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Abstract
Gensini score (GS) provides valuable information on severity and prognosis of coronary artery disease (CAD).
To evaluate the relationship between the severity of CAD determined by the GS and relation to ST-elevation myocardial infarction,

non-ST segment elevation myocardial infarction (NSTEMI), unstable angina pectoris, chest pain (suspected angina syndrome on
admission) and risk-factors for CAD and predictors of severity.
Observational cross-sectional study.
Consecutive patients who underwent clinically-indicated coronary angiography for ST-elevation myocardial infarction, NSTEMI,

unstable angina pectoris or chest pain were enrolled.
Among 600 patients, 417 (average age 67.8±12.2years) had CAD–related symptoms. Mean GS was 66.7±63.8. Patients

presenting with NSTEMI had the highest GS (81.3±42.3; P< .001) Regression analysis of risk-factors showed the best association
of GS with multivessel disease and coronary artery bypass graft. Regression analysis of medications showed that clopidogrel, had
the best association with low GS.
GS correlated with the severity of CAD, multivessel disease, coronary artery bypass graft, and troponin. GS was related to the

cardiovascular risk-factors of diabetes, hypertension, and high-density cholesterol.

Abbreviations: ACS = acute coronary syndrome, BMI = body mass index, CABG = coronary artery bypass graft, CAD =
coronary artery disease, DM = diabetes mellitus, GS =Gensini score, HDL = high density lipoprotein level, HTN = hypertension, IHD
= ischemic heart disease, LIMA= left internal mammary graft, NSTEMI= non-ST elevationmyocardial infarction, PCI= percutaneous
coronary intervention, STEMI = ST-elevation myocardial infarction, SVG = saphenous venous graft, UAP = unstable angina pectoris.
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1. Introduction
Coronary artery disease (CAD) is a progressive, chronic, systemic
inflammatory disease. Atherosclerosis plays a major role in its
etiology.[1] CAD is a leading cause of morbidity and mortality
worldwide, and its incidence is gradually increasing.[1,2]

Weak evidence has been published regarding the accuracy of
specific strategies, such as indirect quantitative determination of
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the extent and severity of coronary atherosclerosis, for follow-up
and prognosis of patients treated for ST-elevation myocardial
infarction (STEMI), non-ST segment elevation myocardial
infarction (NSTEMI), or unstable angina pectoris (UAP).[3]

Despite its many limitations, coronary angiography remains
the gold standard for the diagnosis of CAD[2] and provides visual
information about the extent of coronary atherosclerosis and of
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some plaque characteristics. Angiographic characteristics of
patients with acute coronary syndrome (ACS) are closely
associated with cardiovascular events and mortality rates.[4–6]

Coronary lesions that are more stenotic have higher rates of
progression to occlusion and myocardial infarction.[4–6] The
number of severely diseased coronary vessels is also predictive of
survival[4] and properties of stenotic lesions are 1 of the major
predictive factors for cardiac events and mortality.[7]

Age, sex, high density cholesterol level (HDL), smoking, and
diabetes mellitus (DM) are related to the severity of coronary
lesions seen on angiograms.[8] CAD appears more often in
patients with DMbecause the pathogenesis of DM involves direct
vascular damage and endothelial dysfunction caused by
hyperglycemia, hypertension (HTN), dyslipidemia and increased
thrombogenesis.[9,10]

Clinically, CAD is responsible for 75% of deaths among
patients with DM, and 30% of patients with ACS have DM.[9–
11,12] However, other reports stated that the association between
related risk-factors and angiographic findings remains contro-
versial.[8]

Quantitative determination of atherosclerosis by Gensini score
(GS) may be as important as other risk-factors for disease
management.[2,4–6,13] Angiographic scoring systems are strongly
correlated with each other and with atherosclerotic plaque
burden. Therefore, scoring systems appear to be a valid estimate
of CAD plaque burden.[2]

When properly applied, expert analysis of available data on
atherosclerosis may benefit the choice of therapies and can
improve the quality of care, optimize patient outcomes, and
favorably affect costs by focusing resources on the most effective
strategies. Most patients with CAD undergo coronary angiogra-
phy and stenting, which is why it seems crucial to know their
angiographic scores, to establish better stratification of follow-up
and treatment.
The aim of the present study was to evaluate the relationship

between the extent and severity of CAD as determined by the GS,
and the CAD syndromes STEMI, ACS, UAP, chest pain
(suspected for angina syndrome on admission) and major
cardiovascular risk-factors among patients with indications for
coronary angiography.
2. Methods

From January 2010 to July 2012, we prospectively enrolled 600
patients, who had been hospitalized in the Cardiac Care Unit at
Kaplan Medical Center, Rehovot, Israel and had undergone
coronary angiography. All examinations were performed at the
Cardiology Clinic. The study protocol was approved by the
Institutional Ethics Committee (KMC-0109-10) and each
participant provided written informed consent.
All hospitalized patients underwent echocardiogram and

blood tests (including Troponin) during admission. Large scale
registries have concluded that Bayesian analysis, including the
parameters age, sex, and type of chest pain, effectively evaluate
the pretest likelihood of CAD in most cases.[4,5,13]

Consecutive patients with acute STEMI, NSTEMI, UAP or
chest pain, and suspected ischemic heart disease (IHD) with
positive stress tests (treadmill ergometry, stress echo or thallium
test), were enrolled into 1 of the 4 groups noted above.
All participants were examined by a physician and medical

history, medications, physical examination, resting blood
pressure, heart rate, weight, waist circumference, NYHA
2

classification, and echocardiography or Thalium 201 scan were
obtained. IHD was defined according to previous history of
proven myocardial infarction, coronary artery bypass grafting
(CABG) or coronary angiography. Hyperlipidemia was defined
according to treatment with hypolipidemic medicines as statins,
fibrates, or ezetimibe, or total cholesterol level >200mg/dl, LDL
>100mg/dl or triglycerides >150mg/dl.
The patients were also evaluated for the presence or absence of

DM, HTN, family history of cardiac diseases, low HDL,
hyperlipidemia, hypertriglyceridemia, and cigarette smoking.
Patients were considered to have HTN if they had previously

known HTN, if they were on antihypertensive therapy, or if they
had a systolic blood pressure ≥140mm Hg and diastolic blood
pressure ≥90mm Hg, which were calculated as the mean of 2
measurements taken on each arm.
Patients were considered to have type II DM if they were

previously diagnosed and treated for diabetes and/or if they had a
fasting blood glucose level ≥126mg/dl on 2 different samples.
Baseline venous blood samples for lipid profiles, liver, renal

function tests, NT-Pro BNP, and hemoglobin levels were taken
from patients after a 12-hour fast, low-density lipoprotein
cholesterol levels were calculated using the Friedewald formula.
All patients underwent coronary angiography. The 2 senior

cardiologists (M.J. and J.G.) independently examined randomly
chosen angiograms, visually estimated lesion scores, and
calculated GS to establish better stratification of follow-up and
treatment. We chose the veteran GS over the contemporaneous
Syntax score, because of its higher sensitivity.[14] The first
includes lesions narrowing more than 25% of the lumen, when
the second uses more developed plaques, with more than 50%
vessel narrowing.
Exclusion criteria were malignant disease with diffuse

metastases or severe cerebral vascular disease. The study
endpoint was successful coronary angiography stenting and
determination of GS.
2.1. Assessment of GS with coronary angiography

All patients underwent urgent or elective diagnostic coronary
angiography. Coronary angiograms were evaluated by 2 experts
and mean values were used to assess the severity of stenosis.
Obstructive CAD was defined as stenosis ≥50% of the diameter
of a major epicardial or branch vessel >2.0mm in diameter.
Three-vessel disease was defined as stenosis ≥50% in each of the
major vessels or their major branches. GSs were calculated for
each patient as defined previously.[8,15,16]

2.1.1. Gensini score. GS was used to evaluate the severity of
atherosclerosis.[17] The most severe stenosis in each of the 8
coronary segments was graded from 1 to 4 (1%-49% lumen
diameter reduction: 1 point; 50%-74% stenosis, 2 points; 75%-
99% stenosis, 3 points; and 100% occlusion 4 points) to give a
total score of 0 to 32. This score provides an index of the severity
of coronary atherosclerosis. Coronary thrombus was defined as a
filling defect surrounded by contrast media in the absence of
calcification and dissection. Total occlusion was defined as the
absence of any anterograde opacification. Coronary calcification
was defined as the visualization of any coronary calcified lesion
viewed by angiography. The Gensini scoring system was used to
evaluate CAD severity. The GS was calculated for each patient
from the coronary arteriogram by assigning a severity score to
each coronary stenosis according to the degree of luminal



Table 1

Patients’ general characteristics (417 patients).

Variable Mean Standard deviation

Age (n=417), yr 67.8 12.2
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narrowing and its geographic importance. Decreased lumen
diameter and the roentgenographic appearance of concentric
lesions and eccentric plaques were evaluated (reductions of 25%,
50%, 75%, 90%, 99%, and complete occlusion were given GS of
1, 2, 4, 8, 16, and 32, respectively).[14]
Male (n=290) 69.7%
BMI 28.9 6.2
Waist (cm) 104.4 14.8
Hypertension (n=304) 73.6% 13.7
Dyslipidemia (297) 71.7% 24.6
Diabetes mellitus (n=187) 44.2% 28
Smokers (n=131) 31.8% 18.3
Fam. history of early IHD 7.0% 4.3
STEMI/NSTEMI (n=67) 16.0% 4.8
Total Gensini score 66.7 63.8
Gensini score per segment 4.8 4.8
CVA/TIA (n=40) 9.6% 3.0
CABG (n=95) 22.9% 37%
PVD (n=25) 6.0% 2.6
Renal failure (n=86) 20.7% 13.5
Creatinine (mg/dl) 1.8 0.9
Hemoglobin (g%) 15.5 8.8
Total cholesterol (mg/dl) 168.1 49.5
LDL cholesterol 98.5 36.5
HDL cholesterol 44.9 13.6
2.2. Statistical analysis

The relations betweenGS vs background and clinical factors were
examined using the nonparametric Mann-Whitney and Kruskal-
Wallis tests, as applicable.
In addition, multiple linear regression analysis was performed,

including CABG and saphenous venous graft (SVG) or left
internal mammary graft (LIMA), new multivessel stenosis,
percutaneous intervention (PCI), and risk factors: diabetes,
HTN, smoking, body mass index (BMI), and waist circumference
to evaluate the effect of each of these factors on GS.
Various model building methods were used, including forced

entry, forward selection and backward elimination. Since the
results of all models were similar for raw and normalized
dependent variables, we present here the results of the raw
dependent variables. All statistical analyses were performed using
SAS for Windows 9.2 (SAS Institute, Cary, North Carolina).
Vessel disease
1 (n=71) 18.3% 10.2
2 (n=89) 22.9% 8.6
3 (n=133) 34.3% 13.4

BMI = body mass index, CABG= coronary artery bypass grafting, CVA= cerebrovascular accident,
HDL = high density cholesterol level, IHD= ischemic heart disease, LDL= low-density lipoprotein,
LVEF= left ventricular ejection fraction, NSTEMI = non-ST segment elevation myocardial infarction,
PCI=percutaneous coronary intervention, PVD = peripheral vascular disease, STEMI = ST-elevation
myocardial infarction, TIA= transient ischemic attack.
3. Results

Among 600 consecutive patients with IHD-related symptoms
who met the inclusion criteria and were prospectively enrolled in
this study, 183 were excluded for technical reasons, noncompli-
ance, or lack of follow-up information. The remaining 417
patients comprised the study group. The mean left ventricular
ejection fraction was 46% and mean GS was 66.7±63.8.
The patients’ general characteristics, demographic, laboratory

data, and distribution of selected clinical characteristics are
shown in Table 1. Their mean age of total 417 patients was 67.8
±12.2years (range 46-88), 282 (68%) were men, 193 (91%) had
IHD before admission and 19 (9%) had a previous myocardial
infarction. The mean troponin I level was 1.34±4.51 (range 0-
37.1). Before being referred for coronary angiography, 117
patients underwent treadmill ergonometry, stress ECHO or
thallium 201 scan.
To investigate the significance of CAD and to calculate the GS

in STEMI, NSTEMI, UAP and patients with chest pain, and
suspected IHD, we compared the GS of coronary artery stenosis
between the 4 groups of patients. The GS of patients with UAP or
chest pain without CAD were similar (66.4±53.5 and 62.7±
70.3, respectively; (P< .01).
Patients with NSTEMI had significantly higher GS 81.3±56.2

as compared to patients with UAP (66.4±53.5; P< .001). GS of
patients with STEMI and UAwere similar (Fig. 1A). Patients with
valvular heart disease had GS 55.7±57.4, which is lower than
that of those without valvular disease (68.3±64.1; P= .03;
Fig. 1B).
There were no differences in GS between patients who had or

did not have ecstatic or calcified vessel lesions (P= .24). A total of
72 patients (17%) needed recurrent PCI during the first follow-up
year.
Figure 2 shows significant differences in total GS between

patients with andwithout dyslipidemia, HTN, advanced age, and
diabetes. The highest GS was found among 44% of patients with
DM (84.8±76.1 [P< .001]).
3

Surprisingly, GS was found to be higher in patients with
NSTEMI than in STEMI. Similar differences were also seen in GS
calculated for each vessel.
There were no sex differences in GS based on risk-factors or on

CAD syndromes.
Patients with focal stenosis had higher GS than those with

diffuse lesions (P= .038). Major differences were found in
patients who underwent CABG (147 patients), especially those
who had LIMA implantation (65 patients). Patients who received
drug eluting stents had significantly higher GS than those with
bare metal stents or no stents, who had similar GS. Not
surprisingly, patients with valvular disease had significantly
lower GS than those without (Fig. 1B).
Table 2 describes significant Spearman correlations between

different parameters in patients with and without STEMI/
NSTEMI and UA. HDL and age had the highest negative
correlations with GS in all patient groups (R=�0.38, P< .001,
R=�0.77, P= .05). Eosinophils had good correlation only in UA
patients. There were no correlations betweenGS and cardiac risk-
factors, such as HTN, DM, smoking, troponin, BMI, and waist
circumference.
Regression analysis of different risk-factors, angiographic

anatomy data, and PCI procedures (Table 3) showed strong
associations betweenGS andDM, l-4 vessel disease, new stenosis,
new stent, and triglycerides. Strong associations of were seen in
post-CABG patients with recurrent stenosis and GS. This means
that stenosis in the implanted grafts is strongly correlated with
accelerated atherosclerosis. DM, HTN, and HDL, but not other
predisposing and treated risk-factors were associated with GS.

http://www.md-journal.com


Figure 2. Differences in GS between the patients who had dyslipidemia, HTN
or DM and those without these risk factors. GS = Gensini score, HTN =
hypertension, DM = diabetes mellitus.

Figure 1. A. Differences in Gensini scores among patients with STEMI/
NSTEMI, or UA and patients without active CAD. GS differences in patients with
focal and diffuse stenosis and those without stenosis. B. Differences in GS in
patients with HF, CABG, LIMA SVG, and valvular disease. CABG = coronary
artery bypass graft, CAD = coronary artery disease, GS = Gensini score, HF =
heart failure, LIMA = left internal mammary graft, NSTEMI = non-ST segment
elevation myocardial infarction, STEMI = ST-elevation myocardial infarction,
SVG = saphenous venous graft, UA = unstable angina.
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Regression analysis of different medications in relation to
atherosclerosis is expressed by GS (Table 3), which showed that
aspirin, clopidogrel, ACEI, ezetrol, and ezetimide have the best
Table 2

Spearman correlations of main demographic and laboratory paramete

Parameter Correlation index (R) unstable angina (n=139)

Age �0.3
BMI 0.07
Creatinine(mg/dl) 0.24
Total cholesterol(mg/dl) �14.6
LDL cholesterol(mg/dl) 0.7
HDL cholesterol(mg/dl) �0.38
Triglycerides (mg/dl) 0.03
Troponin(ng/dl) 0.04
Lymphocytes/109/L 0.01
Eosinophils/109/L 0.27
WBC/109/L 0.02

BMI = body mass index, HDL = high density cholesterol level, LDL= low-density lipoprotein, NSTEMI =
unstable angina.
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association with low GS; reflecting atherosclerotic process in
contrast to fibrates.

4. Discussion

The main finding of this study is that STEMI/NSTEMI and UAP
were related to more extensive and complex coronary lesions in
patients with coronary atherosclerosis. The extent of CAD was
based on quantitative determination of atherosclerosis, as
expressed by GS.[1,6–9,14]

Patients with NSTEMI in contrast to STEMI and UAP had
higher GS of coronary arteries. This finding may be because most
NSTEMI patients were older and sicker than STEMI or UAP
patients were.
Marked differences in GS between patients who underwent

PCI after CABG (and separately for LIMA and SVG) and those
who did not have CABG and LIMA or SVG (Fig. 1B)
implantation can be explained by an active atherosclerotic
process and oxidative stress in non-native vessels.[18]

Patients with only chest pain and inconclusive stress test
(thallium scan, stress ECHO or treadmill ergometry) had the
lowest GS.
GS was well-correlated with age, total cholesterol and HDL,

and DM. The highest GS was found in patients with DM because
most had CAD and dyslipidemia. The question as to why
rs to Gensini score in patients with UA andwith STEMI/NONSTEMI.

P value Correlation index (R) STEMI/NSTEMI (n=116) P value

<.0001 0.48 .04
NS 0.22 .63

.24 0.02 .72

.56 0.70 .01

.51 0.6 .57
<0.001 0.77 .05

.05 0.02 .61

.05 0.013 .54

.14 0.02 .74

.02 0.01 .65

.32 0.012 .82

non-ST segment elevation myocardial infarction, STEMI = ST-elevation myocardial infarction, UA =



Table 3

Regression analysis of CAD risk factors, angiography data and
procedures in relation to Gensini score in a well-controlled
community sample (N=417).

Variable Estimated parameter P value

Diabetes mellitus 14.2 .002
Hypertension �4.9 .54
Smoking �2.1 .58
Body mass index �5.7 .72
Waist circumference �0.19 .68
1-4 vessel disease 21.6 <.001
CABG 71.5 <.001
New stenosis 1.4 .05
New stent 1 0.9 .005
PCI recent (de novo) 1.2 .001
Triglycerides 3.2 .02

CABG = coronary artery bypass graft, CAD = coronary artery disease, PCI = percutaneous
intervention.
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Spearman correlations were not significant between GS and
cardiac risk factors such as HTN, smoking, troponin, BMI, and
waist circumference remains unclear. However, it may be because
the patients were treated for various risk-factors, both medically
and by life-style changes. A large diabetes trial did not find any
relation between symptoms and disease severity for women or
men with DM.[16] There were no differences in GS between
smokers and nonsmokers and between the patients with BMI
above or below 25 (P= .06) and in patients with and without HF
or CVA. This can be explained by preventive treatment for
several risk-factors. GS of patients with various risk-factors but
without acute myocardial infarction (STEMI and NSTEMI) were
similar by approximately 68 to 71 score (P> .05).[16]

Regression analysis showed an inverse relation between GS
and several medicines, such as statins, ezetimibe, ACEI/ARB,
aspirin and clopidogrel, and a slight relation with spironolactone.
Fibrates, beta-blockers, warfarin, etc did not have any impact on
atherosclerosis regression (in contrast to statins); however, they
were shown to prevent coronary events (not shown data).
Regression analysis of different parameters related to active

coronary disease showed that GS had the best relation to CABG
as well as good associations with DM, multivessel disease and
triglycerides and a trend to higher BMI. Surprisingly, the relation
of triglycerides to GS was significant because treatment with
fibrates (regression analysis) did not show any relation to GS. In
addition, regression analysis did not show a relation of GS with
troponin, various CAD activity predictors, such as leukocytes,
lymphocytes, neutrophils, platelets,[19–22] ectatic or calcified
lesions, or CVA. This can be explained by thrombosis as the main
process and not due to extensive atherosclerosis. Thrombus
formation is triggered by rupture or ulceration of the
atherosclerotic plaque.[9,10,19–21]

Using GS to assess angiographic severity of CAD is potentially
useful for predicting patient outcomes and benefit of therapies,
and can improve the quality of care.
A limitation of this study was the relatively limited sample size

of 417 patients and lack of follow-up. Well-controlled studies of
patients according to age subgroups will provide additional,
important information about the GS and disseminated athero-
sclerosis.
In conclusion, GS were correlated to the severity of coronary

lesions, especially with multivessel disease, CABG and implanted
5

LIMA or drug eluting stent. GS reflecting severity of atheroscle-
rosis is related to several cardiovascular risk factors, such as age,
HDL, HTN, and diabetes. GS can provide valuable information
about the severity and prognosis of CAD.
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