Mean

diameter

FINET

T bifurcation

Murray

HK

Finet

Murray

3.9

4.0

3.7

4.8

4.7

4.5

3.2

3.2

3.9

3.9

3.9

3.1

3.1

3.1

of

Larger

3.2

of

smaller

2.6

daughter (mm)
Mean

diameter

2.6

2.6

daughter (mm)
Table 5: Parameters for Y and T bifurcated types and locations
Table5. showed that four rules in different bifurcated types and locations.
From table5 we can see for distal LM bifurcation the best rule was Finet whose vessels diameters obey
Finet rule. The mother vessel diameter calculated with the HK rule or Murray is either bigger or smaller than
that measured with professional software of CCTA. Table5. showed that four rules in different bifurcated types
and locations.
For more accurate description of the relationship among three bifurcated segments: for the Y-type and
T-type, the best rule was finet types for both bifurcations whose vessels diameter and bifurcation angels obey
finet rule
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For bifurcations of the distal LM, LAD-Dx, LCX-OMx, and distal RCA, the best rule was finet type whose
vessels diameter and bifurcations angel obey finet diameter rule
The bifurcations from coronary artery were found to obey the finet diameter model and angel rule much more
than HK and Murray’s model.

DISCUSSION
We have presented a coronary bifurcation measurement at different bifurcation locations in normal
population based on normal anatomy which is applicable to any collections of shapes and have applied four
angel models of coronary diameter bifurcation of 200 patient’s models compromising 400 bifurcations in total.
Clinical approach to the quantification of vascular bifurcation shape and size focus on diameter and angel with
their average diameter measured at different bifurcation location. We did set up a method to detect bifurcation
core /polygon of confluence shape and to its dimension in different bifurcation types and locations; we also did
validate the four models based on the coronary bifurcation measurement from normal population and we also
investigate potential relevance of the BFC/POC morphology in CBLs interventions. As we measure different
location of coronary bifurcation, from this study we have stent benefits by forming the size (and future shape)
and individual stent selection can be informed. Percutaneous Coronary Intervention is a non-surgical
procedure that uses a catheter to place a small structure called a stent to open up blood vessels in the heart
that have been narrowed by plaque buildup, a condition known as atherosclerosis. Selection of suitable balloon
size for maximal optimization can be ensure by finet diameter rule in comparison to Murray’s or HK‘s rule
according to our Finding as you can see in table5 Finet model is more useful than the HK and Murray models
for selecting interventional devices and individual stent for PCI. Clinical implication in the different types and
locations of bifurcations. There was optimal relationship among the diameters of the three segments of
bifurcation, maximal flow through the third segment can be ensure if the normal diameter of first two
bifurcations segments are known. Optimal diameter of third segment can be determined to ensure an optimal
flow through the bifurcations. It’s useful to restore the native bifurcated morphology by current PCI techniques.
As for either Y or T type distal left main bifurcation, the Finet diameter model is more suitable than HK’s and
Murray’s model.

CONCLUSION
For more accurate description of the relationship among three bifurcated segments: for the Y-type and
T-type, the best rule was finet types for both bifurcations whose vessels diameter and bifurcation angels obey
finet rule. The mother vessel diameter calculated with the HK rule or Murray is either bigger or smaller than
that measured with professional software of CCTA. For bifurcations of the distal LM, LAD-Dx, LCX-OMx, and
distal RCA, the best rule was finet type whose vessels diameter and bifurcations angel obey finet diameter rule
The bifurcations from coronary artery were found to obey the finet diameter model and angel rule much more
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than HK and Murray’s model. For distal LM bifurcation the best rule was Finet whose vessels diameters obey
Finet rule.
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