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Abstract

Objectives To evaluate the prognostic value of the coronary artery calcium (CAC) score in patients with stable angina pectoris (SAP)
who underwent percutaneous coronary intervention (PCI). Methods A total of 334 consecutive patients with SAP who underwent first PCI
following multi-slice computer tomography (MSCT) were enrolled from our institution between January 2007 and June 2012. The CAC
score was calculated according to the standard Agatston calcium scoring algorithm. Complex PCI was defined as use of high pressure bal-
loon, kissing balloon and/or rotablator. Procedure-related complications included dissection, occlusion, perforation, no/slow flow and emer-
gency coronary artery bypass grafting. Main adverse cardiac events (MACE) were defined as a combined end point of death, non-fatal myo-
cardial infarction, target lesion revascularization and rehospitalization for cardiac ischemic events. Results Patients with a CAC score >
300 (n = 145) had significantly higher PCI complexity (13.1% vs. 5.8%, P = 0.017) and rate of procedure-related complications (17.2% vs.
7.4%, P = 0.005) than patients with a CAC score < 300 (n = 189). After a median follow-up of 22.5 months (4-72 months), patients with a
CAC score < 300 differ greatly than those patients with CAC score > 300 in cumulative non-events survival rates (88.9 vs. 79.0%, Log rank
4.577, P = 0.032). After adjusted for other factors, the risk of MACE was significantly higher [hazard ratio (HR): 4.3, 95% confidence inter-
val (95% Cl): 2.4-8.2, P = 0.038] in patients with a CAC score > 300 compared to patients with a lower CAC score. Conclusions The
CAC score is an independent predictor for MACE in SAP patients who underwent PCI and indicates complexity of PCI and proce-
dure-related complications.
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the CAC score is also an independent predictor for coronary

1 Introduction o R
events and all-cause mortality in asymptomatic individu-

Avrtery calcification, as part of the development of athero-
sclerosis, occurs almost exclusively in atherosclerotic arter-
ies, and is absent in the normal arterial wall.™! The amount
of calcium in the coronary arteries can be quantified as a
coronary artery calcium (CAC) score measured by coronary
multi-slice computed tomography (MSCT). It has been
demonstrated that the CAC score is correlated well with
histological plaque analyses.” Recent studies have showed
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als.24 In symptomatic coronary artery disease, percutane-
ous coronary intervention (PCI) nowadays has become the
standard of care with suitable anatomy, and it is increasingly
used in the treatment of complex lesions.™ Lesion localiza-
tion, severe calcifications, and vessel tortuosity may chal-
lenge the skills of the operator and increase the risk of pro-
cedural complications, such as coronary artery dissection
and perforation.® Stzuli, et al.!”! reported that, in 66 coro-
nary lesions, preprocedural assessment by CAC score indi-
cates complexity of PCI. However, it is unclear whether the
CAC score could predict the prognosis in patients with
symptomatic coronary artery disease undergoing PCI.

In the present study, we investigated whether the CAC
score predicted the complexity of PCI in patients with stable
angina pectoris (SAP). We also evaluated the predictive
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value of CAC score on major adverse cardiovascular events
(MACE) in SAP patients undergoing PCI.

2 Methods

2.1 Study population

A total of 334 consecutive SAP patients (age 65.7 £9.1
years, male 61.9%) undergoing a first PCI were recruited to
the study from January 2007 to June 2012 at Peking Uni-
versity Third Hospital. All patients were evaluated with
MSCT and CAC scores were calculated before PCI. The
time interval from MSCT examination to PCI was less than
6 months. SAP was defined according to guidelines of the
European Society of Cardiology (ESC) and the American
College of Cardiology (ACC)/American Heart Association
(AHA). Patients with acute coronary syndrome, old myo-
cardial infarction, history of PCI or coronary artery bypass
grafting (CABG), arrhythmia, renal insufficiency (glomeru-
lar filtration rate < 30 mL/min) and known allergy to iodine
contrast material were excluded. The study was approved by
the Ethics Committee of Peking University Third Hospital.
All subjects signed their informed consent.

2.2 Laboratory measurements

Blood samples were obtained on the second day of hos-
pitalization after fasting for 8 h or overnight for analysis of
clinical chemistry. Fasting serum total cholesterol (TC),
triglycerides (TG), high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol (LDL-C),
creatinine (sCr) and high sensitivity C-reactive protein
(hs-CRP) were analyzed by colorimetric enzymatic assays
with use of an auto-analyzer (HITACHI-7170).

2.3 MSCT and CAC score

All MSCT examinations were performed using a 64-row
scanner (General Electric, South San Francisco, California)
with a protocol for prospective triggering (SnapShot Pulse,
GE Healthcare). Scanning parameters for the unenhanced
calcium scoring scan were: 100 kV tube voltage, tube cur-
rent was adjusted according to the body mass index (BMI),
0.28 s rotation time, and 2.5 mm slice thickness. CAC mea-
surements were performed by two experienced readers sep-
arately blinded to the patient information with CaScoring
software and then used the average as score. CAC was de-
fined as a plaque of at least 3 contiguous pixels (area of 1.02
mm?) with a density of > 130 Hounsfield units (HU). The
lesion score was calculated by multiplying the lesion area
by a density factor derived from the maximal Hounsfield
unit within this area, as described by Agatston, et al.!®! Total
CAC score was determined by summing individual lesion

scores from each of the four main coronary arteries [left
main coronary (LM), left anterior descending coronary
(LAD), left circumflex coronary (LCX), and right coronary
arteries (RCA)]. Previous studies had established an Agats-
ton score of larger than 300 as a strong predictor of incident
coronary heart disease and provided predictive informa-
tion.[**! Therefore, in this study, all subjects were divided
into two groups according to CAC score: lower CAC score
group (CAC score < 300) and higher CAC score group
(CAC score > 300).1%

2.4 Coronary angiography and PCI

Selective coronary arteriography and PCI were per-
formed via radial artery or femoral artery by five chief phy-
sicians in our catheterization lab randomized and they have
a similar experience. Coronary artery stenosis was defined
by quantitative coronary angiography, and complete revas-
cularization was defined as all lesions with more than 75%
diameter stenosis in > 2 mm coronary artery having been
subjected to PCI. Any remaining of stenosis > 75% was
defined as incomplete revascularization. Successful PCI was
defined as residual stenosis < 20%."! Coronary angiograms
were analyzed by two cardiologists who were blinded to the
clinical data and CAC score.

The complexity of PCI including the use of post-dilation
balloon, kissing balloon and/or rotablator was retrospec-
tively assessed. Complications were recorded according to
the AHA/ACC Guidelines for PCI. Dissection, occlusion,
perforation and slow flow were summarized as proce-
dure-related complications.™

2.5 Follow-up and patients’ outcome

All participants were followed up clinically. MACE, in-
cluding death, non-fatal myocardial infarction, target lesion
revascularization and rehospitalization for cardiac ischemic
events, were recorded by standard case report form. The
primary endpoint was defined as death from all cause, or
non-fatal myocardial infarction. The second endpoint was
defined as target lesion revascularization (PCl or CABG)
and rehospitalization for cardiac ischemic events (typical
ischemic chest pain or positive result of stress test or deter-
minate by coronary angiography). The event-free survival
time was the time from the PCI procedure to the occurrence
of the first post-procedure cardiac event. Follow-up data
were obtained by the same physician who was blinded to
the angiographic data or CAC score.

2.6 Statistical analysis

Data analyses were performed using the SPSS 20.0 soft-
ware package (SPSS Inc., Chicago, Illinois, USA). We pre-
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sented the measurements as mean £SD for continuous va-
riables and frequencies and percentages for categorical va-
riables. Univariate and multivariable logistic regression
analyses were used to determine the predictive impacts of
the CAC score on PCI complications. Group comparisons
of continuous variables were made using t-test and ANOVA.
Pearson’s Correlation coefficients were calculated to eva-
luate the linear relation between continuous variables. Time-
to-event analyses were performed using Kaplan-Meier sur-
vival curves and Cox regression analysis. Significance was
assumed at P value < 0.05.

3 Results

3.1 Clinical characteristics of the study participants

Baseline characteristics of 334 patients with SAP in the
study group were presented in Table 1. There were no sig-
nificant differences between the two groups with respect to
the gender, blood pressure (BP), heart rates, BMI, hs-CRP,
creatinine, TC, LDL-C, HDL-C and hypertension, hyperli-
pidemia history. Compared with lower CAC score Group,
the higher CAC score group was significant older (69.2 +
8.5 vs. 61.9 £10.1 years, P < 0.001) and contained a higher
number of diabetes mellitus (DM) patients (37.5% vs 26.1%,
P = 0.025) and multi-vessel coronary disease patients
(59.3% vs. 32.1%, P < 0.001). The average CAC scores in
the CAC score < 300 and CAC score > 300 were 91.7 and
988.5 with the range 0-298 and 302-4796, respectively, for
each category.

3.2 Association between CAC score and clinical cha-
racteristics

The CAC score was positively correlated with age (r =
0.342, P < 0.001), systolic blood pressure (r = 0.199, P =
0.02). The CAC score in DM patients and non-DM patients
was 343 (interquartile range: 95-946) and 197 (interquartile
range: 58-687), respectively (Figure 1A). In patients having
one, two or three vessel lesions, the CAC score was 77 (in-

P <0.001 1000 4

terquartile range: 0-259), 194 (interquartile range: 68-632)
and 475 (interquartile range: 120-1026), respectively, with
ANOVA analysis (Figure 1B).

Table 1. Characteristics of study population.

CACscore  CAC score

Characteristics <300 > 300

(n=189) (=145 A
Age, yrs 61.9+10.1 69.2+85 <0.0001
Male, % 64.7 66.9 0.395
Hypertension, % 72.1 74.2 0.395
Diabetes mellitus, % 26.1 375 0.025
Hyperlipidemia, % 52.4 48.4 0.289
Current smoker, % 345 30.2 0.256
Einél’);;lstory of premature 19.0 188 0,538
Systolic blood pressure, mmHg 126.3+£104 1295+139  0.127
Diastolic blood pressure, mmHg 74.6 £9.2 743 7.2 0.798
Body mass index, kg/m? 26.3 +3.8 255428 0.279
Hs-CRP, mg/L 47484 3.6+44 0.613
Creatinine, pmol/L 86.5+16.8 86.6+17.5 0.955
Total cholesterol, mmol/L 438+1.03 4.37x1.02 0915
HDL-C, mmol/L 1.02+0.27 1.02 +0.27 0.839
LDL-C, mmol/L 259+0.82 2.58 +0.81 0.953
Multi-vessel coronary disease, % 66.3 87.6 0.000
Complete revascularization, % 91.6 90.3 0.401
Coronary artery calcium score 91.7 (0-298) 9885 0.000

(302-4796)

Event-free survival time 12 (5.5-275) 15(6-29) 0.564

Continuous variables expressed as mean =+ SD, coronary artery calcium
score was expressed as mean (range), event-free survival time was ex-
pressed as median (interquartile range). Compared with CAC score < 300,
cohorts with a CAC score > 300 were older and included more diabetes
mellitus patients and multi-vessel coronary disease patients. CAC: coronary
artery calcium; CAD: coronary artery disease; HDL-C: high-density lipo-
protein cholesterol; Hs-CRP: high sensitivity C-reactive protein; LDL-C:
low-density lipoprotein cholesterol.
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Figure 1. CAC score is depicted as bars (bar height represents median, error bars represent interquartile range). (A): The CAC
score in DM patients; (B): multi-vessel lesions; (C) complex lesions are significant higher. CAC: coronary artery calcium; DM: diabetes
mellitus. T-test was used in two groups and ANOVA was used in three groups.
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3.3 Association between CAC score and complex PCI

Complex PCI as specifically defined above was reported
in 90 (26.9%) patients. Two (0.6%) and 21 (6.3%) of them
received either rotablator or kissing balloon simultaneously.
Attempted PCI failed in 11 interventions (3.3%). Success-
fully completed revascularization was performed in 305
(91%) patients. Compared with the lower CAC score group,
the higher CAC score group had a significantly higher rate
of PCI complexity (33.1% vs. 22.1%, P = 0.017). The CAC
score was also significantly higher in complex lesions as
compared with the non-complex lesions [365 (interquartile
range: 98-1145) vs. 194 (51-647); P = 0.001] (Figure 1C).

There were 32 procedure-related complications in 32 pa-
tients (22 dissections, 2 acute target artery occlusions, 4
occlusions of side branch, 1 perforation, and 3 slow flow).
No emergency CABG or no-flow occurred. These proce-
dural complications were successfully managed without any
adverse consequences for the patients. The univariate logis-
tic regression analysis showed the risk of occurrences of
intra-procedure complications increased 5.35 fold in the
patients of the higher CAC score group compared with
those of the lower CAC score group [odds ratios (OR): 5.35,
P = 0.020]. Adjusted for age, DM history and multi-vessel
coronary disease, the CAC score was also an independent
risk factor of intra-procedure complications (OR: 4.56, P =
0.033) (Table 2).

3.4 Association between CAC score and MACE

Out of 334 patients, three patients had dropped from the
study. After a median 22.5 months (range, 4-72 months) of
follow-up, 74 MACE occurred in 51 (15.4%) patients, in-
cluding 2 (0.6%) deaths, 4 (1.2%) non-fatal myocardial in-
farctions, 26 (7.8%) target lesion revascularizations and 42
(12.7%) rehospitalizations for cardiac ischemic events. Fig-
ure 2 provides the distribution of CAC of patients with and
without MACE. The average CAC scores in patients with
and without MACEs were 452.4 and 648.4 with the range
0-2868 and 0-4796 for each category (Figure 2). Kap-
lan-Meier survival analysis showed significantly different
cumulative event-free survival rates between patients with
CAC score < 300 and CAC score > 300 (88.9 vs. 79%, Log
rank: 4.577, P = 0.032) (Figure 3). Cox regression analysis
showed that adjusted age, gender, family history, history of
hypertension, hyperlipidemia, DM and smoking, systolic/
diastolic blood pressure, multi-vessel coronary disease,
complete revascularization, PCI complexity, procedure-re-
lated complications, the risk of MACE was significantly

higher [hazard ratio (HR): 4.3, 95% confidence interval (Cl):

2.4-8.2, P = 0.038] in patients with a CAC score > 300
compared to patients with a lower CAC score (Figure 4,
Table 3).

Table 2. Logistic regression models for procedural complica-
tions.

HR (95% ClI) P value
Age 1.00 (0.96-1.05) 0.960
Diabetes mellitus history 1.46 (0.63-3.37) 0.377
Multi-vessel coronary disease 2.28 (0.96-5.45) 0.063
CAC subcategories 4.56 (2.14-7.51) 0.033

CAC weas divided into two subcategories of CAC < 300 and CAC score >
300. CAC: coronary artery calcium; ClI: confidence interval; HR: hazard
ratio.

P=0.031

Coronary artery calcium score

With MACE

Without MACE

Figure 2. CAC score is depicted as scatter dot plot (median
line represent mean, error bars represent range). CAC were
452.4 and 648.4 with the range 0-2868 and 0-4796 for the patient
without and with MACE. CAC: coronary artery calcium; MACE:
main adverse cardiac events.
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Figure 3. Kaplan-Meier survival analysis showed significant-
ly different cumulative event-free survival rates between stable
angina pectoris patients with CAC score < 300 and CAC
score > 300 (88.9% vs. 79.0%, Log rank: 4.577; P = 0.032).
CAC: coronary artery calcium; PCI: percutaneous coronary inter-
vention.
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Figure 4. Cox regression analysis showed that adjusted age,

gender, family history, history of hypertension, hyperlipidemia,
diabetes mellitus and smoking, systolic/diastolic blood pressure,

multi-vessel coronary disease, complete revascularization, PCI
complexity, and procedure-related complications, the risk of
MACE was significantly higher (HR: 4.3, 95% ClI: 2.4-8.2; P =
0.038) in patients with a CAC score > 300 compared to patients
with a lower CAC score. CAC: coronary artery calcium; CI: con-
fidence interval; HR: hazard ratio;, MACE: main adverse cardiac
events; PCI: percutaneous coronary intervention.

Table 3. Cox regression models for main adverse cardiac
events.

HR (95%CI) P value
Age 0.98 (0.93-1.04) 0.514
Gender 0.86 (0.33-2.27) 0.768
Family history 1.27 (0.43-3.74) 0.662
Hypertension 1.00 (0.34-3.00) 0.995
Hyperlipidemia 1.01 (0.46-2.24) 0.976
Diabetes mellitus 0.56 (0.24-1.29) 0.170
Smoking 0.96 (0.38-2.43) 0.930
Systolic blood pressure - 0.847
Diastolic blood pressure - 0.909
Multi-vessel coronary disease - 0.051
Complete revascularization 1.03 (0.33-3.18) 0.976
Procedure complexity 1.11 (0.43-2.91) 0.962
Procedure-related complications 1.64 (0.68-3.92) 0.271
CAC subcategories 4.28 (2.4-8.2) 0.038

CAC was divided into two subcategories of CAC < 300 and CAC score >
300. CAC: coronary artery calcium; CI: confidence interval; HR: hazard
ratio.

4 Discussion

Atherosclerosis is a complex pathological process, cha-
racterized by lipoprotein deposition, inflammatory response,

ensuing apoptosis and necrosis, and in healing stages, by
calcification and fibrosis. Rumberger, et al.!”! showed that
calcium was histologically identified only when plaque area
measured at least 5-10 mm? per 3-mm segment, and cal-
cium assessments significantly under represented total pla-
que area. Development of multi-slice spiral CT has elevated
non-invasive diagnosis of coronary heart disease to a new
level. Particularly, in diagnosing calcification of coronary
arteries, CT has incomparable accuracy and allows quanti-
fication; and the CAC score calculated using the automatic
analysis software is favorably correlated, quantitatively, to
the area of atherosclerotic plaques.’® CAC scores have been
reported to increase with age,*" advanced atherosclerotic
plaques and stenotic lumens,'*? which were consistent with
our study. We also found that the CAC score was positively
correlated with systolic blood pressure and elevated in DM
patients, which was known to be intimately associated with
the atherosclerosis, even in a pre-atheroma stage.

Studies indicate that the CAC score not only has high
sensitivity to diagnosis of coronary heart disease,"*** but
also correlates to prognosis of all patients with chest pain or
without symptoms accepting coronary CT.! However,
whether the CAC score correlates to prognosis of patients
with established coronary heart disease (especially those
receiving PCI) is still not clear. In this study, follow-up of
SAP patients treated with PCI showed that the cumulative
event-free survival of patients with a CAC score > 300 was
79%, significantly lower than that of patients with CAC
score < 300, and the combined risk of death, non-fatal
myocardial infarction, target lesion revascularization and
rehospitalization for cardiac ischemic events increased by
4.57 times. Detrano, et al.l* performed follow-up of 6,722
non-cardiovascular disease patients undergoing coronary
CT for 3.9 years on average and found that the risk of myo-
cardial infarction and death due to coronary heart disease
was 9.67 times higher in patients with CAC score > 30 than
in patients with CAC score = 0, irrespective of their race.
Budoff, et al.™ performed follow-up of 25,253 asympto-
matic patients for 6.8 years on average and found that the
risk of cardiac events was 12.5 times higher in patients with
a CAC score > 1000 than in patients with CAC score = 0.
Laudon, et al.® followed patients visiting in emergency
due to chest pain and found no cardiac events within 5 years
in patients with CAC score = 0. Our study findings indicate
that, the higher CAC score implies a poorer clinical progno-
sis in patients with stable coronary heart disease, not only in
these asymptomatic patients but also the patients visiting
due to chest pain. We also found that, following correction
for risk factors, including age, gender, history of hyperten-
sion, hyperlipidemia, DM and smoking, family history,
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systolic/diastolic blood pressure, multi-vessel coronary dis-
ease, complete revascularization, PCI complexity, proce-
dure-related complications, the risk of MACE was still 4.3
times higher in patients with CAC score > 300 than in pa-
tients with CAC score < 300. These findings indicate the
CAC score is an independent predictor for the combined
endpoint of primary heart events in PCl-treated SAP pa-
tients. Mosseri, et al.*"! also found that a higher proportion
of patients with obvious plaque calcification presented with
non-ST segment elevation myocardial infarction after PCI
treatment. This may be one of the reasons for the increased
risk of MACE after PCI in stable coronary heart disease
patients with an increased CAC score. More and deeper
mechanisms await further study.

Pathological studies indicate that coronary artery calcifi-
cation and scleratheroma are two independent but mutually
correlated pathological processes, which are not completely
parallel in distribution and degree in vessel walls of coro-
nary arteries. Plaque calcification and arterial medial calci-
fication are the two primary forms of vessel calcification.!*®!
Calcified plaques are usually more stable than non-calcified
plaques, but vessel calcification may lead to vascular re-
modeling, thereby affecting the luminal area and restricting
coronary blood flows. Calcified plaques usually occur
where cellular necrosis, inflammation and cholesterol depo-
sition are also present.””) Patients with chronic stable coro-
nary heart disease usually present with more extensive cal-
cified plaques in coronary arteries than patients with acute
coronary syndrome.™ It has been found in clinical studies
that, PCI treatment of calcified plaques usually poses great
operation difficulty, low successful ratio and the tendency to
form coronary artery dissection and may require more aux-
iliary tools, such as rotablator, cutting balloons.”” In this
single center study, we found that, compared with the pa-
tients with a CAC score < 300, the rate of PCI complexity
was higher (13.1% vs. 5.8%, P = 0.017) and the risk of oc-
currences of intra-procedural complications increased more
significantly in the patients with CAC score > 300 (17.2%
vs. 7.4%, P = 0.005). These correlations suggest that the
degree of coronary calcification is of vital importance in the
prognosis of patients with stable coronary heart disease.

This study is limited by a single-center study with a rela-
tively small number of enrolled patients. Prospective multi-
center studies with larger numbers of patient cohorts are
needed to assess the impact of CAC score on short- and
long-term patient outcomes after PCI. Furthermore, some
patients in this study were followed for several months;
longer follow-up would support more advanced informa-
tion.

In conclusion, we found the CAC score indicates com-

plexity of PCI and predicts procedure-related complications.
CAC score is an independent predictor for MACE in SAP
patients who underwent PCI. Thus, we suggest that in pa-
tients with a higher CAC score, coronary angiography for
planning subsequent PCI strategy should be undertaken
more seriously and these patients should be more tightly
followed up.

Acknowledgements

This work was supported by Grant 2006BAI0LA02 from
the National Institute of Science in China and Backbone
Fund of Peking University Third Hospital.

References

1 Achenbach S, Moselewski F, Ropers D, et al. Detection of
calcified and noncalcified coronary atherosclerotic plaque by
contrast-enhanced, submillimeter multidetector spiral com-
puted tomography: a segment-based comparison with intra-
vascular ultrasound. Circulation 2004; 109: 14-17.

2 Rumberger JA. CT defined atherosclerotic plaque type and
severity: using the results of the diagnostic microscope to
sharpen the clarity of peering through the prognostic telescope.
JACC Cardiovasc Imaging 2012; 5: 1000-1002.

3 Polonsky TS, McClelland RL, Jorgensen NW, et al. Coronary
artery calcium score and risk classification for coronary heart
disease prediction. JAMA 2010; 303: 1610-1616.

4 Detrano R, Guerci AD, Carr JJ, et al. Coronary calcium as a
predictor of coronary events in four racial or ethnic groups. N
Engl J Med 2008; 358: 1336-1345.

5 Levine GN, Bates ER, Blankenship JC, et al. 2011
ACCF/AHA/SCAI Guideline for Percutaneous Coronary In-
tervention: executive summary: a report of the American Col-
lege of Cardiology Foundation/American Heart Association
Task Force on Practice Guidelines and the Society for Cardi-
ovascular Angiography and Interventions. Catheter Cardio-
vasc Interv 2012; 79: 453-495.

6 Krone RJ, Shaw RE, Klein LW, et al. Ad hoc percutaneous
coronary interventions in patients with stable coronary artery
disease--a study of prevalence, safety, and variation in use
from the American College of Cardiology National Cardio-
vascular Data Registry (ACC-NCDR). Catheter Cardiovasc
Interv 2006; 68: 696-703.

7  Stéhli BE, Bonassin F, Goetti R, et al. Coronary computed to-
mography angiography indicates complexity of percutaneous
coronary interventions. J Invasive Cardiol 2012; 24: 196-201.

8  Agatston AS, Janowitz WR, Hildner FJ, et al. Quantification
of coronary artery calcium using ultrafast computed tomo-
graphy. J Am Coll Cardiol 1990; 15: 827-832.

9 Shaw LJ, Raggi P, Callister TQ, et al. Prognostic value of
coronary artery calcium screening in asymptomatic smokers

Journal of Geriatric Cardiology | jgc@jgc301.com; http://www.jgc301.com



WANG FF, et al. Prognosis of CAC in PCI patients

119

10

11

12

13

14

and non-smokers. Eur Heart J 2006; 27: 968-975.

King SR, Jr Smith SC, Jr Hirshfeld JW, et al. 2007 Focused
Update of the ACC/AHA/SCAI 2005 Guideline Update for
Percutaneous Coronary Intervention: a report of the American
College of Cardiology/American Heart Association Task
Force on Practice Guidelines: 2007 Writing Group to Review
New Evidence and Update the ACC/AHA/SCAI 2005 Guide-
line Update for Percutaneous Coronary Intervention, Writing
on Behalf of the 2005 Writing Committee. Circulation 2008;
117: 261-295.

Iwasaki K, Matsumoto T, Aono H, et al. Prevalence of sub-
clinical atherosclerosis in asymptomatic diabetic patients by
64-slice computed tomography. Coron Artery Dis 2008; 19:
195-201.

Genders TS, Pugliese F, Mollet NR, et al. Incremental value
of the CT coronary calcium score for the prediction of coro-
nary artery disease. Eur Radiol 2010; 20: 2331-2340.
Cademartiri F, Maffei E, Palumbo A, et al. Coronary calcium
score and computed tomography coronary angiography in
high-risk asymptomatic subjects: assessment of diagnostic
accuracy and prevalence of non-obstructive coronary artery
disease. Eur Radiol 2010; 20: 846-854.

Greenland P, LaBree L, Azen SP, et al. Coronary artery cal-
cium score combined with Framingham score for risk predic-

15

16

17

18

19

20

tion in asymptomatic individuals. JAMA 2004; 291: 210-215.

Budoff MJ, Shaw LJ, Liu ST, et al. Long-term prognosis
associated with coronary calcification: observations from a
registry of 25,253 patients. J Am Coll Cardiol 2007; 49:
1860-1870.

Laudon DA, Behrenbeck TR, Wood CM, et al. Computed
tomographic coronary artery calcium assessment for evaluat-
ing chest pain in the emergency department: long-term out-
come of a prospective blind study. Mayo Clin Proc 2010; 85:
314-322.

Mosseri M, Satler LF, Pichard AD, et al. Impact of vessel
calcification on outcomes after coronary stenting. Cardiovasc
Revasc Med 2005; 6: 147-153.

Almoudi M, Sun ZH. A head-to-head comparison of the co-
ronary calcium score by computed tomography with myocar-
dial perfusion imaging in predicting coronary artery disease. J
Geriatr Cardiol 2012; 9: 349-354.

Speer MY, Giachelli CM. Regulation of cardiovascular calci-
fication. Cardiovasc Pathol 2004; 13: 63-70.

Shemesh J, Apter S, ltzchak Y, et al. Coronary calcification
compared in patients with acute versus in those with chronic
coronary events by using dual-sector spiral CT. Radiology
2003; 226: 483-488.

http://lwww.jgc301.com; jgc@mail.sciencep.com | Journal of Geriatric Cardiology


http://www.ncbi.nlm.nih.gov/pubmed?term=Almoudi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23341839
http://www.ncbi.nlm.nih.gov/pubmed?term=Sun%20ZH%5BAuthor%5D&cauthor=true&cauthor_uid=23341839
http://www.ncbi.nlm.nih.gov/pubmed/23341839
http://www.ncbi.nlm.nih.gov/pubmed/23341839

