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a b s t r a c t
The Society of Atherosclerosis Imaging and Prevention, in collaboration with the International Atherosclerosis Society, conducted an appropriate use review of common clinical scenarios where carotid intima
media thickness testing may be considered. The indications for this review were drawn from common
applications or anticipated uses, as well as from current clinical practice guidelines. Thirty-three clinical
scenarios were developed by a writing committee and scored by a separate technical panel on a scale
of 1–9 to designate appropriate use, inappropriate use, or uncertain use. Clinical scenarios included the
clinical application of CIMT for risk assessment in the absence of known coronary heart disease, risk
assessment in patients with known CHD, and serial CIMT imaging for monitoring of CHD risk status.
Appropriate indications were largely clustered within the detection of CHD risk among intermediate risk
patients, metabolic syndrome, and older patients. There were no appropriate indications for serial testing. Inappropriate indications generally were seen among use of CIMT in low risk patients, and high risk
patients. This document is intended to provide a practical guide to clinicians and promote optimal use
of testing which includes both the avoidance of under and over testing. It is intended that these criteria
will be updated as the evidence on CIMT imaging continues to evolve.
© 2010 Elsevier Ireland Ltd. All rights reserved.

Carotid intima media thickness testing provides a noninvasive,
ultrasound-based technique to measure the burden of noninvasive atherosclerosis in the carotid artery. The principal evidence
supporting the use of the test has been derived from large, researchbased cohort studies, which clearly show a relationship between
CIMT and incident coronary heart disease (CHD) events. However, like all imaging tests, there is a gap between observational
evidence, and evidence guiding the selection of patients for imaging. Concern over this gap has been heightened by rapid growth
in the use of cardiovascular imaging amidst unwarranted levels
of regional variability in practice. To address rational, clinically
appropriate application of CIMT imaging, however within the
context of a large existing body of evidence on CIMT, appropriate use criteria have been developed as a formalized process
[1] to develop expert consensus on the selection of patients for
testing.
An appropriate imaging study is one in which the expected
incremental information, combined with clinical judgment,
exceeds the expected negative consequences by a sufﬁciently
wide margin for a speciﬁc indication that the procedure is generally considered acceptable care and a reasonable approach for
the indication.
1. Appropriate use criteria development
Appropriate use criteria derive from a structured methodology
evaluating clinical scenarios in which a patient might be considered

for CIMT imaging are developed by an independent writing committee, and then considered by a separate technical rating panel
using a modiﬁed Delphi technique. The technical rating panel is
comprised evenly of individuals with substantial experience and
knowledge of the imaging technique, and individuals with other
areas of expertise outside of the imaging test under consideration.
Technical panel members are provided a bibliography of relevant
evidence on the imaging technique prior to entering the rating process. The clinical scenarios undergo a series of 2 rounds of ratings
completed individually by the panel with no interaction between
panel members. Between the rating rounds, the technical panel
members meet for review and discussion of the ﬁrst round rating
results. The scoring for each scenario is evaluated with regard to its
statistical distribution. When a rating is noted to have wide dispersion, a clinical scenario is speciﬁcally discussed. The technical panel
does not have a chairperson, but a moderator from the writing committee who facilitates discussion. The process is not driven by the
requirement to reach consensus, with the median rating from the
second round constituting the ﬁnal score for each clinical scenario.
2. Scoring
Technical rating panel members rated each indication on the
following scale:
Score
Score
Score

7–9
4–6
1–3

Appropriate test for speciﬁc indication
Uncertain for speciﬁc indication
Inappropriate test for speciﬁc indication
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CIMT clinical scenarios and appropriateness ratings.

Risk assessment in the absence of known coronary heart disease
1
CIMT for the initial detection of CHD risk
2
3
4
CIMT for the initial detection of CHD risk in the setting of 2 or more
NCEP risk factors
5
6
7
CIMT for the initial detection of CHD risk in patients with
metabolic syndrome
8
9
10
CIMT for the detection of CHD risk in patients with diabetes
mellitus
11
12
CIMT for the detection of CHD risk in men >45 years of age
irrespective of CHD risk level
13
CIMT for the detection of CHD risk in women >55 years of age
irrespective of CHD risk level
14
CIMT for the detection of CHD risk in the setting of a family history
of premature CHD
15
16
CIMT for the detection of CHD risk in patients with a known
abnormal coronary calcium score (>100 or above the 75th
percentile for age and gender)
17
CIMT for the detection of CHD risk in patients with a known CAC
score of zero
18
19
20
Asymptomatic patient with focal carotid artery plaque on duplex
carotid ultrasound
21
Asymptomatic patient with >50% stenosis on carotid duplex
ultrasound
Risk assessment in patients with known CHD
22
Risk assessment following carotid endarterectomy, imaging the
contralateral artery
23
Patient on lipid lowering therapy, to evaluate plaque echogenicity
24
In a patient with known CHD or other secondary prevention
equivalent diagnoses
25
In a patient with Transient ischemic attack or stroke as a
component of a carotid Doppler evaluation
Serial CIMT imaging for monitoring of CHD risk status
26
In primary prevention
27
28
In secondary prevention
29
30
In patients with prior normal CIMT
31
In patients with prior abnormal CIMT
32
In patients that have reached treatment targets of CHD risk factors
33
In patients that have not reached treatment targets of CHD risk
factors

Additional Patient Details

Median appropriateness ranking
(category)

Low risk
Intermediate risk
High risk
Low risk

3 (I)
7 (A)
5 (U)
5 (U)

Intermediate risk
High risk
<30 years of age

8 (A)
5 (U)
4 (U)

30–60 years of age
>60 years of age
Without a history of CHD

7 (A)
7 (A)
7 (A)

With known CHD

3 (I)
5 (U)
6 (U)

Low risk

6 (U)

Intermediate risk

8 (A)
4 (U)

FRS < 5%

3 (I)

FRS 5–10%
FRS 11–20%

5 (U)
7 (A)
3 (I)
3 (I)

3 (I)
5 (U)
3 (I)
5 (U)

Annually
After 2 or more years
Annually
After 2 or more years

3 (I)
5 (U)
3 (I)
4 (U)
3 (I)
6 (U)
5 (U)
6 (U)

A, Appropriate; U, Uncertain; I, Inappropriate, CIMT, Carotid intima media thickness; FRS, Framingham risk score; CAC, coronary artery calcium; CHD, coronary heart disease;
NCEP, National Cholesterol Education Program.

The following guidance was provided to the technical rating
panel:
1. CIMT would be assumed to be performed under acceptable technical standards:
a. CIMT is performed in accordance with best practice standards
and appropriately experienced physicians.
b. CIMT equipment is available that has the minimal technical
capabilities required for the indication to lead to high quality
and precise imaging. Typical technical parameters for studies
performed on include imaging at 10 mHz, with electrocardiographic gating of image acquisition, digital image storage and
appropriate computer software must be available for image
analysis.
2. Appropriate use criteria development requires determination of
a reasonable course of action for clinical decision making based
on a risk/beneﬁt trade-off as determined by individual patient

indications. Similarly, if there is no potential for improvement
in health status or survival, then the indication was rated in the
inappropriate range.
3. All indications should consider the available medical literature.
In many cases, literature studies are reﬂections of the capabilities
and limitations of the test in a limited population and provide
minimal information about the role of the test in clinical decision making. In contrast, guideline recommendations are often
reﬂections of optimal or speciﬁc applications of science as found
in the literature. Guideline recommendations may be used to
help guide ratings but class of recommendation and level of evidence for a recommendation should not be viewed as translating
into a particular score for an indication.
4. The use of testing is assumed to have the potential to impact
clinical decision making and to direct therapeutic interventions.
5. Cost should be considered implicitly in the appropriate use
determination.
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6. Additional factors may be considered implicitly in the appropriate use determination including the impact of the image on
clinical decision making when combined with clinical judgment.
7. For each indication, the rating should reﬂect whether the test
is reasonable for the patient according to the appropriate use
deﬁnition, not whether the test is better or worse than another.
It also should not consider issues of local availability or skill for
any modality or attempt in any way to compare two tests to each
other.
8. The category of uncertain should be used when insufﬁcient clinical data are available for a deﬁnitive categorization or there is
substantial disagreement regarding the appropriateness of that
indication. The designation of “uncertain” is assumed to not provide grounds for denial of reimbursement.
9. It is assumed that clinicians will use carotid IMT studies in addition to standard methods of risk assessment as presented in
the NHLBI report [2] on “Detection, Evaluation, and Treatment
of High Blood Cholesterol in Adults (Adult Treatment Panel III
(ATP III))”.
Absolute risk is deﬁned as the probability of developing CHD,
including myocardial infarction or coronary heart disease death,
over a given time period. The ATP III report speciﬁes absolute risk
for CHD over the next 10 years. CHD risk refers to 10 year risk
for any myocardial infarction or cardiac-related death. However, in
acknowledgement that global absolute risk scores may be miscalibrated to certain populations (e.g., women, younger men), clinical
judgment must be applied in selecting categorical risk thresholds.
• CHD risk – low
Deﬁned by the age speciﬁc risk level that is below average. In
general, low risk will correlate with a 10-year absolute CHD risk
less than 10%.
• CHD risk – intermediate
Deﬁned by the age speciﬁc risk level that is average or above
average. In general, moderate risk will correlate with a 10-year
absolute CHD risk between 10 and 20%. Among women and
younger age men, an expanded intermediate risk range of 6–20%
may be appropriate.
• CHD risk – high
Deﬁned as the presence of diabetes mellitus in a patient greater
than or equal to 40 years of age, peripheral arterial disease or
other coronary risk equivalents, or the 10-year absolute CHD risk
of greater than 20%.
3. Discussion
Appropriate use criteria deﬁne common patient subgroups
where expert opinion and the available medical evidence are combined to assess the net beneﬁt of a test or procedure, in this instance
CIMT. The technical panel rated 33 clinical scenarios for the clinical
application of CIMT among categories including: risk assessment
in the absence of known coronary heart disease, risk assessment
in patients with known CHD, and serial CIMT imaging for monitoring of CHD risk status. The intent of these criteria is to guide the
rational use of the procedure, namely avoidance of either under- or
over-utilization.
Among the potential CIMT indications, a total of 7 were rated
as appropriate, 16 were rated as uncertain, and 10 were rated
as inappropriate. Appropriate indications were largely clustered
within the detection of CHD risk among intermediate risk patients,
metabolic syndrome, and older patients. There were no appropriate
indications for serial testing, for which greater evidence is needed
on the technical success of serial imaging in clinical settings, in
addition to greater understanding of anticipated progression rates,

3

optimal time horizon for repeat testing, and the effect of such an
approach on clinical management or outcomes. Inappropriate indications generally were seen among use of CIMT in low risk patients,
and high risk patients.
The clinical scenarios included in this report were designed
to reﬂect the most common and important potential applications
for CIMT. However, not all potential candidates for CIMT imaging
may not strictly fall within these categories such as special patient
populations (e.g., children) or conditions (familial hypercholesterolemia). These criteria are expected to be useful for clinicians,
health care facilities, and third-party payers engaged in the delivery of cardiovascular imaging services. Their intent is to provide
guidance on selected patient scenarios and determine overall patterns of use of CIMT. Although the appropriate use ratings reﬂect
medical literature as well as expert consensus, physicians and other
stakeholders should understand the role of clinical judgment in
determining whether to order a test for an individual patient. Thus,
it is not anticipated that 100% of CIMT indications for a given health
care provider or facility will fall within the “appropriate” category. Additionally, uncertain indications often require individual
physician judgment and understanding of the patient to better
determine the usefulness of a test for a particular scenario. As
such, the ranking of an indication as uncertain (4–6) should not
be viewed as limiting the use of CIMT. Concordantly, the ratings
reﬂect that the Technical Panel was instructed that the “uncertain”
designation was still designed to be considered as a “reimbursable”
category.
Implementation of these criteria is highly encouraged through
provider education, as increasing emphasis is being placed on
imaging appropriateness by laboratory accreditation bodies and
other organizations focused on provider quality. Clinicians could
use the ratings for decision support or an educational tool when
considering the need for CIMT imaging, or within communications regarding referrals for CIMT imaging. It is hoped that payers
would use these criteria as the basis for the development of rational payment management strategies, in that services performed
for appropriate indications will be considered reimbursable. In
contrast, services performed for inappropriate indications should
likely require additional documentation to justify reimbursement
because of the unique circumstances or the clinical proﬁle which
must exist in such a patient. Uncertain ratings are those where the
available data vary or are rapidly evolving and thus more research
is needed.
The use of ultrasound to measure CIMT is a quantitative test
providing measurements of submillimeter arterial structures. Thus,
successful application of these criteria for patient selection also
requires an understanding and implementation of testing conditions which favor reliable and reproducible imaging results. Thus,
CIMT laboratories should assure proper training of the staff, and
the implementation and adherence to systems, standardization
policies and procedures to foster and document accuracy and
reproducibility.
In conclusion, this document presents the current understanding of the net clinical beneﬁt of CIMT imaging within the context
of the present literature and expert consensus as judged within the
balance of the potential risks and beneﬁts to the patient. This document is intended to provide a practical guide to clinicians and
promote optimal use of testing which includes both the avoidance of under and over testing. It is intended that these criteria
will be updated as the evidence on CIMT imaging continues to
evolve.
Studies of CIMT validation and reproducibility [3–5].
Guidelines and review [6–9].
Longitudinal CIMT studies [10–18].
Progression/regression of atherosclerosis – Clinical Trials
[19–23].
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Appendix A.
Carotid intima media thickness testing writing group: Allen J.
Taylor, MD, FACC, FAHA: Writing Group Chair, Washington Hospital Center, Washington, DC; Mark W. Oldendorf, MD: Writing
Group Co-chair, Oldendorf Medical Services, PLLC, Albany, NY;
Mario DeMichele, MD, FESC, FAHA, Moscati Hospital, Aversa, Italy;
Amy L. Doneen, MSN, ARNP, Heart Attack & Stroke Prevention Center, Spokane, WA; Dale A. Faulkner, MD, Southwest Cardiology
Associates, Sugar Land, TX; Kim Sutton-Tyrrell, DrPH, University
of Pittsburgh, Pittsburgh, PA.
Technical rating panel: Monica Acevedo, MD, Pontiﬁcia Universidad Católica de Chile, Santiago, Chile; Andrei V. Alexandrov, MD,
University of Alabama at Birmingham, Birmingham, AL; B. Alan
Bottenberg, DO, FACOI, FNLA, Internal Medicine Associates, Carson
City, NV; Michael A. Bush, MD, Cedar Sinai Medical Center, Beverly Hills, CA; Jose M. David, MD, Prime Care Physicians, PC, Albany,
NY; Michael H. Davidson, MD, University of Chicago Pritzker School
of Medicine, Chicago, IL; Patrick J. Devine, MD, FACC, Walter Reed
Army Medical Center, Washington, DC; Caldwell B. Esselstyn, Jr,
MD, Cleveland Clinic Wellness Institute, Cleveland, OH; Arcangelo
Iannuzzi, MD, A. Cardarelli Hospital, Naples, Italy; J. Antonio G.
Lopez, MD, FACC, FAHA, FACP, FCCP, FASE, FASA, FNLA, Cardiovascular Consultants of Idaho, Boise, ID; Fenwick T. Nichols, III, MD,
FACP, FAHA, FACP, Medical College of Georgia, Augusta, GA; Silvio
Perrotta, MD, Ospedale Ascalesi, Naples, Italy; Paolo Rubba, MD,
Federico II University of Naples, Naples, Italy; Tatjana Rundek, MD,
PhD, University of Miami Miller School of Medicine, Miami, FL; Lale
Tokgozoglu, MD, Hacettepe University, Ankara, Turkey; James A.
Underberg, MS, MD, FSVM, FACPM, FACP, FASH, FNLA, NYU Medical School & Center for Cardiovascular Disease Prevention, New
York, NY; Ferdinand J. Venditti, Jr, MD, FACP, Albany Medical College, Albany, NYAlberto Zanchetti, MD; University of Milan, Milan,
Italy.
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