Prognostic Implications of Nonobstructive Coronary Artery Disease
in Patients Undergoing Coronary Computed Tomographic
Angiography for Acute Chest Pain
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Coronary computed tomographic angiography can detect nonobstructive atherosclerotic
lesions that would not otherwise have been detected with functional cardiac imaging.
Currently, limited data exist regarding the clinical signiﬁcance of these lesions in patients
with acute chest pain. The aim of our study was to examine the prognostic signiﬁcance of
these nonobstructive ﬁndings in a patient population presenting with acute chest pain. We
evaluated 959 consecutive patients who underwent coronary computed tomographic
angiography for investigation of acute chest pain. The patients were classiﬁed as having
normal (n [ 545), nonobstructive coronary artery disease (CAD; deﬁned as any narrowing
<50% diameter stenosis; n [ 312), or obstructive CAD (narrowing of ‡50% diameter
stenosis; n [ 65). Follow-up data for a minimum of 12 months (mean 27 – 11) was obtained
for any major adverse coronary events consisting of death, nonfatal acute coronary
syndrome, and coronary revascularization. Compared to patients with normal coronary
arteries, those with nonobstructive CAD were older and had a greater prevalence of CAD
risk factors. The incidence of major adverse coronary events was equally low among both
these groups (0.6% vs 1.3%, for the normal and nonobstructive groups, respectively,
p [ 0.2). In conclusion, patients with either nonobstructive CAD or normal ﬁndings, as
evaluated by coronary computed tomographic angiography, for acute chest pain during an
intermediate-term follow-up period had equally benign clinical outcomes. Ó 2013 Elsevier
Inc. All rights reserved. (Am J Cardiol 2013;111:941e945)
Coronary computed tomographic angiography (CCTA)
has emerged as an excellent noninvasive diagnostic
modality to assess coronary artery disease (CAD) in low- to
moderate-risk patients.1e4 Because of its high negative
predictive value, CCTA is particularly useful in excluding
signiﬁcant coronary artery stenosis in patients with acute
chest pain who have an atypical presentation.5e7 Patients
found to have obstructive CAD using CCTA, deﬁned as
coronary plaques causing a 50% reduction in the luminal
diameter, are known to have a worse prognosis than those
with normal or nonobstructive (<50% luminal stenosis)
CAD.8e13 However, when evaluating patients presenting
with acute chest pain, CCTA can identify nonobstructive,
atherosclerotic plaques, that might or might not be related to
patient symptoms, and probably would not have been
detected using functional cardiac imaging. Currently, few
data exist regarding the long-term prognostic signiﬁcance of

a
Leviev Heart Institute, Tel-Hashomer, Israel; bTel Aviv University,
Sackler School of Medicine, Tel Aviv, Israel; cDepartment of Radiology,
Tel-Hashomer, Israel; and dGertner Institute of Epidemiology and Health
Policy Research, Chaim Sheba Medical Center, Tel-Hashomer, Israel.
Manuscript received October 16, 2012; revised manuscript received and
accepted December 10, 2012.
See page 944 for disclosure information.
*Corresponding author: Tel: (þ972) 3-530-2504; fax: (þ972) 3-5305789.
E-mail address: shlomi.matetzky@sheba.health.gov.il (S. Matetzky).

0002-9149/13/$ - see front matter Ó 2013 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.amjcard.2012.12.010

nonobstructive CAD found using CCTA, especially in
patients presenting with acute chest pain. The aim of our
study was to examine the prognostic signiﬁcance of nonobstructive CAD detected using CCTA in a large cohort of
consecutive, nonselective, real-world patients presenting
with acute chest pain and undergoing evaluation by a dedicated chest pain unit (CPU) team using a strict protocol.
Methods
The study cohort included 959 consecutive patients who
presented with acute chest pain and were admitted to the
CPU. All patients were referred for CCTA within 24 hours
of admission after acute coronary syndrome (ACS) had been
ruled out. The patients underwent CCTA, after a 12-hour
observation period to rule out ACS, when a repeat electrocardiogram was done, with ﬁndings unchanged from baseline, and the ﬁndings from a repeat cardiac biomarker
evaluation were negative. The inclusion criteria for undergoing evaluation by CCTA included no previous history of
CAD; age 70 years; weight 120 kg; sinus rhythm; no
known contraindication to iodine contrast administration;
and serum creatinine <1.4 mg/dl.
All ﬁndings from CCTA were interpreted by staff
cardiologists and roentgenologists. Coronary computed
tomographic angiographic studies were classiﬁed as
showing normal coronary arteries (no evidence of coronary
atherosclerosis); nonobstructive CAD (any evidence of
www.ajconline.org
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coronary atherosclerosis with <50% luminal narrowing);
obstructive CAD (evidence of coronary atherosclerosis with
50% luminal narrowing); or inconclusive test results
because of technical difﬁculties.
Patients with obstructive CAD by CCTA were referred
for invasive coronary angiography and treated accordingly.
Patients with normal ﬁndings or nonobstructive CAD were
discharged with adequate recommendations for lifestyle
modiﬁcations (i.e., smoking cessation, dietary changes, and
physical activity). In patients with nonobstructive CAD,
lipid-lowering therapy (statin) was initiated, regardless of
the low-density lipoprotein levels with a target low-density
lipoprotein cholesterol goal of <70 mg/dl, plus aspirin.
Follow-up data for 1 year, with a mean follow-up period
of 27  11 months, was obtained for the entire study population. The follow-up data were obtained by 2 study
investigators, who were unaware of the coronary computed
tomographic angiographic ﬁndings, from either an outpatient clinic visit or a telephone interview using a prespeciﬁed
questionnaire. The prespeciﬁed clinical end points during
follow-up were recurrent episodes of chest pain, additional
diagnostic tests (both noninvasive and invasive) performed
because of chest pain, repeated hospitalizations for chest
pain suspected as ACS, ACS (consisting of chest pain in the
presence of either electrocardiographic changes suggestive
of myocardial ischemia or infarction and/or troponin
elevation), coronary revascularization (either percutaneous
or bypass grafting), and death. The primary study end points
were prespeciﬁed major adverse coronary events (MACE),
coronary revascularization (urgent and nonurgent), ACS,
and death. The number of events was counted as 1 per
patient (counted as the ﬁrst event) even if that patient
experienced several events. The secondary end points
included cardiovascular MACE consisting of ACS and/or
cardiovascular death. For patients without available followup data, we reviewed the medical records and used the
national population registry of the Ministry of Interior to
evaluate whether the outcome of death had occurred. The
results of the ﬁrst 444 patients included in the present
analysis have been previously reported.14
All coronary computed tomographic angiographic scans
were performed using a 64-slice scanner (Brilliance 64,
Philips Medical Systems, Cleveland, Ohio), with retrospective electrocardiographic gating. Heart rate control was
achieved by oral b-blocker administration (propranolol 20 to
50 mg) 1 hour before scanning. Intravenous b-blocker
administration (metoprolol 5 to 15 mg) was added if heart
rate increased to >70 beats/min. The ﬁrst scan was acquired
with prospective gating for calcium score evaluation, with
the scan volume starting at the lung apices and ending at the
level of the diaphragm. Per protocol, patients with a high
calcium score (Agatson score 800) were excluded from
additional analysis; however, none of the patients who were
referred for CCTA in our cohort had a high calcium score
(>800). The contrast-enhanced scan was acquired with
retrospective gating. A mean bolus of 80 ml (range 70 to
110) of nonionic contrast medium (Iomeron [iomeprol]) was
injected into an antecubital vein at a ﬂow rate of 4 to 6 ml/s.
The scanning parameters included voltage, 120 kV (increased
to 140 kV in patients weighing >100 kg); effective tube
current, 800 to 1,235 mA; slice collimation, 64  0.625 mm;

Figure 1. Patient distribution of study cohort.

gantry rotation time, 400 ms; pitch, 0.2 (reduced to 0.17 in
patients weighing >100 kg). Dose modulation (full radiation
dose only during 40% to 80% of the RR interval) was applied
whenever possible to decrease radiation exposure. Diastolic
phases (70% to 80% of the RR interval) were used for data
reconstruction as the default. Systolic phases (35% to 45% of
the RR interval) were used if heart rate increased to >70
beats/min. Each vessel was reconstructed using curved multiplanar reformats (extended workspace, Philips Medical
Systems). All studies were analyzed and interpreted by
experienced radiologists and cardiologists specializing in
cardiovascular imaging. As previously stated, the patients
were divided into 4 groups: (1) normal coronary arteries, (2)
nonobstructive CAD, (3) obstructive CAD, and (4) inconclusive test owing to technical difﬁculties. The institutional
ethics committee approved the present study.
Statistical analysis was performed using SPSS, version
12 (SPSS, Chicago, Illinois). Continuous variables are presented as mean  SD or median and interquartile range and
categorical variables as percentages. Continuous variables
were compared using the Student t test if data followed
a normal distribution and using the Wilcoxon rank sum test,
if the data were skewed. Categorical variables were
compared using the chi-square test or Fisher’s exact test
when indicated. All tests were 2-sided, and p values <0.05
were considered statistically signiﬁcant.
Results
The study included 959 consecutive patients who presented to the emergency department with acute chest pain,
were admitted to the CPU, and were further evaluated by
CCTA. As per protocol, CCTA was performed only after
ruling out ACS, which was determined from the repeat
cardiac biomarker evaluation ﬁndings, an absence of
recurrent ischemic changes on the ST-T analyzer during an
observation period of 12 hours, and/or repeat electrocardiography. Figure 1 illustrates the patient distribution: of the
959 consecutive patients who underwent CCTA after ruling
out ACS. Of these patients, 37 (3.5%) had a noninterpretable scan because of technical difﬁculties, 65
patients (6.5%) had obstructive CAD and, per protocol,
were referred for invasive coronary angiography, 545
patients (57%) had normal coronary arteries, and 312
patients (33%) had nonobstructive CAD. Thus, 857 patients
with a technically adequate study and either normal ﬁndings
or nonobstructive CAD were the focus of the present evaluation. The patient baseline characteristics are listed in
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Table 1
Baseline characteristics
Variable

Age
Men
Smoker
Diabetes mellitus
Hypertension*
Hyperlipidemia†
Family history of coronary
artery disease
Total cholesterol (mg/dl)
Low-density
lipoprotein (mg/dl)
High-density
lipoprotein (mg/dl)
Triglycerides (mg/dl)
Creatinine (mg/dl)
C-reactive protein (mg/L)

CCTA

p Value

Normal
(n ¼ 545)

Nonobstructive
CAD (n ¼ 312)

48  9.1
328 (60%)
171 (32%)
42 (8%)
123 (23%)
199 (37%)
203 (37%)

52  8.6
226 (72%)
124 (40%)
28 (9%)
109 (35%)
160 (51%)
110 (35%)

<0.01
0.05
<0.001
0.5
<0.001
<0.001
0.1

182  33
113  25

182  33
115  26

0.8
0.2

45  12

41  11

<0.001

125  62
0.96  0.16
5  8.3

144  80
0.99  0.15
5.7  18

<0.001
0.4
0.8

Data are presented as mean  SD or n (%).
* Deﬁned as either a known medical history of hypertension and/or
currently treated for hypertension.
†
Deﬁned as either a known medical history of hyperlipidemia and/or
currently treated with low-density lipoprotein-lowering therapy.
Table 2
Patient outcomes during follow-up period
Variable

Follow-up duration (mo)
Recurrent chest pain
Additional diagnostic tests
Invasive coronary angiography
Readmission for suspected
acute coronary syndrome
Coronary revascularization
Acute coronary syndrome
Death
Cardiovascular death
Major adverse coronary events
(revascularization, acute
coronary syndrome, death)

CCTA

p Value

Normal

Nonobstructive
CAD

28  11
134 (26%)
57 (11%)
4 (0.8%)
23 (4%)

25  11
81 (28%)
60 (21%)
7 (2.4%)
22 (7%)

0.1
0.6
<0.001
0.05
0.2

2 (0.4%)
2 (0.4%)
1 (0.1%)
0
3 (0.6%)

3 (0.9%)
2 (0.6%)
1 (0.3%)
0
4 (1.3%)

0.2
0.6
0.86
0.2

Data are presented as mean  SD or n (%).

Table 1. Patients with nonobstructive CAD were older (age
52  9 vs 48  9 years, p <0.01), more likely be men (72%
vs 60%, p ¼ 0.05), with a higher risk proﬁle for coronary
disease, including an unfavorable lipid proﬁle, compared to
those who with normal coronary arteries. The C-reactive
protein levels did not differ between the 2 groups.
Complete follow-up data were available at a mean
duration of 28  11 and 25  11 months for the normal and
nonobstructive groups, respectively (p ¼ 0.1). For 54
patients (6%), for whom complete follow-up data were not
obtainable, we screened the National Population Registry of
the Ministry of Interior for the outcome of mortality for all
who were alive. The clinical outcomes of the 2 study groups
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are listed in Table 2. In both groups, the number of patients
who had recurrent chest pain was similar, as was the number
of those readmitted because of chest pain. Nevertheless,
those with nonobstructive CAD underwent signiﬁcantly
more additional testing during the follow-up period, both
noninvasive (21% vs 11%, p <0.001) and coronary angiography (2.4% vs 0.8%, p ¼ 0.05). However, ultimately, no
difference was seen in the number of patients who underwent coronary revascularization by either percutaneous
coronary angiography or coronary artery bypass grafting
(0.4% vs 0.9%, p ¼ 0.2). The MACE rate was comparably
low at 0.6% and 1.3% for the normal and nonobstructive
groups, respectively (p ¼ 0.2). One noncardiovascular death
occurred in each group, of malignancy in both cases. The
rate of cardiovascular MACE was also low and comparable,
consisting of only 2 patients in each group (0.4% vs 0.6%
for the normal and nonobstructive groups, respectively,
p ¼ 0.6), of whom only 1 patient in each group experienced
a myocardial infarction.
Discussion
The present study is 1 of few to examine the long-term
prognostic signiﬁcance of nonobstructive CAD by CCTA in
a homogenous patient population presenting with acute
chest pain in a real-life setting. During a mean follow-up of
about 2.5 years, the patients with nonobstructive CAD had
a favorable course, comparable to those with normal CAD.
No cardiovascular deaths occurred in either group, nor were
there any signiﬁcant differences in the incidence of ACS,
which occurred only infrequently in both groups during the
follow-up period of >2 years.
With the advancement of imaging techniques and
improvement in picture resolution, CCTA has emerged as
an excellent noninvasive modality for the assessment of
CAD in various populations.3,4 The accuracy of CCTA to
detect signiﬁcant coronary artery stenosis has been high in
many published studies,14e17 with a sensitivity rate of 76%
to 99%, speciﬁcity of 87% to 99%, positive predictive value
of 56% to 89%, and, probably most importantly, a negative
predictive value of 95% to 100%.2 However, most published studies that have examined the prognostic value of
CCTA were performed in elective patients, comparing
patients with or without obstructive CAD. Only a few of
these studies compared the outcomes of patients with nonobstructive CAD to the outcomes of those with normal
ﬁndings,8e13 and even fewer in the setting of acute chest
pain.14,18e20 A recent meta-analysis that included 9,592
patients undergoing CCTA for various reasons demonstrated an event rate (consisting of a composite of death,
myocardial infarction, and revascularization) of 0.17%,
1.41%, and 8.84% annually for those with normal, nonobstructive, and obstructive CAD, respectively.21 In the
present meta-analysis, the difference between those with
normal coronaries and those with nonobstructive CAD
achieved statistical signiﬁcance.
Patients who present with acute chest pain suspected to be
of coronary origin pose a speciﬁc subgroup that necessitates
the initial exclusion of ACS. Although investigation of acute
chest pain represents a major indication for performing
CCTA,22 only a limited number of studies have evaluated the
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prognostic signiﬁcance of 1 year of nonobstructive CAD
by CCTA in this patient population.14,18e20 Hollander et al18
examined 481 patients with acute chest pain with <50%
luminal stenosis found by CCTA. During a 1-year follow-up
period, 1 death (assumed to be of noncoronary origin) and 13
rehospitalizations (for suspected ACS) but no events of
myocardial infarction and/or revascularization occurred. A
substudy of the Rule Out Myocardial Infarction using
Computer Assisted Tomography (ROMICAT) trial, which
evaluated patients with acute chest pain using CCTA in an
emergency department setting, showed that in patients
without CAD detected by CCTA, the 2-year MACE rate
included revascularization and ACS, with death standing at
0%.19 In those patients with nonobstructive CAD, the MACE
rate was 4.6%.19 However, most of the events in the nonobstructive disease group were driven by revascularization.
The present study ﬁnding of an absence of a signiﬁcant
association between nonobstructive CAD by CCTA and the
risk of ACS and/or mortality throughout long-term follow-up
is in accordance with these trials showing a benign outcome
for patients without obstructive ﬁndings by CCTA, with most
events driven by revascularization and not by myocardial
infarction and/or death.6,18,19 The absence of an increase in
the need for coronary revascularization in our study
compared to the ROMICAT 2 study might be accounted for
by the routine recommendations for lifestyle modiﬁcations
and the initiation of statin therapy in those with nonobstructive ﬁndings. These recommendations could delay
plaque progression or even help regress the plaque
burden,23,24 thereby decreasing the need for revascularization
within 18 to 24 months.25,26
The recently published study by Andreini et al20 was the
ﬁrst to show that CCTA was able to provide long-term
prognostic information. Patients without evidence of CAD
had an excellent prognosis at 52 months compared to those
with obstructive CAD. Patients with nonobstructive CAD
showed a cumulative event-free survival signiﬁcantly lower
than that of those without CAD. However, once again,
these differences were mostly driven by differences in
revascularization, with no signiﬁcant differences in the
occurrence of death and/or ACS. It should be noted that the
latter study included a rather heterogeneous group of
patients, with only 43% presenting with chest pain (acute or
chronic) and 30% with previous positive stress test ﬁndings.
Accordingly, as much as 38% of patients were found to
have obstructive lesions at CCTA compared to a much
lower incidence in previous studies of patients with acute
chest pain.6,19 Our predeﬁned strict protocol for evaluating
patients with acute chest pain using CCTA excluded
patients with any evidence of ischemia or myocardial injury
during the qualifying event, in accordance with the current
appropriate criteria.22
The limitations of our study were that this was a singlecenter observational study from real-life CPU experience.
Per protocol, statin therapy was recommended with a target
low-density lipoprotein level of <70 mg/dl for all patients
discharged from the CPU with the diagnosis of nonobstructive CAD. However, we have no follow-up data on
patient compliance regarding this recommendation.
In conclusion, patients with either nonobstructive CAD
or normal ﬁndings evaluated by CCTA for acute chest pain

during an intermediate-term follow-up had equal, benign
clinical outcomes. Our ﬁndings should be seen as hypothesis generating and need to be validated further in a much
larger multicenter, blinded, randomized cohort, that also
possibly evaluates the use of statins for the prevention of
CAD progression in a subpopulation of patients with nonobstructive CAD found by CCTA.
Disclosures
The authors have no conﬂicts of interest to disclose.
1. Bluemke DA, Achenbach S, Budoff M, Gerber TC, Gersh B, Hillis LD,
Hundley WG, Manning WJ, Printz BF, Stuber M, Woodard PK.
Noninvasive coronary artery imaging: magnetic resonance angiography
and multidetector computed tomography angiography: a scientiﬁc
statement from the American Heart Association Committee on
Cardiovascular Imaging and intervention of the Council on Cardiovascular Radiology and Intervention, and the Council on Clinical
Cardiology and Cardiovascular Disease in the Young. Circulation
2008;118:586e606.
2. Schroeder S, Achenbach S, Bengel F, Burgstahler C, Cademartiri F,
De Feyter P, George R, Kaufmann P, Kopp AF, Knuuti J, Ropers D,
Schuijf J, Tops LF, Bax JJ. Cardiac computed tomography: indications,
applications, limitations, and training requirements: report of a Writing
Group deployed by the Working Group Nuclear Cardiology and
Cardiac CT of the European Society of Cardiology and the European
Council of Nuclear Cardiology. Eur Heart J 2008;29:531e556.
3. Meijboom WB, Meijs MF, Schuijf JD, Cramer MJ, Mollet NR,
van Mieghem CA, Nieman K, van Werkhoven JM, Pundziute G,
Weustink AC, de Vos AM, Pugliese F, Rensing B, Jukema JW, Bax JJ,
Prokop M, Doevendans PA, Hunink MG, Krestin GP, de Feyter PJ.
Diagnostic accuracy of 64-slice computed tomography coronary angiography: a prospective, multicenter, multivendor study. J Am Coll
Cardiol 2008;52:2135e2144.
4. Mowatt G, Cook JA, Hillis GS, Walker S, Fraser C, Jia X, Waugh N.
64-Slice computed tomography angiography in the diagnosis and
assessment of coronary artery disease: systematic review and metaanalysis. Heart 2008;94:1386e1393.
5. Hoffmann U, Bamberg F, Chae CU, Nichols JH, Rogers IS, Seneviratne
SK, Truong QA, Cury RC, Abbara S, Shapiro MD, Moloo J, Butler J,
Ferencik M, Lee H, Jang IK, Parry BA, Brown DF, Udelson JE,
Achenbach S, Brady TJ, Nagurney JT. Coronary computed tomography
angiography for early triage of patients with acute chest pain: the
ROMICAT (Rule Out Myocardial Infarction using Computer Assisted
Tomography) trial. J Am Coll Cardiol 2009;53:1642e1650.
6. Goldstein JA, Chinnaiyan KM, Abidov A, Achenbach S, Berman DS,
Hayes SW, Hoffman U, Lesser JR, Mikati IA, O’Neil BJ, Shaw LJ,
Shen MY, Valeti US, Raff GL; CT-STAT Investigators. The CT-STAT
(coronary computed tomographic angiography for systematic triage of
acute chest pain patients to treatment) trial. J Am Coll Cardiol 2011;58:
1414e1422.
7. Litt HI, Gatsonis C, Snyder B, Singh H, Miller CD, Entrikin DW,
Leaming JM, Gavin LJ, Pacella CB, Hollander JE. CT angiography for
safe discharge of patients with possible acute coronary syndromes.
N Engl J Med 2012;366:1393e1403.
8. Min JK, Shaw LJ, Devereux RB, Okin PM, Weinsaft JW, Russo DJ,
Lippolis NJ, Berman DS, Callister TQ. Prognostic value of multidetector coronary computed tomographic angiography for prediction of
all-cause mortality. J Am Coll Cardiol 2007;50:1161e1170.
9. Ostrom MP, Gopal A, Ahmadi N, Nasir K, Yang E, Kakadiaris I,
Mao SS, Budoff MJ. Mortality incidence and the severity of coronary
atherosclerosis assessed by computed tomography angiography. J Am
Coll Cardiol 2008;52:1335e1343.
10. Hadamitzky M, Freissmuth B, Meyer T, Hein F, Kastrati A, Martinoff
S, Schomig A, Hausleiter J. Prognostic value of coronary computed
tomographic angiography for prediction of cardiac events in patients
with suspected coronary artery disease. J Am Coll Cardiol Img 2009;2:
404e411.
11. Miller JM, Rochitte CE, Dewey M, Arbab-Zadeh A, Niinuma H,
Gottlieb I, Paul N, Clouse ME, Shapiro EP, Hoe J, Lardo AC, Bush
DE, de Roos A, Cox C, Brinker J, Lima JA. Diagnostic performance of

Coronary Artery Disease/Nonobstructive CAD in Acute Chest Pain

12.

13.

14.

15.

16.

17.
18.

19.

20.

coronary angiography by 64-row CT. N Engl J Med 2008;359:
2324e2336.
Chow BJW, Small G, Yam Y, Chen L, Achenbach S, Al-Mallah M,
Berman DS, Budoff MJ, Cademartini F, Callister TQ, Chang HJ,
Chinnaiyan KM, Delago A, Dunning A, Hadamitzky M, Hausleiter J,
Kaufmann P, Lin F, Maffei E, Raff GL, Shaw LJ, Villines TC, Min JK;
CONFIRM Investigators. Incremental value of cardiac computed
tomography in coronary artery disease using CONFIRM coronary
computed tomography angiography evaluation for clinical outcomes:
an international multicenter registry. Circ Cardiovasc Imaging 2011;4:
463e472.
Lin FY, Shaw LJ, Dunning AM, Labounty TM, Choi JH, Weinsaft JW,
Kodru S, Gomez MJ, Delago AJ, Callister TQ, Berman DS, Min JK.
Mortality risk in symptomatic patients with nonobstructive coronary
artery disease: a prospective 2-center study of 2,583 patients undergoing 64-detector row coronary computed tomographic angiography.
J Am Coll Cardiol 2011;58:510e519.
Segev A, Beigel R, Goitein O, Brosh S, Oiro D, Konen E, Hod H,
Matetzky S. Non-obstructive coronary artery disease upon multidetector computed tomography in patients presenting with acute chest
pain—results of an intermediate term follow-up. Eur Heart J Cardiovasc Imaging 2012;13:169e173.
Hoffmann MH, Shi H, Schmitz BL, Schmid FT, Lieberknecht M,
Schulze R, Ludwig B, Kroschel U, Jahnke N, Haerer W, Brambs HJ,
Aschoff AJ. Noninvasive coronary angiography with multislice
computed tomography. JAMA 2005;293:2471e2478.
Hausleiter J, Meyer T, Hadamitzky M, Zankl M, Gerein P, Dörrler K,
Kastrati A, Martinoff S, Schömig A. Non-invasive coronary computed
tomographic angiography for patients with suspected coronary artery
disease: the Coronary Angiography by Computed Tomography with
the Use of a Submillimeter resolution (CACTUS) trial. Eur Heart J
2007;28:3034e3041.
Schuetz GM, Zacharopoulou NM, Schlattmann P, Dewey M. Meta-analysis: noninvasive coronary angiography using computed tomography
versus magnetic resonance imaging. Ann Intern Med 2010;152:167e177.
Hollander JE, Chang AM, Schofer FS, Collin MJ, Walsh KM,
McCusker CM, Baxt WG, Litt HI. One-year outcomes following
coronary computerized tomographic angiography for evaluation of
emergency department patients with potential acute coronary
syndrome. Acad Emerg Med 2009;16:693e698.
Schlett CL, Banerji D, Siegel E, Bamberg F, Lehman SJ, Ferencik M,
Brady TJ, Nagurney JT, Hoffmann U, Truong QA. Prognostic value of
CT angiography for major adverse cardiac events in patients with acute
chest pain from the emergency department: 2-year outcomes of the
ROMICAT trial. J Am Coll Cardiol Img 2011;4:481e491.
Andreini D, Pontone G, Mushtaq S, Bartorelli AL, Bertella E, Antonilo
L, Formenti A, Cortinovis S, Veglia F, Annoni A, Agostoni P,
Montorsi P, Ballerini G, Fiorentini C, Pepi M. A long term prognostic
value of coronary CT angiography in suspected coronary artery
disease. J Am Coll Cardiol Img 2012;5:690e701.

945

21. Hulten EA, Carbonaro S, Petrillo SP, Mitchell JD, Villines TC.
Prognostic value of cardiac computed tomography angiography:
a systematic review and meta-analysis. J Am Coll Cardiol 2011;57:
1237e1247.
22. Taylor AJ, Cerqueira M, Hodgson JM, Mark D, Min J, O’Gara P,
Rubin GD, American College of Cardiology Foundation Appropriate
Use Criteria Task Force, Society of Cardiovascular Computed
Tomography, American College of Radiology, American Heart Association, American Society of Echocardiography, American Society of
Nuclear Cardiology, North American Society for Cardiovascular
Imaging, Society for Cardiovascular Angiography and Interventions,
Society for Cardiovascular Magnetic Resonance, Kramer CM, Berman
D, Brown A, Chaudhry FA, Cury RC, Desai MY, Einstein AJ, Gomes
AS, Harrington R, Hoffmann U, Khare R, Lesser J, McGann C,
Rosenberg A, Schwartz R, Shelton M, Smetana GW, Smith SC Jr.
ACCF/SCCT/ACR/AHA/ASE/ASNC/NASCI/SCAI/SCMR 2010 appropriate use criteria for cardiac computed tomography: a report of the
American College of Cardiology Foundation Appropriate Use Criteria
Task Force, the Society of Cardiovascular Computed Tomography, the
American College of Radiology, the American Heart Association, the
American Society of Echocardiography, the American Society of Nuclear
Cardiology, the North American Society for Cardiovascular Imaging, the
Society for Cardiovascular Angiography and Interventions, and the
Society for Cardiovascular Magnetic Resonance. J Am Coll Cardiol
2010;56:1864e1894.
23. Nissen SE, Tuzcu EM, Schoenhagen P, Crowe T, Sasiela WJ, Tsai J,
Orazem J, Magorien RD, O’Shaughnessy C, Ganz P, Reversal of
Atherosclerosis with Aggressive Lipid Lowering (REVERSAL)
Investigators. Statin therapy, LDL cholesterol, C-reactive protein, and
coronary artery disease. N Engl J Med 2005;352:29e38.
24. Nissen SE, Nicholls SJ, Sipahi I, Libby P, Raichlen JS, Ballantyne CM,
Davignon J, Erbel R, Fruchart JC, Tardif JC, Schoenhagen P, Crowe T,
Cain V, Wolski K, Goormastic M, Tuzcu EM, ASTEROID Investigators. Effect of very high-intensity statin therapy on regression of
coronary atherosclerosis: the ASTEROID trial. JAMA 2006;295:
1556e1565.
25. Johnson C, Waters DD, DeMicco DA, Breazna A, Bittner V, Greten H,
Grundy SM, Larosa JC, Treating to New Targets Steering Committee
and Investigators. Comparison of effectiveness of atorvastatin 10 mg
versus 80 mg in reducing major cardiovascular events and repeat
revascularization in patients with previous percutaneous coronary
intervention (post hoc analysis of the treating to new targets [TNT]
study). Am J Cardiol 2008;102:1312e1317.
26. Gibson CM, Pride YB, Hochberg CP, Sloan S, Sabatine MS, Canon
CP. Effect of intensive statin therapy on clinical outcomes among
patients undergoing percutaneous coronary intervention for acute
coronary syndrome. PCI-PROVE IT: a PROVE ITeTIMI 22 (pravastatin or atorvastatin evaluation and infection therapyeThrombolysis
In Myocardial Infarction 22) substudy. J Am Coll Cardiol 2009;54:
2290e2295.

