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August 2006 Coronary artery disease is currently diagnosed using angiography, an invasive procedure with risk

of complications. Contrast-enhanced computed tomography angiography (CTA) is a noninvasive
method of visualizing the coronary arteries, which might be useful in various clinical scenarios in
which coronary artery disease is under consideration.

Objective

The objective of this Assessment is to determine the usefulness of CTA as a substitute for coronary
angiography for two indications: 1) in the diagnosis of coronary artery stenosis, and 2) in the evalu-
ation of acute chest pain in the emergency room (ER). Uses of CTA for other indications are not
addressed in this Assessment.

Search Strategy
MEDLINE® was searched (via PubMed) through June 2006 to identify all articles pertaining to use
of contrast-enhanced cardiac CT angiography.

Selection Criteria

Studies that evaluated 32- or greater row CTA and compared CTA to angiography for diagnosis of
coronary artery stenosis, and any study evaluating CTA for patients with acute chest pain in the ER
were selected.

Main Results

Seven studies compared CTA to angiography for diagnosis of coronary artery stenosis, ranging in
size from 30 to 84 patients. These studies enrolled essentially convenience samples of consecutive
patients scheduled to undergo angiography, and thus may be subject to spectrum bias. No study
specifically studied a lower-risk subset of those patients referred for angiography, which is the target
population for this procedure. A high prevalence of coronary stenosis was noted in all studies. In

5 studies reporting a per-patient analysis, 3 studies excluded patients with indeterminate test results.
The sensitivity of CTA in identifying a 50% stenosis ranged from 88-100%, with 4 of 5 studies
reporting sensitivities of at least 95%. Specificity ranged from 86-100%. In a per-segment analysis,
sensitivity ranged from 79-99%, and specificity ranged from 95-98%. Four of these studies excluded

either patients or segments from the analysis.

g{ﬁggﬁ?gfd Two studies evaluated the use of CTA for patients with acute chest pain in the ER. The sample sizes
Association of the studies were 31 and 69. The studies used a mixed reference standard of angiography, clinical
o Associati data, and noninvasive testing, which allows a calculation of sensitivity and specificity, but does not
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were evaluated. Sensitivity of CTA was 83% and 96%, and specificity was 89% and 96%. It is
unknown whether this indicates better or worse performance than an alternative strategy.

Author’s Conclusion and Comments

The studies evaluating the use of CTA in comparison to angiography are relatively small studies
from single centers.! Their major failing is that they enrolled convenience samples of patients
being referred for angiography. The results from these studies may not generalize to lower-risk
populations. In addition, such studies only directly address the question of whether CTA can
accurately triage patients already referred for angiography. The use of CTA as part of the initial
workup of chest pain or possible angina is not addressed at all in these kinds of studies. However,
analyzing the information from these studies solely from the perspective of sensitivity and speci-
ficity in identifying a specific amount of coronary stenosis may shortchange the potential utility
of CTA. Visualizing the coronary anatomy may provide useful prognostic information for optimally
managing patients even if no direct referral to angiography results. However, in order to demon-
strate improved patient outcomes, valid prognostication tied to improved management and
outcomes must be demonstrated. Clinical trials comparing patients undergoing CTA as part of
their diagnostic workup compared to patients not undergoing CTA may be required to demon-
strate improved patient outcomes. There is no evidence except in the ER regarding the use of
CTA in the early workup of patients in whom CAD is being considered.

Current published studies of CTA in the management of acute chest pain in the ER are clearly
inadequate to determine utility. No comparator strategy was specified in any study, and there
was no solid reference standard for diagnosis. Clinical trials may be necessary to demonstrate
utility in this setting.

Based on the available evidence, the Blue Cross and Blue Shield Association Medical Advisory
Panel made the following judgments about whether CTA for screening or diagnostic evaluation
of the coronary arteries meets the Blue Cross and Blue Shield Association Technology Evaluation
Center (TEC) criteria.

1. The technology must have final approval from the appropriate governmental bodies.

Multiple manufacturers have received U.S. Food and Drug Administration (FDA) 510(k) clearance
to market MDCT machines equipped with at least 16 detector rows and at least two models of
EBCT machines have been cleared through FDA 510(k) clearance. Intravenous iodinated contrast
agents used for cardiac CTA have also received FDA approval.

2. The scientific evidence must permit conclusions concerning the effect of the technology
on health outcomes.

Current studies are inadequate to determine the effect of CTA on health outcomes for the
diagnosis of coronary artery stenosis in patients referred for angiography or for evaluation of
acute chest pain in the ER.

3. The technology must improve the net health outcome; and
4. The technology must be as beneficial as any established alternatives.

The available evidence is inadequate to determine whether CTA improves the net health
outcome or is as beneficial as established alternatives for diagnosis of coronary artery stenosis
or for evaluation of acute chest pain in the ER.

! As this Assessment went to press, a multicenter trial of 16-row CTA was published (Garcia et al. 2006). This trial is
summarized in the “Review of Evidence” as an addendum to the summary of the 2005 TEC Assessment (which was limited
to 16-row technology or greater); however, its results do not change the conclusions of this Assessment.
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5. The improvement must be attainable outside the investigational settings.

Whether use of CTA improves health outcomes has not been established in the
investigational setting.

Based on the above, CTA as a substitute for coronary angiography in the diagnosis of
coronary artery stenosis does not meet the TEC criteria. CTA in the evaluation of acute
chest pain in the emergency room also does not meet the TEC criteria.

Contents
Assessment Objective 4 Discussion 14
Background 4 Summary of Application of the 14
Technology Evaluation Criteria
Methods 6
References 15
Formulation of the Assessment 7
Appendix 16
9

Review of Evidence

Published in cooperation with Kaiser Foundation Health Plan and
Southern California Permanente Medical Group.

TEC Staff Contributors

Lead Author—David Mark, M.D., M.P.H.; TEC Executive Director—Naomi Aronson, Ph.D.; Managing Scientific Editor—Kathleen
M. Ziegler, Pharm.D.; Research/Editorial Staff—Claudia J. Bonnell, B.S.N., M.L.S.; Maxine A. Gere, M.S.

Blue Cross and Blue Shield Association Medical Advisory Panel

Allan M. Korn, M.D., F.A.C.P.—Chairman, Senior Vice President, Clinical Affairs/Medical Director, Blue Cross and Blue Shield
Association; Alan M. Garber, M.D., Ph.D.—Scientific Advisor, Staff Physician, U.S. Department of Veterans Affairs; Henry J. Kaiser,
Jr, Professor, and Professor of Medicine, Economics, and Health Research and Policy, Stanford University; Steven N. Goodman,
M.D., M.H.S., Ph.D.—Scientific Advisor, Associate Professor, Johns Hopkins School of Medicine, Department of Oncology, Division
of Biostatistics (joint appointments in Epidemiology, Biostatistics, and Pediatrics)—American Academy of Pediatrics Appointee.
® Panel Members Peter C. Albertsen, M.D., Professor, Chief of Urology, and Residency Program Director, University of Connecticut
Health Center; Sarah T. Corley, M.D., Physician Consultant, NexGen Healthcare Information Systems, Inc.—American College
of Physicians Appointee; Helen Darling, M.A. President, National Business Group on Health; Josef E. Fischer, M.D., F.A.C.S.,
Mallinckrodt Professor of Surgery, Harvard Medical School and Chair, Department of Surgery, Beth Israel Deaconess Medical Center—
American College of Surgeons Appointee; Willard K. Harms, M.D., M.M., Medical Director, Medical Policy and Adjudication, Blue
Cross Blue Shield of Illinois; 1. Craig Henderson, M.D., Adjunct Professor of Medicine, University of California, San Francisco;
Mark A. Hlatky, M.D., Professor of Health Research and Policy and of Medicine (Cardiovascular Medicine), Stanford University
School of Medicine; Bernard Lo, M.D., Professor of Medicine and Director, Program in Medical Ethics, University of California,
San Francisco; Barbara J. McNeil, M.D., Ph.D., Ridley Waits Professor and Head of Health Care Policy, Harvard Medical School,
Professor of Radiology, Brigham and Women’s Hospital; Brent O’Connell, M.D., M.H.S.A., Vice President and Medical Director,
Pennsylvania Blue Shield/Highmark, Inc.; William R. Phillips, M.D., M.P.H., Clinical Professor of Family Medicine, University of
Washington—American Academy of Family Physicians’ Appointee; Maren T. Scheuner, M.D., M.P.H., Natural Scientist in the
Division of Behavioral and Social Sciences, RAND Corporation; Adjunct Associate Professor, UCLA School of Public Health—
American College of Medical Genetics Appointee; J. Sanford Schwartz, M.D., Professor of Medicine, Department of Medicine,
University of Pennsylvania School of Medicine and Professor, Health Care Systems, Health Management & Economics, The Wharton
School; Earl P. Steinberg, M.D., M.P.P., President, Resolution Health, Inc.; A. Eugene Washington, M.D., M.Sc., Executive Vice
Chancellor and Provost, University of California, San Francisco; Jed Weissberg, M.D., Associate Executive Director for Quality and
Performance Improvement, The Permanente Federation.

CONFIDENTIAL: This document contains proprietary information that is intended solely for Blue Cross and Blue Shield Plans
and other subscribers to the TEC Program. The contents of this document are not to be provided in any manner to any other
parties without the express written consent of the Blue Cross and Blue Shield Association.

©2006 Blue Cross and Blue Shield Association. Reproduction without prior authorization is prohibited. 3




Technology Evaluation Center

Assessment Objective

The objective of this Assessment is to evaluate
the clinical effectiveness of contrast-enhanced
cardiac computed tomographic angiography,
hereafter referred to as CTA, for two specific
uses—diagnosis of coronary artery stenosis
and evaluation of acute chest pain. CTA may
be performed using either electron beam com-
puted tomography (EBCT) or multidetector-
row computed tomography (MDCT), although
most recent technical developments have
been focused on MDCT. This report focuses on
studies examining 64-row CTA, which provides
better resolution than the previous generation
of 16-row machines.

CTA has been proposed as a noninvasive alter-
native to invasive coronary angiography. This is
the only indication that has been studied rigor-
ously, as the vast majority of clinical studies
simply compare the performance of CTA and
invasive angiography. Negative findings on CTA
obviate invasive angiography but those with
positive CTA findings (i.e., significant stenosis)
may still need to be confirmed by invasive
coronary angiography. In this case, a high neg-
ative predictive value and high sensitivity for
detection of coronary artery stenosis would be
important. In this indication for CTA, patients
have had sufficient prior workup so that the
probability of coronary disease is sufficiently
high to warrant invasive angiography. Because
the principal value of CTA in this indication

is the avoidance of angiography, it would be
most valuable in the low-risk subset of patients
referred for angiography.

CTA has also been proposed as an alternative
noninvasive cardiac test which may be useful
for managing patients with chest pain in the
emergency room (ER). In patients without
definitive findings of a cardiac origin of their
pain, noninvasive tests and a period of observa-
tion are used to rule in or rule out a cardiac
origin of pain. CTA may provide a more accu-
rate and more timely diagnosis, improving
patient outcomes and speeding up the evalua-
tion of the patient.

The use of CTA to image the coronary arteries
could be extended to other scenarios, such as
the elective workup of chest pain as a substitute
for other noninvasive tests, or for screening
asymptomatic persons, but these indications
will not be evaluated in this Assessment,
because of lack of data in these populations.

Diagnostic performance would need to be
specifically assessed in these lower-risk popula-
tions, and in comparison to other methods of
diagnosis. Up to this point in time, CTA has

not been rigorously evaluated as a diagnostic
test to be used as an initial or early test in the
workup of coronary disease.

Other less-common uses of CTA to evalu-

ate less-common abnormalities of the

coronary arteries, such as characterization of
plaque, coronary artery aneurysm, and con-
genital anomalies will not be included in this
Assessment. CTA may also be used to evalu-

ate the cardiac chambers, coronary venous
anatomy, myocardial wall thickness, and func-
tional evaluation of the heart, including perfu-
sion patterns of enhancement and estimation of
ejection fraction; however, these uses are not
included in this Assessment. Furthermore, this
Assessment does not address the use of unen-
hanced cardiac computed tomography to quan-
tify coronary calcification, which was addressed
in a prior TEC Assessment on Electron Beam
Computed Tomography (1994; Vol. 9, No. 16).

Background

Coronary Artery Stenosis

Evaluation of obstructive coronary artery
disease (CAD) involves quantifying the
presence and extent of arterial stenoses in
coronary vessels. Symptomatic lesions with
greater than 50-75% diameter stenosis are
generally considered significant, and stenotic
lesions of more than 70% often result in revas-
cularization procedures when associated with
ischemia. Patients with lesser degrees of coro-
nary arterial stenosis may be managed with
medical therapies. It has been suggested that
computed tomographic angiography may be
helpful to rule out the presence of significant
CAD and to avoid invasive coronary angiogra-
phy in patients with a low clinical likelihood
of significant CAD.

The current reference standard for diagnosis of
CAD is angiography, a procedure that requires
specialized equipment and carries some risk of
complications. Because of the resource use

and risk of angiography, practice guidelines
generally limit the indications for the proce-
dure to patients in whom the probability of
finding CAD is sufficiently high. In addition,
the findings should have an impact on the
management of the patient such that the

4 ©2006 Blue Cross and Blue Shield Association. Reproduction without prior authorization is prohibited.



health outcomes, either symptom or survival
outcomes, are improved. In many cases where
significant stenoses are found on angiography,
patients then receive either percutaneous
angioplasty or coronary bypass surgery. In
other cases, knowledge of the presence and
extent of coronary stenoses could lead to dif-
ferent medical management and may improve
health outcomes.

Emergency Room Evaluation of Chest Pain
Chest pain is a common reason for patients

to be evaluated in the emergency room (ER).
Patients with chest pain present both a diag-
nostic and management problem, because of
the variety of possible diagnoses and the risk
of missing, in the acute setting, a potentially
lethal illness. A prior study by Pope et al. (2000)
estimated that about 5% of patients with chest
pain of cardiac etiology were discharged from
emergency departments. In patients without
immediate test results indicating chest pain of
cardiac or other origin, it is common practice
that a diagnostic algorithm using serial elec-
trocardiograms, serial cardiac enzymes, and

a stress imaging study is performed. Such an
approach has been found to be as safe as hos-
pital admission in a clinical trial (Farkouh et
al. 1998). Although such an approach uses less
medical care resources than hospitalization, it
is still resource and time intensive, and the vast
majority of patients do not have acute cardiac
source of chest pain.

CTA could potentially replace or complement
the evaluation of chest pain patients in the ER,
reduce the length of stay, and reduce costs.

In addition, chest CT is a standard method to
diagnose at least 2 other causes of chest pain in
which a rapid diagnosis is critical, pulmonary
embolism and aortic dissection. CT performed
to diagnose these conditions, however, is
technically different than coronary CTA, and
requires alteration in the technique such that
the coronary arteries are not as well visualized
compared to a CTA done strictly to examine
coronary arteries.

Computed Tomographic Angiography
Computed tomographic angiography or CTA is
a noninvasive imaging test that requires the use
of intravenously administered contrast material
and high-resolution, high-speed CT machinery
to obtain detailed volumetric images of blood
vessels. CTA can be applied to image blood
vessels throughout the body; however, to apply
CTA in the coronary arteries, several technical

©2006 Blue Cross and Blue Shield Association. Reproduction without prior authorization is prohibited.

challenges must be overcome to obtain high-
quality diagnostic images. First, very short
image acquisition times are necessary to avoid
blurring artifacts from the rapid motion of the
beating heart. In some cases, premedication
with beta-adrenergic-blocking agents is used
to slow the heart rate below about 60-65 beats
per minute to facilitate adequate scanning,
and electrocardiographic triggering or retro-
spective gating is used to obtain images during
diastole when motion is reduced. Second,
rapid scanning is also helpful so that the
volume of cardiac images can be obtained
during breath-holding. Third, very thin sec-
tions (e.g., =1 mm) are important to provide
adequate spatial resolution and high-quality
3D reconstruction images.

Volumetric imaging permits multiplanar recon-
struction (MPR) of cross-sectional images to
display the coronary arteries. Curved MPR

and thin-slab maximum intensity projections
(MIPs) provide an overview of the coronary
arteries, and volume-rendering techniques
(VRT) provide a 3D anatomical display of the
exterior of the heart. Quantification of coronary
artery stenosis may be difficult given current
techniques, although improvements in image
reconstruction algorithms such as automatic
vessel tracking are being developed.

Two different CT technologies can achieve
high-speed CT imaging. Electron-beam CT
(EBCT, also known as “ultrafast” CT) uses an
electron gun rather than a standard X-ray tube
to generate X-rays, thus permitting very rapid
scanning, on the order of 50-100 milliseconds
per image. Helical CT scanning (also referred
to as “spiral” CT scanning) also creates images
at greater speed than conventional CT by con-
tinuously rotating a standard X-ray tube around
the patient so that data are gathered in a con-
tinuous spiral or helix, rather than individual
slices. Multidetector row helical CT scanning
(MDCT) or multislice CT (MSCT) is a techno-
logical evolution of helical CT, which uses CT
machines equipped with an array of multiple
X-ray detectors that can simultaneously image
multiple sections of the patient during a rapid
volumetric image acquisition. Currently avail-
able MDCT machines may have 4, 8, 16, 32, 40,
or 64 detectors. Diffusion of MDCT machines
into the medical community has been occur-
ring over the past several years.

CTA has several important limitations. The
presence of dense arterial calcification or an
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intracoronary stent can produce significant
beam-hardening artifacts and may preclude a
satisfactory study. EBCT generally has better
temporal resolution and may be able to achieve
satisfactory images of the proximal and mid-
segment coronary vessels without significant
motion artifact, as compared to MDCT. The
presence of an uncontrolled rapid heart rate

or arrhythmia hinders the ability to obtain
diagnostically satisfactory images, particularly
with MDCT. However, modifications of MDCT
technique are being explored to improve tem-
poral resolution and improve diagnostic quality
with higher heart rates (Hoffmann et al. 2005;
Dewey et al. 2004). For both EBCT and MDCT
techniques, evaluation of the distal coronary
arteries is generally more difficult than visual-
ization of the proximal and mid-segment
coronary arteries due to greater cardiac motion
and the smaller caliber of coronary vessels

in distal locations.

MDCT with 4-row technology or EBCT with
3-mm collimation offer lower spatial resolution
than current technology for evaluation of the
coronary arteries. Budoff et al. (2003) reported
that approximately 31% of 4-row MDCT CTA
studies were unevaluable, and sensitivity and
specificity for detecting significant coronary
stenosis was 59% and 89%, respectively.

The ionizing radiation exposure associated with
CTA is an important consideration. Radiation
dose depends on X-ray tube voltage, current,
scan time, and speed of table movement, and
with MDCT, dose also depends on the number
of overlapping adjacent scans (Bae et al. 2004).
Also, radiation dose depends on the manner in
which CTA images are synchronized with the
cardiac cycle using electrocardiographic (ECG)
tracings. Images at one cardiac phase can be
obtained with prospective ECG triggering. This
technique is frequently used with EBCT and
has a lower radiation dose as compared with
retrospective ECG gating. The retrospective
approach provides a wider range of images
during different cardiac phases and permits
reconstruction of a cine view of the moving
heart; however, dose exposure is greater
because exposure occurs throughout the

cardiac cycle. Dose-modulation techniques have

been developed that reduce exposure during
less-important phases of the cardiac cycle.

Bae et al. (2004) have published estimated
radiation exposures using selected cardiac

imaging protocols; however, variation would
be expected with different protocols used in
practice. For comparison, 4-row MDCT with
1-mm sections delivered approximately 7.1 to
11.9 mSv; 16-row MDCT with 0.75-mm sections
delivered approximately 8.8 mSv; and EBCT
with 3-mm sections delivered approximately
0.7 to 1.1 mSv. While radiation dose exposure
with conventional invasive coronary angiog-
raphy depends on equipment and operator
technique, a benchmark for comparison is
approximately 4-8 mSv.

FDA Status. Contrast-enhanced cardiac CT
angiography can be performed using either
multidetector-row CT (MDCT) or electron
beam CT. Multiple manufacturers have
received U.S. Food and Drug Administration
(FDA) 510(k) clearance to market MDCT
machines equipped with at least 16 detector
rows and at least two models of EBCT
machines have been cleared through FDA
510(k) clearance. Intravenous iodinated
contrast agents used for cardiac CTA have
also received FDA approval.

Methods

Search Methods

MEDLINE® was searched (via PubMed)
through June 2006 to identify all articles per-
taining to use of contrast-enhanced cardiac CT
angiography. The key terms “X-ray computed
tomography (MH) AND heart diseases (MH)”
were used. The following search limits were
applied: English-language reports, human
subjects, and publication type (randomized,
controlled trials; controlled trials; review, meta-
analysis, editorial). Textword searches were
also conducted. Additionally, the Cochrane
Library was searched in a similar fashion.

Study Selection

For the clinical indication of CTA as an alterna-
tive to invasive angiography in diagnosing
coronary stenosis, studies were required to
meet all the following criteria in order to be
included in the review of evidence. Single

case reports were excluded.

m Used contrast-enhanced EBCT with slice
thickness no greater than 1.5 mm or con-
trast-enhanced MDCT with at least 32 rows

= Applied the reference standard of invasive
angiography to all patients

6 ©2006 Blue Cross and Blue Shield Association. Reproduction without prior authorization is prohibited.



m Reported sensitivity and/or specificity
of CTA or sufficient data to generate
a 2x2 contingency table

® Included only human subjects
Published in English as a full-length,
peer-reviewed journal article

The selection of studies evaluating 32-slice or
greater CTA represents different selection cri-
teria than for the prior TEC Assessment of May
2005. At that time, there were no publications
of CTA with machines greater than 16-row
capability. Studies of 64-row CTA represent the
best results available, and very shortly will be
the standard technology. This TEC Assessment
will include a brief summary of the prior TEC
Assessment’s review of 16-row CTA. However,
subsequent to the MAP meeting in June 2006,
2 studies were published using 16-row CTA
that were notably different from prior studies.
They will be briefly summarized, but they do
not change the results of the Assessment.

For the clinical indication of CTA as an adjunct
to management of patients with chest pain

in the ER setting, prospective studies were
selected in which patients meeting specific
chest pain and clinical criteria for evaluation
with CTA were chosen to have the test. This
broad selection criterion was used because at
this point in time there are very few studies
evaluating CTA for this indication.

Medical Advisory Panel Review

Current Assessment. This Assessment was
reviewed by the Blue Cross and Blue Shield
Association Medical Advisory Panel (MAP)

on June 22, 2006. In order to maintain the
timeliness of the scientific information in

this Assessment, literature searches were per-
formed subsequent to the Panel’s review (see
“Search Methods”). If the search updates identi-
fied any additional studies that met the criteria
for detailed review, the results of these studies
were included in the table(s) and text where
appropriate. There were no studies that would
change the conclusions of this Assessment.

Previous Assessments. A previous Assessment
on CTA was reviewed by the MAP on February
8, 2005. At that time, it was judged that the
available evidence was insufficient to judge
whether CTA improved the net health outcome
or whether it was as beneficial as any estab-
lished alternatives. At that time, published
studies were only available regarding the per-
formance of 16-row CTA.

Study Quality

For the studies in which CTA was evaluated

in comparison to invasive angiography, the
studies included in the evidence tables were
classified according to a limited set of study
quality characteristics. The studies were all
structured in a similar fashion, in that patients
who had been previously referred for invasive
angiography were recruited to have CTA. Thus,
all studies were prospective and were not
subject to verification bias. Spectrum bias may
be an issue, because CTA has been proposed
as a test for low-risk patients who, nonetheless,
have indications for angiography. Thus, the
only characteristics that could vary among the
different studies were:

® Whether the study population was clearly
described was rated as “Y” for yes; “N”
for no; or “?” when there was insufficient
information to determine.

® [nterpretation of CTA studies blinded to
the results of other tests or the reference
standard was rated.

Studies were coded with a question mark when
insufficient information was provided to make
ayes (“Y”) or no (“N”) determination. The
study quality characteristics used here are
among those described in a review of systems
for rating the quality of studies of diagnostic
tests (West et al. 2002) published by the Agency
for Healthcare Research and Quality (AHRQ).

The few studies evaluating the use of CTA

for chest pain in the ER did not have the formal
structure of a diagnostic lest assessment and
were not subject to a formal evaluation of
quality. Although sensitivity and specificity
estimates were generated from these studies,
results of CTA were used to determine the sub-
sequent workup of patients, and the reference
standard for disease was a mixed standard.

Formulation of the Assessment

Patient Indications

1. In patients in whom angiography is indicated
for diagnosis of coronary artery stenosis,
but do not have indications for emergent
angiography.

2. In patients with acute chest pain of uncertain
etiology, in whom a cardiac cause of pain is
under consideration.

©2006 Blue Cross and Blue Shield Association. Reproduction without prior authorization is prohibited. 7
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Technologies to be Compared

1. In the first indication, CTA is a noninvasive
alternative to invasive coronary angiography,
particularly in patients with a low probabil-
ity of significant coronary artery stenosis.
CTA in this indication is likely to be followed
by confirmatory angiography in those who
have positive tests (See Appendix: “Potential
Management Decision Tree,” Figure A).
The alternative strategy is to go straight to
angiography. Patients have had sufficient
prior workup such that angiography is the
next logical step in the workup.

2. In patients being evaluated for chest pain
in the ER, CTA is used instead of or in addi-
tion to other noninvasive cardiac tests and
observation. The alternative technology is
some combination of noninvasive tests and
observation.

Health Outcomes

A diagnostic test affects health outcomes due
to any morbidity caused by the test itself and
due to the treatment decisions subsequent

to the test. Unlike other diagnostic tests that
simply give a binary “yes-no” result, CTA gives
a picture of the coronary anatomy in which
the extent and presence of coronary athero-
sclerosis may be evaluated. Depending on the
clinical indications and particular patient, the
test could be used in various ways to determine
changes in patient management.

However, the current research studies of CTA
simplify the evaluation of CTA to the question
of whether CTA can identify stenoses greater
than or equal to a certain amount, usually
50%, compared to a reference standard of
angiography. This question can be answered by
performing CTA and angiography on the same
patients, and calculating sensitivity and speci-
ficity for a certain amount of coronary stenosis.

For the first indication in which CTA is used
before coronary angiography, some health out-
comes can be projected based on the diagnostic
performance of CTA. Correct identification of
patients without coronary stenoses with CTA
obviates the need for coronary angiography,
which is a benefit to patients. A false-negative
CTA, however, results in missed coronary
stenoses. The positive and negative health
outcomes of the possible test results of CTA,
when the test is used in such a binary fashion,
are shown in Table 1. Note that there are no
benefits associated with a positive CTA, either
false positive or true positive, because these
patients would have undergone angiography
anyway under the alternative strategy.

For the second indication, evaluation of chest
pain in the ER, evaluation of the health out-
comes of using CTA is more complicated,
because the diagnostic reference standard,
angiography, is not the alternative strategy.
The performance of CTA would need to be
compared to an alternative strategy that does
not use CTA. Each strategy produces a particu-
lar combination of test results, and the result-
ing harms and benefits need to be compared
to each other.

The balance sheet of outcomes of using CTA
or another strategy for patients with chest pain
in the ER is shown in Table 2. If CTA is more
accurate and more timely than a combination
of other noninvasive tests and observation, this
should result in better patient outcomes. Fewer
patients might be inappropriately discharged,
and more rapid determination of coronary
artery disease or other conditions may improve
treatment outcomes. Diagnostic test character-
istics alone may not determine utility in the ER
because many different types of information
from the CTA might be used in the ER setting
rather than just coronary stenosis.

Table 1. Balance Sheet of Outcomes when Using CTA as a Pretest for Those Patients Who Would

Otherwise Go Directly to Angiography

Result of CTA Harm Benefit
True positive radiation exposure of CTA none
False positive radiation exposure of CTA none

True negative

radiation exposure of CTA

avoidance of negative angiography

False negative missed diagnosis none
radiation exposure of CTA
Unsatisfactory test radiation exposure of CTA none

8 ©2006 Blue Cross and Blue Shield Association. Reproduction without prior authorization is prohibited.



Specific Assessment Questions

1. What is the sensitivity and specificity of
CTA compared to invasive angiography in
patients referred for angiography?

2. Does use of CTA for the evaluation of chest
pain in the emergency department improve
outcomes compared to an alternative strat-
egy of evaluation?

Review of Evidence

Summary of Prior TEC Assessment

from May 2005

In the prior TEC Assessment of May 2005
(Vol. 20, No. 4), studies of 16-row CTA or
greater than 1.5-mm slice thickness on EBCT
were included. Twenty-two eligible studies
(16 MDCT, 6 EBCT; total n=1,016) were
included in the review of evidence. Fifteen
of these studies (total n=809) addressed CTA
for diagnosis of non-acute CAD. Invasive
coronary angiography was used as the
standard of reference in all but 1 study.
Most of these studies were prospective and
CTA was interpreted without knowledge of
invasive angiography results.

The main weakness of this literature is that
most studies used individual coronary vessels
or vessel segments as the unit of analysis while
only 4 studies reported the more clinically
relevant analysis of diagnostic performance
measures using the patient as the unit of
analysis. Most studies gave overoptimistic
estimates of sensitivity and specificity by
excluding unevaluable arterial segments or
patients with unevaluable scans.

Only the results of the 4 studies with complete
patient-based analysis from the prior report
will be shown. Studies by Mollet et al. (2005a
and 2004), Hoffmann et al. (2005), and Ropers
et al. (2003) reported complete diagnostic
performance characteristics using the patient
as the unit of analysis and not limited only to
evaluable segments (Table 3). The range of
reported sensitivity was 85-100% and 75-86%
for specificity. The prevalence of significant
CAD in these studies was 53 to 83%, the
positive predictive value range was 81-97%,
and the negative predictive value range was
82-100%. The high prevalence of CAD in these
studies is notable, showing that very high

risk patient populations were enrolled in the

Table 2. Balance Sheet of Outcomes for Test Strategies Evaluating Chest Pain in the ER

Result of CTA or Other
Noninvasive Alternative

Harm (Other than
Morbidity of Test*)

Benefit

True positive

Correct diagnosis of chest pain,
prompt treatment

False positive

Morbidity of further workup none

for CAD, possibly angiography

True negative

Correct ruling out of coronary
artery disease, discharge from ER

False negative

Missed diagnosis

none

Unsatisfactory test

none

*radiation exposure in the case of CTA, vs. any other morbidities of alternative test

Table 3. Results of Per-Patient Analysis of 16-Row CTA, Adapted from Prior TEC Assessment (2005; Vol. 20 No. 4)

Prevalence of

Study n (patients) Stenosis (%) Sensitivity (%) Specificity (%)
Ropers 2003 77 53 85 78
Hoffmann 2005 33 67 90 75
Mollet 2004 128 83 100 86
Mollet 2005a 51 61 100 85
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studies. However, it must be noted that the 2
studies with the higher reported sensitivity
(Mollet et al. 2004, 2005a), restricted analysis
of CTA results to segments =2 mm in diameter;
whereas Ropers et al. (2003) included segments
=1.5 mm and Hoffmann et al. (2005) included
all segments.

Analyses using the vessel segment as the unit
of analysis reported 63-95% sensitivity and
86-98% specificity, but only after excluding
unevaluable vessels from the analysis. The
proportion of evaluable segments in studies
ranged from 79% to 95%. Thus in every study,
CTA was unable to produce evaluable images
for all arterial segments.

The prior TEC Assessment had no studies

in which CTA was used in the evaluation of
patients in the ER. In sum, the prior Assessment
showed a relatively small body of evidence

(4 studies with patient-based analysis) showing
a range of diagnostic performance that made

it uncertain as to whether CTA can substitute
for angiography. Studies enrolled convenience
samples of patients already being referred for
angiography rather than patients who might
specifically be selected for CTA.

Summaries of Notable Recent Studies. As
this Assessment went to press, Garcia et al.
(2006) published one of the few multicenter
studies using 16-row CTA. Most noteworthy in
the study was the high proportion of nonevalu-
able arterial segments. Of 1,629 segments in
197 patients, 71% were evaluable. If nonevalu-
able segments were considered positive, sen-
sitivity on a per-patient basis was quite high at
98%, but specificity was only 54%. Considering
nonevaluable segments as negative would have
reduced sensitivity from 98% to 75%.

Nikolaou et al. (2006) published the only study
on a predefined set of low-probability patients,
again using 16-row CTA. Four patients were
excluded because of poor-quality CTA images.
For the remaining 60 patients, per-patient
sensitivity was 80%, and specificity was 94.5%.
Because the prevalence of significant stenosis
was low in this study, only 8.5%, the nega-
tive predictive value of CTA was quite high

at 98.1%, but the sensitivity was not optimal.
The estimate of sensitivity is not very precise
because it is based on detection of only 4 of

5 stenoses.

Although these studies were notable additions
to the literature on 16-row CTA, one by being

a multicenter study and the other by studying a
specific low-risk population that is considered
the target population for CTA, the results are
not particularly favorable for CTA.

Current Assessment of 40- and 64-row

CTA in Comparison to Angiography

Seven studies met selection criteria. Sample
sizes ranged from 30 to 84 patients. Descriptive
characteristics of the patients are shown in
Table 4. The patients generally consist of
patients who had already been selected to have
angiography, and the CTA was simply added on
to their evaluation. Since all patients had angi-
ography, there is no verification bias, and the
subjects had sufficient prior workup such that
the prior probability of coronary disease was
such that angiography was indicated. CTA has
sometimes been proposed as a substitute for
angiography in “low-risk” patients who none-
theless have sufficient risk that angiography

is indicated. CTA would be largely redundant
in patients at high risk, most who would go on
to angiography anyway. None of the studies
specifically studied such a “low-risk” subgroup,
and thus all are potentially flawed by spectrum
bias, if the intended use of CTA is for lower
risk patients. With the exception of the study
by Lim et al. (2006), all studies reported that
the interpretation of both CTA and the refer-
ence standard of angiography was blinded.

Six studies reported a per-patient analysis.
This type of analysis is the most relevant

if CTA is to be used as a substitute test for
invasive angiography with all positive tests
confirmed by angiography. Three of the studies
excluded patients with indeterminate test
results. However, if these patients all go on to
angiography, then they are treated as though
the CTA were “positive,” and there is no loss

of sensitivity due to these excluded patients. If
these patients with indeterminate tests do not
have coronary stenosis, then they should be
considered “false positives” and the specificity
estimates presented here are biased upward.
None of the studies reported the results of these
indeterminate tests, and thus the unbiased
specificity estimates cannot be calculated.

With the exception of the study by Leber et
al. (2005), the sensitivity of CTA in identify-
ing patients with stenoses of at least 50% was

10 ©2006 Blue Cross and Blue Shield Association. Reproduction without prior authorization is prohibited.



Table 4. Studies of Diagnostic Accuracy of CTA, Study Description, and Quality Evaluation

Population Blinded
Definition Clearly Interpretation
Author Study Population of Stenosis Described of CTA
Lim 2006 30 consecutive patients with 2 or =250% stenosis Y ?
more risk factors, symptomatic angina,  stented and
suspected CAD occluded segments
excluded
Leber 2005 59 patients with stable angina, >75%, >50% Y Y
10 with prior angioplasty
Pugliese 2005 35 patients with stable angina =250% Y Y
Leschka 2005 73 patients referred for angiography >50% in vessels Y Y
or bypass surgery, 24 with unstable >1.5 mm diameter
angina, 43 for bypass
Mollet 2005b 52 patients referred for angiography =50% Y Y
with atypical chest pain, stable or
unstable angina, or non-ST-segment Ml
Raff 2005 70 patients referred for >50% Y Y
elective angiography
Ropers 2006 84 patients referred for =50% in vessels Y Y

elective angiography

>1.5 mm diameter

95-100%, with 3 of the studies reporting 100%
sensitivity (Table 5). With the exception of the
study by Leber et al. (2005), specificities were
all greater than 90%. Of note is the high preva-
lence of stenosis in the patient populations.
With the exception of the study by Ropers et

al. (2006), the prevalence is greater than 50%
in all studies. This is to be expected, because
the studies enrolled patients who were being
referred for angiography, and did not specifi-
cally enroll “low risk” patients. Thus, with the
possible exception of the study by Ropers et

al. (2006), none of the studies examined spe-
cifically the performance of CTA in low-risk
patients, who would benefit most from avoiding
invasive angiography.

All studies also calculated per-segment diag-
nostic test characteristics using the arterial
segment as the unit of analysis. These analyses
are less relevant for clinical decisionmaking,
and do not account for intercorrelations within
patients. An important issue in understanding
the per-segment analysis is how poorly visual-
ized vessel segments are dealt with in the anal-
ysis. Several of the studies exclude either whole
patients or certain segments from the analysis

because the images are unevaluable. In the
study by Raff et al. (2005), the manuscript is
unclear why 130 segments were excluded. This
proportion of excluded segments is clearly a
high outlier compared to other studies. Other
studies did not count as exclusions segments
distal to occlusions (nonexistent segments),
but only counted as exclusions segments that
were poorly imaged.

Per-segment sensitivities ranged from 79-99%,
and specificities ranged from 95-98% (Table 6).
Because of exclusions of patients or segments,
these performance numbers are biased upward.
If indeterminate segments are assumed to be
positive, then the sensitivity remains as high

as reported, but the specificity estimates would
be lower than shown here.

In sum, regarding this indication, the perfor-
mance of CTA using a patient-based analysis
shows high sensitivities and specificities com-
pared to the reference standard of invasive
angiography. However, there are some con-
cerns regarding these data. When sensitivity is
not perfect, and the patient has been worked up
to be a candidate for angiography, CTA could
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Table 5. Per-Patient Diagnostic Test Characteristics of 64-Slice CT Angiography to Detect a Patient
with at Least One Stenosis =50%

Excluded Prevalence of
Study Patients n (patients) Stenosis (%) Sensitivity (%) Specificity (%)
Mollet 2005b 1 51 75 100 92
Leber 2005 4 45" 56 88 86"
Raff 2005 0 70 57 95 90
Ropers 2006 3 81 32 96 91
Pugliese 2006 0 35 71 100 90
Leschka 2005 0 67 70 100" 100"

*  Per-patient results only reported on patients without stents

**  Specificity calculated based on threshold of 75% stenosis, different than the 50% threshold for sensitivity

*** Numbers not cited in paper, but stated in words: “In all patients with CAD at least one significant lesion was correctly classified...
all patients without CAD could be correctly identified”

Table 6. Per-Segment Diagnostic Test Characteristics of 64-Slice CT Angiography to Detect =50% Stenosis

Excluded Prevalence of
Study Segment n (segments) Stenosis (%) Sensitivity (%) Specificity (%)
Mollet 2005b 0 725 13 99 95
Leschka 2005 0 1,005 18 94 97
Leber 2005 0 798 9 79 97
Raff 2005 130" 935 10 86 95
Ropers 2006 45 1,083 4 93 97
Pugliese 2006 0 494 14 99 96
Lim 2006 0 460 20 99 98

*  Four patients with unsatisfactory CTA excluded, but all segments in remaining patients included
** Unclear reasons for exclusion, possibly not all indeterminate images
*** Not including 1 patient excluded for development of arrhythmia during exam
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miss some clinically important stenosis.

The consequences of missed diagnoses would
need to be compared to the consequences of
avoided negative angiography to determine
overall health outcomes. Second, the patient
populations in which these studies have been
performed have a very high prevalence of
stenosis, and thus, relatively few negative
angiographies are avoided for the effort of
performing CTA on everyone. It is uncertain
that the same performance characteristics
would apply to patient populations that have a
lower prevalence of stenosis, but are candidates
for angiography anyway.

CTA for Evaluation of Chest Pain in the ER
Two studies have been performed in which
CTA was done during evaluation of patients
with undiagnosed chest pain in the emergency
department (Table 7). These studies do not
really allow a formal comparison of CTA to

an alternative strategy of making a diagnosis,
because there was no alternative strategy that
was specifically defined in the studies. The
results of the CTA were used in the manage-
ment of the patient, and thus the diagnostic
alternatives to CTA were often not performed
or were used as a reference standard. The
best that can be calculated from these studies
is an estimate of the sensitivity and specificity
of CTA compared to a mixed reference stan-
dard consisting of clinical data or angiography
or other tests.

Sato et al. (2005) performed 4- or 16-row

CTA on 31 patients admitted to the ER with
chest pain, non-diagnostic EKG changes, and
normal cardiac enzymes. Subsequent to this
test, patients were assigned to a diagnosis
based on either elevation of cardiac enzymes,
angiography, or a perfusion test. Compared

to this mixed reference standard, CTA had 1
false-positive result and 1 false-negative result,
resulting in a sensitivity of 95.5% and specific-
ity of 88.9%. Because of the altered workup of
the patients and the mixed reference standard,

it is impossible to compare these results to an
alternative strategy that does not use CTA.

White et al. (2005) performed a similar study, in
which patients with chest pain in whom angina
was considered to be definite (Category 2) to
unlikely (Category 4) received 16-row CTA that
was altered in order to diagnose pulmonary
embolus and other sources of chest pain in
addition to coronary stenoses. Of 69 patients
enrolled in the study, 24 would have received

a CT for these other indications. The final
diagnosis was based on a combination of
clinical data, radionuclide testing, coronary
angiography, and stress echocardiography. CTA
had a sensitivity of 85% and a specificity of 96%
in diagnosing a cardiac cause of chest pain. For
diagnosing all sources of chest pain, CTA had a
sensitivity of 87% and a specificity of 96%. Like
the other study, because of the altered workup
of the patients and the mixed reference stan-
dard, it is impossible to compare these results
to an alternative strategy that does not use CTA.

In neither of these studies was the result of

the CTA available immediately in the ER, so it
was not actually used to make acute discharge
decisions. This allowed further testing of the
patients so that the false-negative results of
CTA could be determined. However, because

a specific alternative strategy was not consis-
tently performed in parallel with the CTA, com-
parable sensitivity and specificity estimates for
an alternative strategy cannot be calculated.

Thus, these data do not demonstrate that CTA
is an effective test for diagnosis of chest pain

in the ER. The imperfect sensitivity means that
some cardiac diagnoses may be missed, and the
imperfect specificity means that some patients
might be subject to unnecessary further workup
including angiography. Because the results

of CTA were used to determine subsequent
management of the patients resulting in omis-
sion of the comparators to CTA, comparisons to
alternatives not using CTA are not possible.

Table 7. Performance of CTA in Chest Pain Patients in the ER

Excluded Prevalence of
Study Patients n (patients) Stenosis (%) Sensitivity (%) Specificity (%)
Sato 2005 3 31 71 96 89
White 2005 0 69 17 83 96
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Discussion

The studies evaluating the use of CTA in com-
parison to angiography are relatively small
studies from single centers. Their major failing
is that they enrolled convenience samples of
patients being referred for angiography. The
results from these studies may not generalize
to lower-risk subsets of angiography patients.
However, analyzing the information from these
studies solely from the perspective of sensitivity
and specificity in identifying a specific amount
of coronary stenosis may shortchange the utility
of CTA. Visualizing the coronary anatomy may
provide useful prognostic information for opti-
mally managing patients. However, in order to
demonstrate improved patient outcomes, valid
prognostication tied to improved management
and outcomes must be demonstrated. Clinical
trials comparing patients undergoing CTA as
part of their diagnostic workup compared to
patients not undergoing CTA may be required
to demonstrate improved patient outcomes.
There is no evidence except in the ER regard-
ing the use of CTA in the early workup of
patients in whom CAD is being considered.

Current published studies of CTA in the
management of acute chest pain in the ER
are clearly inadequate to determine utility.
No comparator strategy was specified, and
there was no solid reference standard for
diagnosis. Clinical trials may be necessary to
demonstrate utility in this setting.

Summary of Application of the
Technology Evaluation Criteria

Based on the available evidence, the Blue
Cross and Blue Shield Association Medical
Advisory Panel made the following judgments
about whether CTA for screening or diagnos-
tic evaluation of the coronary arteries meets
the Blue Cross and Blue Shield Association
Technology Evaluation Center (TEC) criteria.

1. The technology must have final
approval from the appropriate
governmental bodies.

Multiple manufacturers have received U.S.
Food and Drug Administration (FDA) 510(k)
clearance to market MDCT machines equipped
with at least 16 detector rows and at least two
models of EBCT machines have been cleared
through FDA 510(k) clearance. Intravenous
iodinated contrast agents used for cardiac CTA
have also received FDA approval.

2. The scientific evidence must permit
conclusions concerning the effect of the
technology on health outcomes.

Current studies are inadequate to determine
the effect of CTA on health outcomes for the
diagnosis of coronary artery stenosis in patients
referred for angiography or for evaluation of
acute chest pain in the ER.

3. The technology must improve
the net health outcome; and

4. The technology must be as beneficial
as any established alternatives.

The available evidence is inadequate to deter-
mine whether CTA improves the net health
outcome or is as beneficial as established alter-
natives for diagnosis of coronary artery stenosis
or for evaluation of acute chest pain in the ER.

5. The improvement must be attainable
outside the investigational settings.

Whether use of CTA improves health
outcomes has not been established in the
investigational setting.

Based on the above, CTA as a substitute for
coronary angiography in the diagnosis of
coronary artery stenosis does not meet the
TEC criteria. CTA in the evaluation of acute
chest pain in the emergency room also does
not meet the TEC criteria.

NOTICE OF PURPOSE: TEC Assessments are scientific opinions, provided solely for informational purposes. TEC Assessments
should not be construed to suggest that the Blue Cross Blue Shield Association, Kaiser Permanente Medical Care Program or the
TEC Program recommends, advocates, requires, encourages, or discourages any particular treatment, procedure, or service; any
particular course of treatment, procedure, or service; or the payment or non-payment of the technology or technologies evaluated.

CONFIDENTIAL: This document contains proprietary information that is intended solely for Blue Cross and Blue Shield Plans
and other subscribers to the TEC Program. The contents of this document are not to be provided in any manner to any other
parties without the express written consent of the Blue Cross and Blue Shield Association.
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Figure A. Potential Management Decision Tree for Patients Being Referred for Conventional Angiography

Strategy ! Effect on Management ' Incremental Effect on Health Outcome

CA (+) 270% or Revascularization
>50% left main disease

#1: Conventional —— CA (+) <70% Medical management CAD - Base Case -
angiography (CA) \
CA (-) CAD R/O CAD
Patient
referred
for CA

Technical failure Conventional angiography NO BENEFIT
/ Same as Path #1 HARM - Morbidity CTA

#2: CTA

. . | (+) Defect, — Conventional angiography — NO BENEFIT
unctiona viable and revascularize HARM - Morbidity CTA
>70% or = assessment v

CTA (+) 250% — . >50% left ~
main disease (-) Defect, or

) / not viable
Technical success

50-70%
\ BENEFIT - Avoid CA
CTA-TP -
HARM - Morbidity CTA
Diagnose CAD / orbraity
CTA <50% Treat with

medical management —_, BENEFIT - Avoid CA
CTA-FP HARM - Morbidity CTA and

unnecessary med mgmt

CTA-TN BENEFIT - Avoid CA, reassurance
CTA (-) R/O CAD / HARM - Morbidity CTA
T BENEFIT - Avoid CA, reassurance
() A Moty A g
important enied possible benefit o

treatment, false reassurance

CA: conventional angiography; CAD: coronary artery disease; CTA: computed tomographic angiography; FN: false negative; FP: false positive; NPV: negative predictive value; R/O: rule out; TN: true negative; TP: true positive




Technology Evaluation Center

ecC

Technology
Evaluation

Center

Blue Cross and

Blue Shield Association
225 North Michigan Avenue
Chicago, Illinois 60601-7680

www.bhcbs.com/tec

® Registered marks of the Blue Cross and Blue Shield Association, an Association of Independent Blue Cross and Blue Shield Plans
®’ Registered trademark of Kaiser Permanente

© 2006 Blue Cross and Blue Shield Association. Reproduction without prior authorization is prohibited.



	Vol. 21, No. 5
	Executive Summary
	Contents
	Assessment Objective
	Background
	Methods
	Formulation of the Assessment
	Review of Evidence
	Discussion
	Summary of Application of the Technology Evaluation Criteria
	References
	Appendix


