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Abstract 
Background and aim :There is no available data on normal coronary 

artery dimensions among Iraqi Kurdish population (Sulaimani region), so 
that our aim is to study the normal dimensions of the coronary artery 
segments during life by using quantitative coronary angiography with 
reference to dominancy and variations and possibly to help interventional 
cardiologist and cardiac surgeon. 
Methods:Between February 2009 to June 2009, 88 patients underwent 
quantitative coronary angiography for evaluation of symptoms of ischemic 
heart disease and were found to have no coronary artery disease from the 
sample size. 
Results: The diameter of the coronary arteries were larger in male subjects 
than females with significant p-value for LMCA, proximal LAD, LCx and 
RCA regarding proximal RCA also was larger among male but statistica-lly 
was non significant .The diameter of the coronary arteries in Kurdish 
population were similar to Caucasians and white but greater than that of 
Indians. 
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Conclusion:In general males has larger coronary artery diameter than 
females, the mean diameter was similar to that reported in Caucasians and 
white and larger than Indians. 

 
Keywords: Coronary angiography, coronary artery, coronary variation 
 
Introduction: 
 Coronary artery disease is one of the major causes of death in 
developing countries. More progress has been made in the last few decades 
than in all foregoing medical history in the management of cardiovascular 
diseases (Huma et al, 2006). 
 Today, with the widespread use of new imaging diagnostic 
techniques and the development of non-aggressive treatments, a thorough 
knowledge of the normal coronary anatomy and its variations and/or 
anomalies is essential (Mcconnell et al, 1995, Post et al, 1995, Ropers et al, 
2001) . 
 Accurate description of the extent of coronary atherosclerosis is 
predicated by understanding the normal coronary anatomy; however studies 
concerning luminal dimensions of truly normal coronary arteries are limited. 
Several studies have evaluated the dimensions of postmortem coronary 
arteries (Ehrlich et al, 1931, Rodriguez and Robbin, 1959, Wilens et al, 1966, 
Hutchins et al, 1977). 
 There have been very few studies of normal (undiseased) coronary 
artery size performed during life using quantitative coronary arteriographic 
(QCA) techniques in living patients with presumably normal arteries 
(MacAlpin et al, 1973, Vieweg et al, 1976, Ratib and Mankovich, 1988, 
Hermiller et al, 1992, Dhawan and Bray, 1995).  
 Knowledge of the normal and variant anatomy and anomalies of 
coronary circulation is an increasingly vital component in the management of 
congenital and acquired heart diseases (Kalpana, 2003). 
 Traditional way of expressing severity of coronary artery stenosis is 
by percentage stenosis, prediction of normal coronary dimensions may 
overcome the inadequacies of percentage stenosis in diffuse coronary artery 
diseases .To define the presence of such diffuse disease angiographiclly, the 
size of the disease-free artery at such site in the coronary tree must be known 
(Brown et al, 1977, Harrison et al, 1984, Fleagle et al, 1989, Johnson et al, 
1988, Vicram et al, 2005). 
 Measurement of absolute coronary dimensions, defined by the use of 
artery lumina are obtained by using catheter, these techniques are  validated 
and widely accepted method to investigate changes in arterial dimensions 
over time (Harrison et al, 1984, Fleagle et al, 1989, Hermiller et al, 1992, 
Herrman et al, 1994, Tadehara et al, 2001) . 
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 Previous postmortem and angiographic studies have evaluated the 
relation between cardiac anatomical features and coronary arterial size, it has 
been found that coronary arterial size varies directly with ventricular wall 
mass (Lewis and Gotsman, 1973, MacAlpin et al, 1973, Leung et al, 1991, 
Paulsen et al, 1975, Hutchins et al, 1977, Roberts and Roberts 1980, O’Keefe 
et al, 1987). 
 There is also postmortem observation and animal studies suggesting 
that the amount of myocardium supplied by a coronary vessel is related to 
the size of that proximal vessel (Rodriguez and Robbin, 1959, Koiwa et al, 
1986). 
 In the field of cardiology, coronary arteries do not usually show up 
on x-ray only if calcified, but coronary angiography allows them to be seen 
by injecting a special dye that shows up on x-ray. Angiography remain the 
gold standard for diagnosis of coronary artery diseases, it provides both 
anatomical and physiological information about coronary flow (Ito et al, 
1992, Bittl and Levin, 1997, Vanthof et al, 1998, Tarantini et al, 2006, 
Bugiardini et al, 2007). 
 
Coronary circulation: 
 The heart works continuously, and cardiac muscle cells require 
reliable supplies of oxygen and nutrients. The coronary circulation supplies 
blood to the muscle tissue of the heart. During maximum exertion, the 
oxygen demand raises considerably, and the blood flow to the heart may 
increase to nine times above resting levels. The coronary circulation 
includes an extensive network of coronary blood vessels (Frederic et al, 
2003).                                                                                                       

 The heart is supplied by the two coronary arteries and their branches. 
The right and left coronary arteries (RCA and LCA) originate at the base of 
the ascending aorta, within the aortic sinus, as the first branches of this 
vessel. Blood pressure here is the highest found anywhere in the systemic 
circuit, and this pressure ensures a continuous flow of blood to meet the 
demands of active cardiac muscle tissue. Variations occur occasionally in 
their origin and pattern of distributions. Each coronary artery is the main 
source of supply to its same side atrium and ventricle, but also supply 
opposite side chambers to some extent (Frederic et al, 2003, Sinnatamby, 
2006).   
 
Coronary artery anastomoses: 
 Anastomoses between right and left coronary arteries are abundant 
during fetal life, but are much reduced by the end of the first year of life 
(Standring et al, 2005). 
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 There are interarterial coronary connections between different 
branches of the same coronary artery (homocoronary collateral circulation) 
or between different coronary arteries (hetrocoronary collateral circulation) 
(Cohen, 1985). 
 Because the arteries are interconnected in this way, the blood supply 
to the ventricular muscle remains relatively constant, regardless of pressure 
fluctuations within the left and right coronary arteries (Frederic et al, 2003). 
 The functional value of such anastomoses is variable, but they appear 
to become more effective in slowly progressive pathological condition, it 
may become valuable and most effective in conditions of hypoxia and in 
chronic coronary artery diseases, but they are usually not large enough to 
provide an adequate blood supply to the cardiac muscle when one of the 
large branches is blocked completely by disease. A sudden block of the 
larger branches of one of the coronary arteries usually lead to myocardial 
death (myocardial infarction). The most frequent sites of anastomoses are the 
apex, the anterior aspect of the right ventricle, the posterior aspect of the left 
ventricle, crux and interarterial and interventricular groove (Snell, 2004, 
Standring et al, 2005). 
 
Variations in the coronary arteries: 
 The arrangement of the coronary arteries varies considerably among 
individuals. Coronary arteries normally found in pairs, may vary in origin, 
distribution and size, these arteries emit several branches responsible for 
irrigating the whole surface and interior heart tissue (Standring et al, 2005). 
 
Coronary artery dominance: 
 The concept of right or left dominant was first proposed by 
Schlesinger in 1940. This term used to refer to the coronary artery that gives 
the PDA which supplies the diaphragmatic surface of the heart. (Schlesinger, 
1940, Standring et al, 2005)  
 This term is frequently used but is potentially misleading; it could be 
taken to mean that the dominant coronary is the one that irrigates the greater 
part of the myocardium, but in fact it is always the LCA that does so .The 
term refers to the supply of the heart’s diaphragmatic surface of both 
ventricles, which may be the right or left coronary artery (Reig, 2003). 
 The artery that supplies the PDA determines the coronary dominance 
(Fuster et al, 2001) 
 The dominancy is determined as follow: 
 1) If the RCA supplies the PDA, the circulation can be classified as 
right-dominance. Fig. (1.5) 
 2) If the LCx artery, a branch of LMCA, supplies the PDA, the 
circulation can be classified as left dominance. Fig. (1.6) 
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 3) If  branches of both arteries (RCA and LMCA) run in or near the 
posterior interventricular groove, the PDA, the circulation can be classified 
as co-dominant.  
 Schlesinger, (1940) reported right dominance in 58% of hearts, left   
dominance in 18% and a balance in 34%. 
 Right dominance is present in most individuals (90%) of general 
population and left dominance is about (10%)  (Sinnatamby, 2006, Carmine, 
2007, Snell, 2008). 
 
Coronary Angiography:  
 It is a minimally invasive procedure to access the coronary 
circulation and blood filled chambers of the heart using specially designed 
catheter, it is performed for both diagnostic and interventional (treatment) 
purposes (Connolly, 2002). 
 The exact anatomy of the myocardial blood supply system varies 
considerably from person to person; a full evaluation of the coronary arteries 
dimensions accurately requires coronary catheterization or CT coronary 
angiography (Fuster et al, 2001, Skelton et al, 1987). 
 Coronary angiography is one of the several cardiology diagnostic 
tests and procedures, its a visually interpreted test performed to recognize 
occlusion, stenosis, restenosis, thrombosis or aneurysmal enlargement of the 
coronary artery lumens; heart chamber size; heart muscle contraction 
performance, even with the advent of new non invasive imaging modalities 
such as Cardiac CT and MRI, coronary angiography remain the gold 
standard for detecting clinically significant coronary diseases (Connolly, 
2002). 
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Fig.(2.2) 
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Patients and Method 
Patients: 
 Between February 2009 and July 2009, 88 patients (29 males and 59 
females) their ages range between 27-70 years; underwent coronary 
angiography for evaluation of symptoms of chest pain and ischemic heart 
diseases at Sulaimani Center for Heart Diseases, but their angiograms were 
normal. 
 
Exclusion criteria:  
 Patients with previous history of ischemic heart disease, Coronary 
Artery By Pass Graft, Patients with Valvular heart disease, Diabetes 
Mellitus,Hypertensive patients who have left ventricular hypertrophy and 
Patients who have sever tortuous vessels. 
 The baseline clinical status and demographic data were obtained from 
the hospital records and comprised of patients from Sulaimani City district 
and the surrounding area were included and studied.                      
 
Before the procedure: 
 All patients were seen by their physician a day before the procedure, 
full clinical assessment done ,the essential hematological and biochemical 
test done for them which included the followings: Virology (HBs Ag, HCV 
Ab, HIV), Hematology (Hb, WBC, platelet count), Biochemical (Blood 
sugare ,blood urea, serum creatinin), Lipid profile (Serum choles-trol, Serum 
triglyceride). 
 Reviewing of the echocardiography report done to exclude valvular 
heart disease and the presence of left ventricular hypertrophy. 
 For patients on chronic oral anticoagulation therapy should 
discontinue 3 days before the procedure with (INR<2.0). 
 The procedure and its risk are explained in such terms that the 
patients gives truly informed consent .Then they are instructed to be fasting 
over night(except oral medications),both groins to be shaved and to come 
early morning to the catheterization laboratory. 
 
At the procedure day:  

New Electrocardiography (ECG) and complete vital signs should be 
recorded after arrival, intravenous canula is inserted in place, and the patient 
should empty the urinary bladder before being taken to the cathet-erization 
laboratory and their clothes changed with sterile gown .All patients should 
receive sedation before the procedure to relief the stress of the procedure 
with out going to sleep.  
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 The patient is able to ask questions and follow our requests, like 
taking a deep breath, cough or let us know if there is any discomfort, 
coughing helps clear the contrast from the coronary artery. 
 The aim behind such treatment is to keep the patient extremely 
comforta-ble without being put to sleep .This process is known as conscious 
sedation (Goodman, 2001). 
 When preparations have been finished and the catheterization 
laboratory is ready, the patient will be transferred.  
 The catheterization laboratory consists of a patient support table, 
radiographic device (GE Innova 3100) model 2004, with digital cinefilmless 
archiving and a floor mounted system that allow variable angulations of the 
x-ray beam through the patients. Fig. (2.1) 
 The x-ray system is a flat panale detector design. The room also has 
equipment for monitoring intracardiac pressures, ECG activity and all 
necessary emergency resuscitation tools including defibrillator and 
ventilator. The control and recording equipment situated in a separate room 
that has a window made of lead-treated glass and provides excellent verbal 
communication and rapid access to the procedure room. The generator and 
its associated electronics are placed in ventilated room beside control room. 
In the catheterization labratory there will be a primary operator (physician) 
who will performed the procedure with 3 other staff: (a nurse for assistance, 
one for haemodynamic measures and a radiological technologist) they will 
all wear sterile gown, gloves and mask, the staff are wearing lead apron and 
thyroid collar for protection from radiation .While the patient is on the table 
his both groin are sterilized with povidon iodine for the chance that the other 
groin may have to be used and is covered with sterile blue or green sheets 
covering the whole patient up to the head, the covering towel has two holes 
in groin area . 
 Catheterization is most commonly performed from right femoral 
artery which is located in the right groin. Occasionally the right or left arm 
(brachial artery) or wrist (radial artery) approach may be employed. 
Fig (2.2)      

The x-ray system is a flat panale detector design. The room also has 
equipment for monitoring intracardiac pressures, ECG activity and all 
necessary emergency resuscitation tools including defibrillator and 
ventilator. The control and recording equipment situated in a separate room 
that has a window made of lead-treated glass and provides excellent verbal 
communication and rapid access to the procedure room. The generator and 
its associated electronics are placed in ventilated room beside control room. 
In the catheterization labratory there will be a primary operator (physician) 
who will performed the procedure with 3 other staff: (a nurse for assistance, 
one for haemodynamic measures and a radiological technologist) they will 
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all wear sterile gown, gloves and mask, the staff are wearing lead apron and 
thyroid collar for protection from radiation .While the patient is on the table 
his both groin are sterilized with povidon iodine for the chance that the other 
groin may have to be used and is covered with sterile blue or green sheets 
covering the whole patient up to the head, the covering towel has two holes 
in groin area . 
 Catheterization is most commonly performed from right femoral 
artery which is located in the right groin. Occasionally the right or left arm 
(brachial artery) or wrist (radial artery) approach may be employed. 
Fig (2.2)      
 Local anesthesia induced by injecting lidocaine into the skin and 
adjoin-ing area of the groin. 
 The femoral arterial access is the most common access for 
performing coronary angiography. Anatomical landmarks are used to 
identify the correct site of arterial puncture; the femoral head provide the 
best visible landmark with arterial puncture below the inguinal ligament. The 
front wall of the artery is punctured by using 18G Cook needle on the 
maximal feeling of pulsation as palpated by the fingers .When vigorous 
pulsatile 
 flow seen it means arterial blood, then the J tip guide wire will be 
advanced into the needle, by Seldinger technique (Seldinger, 1953). 
Fig. (2.3). 
 Once the guide wire is at the level of the diaphragm, the needle will 
be removed, appropriate sized vascular sheath will be advanced with a 
rotational motion (in all cases of this study a 6F sheath is used) that is 
equipped with a one-way valve that allows catheters to be introduced 
through the sheath but prevents blood from artery to come out through the 
sheath and side arm tubing. Then the desired catheter (usually beginning 
with JL) flushed and loaded with a J guide wire and it is introduced into the 
sheath, an arterial (6French) sheath is inserted in to the femoral artery and 
selective coronary catheterization is carried out with 6th french Judkins or 
Amplatz right and left coronary catheters as in fig. (2.4). 
 Selective hooking of the coronary ostium is performed and 7-8ml non 
ionic contrast (Iohexol 350mg /ml) is administrated by hand injection. 
Images were then acquired for each coronary artery segment in two or more 
orthogonal views and the mean of the two values was taken for statistical 
analysis. Then the soft end of the guide wire will be advanced carefully 
through the catheter, to the level of the diaphragm before the catheter itself 
advanced. 
 The catheter is then rotated and gently manipulated to guide its tip to 
the opening of the coronary artery. Once the coronary vessels have been 
engaged, selective angiography requires transient but nearly complete 
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replacement of blood flow by injecting radiopaque contrast material into the 
opening of a coronary artery allow the coronary arteries to be visualized. 
 Usually a diagnostic coronary angiography without complications 
will take 10-15 minutes. All angiograms were reviewed by two 
interventional cardiologist (Dr. Jawad and Dr. Mahir) both for definition of 
normal vessels and subsequent quantitative analysis. 
 The decision that this angiogram is normal coronary artery is done 
for all cases also by the same two cardiologist (Dr. Jawad and Dr. Mahir). 
 The  following parameters were observed: 
 1- Diameters of proximal LMCA, proximal LAD, proximal LCx and 
proximal RCA. 
 2- The  percentage of right, left  and co dominant circulation. 
 3- Types of LAD artery. 
 Type 1: the LAD artery do not reach to the apex of the heart. 
 Type 2: the LAD artery reach to the apex of the heart. 
 Type 3: the LAD artery reach beyond the apex of the heart. 
 4- Length of  LMCA :  
 1- Short (equal or less than 5 mm). 
 2- Normal range (between 5-15 mm). 
 3- Long (more than 10mm).  
 It is important to know that the proximal portion of the artery is 
defined as the part of the vessel before the origination of any branches 
(Amgad et al, 2005). 
 
QCA measurement : 
 Calibration of the Quantitative Coronary Angiography (QCA) system 
was carried out by method in which the coronary catheter employed for 
angiography itself was used as the calibration object by automated edge 
detection technique resulting in corresponding calibration factors (mm/pixel) 
and the vessel contour was detected by operator independent edge detection 
algorithms. 
 The dimension of the coronary artery was then measured as a 
function of catheter diameter; the absolute diameter in mm was calculated by 
the computerized software analysis as in fig (2.5), (2.6) and (2.7). 
 In general, to avoid vessel overlap, the cranial left anterior oblique 
view was chosen for proximal LAD, caudal right anterior oblique view for 
LMCA and proximal LCx, and left anterior oblique view for proximal RCA 
.These measurement were made at end diastolic cine-frames. 
 Angiographic views were selected to minimize foreshortening of the 
involved coronary segment and to separate them from adjacent intervening 
structure. 
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Fig. (2.5) QCA measurement of LMCA 
 

 
Fig. (2.6) QCA measurement of RCA 
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Fig.(2.7) QCA measurement of LAD 
 
Statistical analysis: 
 The data were translated into codes using a specially designed coding 
sheet, and then converted to computerized database.  
 Statistical analysis was performed using the SPSS software package 
for Windows version 15.0. 
 Student t-test was used for comparison of differences in coronary 
artery dimensions among males and females, while correlations between 
diameter of coronary arteries and age were estimated by pearson correlation 
coefficient. 
 Correlation between LMCA diameter and diameters of LAD and LCx 
arteries also estimated by pearson correlation coefficient.  
 Method of evaluation of the correlation is as follow: 
 If the value is equal to zero, means there is no correlation. 
 If the value is between zero and 0.5, means weak positive correlation. 
 If the value is between  0.5-1, means strong positive correlation. 
 If the value is between zero and -0.5, means weak negative 
correlation. 
 If the value is between -0.5 and -1, means strong negative correlation. 
 P-value (less than 0.05 was considered statistically significant). 
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Results: 
 Of  the 88 patients, 59(67%) were females and 29 (33%) were males 
with mean age ±standard deviation of 52.1± 9.6. 
 The major complaint of patients was chest pain in (90 %) and 
dyspnea in (10 %) of them, 36.4% were hypertensive and 63.6% were 
normotensive. Regarding coronary dominancy 65% was right dominant 
circulation, 27% mixed circulation and 8% were left dominant circulation 
.Table (3.1) 

Table (3.1) Demographic charadteristic of samples 
Demographic data 

88 Number 
29:59 Sex (M: F) 
Range 27-70 years Age 

 
Clinical characteristics 

90% Chest pain 
10% Dyspnea 
32: 56 Hypertension (Yes: No) 

Coronary dominance 
 65% Right 
 8% Left 
 27% Co-dominant 

 
Diameters of LMCA, LAD, LCx and RCA: 
 In general the mean diameters of LMCA was (4.63 mm), LAD (3.42 
mm), LCx (3.12 mm) and RCA (3.11 mm).  Table (3.2) 

Table (3.2) Mean diameter of LMCA, LAD, LCx and RCA in general 
RCA LCx LAD LMCA Artery name 
88 88 88 84 Patients number 
3.11 3.12 3.42 4.63 Diameter (mm) 

 
 In general males had larger coronary artery diameter as compared to 
females.  
 The mean diameter in males (in mm) for LMCA (4.86± 0.77), 
proximal LAD (3.60 ± 0.58), proximal LCx (3.26 ± 0.62) and proximal RCA 
(3.26 ± 0.65), while the mean diameter in females (in mm) for LMCA (4.50 
± 0.73), proximal LAD (3.31 ± 0.46), proximal LCx (3.03 ± 0.39) and for 
proximal RCA (3.02 ± 0.55). Table (3.3) 
 The males had a statistically significant larger coronary artery 
diameter  for the LMCA, proximal LAD and proximal LCx (p<0.05).The 
difference between males and females however was not significant in the 
proximal RCA. 
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Table (3.3)  Comparison of coronary artery diameter among males and females. 

The Artery 
  

Male Female 

Nu
mb
er 

Mea
n 
diam
eter 

Std. 
Deviatio
n 

Numbe
r 

Mean 
diamete
r 

Std. 
Deviati
on 

T- test P-
Value 

LMCA (mm) 30 4.86 0.77 54 4.50 0.73 2.09 0.03 
LAD (mm) 32 3.60 0.58 56 3.31 0.46 2.49 0.01 
Lcx (mm) 32 3.26 0.62 56 3.03 0.39 2.11 0.03 
RCA (mm) 32 3.26 0.65 56 3.02 0.55 1.85 0.06 

P-Value <0.05 regarded as significant 
 

Correlation between coronary artery diameter with  age: 
 There was a weak positive correlation between the patients age and 
the diameters of LMCA, proximal LAD, proximal LCx and proximal RCA 
which was statistically non significant as shown in table (3.4) and represent 
graphically in fig (3.1), (3.2), (3.3) and (3.4).   

Table (3.4) Correlation between age of the patients and coronary artery diameter. 
  LMCA mm LAD mm Lcx mm RCA mm 
Age Pearson 

Correlation 0.08 0.13 0.11 -0.003 

Sig. (2-tailed) 0.44 0.21 0.28 0.976 
Number 84 88 88 88 

 
Fig. (3.1) Simple scatter chart showing correlation between LMCA and age 
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Fig (3.2) Simple scatter chart showing correlation between LAD artery and age 

 

 
Fig (3.3) Simple scatter chart showing correlation between LCx artery and age 
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Fig (3.4) Simple scatter chart showing correlation between RCA and age. 

 
Coronary artery dominancy: 
 The present results describe a higher percentage of  right coronary 
dominance in all cases studied regardless of gender. In general the type of 
dominancy was right sided in 64.8%, co-dominant in 27.3% and left 
dominant in 8%. Table (3.5). 

Percentage frequency Type of dominancy 
64.8 57 Right 
8.0 7 Left 
27.3 24 Co dominant 

100.0 88 Total 
 
Fig (3.5) shows the details of dominancy in both sexes.  

The percentage of  right dominant circulation was 53.1 % in  males 
and 71.4 % in females. 
 For co dominant circulation  was 37.5 % for males and 21.4 % for 
females, while the percentage of left dominant circulation was 9.3% for 
males and 7.1% for females.  
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Fig (3.5) Pie chart showing types of coronary dominancy in both sexes 

 
5   Length of the LMCA: 
 For the length of LMCA we report 4 cases ( 4.5%) of  separate ostia 
for LAD and LCx arteries (mean the length is equal to zero).  
 For the remainder 38.6 % was short (less than 5 mm), in 43.2 % of 
cases the length of LMCA was within normal range (between 5-15 mm), and 
13.6 % was long (more than 15 mm). Table (3.6), Fig (3.6) 

Table (3.6) Length of LMCA 

Percent Frequency 
 
 LMCA length 

38.6 34 Short 

43.2 38  
Normal length 

13.6 12  
Long 

95.5 84  
Total 

4.5 4 Separate ostia 
100.0 88 Total 
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Fig (3.6) Pie chart showing the length of LMCA 

 
Types of LAD artery: 

Table (3.7) and fig (3.7) show the results of LAD length with a value 
of 45.5 % for type 3 (reach beyond the apex of the heart), 44.3 % for type 2 
(reach the apex) and 10.2 % for type 1(terminate before reaching the apex).  

Table (3.7) Types of LAD artery 
Types of LAD Frequency Percent 
Type 1 9 10.2 
Type 2 39 44.3 
Type 3 40 45.5 
Total 88 100.0 

 
Fig (3.7) Pie chart showing the types of LAD artery 
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Correlation between length of LAD artery and right coronary dominancy: 
 There was an inverse relationship between the length of LAD and 
right dominant circulation with 100% right sided dominancy in those with  
type 1 LAD, 74% right sided dominancy for those with type 2 LAD and 47% 
of those with type 3 LAD have right dominancy. Table (3.8) 

Table (3.8) Correlation between LAD types and  right coronary dominancy 
 Right Dominancy  

Type of LAD 
Percentage Frequency  
100% 9 Type 1 
74% 29 Type 2 
47% 19 Type 3 

 
Correlation between LMCA diameter and diameters of LAD and LCx  
arteries: 
 There was a strong positive correlation between the diameter of the 
LMCA with the diameter of proximal LAD artery and a weak positive 
correlation between the diameter of LMCA with the diameter of  LCx artery, 
but both of them was statistically significant as showing in table (3.9), fig. 
(3.8) and (3.9). 
Table (3.9) Correlation between LMCA  diameter and diameters of LAD and LCx arteries 

LMCA  versus Pearson's Correlation Coefficient 
LAD (mm) .623(**) 
LCx (mm) .428(**) 

All thesis value are statistically significants** 

 
Fig. (3.8)Simple scatter chart showing correlation between LMCA and LAD artery 
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Fig. Simple scatter chart showing correlation between LMCA and LCx artery 

 
DISCUSSION: 
 The dimensions of the coronary arteries are highly variable in the 
normal population (Lewis et al, 1970, Restrepo et al, 1973, Hermiller et al, 
1992).    
 Previous studies of normal human coronary artery dimensions have 
been performed primarily in postmortem hearts (Ehrlich et al, 1931, 
Rodriguez and Robbins 1959, Wilens et al, 1966, Hutching et al, 1977) 
 Most of these studies obtained coronary measurements under 
physiologi-cally distending pressures, postmortem alterations in smooth 
muscle distensibility that might affect actual coronary caliber. Therefore, 
necropsy examination may not accurately reflect angiographic coronary 
dimensions measured during life (Leung et al, 1991). 
 Coronary angiography remains the standard of measuring coronary 
artery diameter; it is the principle for defining the anatomy of arteries in 
living beings (Ross, 1987). 
 Since there is no previous study or database in our locality about 
normal dimensions of the arteries of the coronary circulation in normal living 
subjects, we use quantitative coronary angiography to measure the 
dimensions of the coronary arteries for those subjects who has stenosis free 
coronary angiographs.  
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4.1 Diameters of LMCA, proximal LAD, LCx and RCA in relation to 
gender: 
 Quantitative coronary angiogram (QCA) aims to gain a geometric as 
well as functional evaluation of coronary artery dimensions. Geometric 
measurement allows the immediate assessment of coronary artery diameter 
(MacAlpin et al, 1973). 
 Several studies have validated the accuracy of digital QCA for 
estimation of coronary dimensions (Vogel, 1985, Rensing et al, 1992, 
Dhawan and Bray 1994).     
 In the present study we measured the diameters of the above 
mentioned arteries because these arteries are the most important and most 
commonly arteries that involved in atherosclerotic process.  
 The mean diameters of LMCA, proximal LAD, proximal LCx and 
proximal RCA as shown in table (3.2), were similar to the results of studies 
done by Kaimkhani (2004) in Pakistan: LMCA (4.28 mm), LAD (3.22 mm), 
LCx (3.02 mm) and RCA (3.08 mm), Vikram et al, (2005): LMCA (4.3 
mm), LAD (3.48 mm), LCx (3.16 mm) and RCA (3.15 mm) and Amgad et 
al, (2005):  LMCA (4.0 mm), LAD (3.1 mm), LCx (3.0 mm) and RCA (3.1 
mm), in which they measure  the diameters of the coronary arteries by QCA. 
 There was partial correlation between the present study and a study 
done by Leung et al, (1991) in USA in which the diameters of LMCA was 
(4.4 mm), while the diameters of proximal LAD (2.9 mm), LCx (2.8 mm) 
and RCA was (2.8 mm), these measurement are smaller than the results of 
the present study and this is probably due to the fact that the  American 
population is of mixed races. 
 The mean diameter of the above mentioned arteries in the present 
study was significantly larger than the mean diameters obtained by 
Cheemalapati et al, (2006) in India, in which the diameters of  LMCA was 
(3.55 mm), LAD (2.8 mm), LCx (2.75 mm) and RCA was (2.65 mm) this is 
probably due to small body build of Indian populations, as it was found by 
Vikram et al, (2005) that coronary artery dimension correlated with body 
weight. 
 Also our results shows gender differences with larger diameters of 
the above mentioned arteries in males compared to the females which was 
statistically significant for LMCA, proximal LAD, proximal LCx, and not 
for proximal RCA, this was compatible with the results of the studies done 
by Dhawan and Bray, (1995), Lip et al, (1999) and Cheemalapati et al, 
(2006) in which they measure the coronary artery dimensions by 
angiography. 
 In addition, it was similar to the results obtained by Nils et al, (2001) 
in Switzerland in which they measured the coronary artery diameter by Trans 
Esophageal Echocardiography (TEE) and with the results of the study done 
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by Kim et al, (2004) in USA in which they measured the diameter of the 
coronary artery by Intra Vascular Ultra Sound (IVUS). 
 There was a partial similarity between our results and the results of 
the study done by Cheemalapati et al, (2006) in which there was significant 
difference between males and females regarding the LMCA and non 
significant difference in regard to remainder arteries.  
 The reason for these differences is unclear and could be due to racial 
and genetic factors, differences in body habitus, environmental factors and  
life style. 

Table (4.1) comparisn between  the present study and other study 
Present study 
(2009) 

Indian     
study (2006) 

Caucasian 
study (2005) 

Artery 
name 

4.63 3.55 4.2 LMCA 
3.42 2.8 3.4 LAD 
3.12 2.75 3.3 LCx 
3.11 2.65 3.1 RCA 

 
4.2 Correlation between LMCA diameter and diameters of LAD and LCx 
arteries: 
 In our results there was a strong positive correlation between the 
diameter of LMCA with the diameters of  both proximal LAD and LCx as 
shown in table (3.9) using pearsons correlation coefficient and represent 
graphically in fig (3.8) and (3.9), this is in agreement with the Indian study 
by Cheemalapati et al, (2006).  
 
4.3 Correlation between coronary artery diameter with age: 
 There was a very weak positive correlation between the age of the 
patients and diameters of LMCA, LAD, LCx and RCA, but the correlation 
was statistically non significant as shown in table (3.4) and represent 
graphically in fig (3.1), (3.2), (3.3) and (3.4). 
 Our result was compatible with the result of the study done by 
Ehrlich et al, (1931) and  Neufeld et al, (1962) which showed slight tendency 
for adult coronary size to increase with age in postmortem studies. 
 In contrast there is no change in coronary artery size with aging in 
three other previous studies conducted by, Rodriguez and Robbin (1959), 
Wilens et al, (1966) and Hutchins et al, (1977).  
 
4.4 Length of LMCA:  
 The length of the LMCA normally ranges from 0-15 mm (Hermiller 
et al, 1993, Douglas et al, 2005). 
 In the present study we found that 4 cases (4.5%) having separate 
ostia for LAD and LCx. In a study done by Cavalcanti et al, (1995) the 
percentage of separate ostia for LAD and LCx was 1.8% , while Saidi et al, 
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(2002) in Kenya show 2% for separate ostia, both of them was a postmortem 
studies, this differences probably related to racial differences.  
 While in a study done by Topaz et al, (1991) in USA the incidence of 
separate ostia for LAD and LCx was 0.4%, this discrepancy between our 
result and the result of this study probably related to the larger number of 
cases involved in later study and ethnic factor may play an important role. 
 In the present study 43% of the cases,  the length of LMCA was 
between  5-15 mm (normal range), 38% of the cases of the LMCA length 
was less than 5 mm (short) and 13.6% were long (more than 15 mm) as show 
in table (3.6),  these results was compatible with the results of a study 
conducted  by Charles et al; (1973) (by using angiography), in which the 
incidence of normal length of LMCA  (5-15) was high and the incidence of 
long LMCA was low. 
 Also in a study done by Reig and Petit, (2004) their results showed 
that the most common type of LMCA length was the average one (normal) 
which is in agreement with our results. 
 
4.5 Coronary artery dominancy: 
 Anatomical variation of coronary dominance is defined by the 
presence of a coronary branch irrigating diaphragmatic surface of the heart, 
which could be originated from either right or left coronary artery. In the 
present study, right coronary artery branch was found to be responsible for 
the irrigation of the diaphragmatic surface. 
 The percentage of dominancy was shown in table (3.5) and 
represented graphically in fig (3.5), which reveals that the origin of PDA 
from RCA is the commonest anatomical type in males and females and these 
values appear to be highly compatible with the results of the following 
studies in which the percentage of the right sided dominancy was as follow:  
 Murphy et al, (1977) ( 63 %), Hutchins et al, (1978) (70 %),  Jose et 
al, (2003) ( 62.5 %), Kaimkhani et al, (2005) (60 % ) and Eren et al, (2008) 
(70 % ). Notably all these above mentioned studies done on patients with 
normal coronary arteries. 
 Our results in contrast with the results of the studies done by 
Kalpana, (2003), Vasheghani et al, (2008) and Frank et al, (2008) in which 
the percentage of the right dominant circulation was more than in our study 
and as follow: (89 % versus 65 %), (84 % versus 65%) and (90 % versus 65 
%) respectively, this is probably related to racial and ethnic factors and 
larger sample size involved in all of these studies.  
 The incidence of the left sided dominancy in the present study was 8 
% which is compatible with studies done by Murphy et al, (1973) which was 
9 %, Hutchins et al, (1978) was 10 % and Vasheghani et al, (2008) 10 %, all 
these studies done by angiogram.  
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 Other studies show higher percentage of left sided dominancy with 
value of 11 % by both Cavaleanti et al, (1995) and Kalpana, (2003), 12 % by 
both Jose et al, (2003) and Eren et al, (2008), and Kaimkhani et al, (2005) 
with value of  15% .  
 These differences related to the larger sample size and all of these 
studies involved cases with normal and diseased coronary arteries in addition 
to that all of these studies proved that both the coronary artery diseases and 
variations are more common in individuals with left dominance circulation. 
 The incidence of co-dominant circulation in present study was 27 % 
which is similar to the result of study done by Jose et al, (2003) in which the 
value was 25 % and Kaimkhani et al, (2005) with value of 24 %. 
 Other studies shows lower incidence of co dominant circulation with 
value of 20 % for both Hutchins et al, (1978) and Cavalcanti et al, (1995), 
this discrepancy possibly related to racial factors. 
 
4.6 Correlation between types of LAD artery and  right coronary 
dominancy: 
 In this study we found that 45.5% of  the patients having long LAD 
(type 3), 44.3% type 2 LAD and 10.2 % type 1 LAD (short), as shown in 
table (3.7) and fig. (3.7). 
 The results were in agreement with the results of the study done by 
James, (1961), Perimutt, (1983) and Kalpana, (2003) in which the apex of 
the left ventricle was supplied by LAD (type 3 LAD) in the majority of cases 
and supplied by the PDA branch of RCA (type 1 LAD) in minority of cases. 
Also our results showed that those subjects who has short LAD (type 1) 
compensated by right dominant circulation, while those with long LAD (type 
3) usually have left dominant circulation. 
 These findings were compatible with the result of the study done by 
Ilia et al, (2001) who found that those who had short LAD (type 1) were 
having right dominancy and those who had long LAD (type 3) were having 
left dominancy. This means that coronary intervention on patients with type 
3 LAD are more risky, because the cardiac apex in such patients are entirely 
dependent on LAD.  
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