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PREAMBLE

t is essential that the medical profession play a central role

in critically evaluating the evidence related to drugs,

devices, and procedures for the detection, management,
or prevention of disease. Properly applied, rigorous, expert
analysis of the available data documenting absolute and
relative benefits and risks of these therapies and procedures
can improve outcomes and reduce costs of care by focusing
resources on the most effective strategies. One important use
of such data is the production of clinical practice guidelines
which, in turn, can provide a foundation for a variety of other
applications such as performance measures, appropriate use
criteria, clinical decision support tools, and quality improve-
ment tools.

The American College of Cardiology Foundation (ACCF)
and the American Heart Association (AHA) have jointly
engaged in the production of guidelines in the area of
cardiovascular disease since 1980. The ACCF/AHA Task
Force on Practice Guidelines is charged with developing,
updating, and revising practice guidelines for cardiovascular
diseases and procedures, and the Task Force directs and
oversees this effort. Writing committees are charged with
assessing the evidence as an independent group of authors to
develop, update, or revise recommendations for clinical
practice.

Experts in the subject under consideration have been selected
from both organizations to examine subject-specific data and
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write guidelines in partnership with representatives from other
medical practitioner and specialty groups. Writing committees
are specifically charged to perform a formal literature review,
weigh the strength of evidence for or against particular treat-
ments or procedures, and include estimates of expected health
outcomes where data exist. Patient-specific modifiers, comor-
bidities, and issues of patient preference that may influence the
choice of tests or therapies are considered. When available,
information from studies on cost is considered, but data on
efficacy and clinical outcomes constitute the primary basis for
recommendations in these guidelines.

The ACCF/AHA Task Force on Practice Guidelines
makes every effort to avoid actual, potential, or perceived
conflicts of interest that may arise as a result of industry
relationships or personal interests among the writing com-
mittee. Specifically, all members of the writing committee,
as well as peer reviewers of the document, are asked to
disclose all current relationships and those 24 months prior
to initiation of the writing effort that may be perceived as
relevant. All guideline recommendations require a confi-
dential vote by the writing committee and must be ap-
proved by a consensus of the members voting. Members
who were recused from voting are noted on the title page of
this document. Members must recuse themselves from voting
on any recommendation where their relationships with indus-
try (RWI) and other entities apply. If a writing committee
member develops a new relationship with industry during
his/her tenure, he/she is required to notify guideline staff in
writing. These statements are reviewed by the Task Force on
Practice Guidelines and all members during each conference
call and/or meeting of the writing committee, updated as
changes occur, and ultimately published as an appendix to the
document. For detailed information regarding guideline poli-
cies and procedures, please refer to the methodology manual
for ACCF/AHA Guideline Writing Committees." RWI and
other entities pertinent to this guideline for authors and peer
reviewers are disclosed in Appendixes 1 and 2, respectively.
Disclosure information for the ACCF/AHA Task Force on
Practice Guidelines is also available online at http://www.
acc.org/about/overview /ClinicalDocumentsTaskForces.cfm.

These practice guidelines are intended to assist healthcare
providers in clinical decision making by describing a range of
generally acceptable approaches for diagnosis, management,
and prevention of specific diseases or conditions. Clinicians
should consider the quality and availability of expertise in the
area where care is provided. These guidelines attempt to
define practices that meet the needs of most patients in most
circumstances. The recommendations reflect a consensus after
a thorough review of the available current scientific evidence
and are intended to improve patient care. The Task Force
recognizes that situations arise where additional data are
needed to better inform patient care; these areas will be
identified within each respective guideline when appropriate.

Patient adherence to prescribed and agreed upon medical
regimens and lifestyles is an important aspect of treatment.
Prescribed courses of treatment in accordance with these
recommendations are effective only if they are followed.
Because lack of patient understanding and adherence may
adversely affect outcomes, physicians and other healthcare
providers should make every effort to engage the patient’s
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active participation in prescribed medical regimens and
lifestyles.

If these guidelines are used as the basis for regulatory or
payer decisions, the goal should be improvement in quality of
care and aligned with the patient’s best interest. The ultimate
judgment regarding care of a particular patient must be made
by the healthcare provider and the patient in light of all of the
circumstances presented by that patient. Consequently, there
are circumstances in which deviations from these guidelines
are appropriate.

The guidelines will be reviewed annually by the
ACCF/AHA Task Force on Practice Guidelines and con-
sidered current unless they are updated, revised, or
withdrawn from distribution. The full-text guidelines are
e-published in the April 6, 2010, issues of the Journal of the
American College of Cardiology and Circulation.'

Alice K. Jacobs, MD, FACC, FAHA
Chair, ACCF/AHA Task Force on Practice Guidelines

Sidney C. Smith, Jr, MD, FACC, FAHA
Immediate Past Chair, ACCF/AHA Task Force on
Practice Guidelines

1. INTRODUCTION

1.1. Methodology and Evidence Review

The writing committee conducted a comprehensive search
of the medical and scientific literature through the use of
PubMed/MEDLINE. Searches were limited to publications
written in the English language. Compiled reports were
reviewed and additional articles were provided by commit-
tee members. Specifically targeted searches were conducted
on the following subtopics: acute aortic dissection, anky-
losing spondylitis, aortic dissection and litigation, aortic
neoplasm, aortic tumors, Behget disease, bicuspid aortic
valve, calcified aorta, chronic dissection, coarctation of the
aorta, D-dimer, dissecting aneurysm, Ehlers-Danlos syn-
drome, endovascular and aortic aneurysms, medial degen-
eration, porcelain aorta, giant cell arteritis, imaging and
thoracic aortic disease, inflammatory disease, intramural
hematoma, Loeys-Dietz syndrome, Marfan syndrome,
Noonan syndrome, penetrating aortic ulcer, polycystic kid-
ney disease, thoracic and aortic aneurysms, thoracic aortic
disease and patient care, thoracic aortic disease and sur-
gery, thoracic aorta and Kawasaki disease, Takayasu arteri-
tis, thoracoabdominal and aorta or aortic disease, and
Turner syndrome. More than 850 references were re-
viewed, with 830 used as the primary evidence base for the
final guideline. The ACCF/AHA Task Force on Practice
Guidelines methodology processes were followed to write
the text and recommendations. In general, published
manuscripts appearing in journals listed in Index Medicus
were used as the evidence base. Published abstracts were
used only for emerging information but were not used in
the formulation of recommendations.

The committee reviewed and ranked evidence supporting
current recommendations with the weight of evidence ranked
as Level A if the data were derived from multiple randomized
clinical trials or meta-analyses. The committee ranked avail-
able evidence as Level B when data were derived from a
single randomized trial or nonrandomized studies. Evidence
was ranked as Level C when the primary source of the
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Table 1. Applying Clas
SIZE OF TREATMENT EFFECT

LEVEL A

Multiple populations
evaluated*

Data derived from multiple
randomized clinical trials
or meta-analyses

LEVEL B

Limited populations
evaluated*

Data derived from a
single randomized trial
or nonrandomized studies

LEVEL C

Very limited populations
evaluated*

ation of Recommendations and Level of E

CLASS lla

Benefit >> Risk
Additional studies with
focused objectives needed
IT IS REASONABLE to per-
form procedure/administer
treatment

= Recommendation in favor
of treatment or procedure
being useful/effective

= Some conflicting evidence
from multiple randomized
trials or meta-analyses

m Recommendation in favor
of treatment or procedure
being useful/effective

= Some conflicting
evidence from single
randomized trial or
nonrandomized studies

= Recommendation in favor
of treatment or procedure
being useful/effective

m Only diverging expert

Only consensus opinion
of experts, case studies,
or standard of care

ESTIMATE OF CERTAINTY (PRECISION) OF TREATMENT EFFECT

opinion, case studies,
or standard of care

Suggested phrases for should is reasonable may/might be considered is not recommended
writing recommendations’ is recommended can be useful/effective/beneficial may/might be reasonable is not indicated
is indicated is probably recommended usefulness/effectiveness is should not
is useful/effective/beneficial or indicated unknown/unclear/uncertain is not useful/effective/beneficial
or not well established may be harmful

*Data available from clinical trials or registries about the usefulness/efficacy in different subpopulations, such as sex, age, history of diabetes, history of prior
myocardial infarction, history of heart failure, and prior aspirin use. A recommendation with Level of Evidence B or C does not imply that the recommendation is
weak. Many important clinical questions addressed in the guidelines do not lend themselves to clinical trials. Even though randomized trials are not available,
there may be a very clear clinical consensus that a particular test or therapy is useful or effective.

FIn 2003, the ACCF/AHA Task Force on Practice Guidelines developed a list of suggested phrases to use when writing recommendations. All guideline
recommendations have been written in full sentences that express a complete thought, such that a recommendation, even if separated and presented apart from
the rest of the document (including headings above sets of recommendations), would still convey the full intent of the recommendation. It is hoped that this will
increase readers’ comprehension of the guidelines and will allow queries at the individual recommendation level.

recommendation was consensus opinion, case studies, or
standard of care. In the narrative portions of these guidelines,
evidence is generally presented in chronologic order of devel-
opment. Studies are identified as observational, retrospective,
prospective, or randomized. For certain conditions for which
inadequate data are available, recommendations are based on
expert consensus and clinical experience and are ranked as
Level C. An analogous example is the use of penicillin for
pneumococcal pneumonia, where there are no randomized
trials and treatment is based on clinical experience. When
recommendations at Level C are supported by historical
clinical data, appropriate references (including clinical re-
views) are cited if available. For issues where sparse data are
available, a survey of current practice among the clinicians on
the writing committee formed the basis for Level C recom-
mendations and no references are cited. The schema for
classification of recommendations and level of evidence is
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summarized in Table 1, which also illustrates how the grading
system provides an estimate of the size of the treatment effect
and an estimate of the certainty of the treatment effect.

To provide clinicians with a comprehensive set of
data, whenever possible, the exact event rates in various
treatment arms of clinical trials are presented to permit
calculation of the absolute risk difference (ARD), number
needed to harm (NNH); the relative treatment effects are
described either as odds ratio (OR), relative risk (RR), or
hazard ratio (HR) depending on the format in the
original publication. Along with all other point statistics,
confidence intervals (CIs) for those statistics are added
when available.

The writing committee recognized that the evidence
base for this guideline is less robust in terms of randomized
clinical trials than prior ACCF/AHA guidelines, particu-
larly those focused on coronary artery disease (CAD) and
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heart failure. As the reader will discern, much of the
evidence base for this topic consists of cohort studies and
retrospective reviews, which largely emanate from centers
with a specialized interest in specific types of thoracic aortic
disease. The writing committee attempted to focus on
providing the practitioner with recommendations for
evaluation and treatment wherever possible and where
controversy exists, identified as such in the text.

The writing committee acknowledges the expertise of
the highly experienced and effective practice guidelines
staff of the ACCF and AHA. The writing committee chair
also acknowledges the commitment and dedication of the
diverse writing committee members who were able to put
aside issues of specialty “turf” and focus on providing the
medical community with a guideline aimed at optimal
patient care.

1.2. Organization of the Writing Committee

The guideline was written by a committee comprised of
experts in cardiovascular medicine, surgery, radiology, and
nursing. For many of the previous ACCF/AHA practice
guidelines, writing expertise has been available within
these 2 organizations. Because of the broad scope and
diversity of thoracic aortic diseases, as well as the special-
ists who treat such patients, the ACCF and AHA sought
greater involvement from many specialty organizations.
Most, but not all, specialty organizations that represent the
major stakeholders caring for patients with thoracic aortic
diseases provided writing committee members and finan-
cial support of the project, and they are recognized as
marquee level partners with the ACCF and AHA. These
organizations included the American Association for Tho-
racic Surgery (AATS), American College of Radiology
(ACR), American Stroke Association (ASA), Society of
Cardiovascular Anesthesiologists (SCA), Society for Car-
diovascular Angiography and Interventions (SCAI), Soci-
ety of Interventional Radiology (SIR), Society of Thoracic
Surgeons (STS), and Society for Vascular Medicine (SVM).
The American College of Emergency Physicians (ACEP)
and the American College of Physicians (ACP) were also
represented on the writing committee. Where additional
expertise was needed, the scientific councils of the AHA
were contacted for writing committee representatives. Rep-
resentation was provided or facilitated by the Councils on
Cardiovascular Nursing, Cardiovascular Surgery and An-
esthesia, Cardiovascular Radiology and Intervention, and
Clinical Cardiology, Council for High Blood Pressure Re-
search, and Stroke Council.

1.3. Document Review and Approval

This document was reviewed by 3 outside reviewers nomi-
nated by the ACCF and 2 outside reviewers nominated by
the AHA, as well as 1 or 2 reviewers from each of the
following organizations: the AATS, ACP, ACEP, ACR,
ASA, SCA, SCAI, SIR, STS, and the SVM. It was also
reviewed by 6 individual content reviewers—2 content
reviewers from the ACCF Catheterization Committee and 1
content reviewer from the ACCF Interventional Council.
All reviewer RWI information was collected and distrib-
uted to the writing committee and is published in this
document (see Appendix 2).
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This document was approved for publication by the
governing bodies of the ACCF and the AHA; and the
AATS, ACEP, ACR, ASA, SCA, SCA], SIR, STS, and SVM
and was endorsed by the North American Society for
Cardiovascular Imaging.

1.4. Scope of the Guideline

The term thoracic aortic disease encompasses a broad range of
degenerative, structural, acquired, genetic-based, and trau-
matic disease states and presentations. According to the
Centers for Disease Control and Prevention death certificate
data, diseases of the aorta and its branches account for 43 000
to 47 000 deaths annually in the United States.” The precise
number of deaths attributable to thoracic aortic diseases is
unclear. However, autopsy studies suggest that the presenta-
tion of thoracic aortic disease is often death due to aortic
dissection (AoD) and rupture, and these deaths account for
twice as many deaths as attributed to ruptured abdominal
aortic aneurysms (AAAs).> The diagnosis of acute thoracic
AoD or rupture is often difficult and delayed, and errors in
diagnosis may account for deaths otherwise attributed to
cardiac arrhythmia, myocardial infarction (MI), pulmonary
embolism, or mesenteric ischemia.

Most patients with significant thoracic aortic disease
will be directed to specialized practitioners and institu-
tions. However, the importance of early recognition and
prompt treatment and/or referral for a variety of thoracic
aortic diseases by all healthcare professionals provides the
rationale for this document. This guideline will provide the
practitioner with a sufficient description of background
information, diagnostic modalities, and treatment strate-
gies so that appropriate care of these patients can be
facilitated and better understood. The goal of this guideline
is to improve the health outcomes and quality of life for all
patients with thoracic aortic disease.

This guideline includes diseases involving any or all parts
of the thoracic aorta with the exception of aortic valve
diseases* and includes the abdominal aorta when contiguous
thoracic aortic diseases are present. Specific disease states are
described in the following sections and the reader is referred
to the glossary of terminology in Section 1.5 for abbreviations
used throughout the guideline.

1.4.1. Critical Issues
As the writing committee developed this guideline, several
critical issues emerged:

* Thoracic aortic diseases are usually asymptomatic and
not easily detectable until an acute and often cata-
strophic complication occurs. Imaging of the thoracic
aorta with computed tomographic imaging (CT), mag-
netic resonance imaging (MR), or in some cases, echo-
cardiographic examination is the only method to detect
thoracic aortic diseases and determine risk for future
complications.

* Radiologic imaging technologies have improved in
terms of accuracy of detection of thoracic aortic dis-
ease. However, as the use of these technologies has
increased, so also has the potential risk associated
with repeated radiation exposure, as well as contrast
medium-related toxicity. Whether these technologies
should be used repeatedly as a widespread screening
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tool is discussed in the full-text document. In addition,
the writing committee formulated recommendations
on a standard reporting format for thoracic aortic
findings as discussed in Section 4.

* Imaging for asymptomatic patients at high risk based
on history or associated diseases is expensive and not
always covered by payers.

* For many thoracic aortic diseases, results of treatment
for stable, often asymptomatic, but high-risk condi-
tions are far better than the results of treatment
required for acute and often catastrophic disease
presentations. Thus, the identification and treatment
of patients at risk for acute and catastrophic disease
presentations (eg, thoracic AoD and thoracic aneu-
rysm rupture) prior to such an occurrence are para-
mount to eliminating the high morbidity and mortal-
ity associated with acute presentations.

e A subset of patients with acute AoD are subject to
missed or delayed detection of this catastrophic dis-
ease state. Many present with atypical symptoms and
findings, making diagnosis even more difficult. This
issue has come under greater medical-legal scrutiny,
and specific cases have been widely discussed in the
public domain. Widespread awareness of the varied
and complex nature of thoracic aortic disease presen-
tations has been lacking, especially for acute AoD.
Risk factors and clinical presentation clues are noted
in Section 9. The collaboration and cosponsorship of
multiple medical specialties in the writing of this
guideline will provide unique opportunities for wide-
spread dissemination of knowledge to raise the level
of awareness among all medical specialties.

* There is rapidly accumulating evidence that genetic
alterations or mutations predispose some individuals to
aortic diseases. Therefore, identification of the genetic
alterations leading to these aortic diseases has the poten-
tial for early identification of individuals at risk. In
addition, biochemical abnormalities involved in the pro-
gression of aortic disease are being identified through
studies of patients” aortic samples and animal models of
the disease.”® The biochemical alterations identified in
the aortic tissue have the potential to serve as biomark-
ers for aortic disease. Understanding the molecular
pathogenesis may lead to targeted therapy to prevent
aortic disease. Medical and gene-based treatments are
beginning to show promise for reducing or delaying
catastrophic complications of thoracic aortic diseases.

1.5. Glossary of Terms and Abbreviations Used
Throughout the Guideline

Aneurysm (or true aneurysm): a permanent localized
dilatation of an artery, having at least a 50% increase
in diameter compared to the expected normal diam-
eter of the artery in question. Although all 3 layers
(intima, media, and adventitia) may be present, the
intima and media in large aneurysms may be so
attenuated that in some sections of the wall they are
undetectable.

Pseudoaneurysm (or false aneurysm): contains blood
resulting from disruption of the arterial wall with
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extravasation of blood contained by periarterial con-
nective tissue and not by the arterial wall layers. Such
an extravascular hematoma that freely communicates
with the intravascular space is also known as a
pulsating hematoma.”™

Ectasia: arterial dilatation less than 150% of normal
arterial diameter.

Arteriomegaly: diffuse arterial dilatation involving sev-
eral arterial segments with an increase in diameter
greater than 50% by comparison to the expected
normal arterial diameter.

Thoracoabdominal aneurysm (TAA): aneurysm involv-
ing the thoracic and abdominal aorta.

Abdominal aortic aneurysm (AAA): aneurysm involv-
ing the infradiaphragmatic abdominal aorta.

Aortic dissection (AoD): disruption of the media layer
of the aorta with bleeding within and along the wall
of the aorta. Dissection may, and often does, occur
without an aneurysm being present. An aneurysm
may, and often does, occur without dissection. The
term dissecting aortic aneurysm is often used incor-
rectly and should be reserved only for those cases
where a dissection occurs in an aneurysmal aorta.

2. THE THORACIC AORTA
The thoracic aorta is divided into 4 parts: the aortic root
(which includes the aortic valve annulus, the aortic valve
cusps, and the sinuses of Valsalva); the ascending aorta
(which includes the tubular portion of the ascending aorta
beginning at the sinotubular junction and extending to the
brachiocephalic artery origin); the aortic arch (which begins at
the origin of the brachiocephalic artery, and is the origin of the
head and neck arteries, coursing in front of the trachea and to the
left of the esophagus and the trachea); and the descending aorta
(which begins at the isthmus between the origin of the left
subclavian artery and the ligamentum arteriosum and courses
anterior to the vertebral column, and then through the dia-
phragm into the abdomen) (see Figure 1).

The normal human adult aortic wall is composed of 3
layers, listed from the blood flow surface outward:

Intima: Endothelial layer on a basement membrane with
minimal ground substance and connective tissue.
Media: Bounded by an internal elastic lamina, a fenes-
trated sheet of elastic fibers; layers of elastic fibers
arranged concentrically with interposed smooth
muscle cells; bounded by an external elastic lamina,
another fenestrated sheet of elastic fibers.

Adventitia: A resilient layer of collagen containing the
vasa vasorum and nerves. Some of the vasa vasorum
can penetrate into the outer third of the media.

3. THORACIC AORTIC HISTOPATHOLOGY

3.1. Atherosclerosis

A 1995 consensus document from the AHA defines the
types and histological classes of atherosclerosis'® (Figure 2).

3.2. Aneurysms and Dissections

Aortic aneurysm histopathology, more accurately termed
medial degeneration, is characterized by disruption and loss
of elastic fibers and increased deposition of proteoglycans.
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Figure 1. Normal anatomy of the thoracoabdominal aorta with
standard anatomic landmarks for reporting aortic diameter as
illustrated on a volume-rendered CT image of the thoracic aorta.
CT indicates computed tomographic imaging. Anatomic locations:
1, Aortic sinuses of Valsalva; 2, Sinotubular junction; 3, Mid
ascending aorta (midpoint in length between Nos. 2 and 4); 4,
Proximal aortic arch (aorta at the origin of the innominate artery);
5, Mid aortic arch (between left common carotid and subclavian
arteries); 6, Proximal descending thoracic aorta (begins at the
isthmus, approximately 2 cm distal to left subclavian artery); 7,
Mid descending aorta (midpoint in length between Nos. 6 and 8);
8, Aorta at diaphragm (2 cm above the celiac axis origin); 9,
Abdominal aorta at the celiac axis origin. CT indicates computed
tomographic imaging.

Typically, there are areas of loss of smooth muscle cells in the
aortic media, but whether there is a total loss of smooth
muscle cells in the aortic wall is not clear. Recent literature
supports the presence of inflammatory cell infiltration in this
disease."'* Aortic pathology associated with myosin heavy
chain 11, smooth muscle (MYH11) and actin, alpha 2, smooth
muscle aorta (ACTA2) mutations leading to ascending aortic
aneurysms demonstrates a hyperplastic response by smooth
muscle cells in the aortic media. The aortic media in aneurysm
tissue taken from patients harboring mutations in these genes
demonstrated focal hyperplasia associated with smooth
muscle cells that were remarkable for a lack of structured
orientation parallel to the lumen of the aorta, but instead, the
smooth muscle cells were oriented randomly with respect to
one another.'>*

Increased immunostaining for a subset of matrix metal-
loproteinases (MMPs) has been described in the media of
thoracic aortic aneurysms, particularly MMP-2 and MMP-
9.'>718 Immunostaining of aortic media from patients with
Marfan syndrome has demonstrated increases of MMP-2
and MMP-9, which was associated with smooth muscle
cells at the borders of areas of medial degeneration and on
the surface of disrupted elastic fibers. Elevated MMP-2 and
MMP-9 immunostaining has been demonstrated in ascend-
ing aneurysms from patients with either tricuspid or bicus-
pid aortic valves'®'® and inconsistently in ascending aortic
tissue from patients with tricuspid aortic valves.'” These 2
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MMPs are known to have elastolytic activity. Variable
expression of MMPs and tissue inhibitors of MMPs has also
been demonstrated in aortic tissue of patients with Marfan
syndrome versus patients without Marfan syndrome."
Although accumulation of proteoglycans in the aortic me-
dia is another consistent finding in thoracic aortic aneu-
rysms, no studies have determined why this accumulation
occurs or whether these are causative in nature.

3.3. Vasculitis and Inflammatory Diseases

Giant cell arteritis and Takayasu arteritis share important
features'” with T-cell clonal expansion suggesting an
antigenic response. An adventitial inflammatory response
is marked by augmented cytokine and MMP production
causing granuloma formation, which causes vessel
destruction.’”® Behcet disease affects both arteries and
veins of all sizes.

4. RECOMMENDATIONS FOR AORTIC IMAGING
TECHNIQUES TO DETERMINE THE PRESENCE AND
PROGRESSION OF THORACIC AORTIC DISEASE
Class |

1. Measurements of aortic diameter should be taken at
reproducible anatomic landmarks, perpendicular to
the axis of blood flow, and reported in a clear and
consistent format (see Table 2). (Level of Evidence: C)

2. For measurements taken by computed tomography
imaging or magnetic resonance imaging, the exter-
nal diameter should be measured perpendicular to
the axis of blood flow. For aortic root measure-
ments, the widest diameter, typically at the midsi-
nus level, should be used. (Level of Evidence: C)

3. For measurements taken by echocardiography, the inter-
nal diameter should be measured perpendicular to the
axis of blood flow. For aortic root measurements the
widest diameter, typically at the midsinus level, should
be used. (Level of Evidence: C)

4. Abnormalities of aortic morphology should be
recognized and reported separately even when
aortic diameters are within normal limits. (Level
of Evidence: C)

5. The finding of aortic dissection, aneurysm, trau-
matic injury and/or aortic rupture should be imme-
diately communicated to the referring physician.
(Level of Evidence: C)

6. Techniques to minimize episodic and cumulative
radiation exposure should be utilized whenever
possible.”**' (Level of Evidence: B)

Class lla

1. If clinical information is available, it can be useful
to relate aortic diameter to the patient’s age and
body size (see Tables 3 and 4). (Level of Evidence: C)

Definitive identification or exclusion of thoracic aortic disease
or one of its anatomic variants requires dedicated aortic
imaging. Selection of the most appropriate imaging study
may depend on patient related factors (ie, hemodynamic
stability, renal function, contrast allergy) and institutional
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Main " Clinical
Nzn‘a:)damre and Sequences in progression groth E;'s'g‘“ corTe-
ﬂedzamsm lation
Type I (initial) lesion
s e (O
foam cels from Figure 2. Atherosclerotic lesions. Flow dia-
first gram in center column indicates pathways in
W"M‘M)W decade fini evolution and progression of human athero-
mainly intraceliular @ growth csz:‘{y sclerotic lesions. Roman numerals indicate
lipid accumulation mg\fy histologically characteristic types of lesions
defined at the left of the flow diagram. The
erllllllﬂn‘ﬂﬂ:dm Msion wg‘gm_ direction of the arrows indicates the se-
extracellutar lipid poois tation quence in which characteristic morphologies
from may change. From Type | to Type IV, changes
Type 1V (atheroma) lesion IMI in lesion morphology occur primarily be-
Type 11 changes & core of @ cause of increasing accumulation of lipid.
extracelluer lipid The loop between Types V and VI illustrates
how lesions increase in thickness when
thrombotic deposits form on their surfaces.
Type V (fibroatheroma) lesion accelerated Thrombotic deposits may form repeatedly
lipid core & fibeotic tayer, smoo: chnically over varied time spans in the same location
or muRkiple lipid cores & fibrotic o ":: silent and may be the principal mechanism for
layers, or mainly calcific, colagen |  from or gradual occlusion of medium-sized arteries.
or mainly fdrotic increase | fourth overt Adapted from Stary et al.*®
decade
Type VI (complicated) lesion
surface defect, @ i
hematoma-hemorrhage, hematoma
thrombus

capabilities (ie, rapid availability of individual imaging mo-
dalities, state of the technology, and imaging specialist exper-
tise). Consideration should be given to patients with border-
line abnormal renal function (serum creatinine greater than
1.8 to 2.0 mg/dL)—specifically, the tradeoffs between the use
of iodinated intravenous contrast for CT and the possibility of
contrast-induced nephropathy, and gadolinium agents used
with MR and the risk of nephrogenic systemic fibrosis.*
Radiation exposure should be minimized.*"**® The
risk of radiation-induced malignancy is the greatest in
neonates, children, and young adults.! Generally, above the
age of 30 to 35 years, the probability of radiation-induced

Table 2. Essential Elements of Aortic Imaging

Reports

1. The location at which the aorta is abnormal.

2. The maximum diameter of any dilatation, measured from the
external wall of the aorta, perpendicular to the axis of flow, and
the length of the aorta that is abnormal.

3. For patients with presumed or documented genetic syndromes at
risk for aortic root disease measurements of aortic valve, sinuses
of Valsalva, sinotubular junction, and ascending aorta.

4. The presence of internal filling defects consistent with thrombus
or atheroma.

5. The presence of IMH, PAU, and calcification.

6. Extension of aortic abnormality into branch vessels, including
dissection and aneurysm, and secondary evidence of end-organ
injury (eg, renal or bowel hypoperfusion.

7. Evidence of aortic rupture, including periaortic and mediastinal
hematoma, pericardial and pleural fluid, and contrast
extravasation from the aortic lumen.

8. When a prior examination is available, direct image to image
comparison to determine if there has been any increase in
diameter.

IMH indicates intramural hematoma; and PAU, penetrating atherosclerotic
ulcer.
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malignancy decreases substantially.*®*' For patients who
require repeated imaging to follow an aortic abnormality, MR
may be preferred to CT. MR may require sedation due to
longer examination times and tendency for claustrophobia.

CT as opposed to echocardiography can best identify
thoracic aortic disease, as well as other disease processes
that can mimic aortic disease, including pulmonary embo-
lism, pericardial disease, and hiatal hernia. After interven-
tion or open surgery, CT is preferred to detect asymptom-
atic postprocedural leaks or pseudoaneurysms because of
the presence of metallic closure devices and clips.

CT and MR measure external aortic diameter, whereas
echocardiography measures internal aortic diameter. Lu-
men size may not accurately reflect external diameter due
to intraluminal clot, wall inflammation, or AoD. A recent
refinement in the CT measurement of aortic size examines
the vessel size using a centerline of flow, which reduces the
error of tangential measurement and allows true short-axis
measurement of aortic diameter. Essential element of aortic
imaging reports are listed in Table 2.

Table 3. Normal Adult Thoracic Aortic Diameters

Range of Reported Assessment
Thoracic aorta reported mean (cm) SD (cm) method

Root (female) 3.50 to 3.72 0.38 CT
Root (male) 3.63t0 3.91 0.38 @I
Ascending (female, male) 2.86 NA CXR
Mid-descending (female) 2.45 t0 2.64 0.31 CT
Mid-descending (male) 2.39t0 2.98 0.31 CT
Diaphragmatic (female) 2.40to0 2.44 0.32 CT
Diaphragmatic (male) 2.43 t0 2.69 0.27 to 0.40 e,

arteriography

CT indicates computed tomographic imaging; CXR, chest x-ray; and NA, not
applicable. Reprinted with permission from Johnston et al.?”
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Table 4. Sex Differences in Aortic Root

Dimensions in Adults
Absolute values (cm)

Indexed values (cm/m?)

Aortic root Men P Value Women Men P Value Women

Annulus 2.6 +0.3<0.00123*0213*01 NS 1.3=*0.1

Sinuses of 3.4 £ 0.3 <0.001 3.0 +0.31.7+0.2 NS 1.8=*0.2
Valsalva

Sinotubular 2.9 £ 0.3 <0.001 2.6 0.3 1.5+*0.2 NS 1.5=*0.2
junction

Proximal 3.0+ 0.4 <0.001 2.7 £0415+*0.2 NS 16=*0.3
ascending
aorta

NS indicates not significant. Adapted from Roman et al.?®

4.1. Chest X-Ray

Routine chest x-ray may occasionally detect abnormalities
of aortic contour or size that require definitive aortic
imaging. Chest x-ray often serves as a part of the evaluation
of patients with potential acute AoD, primarily to identify
other causes of patient’s symptoms, but also as a screening
test to identify findings due to a dilated aorta or bleeding.

4.2. Computed Tomographic Imaging
CT scanning has several advantages, including near-
universal availability; the ability to image the entire aorta,
including lumen, wall, and periaortic regions; to identify
anatomic variants and branch vessel involvement; to dis-
tinguish among types of acute aortic syndromes (ie, intra-
mural hematoma [IMH], penetrating atherosclerotic ulcer
[PAU], and acute AoD); and the short time required to
complete the imaging process and the 3-dimensional data.
Electrocardiogram-gated techniques have made it possible
to generate motion-free images of the aortic root and
coronary arteries, similar to coronary CT angiographic
imaging. Reports of newer-generation multidetector helical
CT scanners show sensitivities of up to 100% and specifici-
ties of 98% to 99%.2° 32

The sequence for a CT performed in the potential setting
of acute AoD generally would include a noncontrast study
to detect subtle changes of IMH, followed by a contrast
study to delineate the presence and extent of the dissection
flap, identify regions of potential malperfusion, and dem-
onstrate contrast leak indicating rupture. Imaging of the

General
Lens Temp=38.4°C

65dB S1/ 0/1/4
Gain= 11dB  a=1

* HR= 88bpm

vascular tree from the thoracic inlet to the pelvis, including
the iliac and femoral arteries, provides sufficient informa-
tion to plan surgical or endovascular treatment, if needed.
Prompt interpretation and communication of findings to
the appropriate treating physicians are essential in the
acute setting. (For further information on technique param-
eters and anatomic coverage, see the online-only Data
Supplement.)

4.3. Magnetic Resonance Imaging

MR has been shown to be very accurate in the diagnosis of
thoracic aortic disease, with sensitivities and specificities
that are equivalent to or may exceed those of CT and
transesophageal echocardiogram (TEE).**%>° Advantages
of MR include the ability to identify anatomic variants of
AoD (IMH and PAU), assess branch artery involvement,
and diagnose aortic valve pathology and left ventricular
dysfunction without exposing the patient to either radia-
tion or iodinated contrast. Disadvantages include pro-
longed duration of imaging acquisition during which the
patient is inaccessible to care providers; inability to use
gadolinium contrast in patients with renal insufficiency;
contraindication in patients with claustrophobia, metallic
implants or pacemakers, and lack of widespread availabil-
ity on an emergency basis.

4.4. Echocardiography

Echocardiography can detect the presence of aortic enlarge-
ment and associated cardiac pathology that suggests the
underlying etiology of the aortic disease (eg, bicuspid aortic
valve). For AoD (Figure 3), one of the major limitations of
both transthoracic echocardiogram (TTE) and TEE is the
frequent appearance of artifacts that mimic a dissection flap
(Figure 4). These usually arise from a mirror image or
reverberation artifact that appears as a mobile linear
echodensity overlying the aortic lumen. It is therefore
essential that the echocardiographer make certain to distin-
guish true dissection flaps from such artifacts.

General /V
Lens Temp=37.9°C

T1/-2/ 0/V:A
172
CD Gain = 54

HR= 56bpm

Figure 3. Arch aneurysm with dissection flap. Panel A, Arch dissection, 2-dimensional view. Panel B, Arch dissection (arrow) with color flow

Doppler margination.
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Figure 4. Artifact mimicking dissection. Panel A, 2-dimensional view. Panel B, Color flow Doppler without margination. Panel C, Artifact not seen in this view.

5. RECOMMENDATIONS FOR
GENETIC SYNDROMES
Class |

1. An echocardiogram is recommended at the time of
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diagnosis of Marfan syndrome to determine the
aortic root and ascending aortic diameters (see Fig-
ure 5) and 6 months thereafter to determine the rate
of enlargement of the aorta. (Level of Evidence: C)

. Annual imaging is recommended for patients with

Marfan syndrome if stability of the aortic diameter is
documented. If the maximal aortic diameter is 4.5 cm
or greater, or if the aortic diameter shows significant
growth from baseline, more frequent imaging should
be considered. (Level of Evidence: C)

. Patients with Loeys-Dietz syndrome or a confirmed

genetic mutation known to predispose to aortic
aneurysms and aortic dissections (I'GFBR1, TG-
FBR2, FBN1, ACTA2, or MYH11) should undergo
complete aortic imaging at initial diagnosis and 6
months thereafter to establish if enlargement is
occurring.**~** (Level of Evidence: C)

. Loeys-Dietz patients should have yearly magnetic

resonance imaging from the cerebrovascular circu-
lation to the pelvis."®**** (Level of Evidence: B)

www.anesthesia-analgesia.org

5. Patients with Turner syndrome should undergo imag-

ing of the heart and aorta for evidence of bicuspid aortic
valve, coarctation of the aorta, or dilatation of the ascend-
ing thoracic aorta.”® If initial imaging is normal and
there are no risk factors for aortic dissection, repeat

V2e-s

Echo 1
GENERAL

70dB §1/-2/0/5
Gain= 8dB  a=2

Figure 5. Transthoracic echocardiogram of a patient with Marfan syn-
drome with mitral valve prolapse and 4-cm ascending aortic aneurysm.
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Table 5. Gene Defects Associated with Familial Thoracic Aortic Aneurysm and Dissection

Defective gene leading to Contribution to familial
familial thoracic aortic thoracic aortic aneurysms
aneurysms and dissection and dissection

TGFBR2 mutations 4%

MYH11 mutations 1%

ACTA2 mutations 14%

Comments on Aortic Disease

Multiple aortic dissections
documented at aortic
diameters <5.0 cm

Patient with documented
dissection at 4.5 cm

Two of 13 patients with
documented dissections
<5.0 cm

Associated clinical features
Thin, translucent skin
Arterial or aortic tortuosity
Aneurysm of arteries

Patent ductus arteriosus

Livedo reticularis

Iris flocculi

Patent ductus arteriosus
Bicuspid aortic valve

ACTAZ2 indicates actin, alpha 2, smooth muscle aorta; MYH11, smooth muscle specific beta-myosin heavy chain; and TGFBR2, transforming growth

factor-beta receptor type Il.

imaging should be performed every 5 to 10 years or if
otherwise clinically indicated. If abnormalities exist,
annual imaging or follow-up imaging should be done.
(Level of Evidence: C)

Class lla

1. It is reasonable to consider surgical repair of the
aorta in all adult patients with Loeys-Dietz syn-
drome or a confirmed TGFBR1 or TGFBR2 mutation
and an aortic diameter of 4.2 cm or greater by
transesophageal echocardiogram (internal diam-
eter) or 4.4 to 4.6 cm or greater by computed tomog-
raphy scanning and/or magnetic resonance imaging
(external diameter).** (Level of Evidence: C)

2. For women with Marfan syndrome contemplating
pregnancy, it is reasonable to prophylactically re-
place the aortic root and ascending aorta if the
diameter exceeds 4.0 cm.*° (Level of Evidence: C)

3. If the maximal cross-sectional area in square centi-
meters of the ascending aorta or root divided by the
patient’s height in meters exceeds a ratio of 10,
surgical repair is reasonable because shorter pa-
tients have dissection at a smaller size and 15% of
patients with Marfan syndrome have dissection at a
size smaller than 5.0 cm.***7*® (Level of Evidence: C)

Class IIb

1. In patients with Turner syndrome with additional
risk factors, including bicuspid aortic valve, coarc-
tation of the aorta, and/or hypertension, and in
patients who attempt to become pregnant or who
become pregnant, it may be reasonable to perform
imaging of the heart and aorta to help determine the
risk of aortic dissection. (Level of Evidence: C)

There are several syndromic and nonsyndromic genetic con-
ditions that are associated with the development of thoracic
aortic aneurysms and present with dissections at smaller
diameters than usual. The following recommendations focus
on these specific conditions, including Marfan syndrome,
Loeys-Dietz syndrome, Turner syndrome, bicuspid aortic
valve, and other genetic mutations (TGFBR1, TGFBR2, FBN1,
ACTA2, COL3A1, MYHI1) (see Tables 5 and 6).

A substantial proportion of Ehlers-Danlos syndrome
patients who do not have the vascular form also have aortic
root dilatation but the progression of this dilatation to AoD
is rare.***” Similarly, patients with congenital contractural
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arachnodactyly or Beals syndrome due to mutations in
FBN2 have had aortic root enlargement without docu-
mented progression to dissection.”®>!

There are other genetic syndromes that have multiple
reports or documentation of thoracic aortic aneurysms lead-
ing to Type A dissections. There are multiple case reports of
AoD in patients with autosomal dominant polycystic kidney
disease.”*>> Although AoD is a complication of autosomal
dominant polycystic kidney disease, it is less common than
cerebral aneurysms leading to subarachnoid hemorrhage in
this population. There is insufficient information to gauge the
value of routine or screening imaging for these patients.

Similar to autosomal dominant polycystic kidney disease,
there are multiple reports in the literature of patients with
Noonan syndrome experiencing AoDs.**™>® The value of
imaging or routine monitoring of these patients is unknown.
A review of 200 patients with Alagille syndrome also identi-
fied thoracic aortic disease in a small subset of these patients.””

6. RECOMMENDATIONS FOR FAMILIAL THORACIC
AORTIC ANEURYSMS AND DISSECTIONS
Class |

1. Aortic imaging is recommended for first-degree
relatives of patients with thoracic aortic aneurysm
and/or dissection to identify those with asymptom-
atic disease.*®>° (Level of Evidence: B)

2. If the mutant gene (FBN1, TGFBR1, TGFBR2,
COL3A1, ACTA2, MYH11) associated with aortic
aneurysm and/or dissection is identified in a
patient, first-degree relatives should undergo
counseling and testing. Then, only the relatives
with the genetic mutation should undergo aortic
imaging. (Level of Evidence: C)

Class lla

1. If one or more first-degree relatives of a patient with
known thoracic aortic aneurysm and/or dissection are
found to have thoracic aortic dilatation, aneurysm, or
dissection, then imaging of second-degree relatives is
reasonable.”® (Level of Evidence: B)

2. Sequencing of the ACTA2 gene is reasonable in
patients with a family history of thoracic aortic
aneurysms and/or dissections to determine if
ACTA2 mutations are responsible for the inherited
predisposition.'*>'**3446%1 (Level of Evidence: B)
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Table 6. Genetic Syndromes Associated with Thoracic Aortic Aneurysm and Dissection

Comments on aortic

Genetic syndrome Common clinical features Genetic defect Diagnostic test disease
Marfan syndrome Skeletal features (see FBN1 mutations* Ghent diagnostic criteriaDNA Surgical repair when the

text)Ectopia lentisDural
ectasia

for sequencing aorta reaches 5.0 cm
unless there is a
family history of AoD
at <5.0 cm, a rapidly
expanding aneurysm
or presence or
significant aortic
valve regurgitation

Loeys-Dietz syndrome Bifid uvula or cleft palate TGFBR2 or TGFBR1 DNA for sequencing Surgical repair

Arterial tortuosity mutations

Hypertelorism

Skeletal features similar to
MFS

Craniosynostosis

Aneurysms and dissections
of other arteries

recommended at an
aortic diameter of
=4.2 cm by TEE
(internal diameter) or
4.4 to =4.6 cm by
CT and/or MR
(external diameter)

Ehlers-Danlos syndrome, Thin, translucent skin COL3A1 mutations DNA for sequencing Dermal Surgical repair is
vascular form Gastrointestinal rupture

Rupture of the gravid
uterus Rupture of
medium-sized to large

fibroblasts for analysis of complicatedby friable
type Il collagen tissuesNoninvasive
imagingrecommended

arteries
Turner syndrome Short stature 45,X karyotype Blood (cells) for karyotype AoD risk is increased in
Primary amenorrhea analysis patients with bicuspid
Bicuspid aortic valve aortic valve, aortic
Aortic coarctation coarctation,
Webbed neck, low-set ears, hypertension, or
low hairline, broad chest pregnancy

AoD indicates aortic dissection; COL3A1, type Ill collagen; CT, computed tomographic imaging; FBN1, fibrillin 1; MFS, Marfan syndrome; MR, magnetic resonance
imaging; TEE, transesophageal echocardiogram; TGFBR1, transforming growth factor-beta receptor type |; and TGFBR2, transforming growth factor-beta receptor type Il.
*The defective gene at a second locus for MFS is TGFBR2 but the clinical phenotype as MFS is debated.

Class IIb

1. Sequencing of other genes known to cause familial

thoracic aortic aneurysms and/or dissection (TGFBR1,
TGFBR2, MYH11) may be considered in patients with a
family history and clinical features associated with mu-
tations in these genes.">'**>*+¢06! (Level of Evidence: B)

. If one or more first-degree relatives of a patient

with known thoracic aortic aneurysm and/or dissec-
tion are found to have thoracic aortic dilatation,
aneurysm, or dissection, then referral to a geneticist
may be considered. (Level of Evidence: C)

7. RECOMMENDATIONS FOR BICUSPID AORTIC
VALVE AND ASSOCIATED CONGENITAL VARIANTS
IN ADULTS

Class |

1. First-degree relatives of patients with a bicuspid
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aortic valve, premature onset of thoracic aortic dis-
ease with minimal risk factors, and/or a familial
form of thoracic aortic aneurysm and dissection
should be evaluated for the presence of a bicuspid
aortic valve and asymptomatic thoracic aortic dis-
ease. (Level of Evidence: C)

. All patients with a bicuspid aortic valve should

have both the aortic root and ascending thoracic
aorta evaluated for evidence of aortic dilata-
tion.**"%® (Level of Evidence: B)
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8. RECOMMENDATIONS FOR TAKAYASU
ARTERITIS AND GIANT CELL ARTERITIS
See Table 7 and Figure 6.

Class |

1. Initial therapy for active Takayasu arteritis and
active giant cell arteritis should be corticosteroids at
a high dose (prednisone 40 to 60 mg daily at
initiation or its equivalent) to reduce the active
inflammatory state.®®®” (Level of Evidence: B)

2. The success of treatment of patients with Taka-
yasu arteritis and giant cell arteritis should be
periodically evaluated to determine disease activ-
ity by repeated physical examination and either
an erythrocyte sedimentation rate or C-reactive
protein level.*®®° (Level of Evidence: B)

3. Elective revascularization of patients with Taka-
yasu arteritis and giant cell arteritis should be
delayed until the acute inflammatory state is treated
and quiescent.”® (Level of Evidence: B)

4. The initial evaluation of Takayasu arteritis or giant
cell arteritis should include thoracic aorta and
branch vessel computed tomography scanning or
magnetic resonance imaging to investigate the pos-
sibility of aneurysm or occlusive disease in these
vessels. (Level of Evidence: C)
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Table 7. Inflammatory Diseases Associated with

Thoracic Aortic Aneurysm and Dissection

Criteria used in
Names diagnosis/source

Takayasu Age of onset <40y =3 criteria are
arteritis™* Intermittent present
claudication Diminished (sensitivity
brachial artery pulse 90.5%;
Subclavian artery or specificity
aortic bruit Systolic BP 97.8%)
variation of
>10 mm Hg between
arms Aortographic
evidence of aorta or
aortic branch stenosis
Giant cell Age >50 y Recent-onset =3 criteria are
arteritis”? localized headache present
Temporary artery (sensitivity
tenderness or pulse >90%;
attenuation Elevated specificity
erythrocyte >90%)
sedimentation
>50 mm/h Arterial
biopsy shows
necrotizing vasculitis
Behget Oral ulceration Recurrent Oral ulceration plus
disease” genital ulceration 2 of the other 3
Uveitis or retinal criteria
vasculits Skin
lesions—erythema
nodosum, pseudo-
folliculitis, or pathergy
Ankylosing Onset of pain <40 y Back 4 of the diagnostic

spondylitis”* pain for >3 months
Morning stiffness ent
Subtle symptom onset
Improvement with

exercise

When is diagnosis
established?

criteria are pres-

BP indicates blood pressure.

Class lla

1. It is reasonable to treat patients with Takayasu
arteritis receiving corticosteroids with an additional
anti-inflammatory agent if there is evidence of
progression of vascular disease, recurrence of con-
stitutional symptoms, or re-elevation of inflamma-

tory marker.®® (Level of Evidence: C)

9. RECOMMENDATIONS FOR ESTIMATION OF

PRETEST RISK OF THORACIC AORTIC DISSECTION

Class |

1. Providers should routinely evaluate any patient pre-
senting with complaints that may represent acute
thoracic aortic dissection to establish a pretest risk of
disease that can then be used to guide diagnostic
decisions (see Figure 7). This process should include
specific questions about medical history, family his-
tory, and pain features as well as a focused examina-
tion to identify findings that are associated with aortic

dissection, including:

a. High-risk conditions and historical features
(see Table 8).°>7>77 (Level of Evidence: B):

e Marfan syndrome, Loeys-Dietz syndrome, vas-

cular Ehlers-Danlos syndrome, Turner syn-

drome, or other connective tissue disease.
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These

e Patients with mutations in genes known to
predispose to thoracic aortic aneurysms and
dissection, such as FBN1, TGFBR1, TGFBR2,
ACTA2, and MYH11.

e Family history of aortic dissection or tho-
racic aortic aneurysm.

e Known aortic valve disease.

e Recent aortic manipulation (surgical or catheter-
based).

e Known thoracic aortic aneurysm.

b. High-risk chest, back or abdominal pain fea-

tures”®' (Level of Evidence: B):

¢ Pain that is abrupt or instantaneous in onset.

e Pain that is severe in intensity.

e Pain that has a ripping, tearing, stabbing, or
sharp quality.

c. High-risk examination features”>””%~%* (Level

of Evidence: B):

® Pulse deficit.

e Systolic blood pressure limb differential
greater than 20 mm Hg.

¢ Focal neurological deficit.

* Murmur of aortic regurgitation (new).

. Patients presenting with sudden onset of severe

chest, back and/or abdominal pain, particularly
those less than 40 years of age, should be questioned
about a history and examined for physical features
of Marfan syndrome, Loeys-Dietz syndrome, vascu-
lar Ehlers-Danlos syndrome, Turner syndrome, or
other connective tissue disorders associated with
thoracic aortic disease.”® (Level of Evidence: B)

. Patients presenting with sudden onset of severe

chest, back, and/or abdominal pain should be
questioned about a history of aortic pathology
in immediate family members as there is a str-
ong familial component to acute thoracic aortic
disease.”® (Level of Evidence: B)

. Patients presenting with sudden onset of severe

chest, back and/or abdominal pain should be
questioned about recent aortic manipulation (sur-
gical or catheter-based) or a known history of
aortic valvular disease, as these factors predispose
to acute aortic dissection. (Level of Evidence: C)

. In patients with suspected or confirmed aortic dis-

section who have experienced a syncopal episode, a
focused examination should be performed to iden-
tify associated neurological injury or the presence of
pericardial tamponade. (Level of Evidence: C)

. All patients presenting with acute neurological

complaints should be questioned about the pres-
ence of chest, back, and/or abdominal pain and
checked for peripheral pulse deficits as patients
with dissection-related neurological pathology are
less likely to report thoracic pain than the typical
aortic dissection patient.®® (Level of Evidence: C)

recommendations provide guidance to improve

more prompt diagnosis of acute AoD (Figure 7). The true
incidence of acute AoD is difficult to define as AoD can be
rapidly fatal and when patients expire prior to hospitaliza-
tion, death may be erroneously attributed to another cause.
Acute AoD is frequently missed on initial presentation and
early mortality among this group may be misclassified as
nondissection related. Classes of intimal tears are described
in Figure 8. The DeBakey and Stanford Classifications of
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Figure 6. Takayasu arteritis with involvement of the thoracoabdominal aorta and great vessels as shown on contrast-enhanced CT and MR
examinations. Note narrowing of the arterial lumen and circumferential soft tissue thickening of the walls of the great vessels and thoracic and
abdominal aorta. Panel A, Image through the great vessels with narrowing of the left common carotid and left subclavian arteries; Panel B, Mid
descending thoracic aorta (arrowheads); Panel C, Aorta just above the diaphragm (arrowheads); Panel D, Infrarenal aorta; Panel E,
Volume-rendered image from CT demonstrates the extent of involvement; Panel F, Oblique sagittal MR of the thoracic aorta; Panel G, Coronal
MR of the abdominal aorta. CT indicates computed tomographic imaging; and MR, magnetic resonance imaging.

AoD are pictured in Figure 9. There is no unanimity as to
which classification system should be universally used.

10. INITIAL EVALUATION AND MANAGEMENT OF
ACUTE THORACIC AORTIC DISEASE

10.1. Recommendations for Screening Tests
Class |

1. An electrocardiogram should be obtained on all
patients who present with symptoms that may
represent acute thoracic aortic dissection.

a. Given the relative infrequency of dissection-
related coronary artery occlusion, the presence
of ST-segment elevation suggestive of myocar-
dial infarction should be treated as a primary
cardiac event without delay for definitive aortic
imaging unless the patient is at high risk for
aortic dissection.”>®"®® (Level of Evidence: B)
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2. The role of chest x-ray in the evaluation of pos-
sible thoracic aortic disease should be directed by
the patient’s pretest risk of disease as follows:

a.

Intermediate risk: Chest x-ray should be per-
formed on all intermediate-risk patients, as it
may establish a clear alternate diagnosis that
will obviate the need for definitive aortic
imaging. (Level of Evidence: C)

Low risk: Chest x-ray should be performed on all
low-risk patients, as it may either establish an
alternative diagnosis or demonstrate findings
that are suggestive of thoracic aortic disease,
indicating the need for urgent definitive aortic
imaging. (Level of Evidence: C)

3. Urgent and definitive imaging of the aorta using
transesophageal echocardiogram, computed tomog-
raphy scanning, or magnetic resonance imaging is
recommended to identify or exclude thoracic aortic
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STEP 1

Identify patients at
risk for acute AoD

Consider acute AoD in all patients presenting with:
« Chest, back, or abdominal pain
* Syncope
* Symptoms consistent with perfusion deficit
(ie. CNS, mesenteric, myocardial, o limb ischemia)

Boxes with accompanying text are labeled and
numbered with the o symbol

v

Focused bedside pre-test risk assessment for acute AoD.

(2

High Risk Conditions o High Risk Pain Features e

High Risk Exam Features 0

« Evidence of perfusion deficit

- Recent aortic manipulation
+ Known thoracic aortic aneurysm

STEP 2 Chest, back, or abdominal izl
+ Marfan Syndrome pain described as the st
Bedside risk - Connective tissue disease =+ | following + - Systolic BP differential
assessment + Family history aortc disease g + Focal neurolagic defict
+ Known aortic valve disease + Abrupt “"‘n‘t’:::'wss‘/sm in (in conjunction with pain)

« Murmur of aortic insufficiency
(new or ot known to be old
and in conjunction with pain)

- Hypotension or shock state

and
Ripping/ tearing/ sharp or
stabbing quality

Determine pre-test risk by combination
of risk conditions, history, and exam.

v

LowRisk @

No high risk features

STEP3
Risk based
diagnostic
evaluation

Alternative diagnosis identified
¢ Yes

?
No

Yes

Intermediate Risk @) vigh Risk @D

Any single high risk
feature present

Two or more high risk
features present.

Likely primary ACS. In absence of other
perfusion deficits strongly consider
immediate coronary re-perfusion therapy.
If coronary angiography performed is

Yes
EKG consistent
with STEMI? —_—
culprit lesion identified?
No
4 =
Wiy
CXR with clear
alternate diagnosis?
J No

Immediate surgical

an
arrange for expedited
aortic imaging.

No

Yes
— ( Initiate appropriate therapy.

A
Yes

Yes
Afterate diagnosis
= | confimed by further
testing?

lNo

History and physical
exam strongly
suggestive of specific
alternate diagnosis

¢N0

Consider aortic imaging study for TAD
based on clinical scenario (particularly in
patients with advanced age, risk factors

for aortic disease, or syncope)

|

Aortic Imaging Study

« TEE (preferred if clinically unstable)
«CT  (Image entire aorta:
«MR  chestto pelis)

If high clinical suspicion for

STEP 4

aortic dissection exists, consider
secondary imaging study.

Acute AoD
identified or
excluded

¢ Yes
Proceed to Treatment Pathway

Figure 7. AoD evaluation pathway. ACS indicates acute coronary syndrome; AoD, aortic dissection; BP, blood pressure; CNS, central nervous
system; CT, computed tomographic imaging; CXR, chest x-ray; EKG, electrocardiogram; MR, magnetic resonance imaging; STEMI, ST-elevated
myocardial infarction; TAD; thoracic aortic disease; and TEE, transesophageal echocardiogram.

dissection in patients at high risk for the disease by
initial screening.**>>%"%%% (Level of Evidence: B)

Class Il

1. A negative chest x-ray should not delay definitive aortic
imaging in patients determined to be high risk for aortic
dissection by initial screening. (Level of Evidence: C)

10.2. Recommendations for Diagnostic
Imaging Studies

Class |

1. Selection of a specific imaging modality to identify or
exclude aortic dissection should be based on patient
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variables and institutional capabilities, including im-
mediate availability. (Level of Evidence: C)

2. If a high clinical suspicion exists for acute aortic
dissection but initial aortic imaging is negative, a
second imaging study should be obtained.®® (Level
of Evidence: C)

10.3. Recommendations for Initial Management
See Figure 10.

Class |

1. Initial management of thoracic aortic dissection
should be directed at decreasing aortic wall stress by
controlling heart rate and blood pressure as follows:
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Table 8. Risk Factors for Development of

Thoracic Aortic Dissection

Conditions iated with incr d aortic wall stress
Hypertension, particularly if uncontrolled
Pheochromocytoma

Cocaine or other stimulant use
Weight lifting or other Valsalva maneuver
Trauma
Deceleration or torsional injury (eg, motor vehicle crash, fall)
Coarctation of the aorta
Conditions associated with aortic media abnormalities
Genetic
Marfan syndrome
Ehlers-Danlos syndrome, vascular form
Bicuspid aortic valve (including prior aortic valve replacement)
Turner syndrome
Loeys-Dietz syndrome
Familial thoracic aortic aneurysm and dissection syndrome
Inflammatory vasculitides
Takayasu arteritis
Giant cell arteritis
Behget arteritis
Other
Pregnancy
Polycystic kidney disease
Chronic corticosteroid or immunosuppression agent administration
Infections involving the aortic wall either from bacteremia or
extension of adjacent infection

a. In the absence of contraindications, intrave-
nous beta blockade should be initiated and
titrated to a target heart rate of 60 beats per
minute or less. (Level of Evidence: C)

b. In patients with clear contraindications to beta
blockade, nondihydropyridine calcium channel-
-blocking agents should be utilized as an alter-
native for rate control. (Level of Evidence: C)

c. If systolic blood pressures remain greater than
120 mm Hg after adequate heart rate control has
been obtained, then angiotensin-converting en-
zyme inhibitors and/or other vasodilators should
be administered intravenously to further reduce
blood pressure that maintains adequate end-
organ perfusion. (Level of Evidence: C)

d. Beta blockers should be used cautiously in the
setting of acute aortic regurgitation because
they will block the compensatory tachycardia.*
(Level of Evidence: C)

Class Il

1. Vasodilator therapy should not be initiated prior to
rate control so as to avoid associated reflex tachycardia
that may increase aortic wall stress, leading to propa-
gation or expansion of a thoracic aortic dissection.
(Level of Evidence: C)

10.4. Recommendations for Definitive Management
See Figures 9 and 11.

Class |

1. Urgent surgical consultation should be obtained for
all patients diagnosed with thoracic aortic dissec-
tion regardless of the anatomic location (ascending

294 www.anesthesia-analgesia.org

IV

Figure 8. Classes of intimal tears. I. Classic dissection with intimal tear
and double lumen separated by septum. Communication between lumens
is typically in descending aorta at sheared-off intercostal arteries or distal
reentry site. Il. IMH. No intimal tear or septum is imaged but is usually
found at surgery or autopsy. DeBakey Types Il and llla are common extent
of this lesion. lIl. Intimal tear without medial hematoma (limited dissection)
and eccentric aortic wall bulge. Rare and difficult to detect by TEE or CT.
Patients with Marfan syndrome prone to this type. May result in aortic
rupture or extravasation. IV. PAU usually to the adventitia with localized
hematoma or saccular aneurysm. May propagate to Class | dissection,
particularly when involving ascending aorta or aortic arch. V. latrogenic
(catheter angjography or intervention)/traumatic (deceleration) dissection.
CT indicates computed tomographic imaging; IMH, intramural hematoma;
PAU, penetrating atherosclerotic ulcer; and TEE, transesophegal echocar-
diography. Figure reprinted with permission from the Cleveland Clinic
Foundation. Legend adapted from Svensson et al,®° Chirillo et al,®® and
Murray et al.8”

versus descending) as soon as the diagnosis is made
or highly suspected. (Level of Evidence: C)

2. Acute thoracic aortic dissection involving the as-
cending aorta should be urgently evaluated for
emergent surgical repair because of the high risk of
associated life-threatening complications such as
rupture.” (Level of Evidence: B)

3. Acute thoracic aortic dissection involving the descend-
ing aorta should be managed medically unless life-
threatening complications develop (ie, malperfusion
syndrome, progression of dissection, enlarging aneu-
rysm, inability to control blood pressure or symp-
toms).2***%¢ (Level of Evidence: B)

11. RECOMMENDATION FOR SURGICAL
INTERVENTION FOR ACUTE THORACIC
AORTIC DISSECTION

Class |

1. For patients with ascending thoracic aortic dissection, all
aneurysmal aorta and the proximal extent of the dissec-
tion should be resected. A partially dissected aortic root
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Figure 9. Aortic dissection classification:
DeBakey and Stanford classifications. Re-
printed with permission from the Cleveland

Proximal Proximal Distal
DeBakey I and 11 DeBakey Illa and I1Ib
Stanford A Stanford B Stanford B

Ascending,
Arch and
Descending

Ascending

Arch and
Descending

Descending
penetrating ulcer

Clinic Foundation.

may be repaired with aortic valve resuspension. Exten-
sive dissection of the aortic root should be treated with
aortic root replacement with a composite graft or with a
valve sparing root replacement. If a DeBakey Type II
dissection is present, the entire dissected aorta should be
replaced. (Level of Evidence: C)

12. RECOMMENDATION FOR INTRAMURAL
HEMATOMA WITHOUT INTIMAL DEFECT
Class lla

1. It is reasonable to treat intramural hematoma simi-
lar to aortic dissection in the corresponding seg-
ment of the aorta. (Level of Evidence: C)

13. RECOMMENDATION FOR HISTORY AND
PHYSICAL EXAMINATION FOR THORACIC
AORTIC DISEASE

Class |

1. For patients presenting with a history of acute
cardiac and noncardiac symptoms associated with a
significant likelihood of thoracic aortic disease, the
clinician should perform a focused physical exami-
nation, including a careful and complete search for
arterial perfusion differentials in both upper and
lower extremities, evidence of visceral ischemia,
focal neurological deficits, a murmur of aortic re-
gurgitation, bruits, and findings compatible with
possible cardiac tamponade.®”~*° (Level of Evidence:
(@)
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14. RECOMMENDATION FOR MEDICAL
TREATMENT OF PATIENTS WITH THORACIC
AORTIC DISEASES

Class |

1. Stringent control of hypertension, lipid profile optimi-
zation, smoking cessation, and other atherosclerosis
risk-reduction measures should be instituted for pa-
tients with small aneurysms not requiring surgery, as
well as for patients who are not considered surgical or
stent graft candidates (see Table 9). (Level of Evidence: C)

14.1. Recommendations for Blood
Pressure Control
Class |

1. Antihypertensive therapy should be administered
to hypertensive patients with thoracic aortic dis-
eases to achieve a goal of less than 140/90 mm Hg
(patients  without diabetes) or less than
130/80 mm Hg (patients with diabetes or chronic
renal disease) to reduce the risk of stroke, myocar-
dial infarction, heart failure, and cardiovascular
death.’”"* (Level of Evidence: B)

2. Beta adrenergic-blocking drugs should be ad-
ministered to all patients with Marfan syndrome
and aortic aneurysm to reduce the rate of aortic
dilatation unless contraindicated.'® (Level of
Evidence: B)

Class lla

1. For patients with thoracic aortic aneurysm, it is
reasonable to reduce blood pressure with beta
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Acute AoD Management Pathway
STEP 1
Immediate Arrange for definitive management
post diagnosis - Appropriate surgical consultation
management and « Inter-facility transfer if indicated based on institutional capabilities
disposition (If transfer required initiate aggressive medical management
considerations until transfer occurs)
|
Obtain accurate blood prior to
STEP 2 Measure in both arms
(nitial * Base treatment goals on highest blood pressure reading
management of
aortic wall
strees (" Intravenous rate and pressure controI\ No Hyvotsneion or Yes
-— ypo! . ic based
/—\ shock state? e
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(It contraindication to beta
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diltiazem or verapamil)
Titrate to heart rate < 60 ( Type A dissection & (i Type B dissection 2
+ o Urgent surgical consultation a Intravenous fitid bolus
.. Y -
= Titrate to MAP of 70mm Hy
Pain Control e Arrange for expedited e or il
operative management
Intravenous opiates Pe 9 Euvolemia
Titrate to pain control 9 Intravenous fitid bolus (1t still hypotensive begin intravenous
vasopressor agents)
e “Titrate to MAP of 70mm Hg
- > or
Euvoiemia e Evaluate etiology of hypotension
(It still hypotensive begin intravenous
No vasopressor agents) + Review imaging study for
Systolic BP > 120mm Hg? )=y evidence of contained rupture
A v * Consider TTE to evaluate
= e leview imaging study for: s bl
+ Pericardial tamponade
« Contained rupture e Urgent surgical consultation
Secondary pressure control 9 « Severe aortic insufficiency ) - )
BP Control A w A By
Intravenous vasodilator l
Titrate to BP< 120mm HG
(Goal is lowest possible BP that maintains Yes I m————
adequate end organ perfusion) | to gcyperatipem:anagemem’?
Y
Yes No
STEP 3 (Dlssection involving the ascending aorta? ) ¥
Definitive l ba, Ongoing medical management
management ~
Ongoing medical management \ Close hemodynamic monitoring
Maintain systolic BP < 120mm Hg
Close hemodynamic monitoring 2 ) 2 owast £ ok kit
Mkl ol BP <1200 Ho Operative or interventional ;nd rssiliies e
management
(Lowest BP that maintains
end organ perfusion) l
Complications requiring operative Complications requiring operative
or interventional management? or interventional management?
Yes Yes
Malperfusion syndrome syndrome
Progression of dissection Progression of dissection
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Uncontrolled hypertension Uncontrolled hypertension
No No
STEP 4
Transition to out- Transition to oral medications
patient management > (beta blockade/ antinypertensives regimen) <
and disease Outpatient disease surveillance imaging
surveillance

Figure 10. Acute AoD management pathway. AoD indicates aortic dissection; BP, blood pressure; MAP, mean arterial pressure; and TTE,

transthoracic echocardiogram.

blockers and angiotensin-converting enzyme inhib-
itors'® or angiotensin receptor blockers'**'°* to the
lowest point patients can tolerate without adverse
effects.'°°~'%* (Level of Evidence: B)

An angiotensin receptor blocker (losartan) is reason-
able for patients with Marfan syndrome, to reduce the
rate of aortic dilatation unless contraindicated.'*>""*
(Level of Evidence: B)

N
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14.2. Recommendation for Dyslipidemia
Class lla

1. Treatment with a statin to achieve a target LDL
cholesterol of less than 70 mg/dL is reasonable for
patients with a coronary heart disease risk equiva-
lent such as noncoronary atherosclerotic disease,
atherosclerotic aortic aneurysm, and coexistent
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Figure 11. Acute surgical management path-
way for AoD. AoD indicates aortic dissection;
CABG, coronary artery bypass graft surgery;
CAD, coronary artery disease; TAD, thoracic
aortic disease; and TEE, transesophageal
echocardiogram. *Addition of ‘if appropri-
ate’ based on Patel et al.®®?

Ascending Aortic Dissection
by Imaging Study

STEP 1
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Medical

(o]
Beg
—} Management

STEP 2 No
Determine Is patient stable enough
stability for pre- toallow pre-op testing? J™mmmm ]
op testing
Yes I
STEP 3 Yes No

Determine

likelihood of
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Assess need for pre-
operative coronary <= Age > 4 —_—
angiography

+ Known CAD? No
- Significant risk factors

for CAD?
l Yes

Significant cADby ) "N©
angiography?

\4

\ 4

time of AoD repair

STEP 4
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aortic valve

——p | Urgent operative management !

Intra-operative assessment
of aortic valve by TEE:
Aortic Regurgitation?
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Dissection of aortic sinuses?

STEP §

Surgical
Intervention

Graft replacement
of ascending aorta
+/ - aortic arch
and

Graft replacement
of ascending aorta

+ /- aortic arch
repair / replacement
of aortic valve or
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coronary heart disease at high risk for coronary 15. RECOMMENDATIONS FOR ASYMPTOMATIC

ischemic events.""®>™® (Level of Evidence: A)

14.3. Recommendation for Smoking Cessation

PATIENTS WITH ASCENDING AORTIC ANEURYSM
See Figures 12 and 13.

Class | Class |
1. Smoking cessation and avoidance of exposure to 1. Asymptomatic patients with degenerative thoracic
environmental tobacco smoke at work and home are aneurysm, chronic aortic dissection, intramural he-
recommended. Follow-up, referral to special pro- matoma, penetrating atherosclerotic ulcer, mycotic
grams, and/or pharmacotherapy (including nicotine aneurysm, or pseudoaneurysm, who are otherwise
replacement, buproprion, or varenicline) is useful, as suitable candidates and for whom the ascending
is adopting a stepwise strategy aimed at smoking aorta or aortic sinus diameter is 5.5 cm or greater
cessation (the 5 As are Ask, Advise, Assess, Assist, should be evaluated for surgical repair."*® (Level of

and Arrange).""”"""8* (Level of Evidence: B)
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Evidence: C)
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Table 9. Studies of Medical Treatment of Thoracic Aortic Aneurysm

Treatment
Beta blockers

Angiotensin-converting
enzyme inhibitors

Angiotensin receptor
blockers

Statins

Studies

Genoni M, Paul M, Jenni R,
et al*©°

Shores J, Berger KR,
Murphy EA, et al°*

Ladouceur M, Fermanian C,
Lupoglazoff JM, et al*©?

Ahimastos AA, Aggarwal A,
D’Orsa KM, et al*©®

Mochizuki S, Dahlof B,
Shimizu M, et al*°*

Brooke BS, Habashi JP,
Judge DP, et al*©®

Diehm N, Decker G, Katzen
B, et al*©®

Results

Retrospective, case-record review of 78 patients with chronic Type B dissection who
received medical treatment. 51 of 71 received beta-blocker treatment, 20 of 71
were treated with other antihypertensive drugs. 10 of 51 (20%) of the beta-blocker—
treated patients and 9 of 20 (45%) from the other treatment group needed
dissection-related surgery (P=0.002). The incidence of increasing aortic diameter
was 12% (6 of 51) in the beta-blocker group and 40% (8 of 20) in the other
treatment group (P=0.002).

Open-label, randomized, control study of propranolol in 70 patients with Marfan
syndrome. The treated group received a mean daily propranolol dose of 212+68
mg/d. Propranolol therapy slowed aortic root dilation (0.023 vs 0.084 per year,
P<0.001).

Retrospective evaluation of aortic dilation in children with Marfan syndrome. Aortic
dilatation was slowed by 0.2 mm/y in children treated with beta blockers.

Randomized, double-blind, placebo-controlled trial of 17 patients with Marfan
syndrome taking beta-blocker therapy to perindopril or placebo. After 24 weeks of
therapy, the perindopril-treated subjects compared with placebo-treated subjects
had smaller growth in the ascending aortic diameter during systole (1.2 vs
0.3 mm/m?, P=0.01) and a significant reduction in ascending aortic diameter
during diastole (0.4 vs —1.2 mm/m?, P<0.001), respectively.

3081 Japanese patients with hypertension, coronary heart disease, heart failure, or a
combination were randomly assigned either to open-label valsartan (40 to 160 mg/
d) or to other treatment without angiotension receptor blockers. Patients
randomized to valsartan had reduction in composite cardiovascular outcome (OR
0.61, 95% Cl 0.47 to 0.79) and reduction in aortic dissection (OR 0.18, 95% CI
0.04 to 0.88). Open-label, randomized.

The clinical response to angiotension receptor blockers (losartan in 17 patients and
irbesartan in 1 patient) were evaluated in pediatric patients with Marfan syndrome
with severe aortic root enlargement. The mean (=SD) rate of change in aortic root
diameter decreased significantly from 3.54+2.87 mm/y during previous medical
therapy to 0.46+0.62 mm/y during angiotension receptor blocker therapy
(P<0.001). The deviation of aortic root enlargement from normal, as expressed by
the rate of change in z scores, was reduced by a mean difference of 1.47 z
scores/y (95% ClI 0.70 to 2.24, P<0.001) after the initiation of angiotension
receptor blocker therapy. The sinotubular junction showed a reduced rate of change
in diameter during angiotension receptor blocker therapy (P<0.05), whereas the
distal ascending aorta was not affected by angiotension receptor blocker therapy.

A nonrandomized propensity-score—adjusted study of statin use effect on long-term
mortality of patients after endovascular repair of AAA (731 patients) or TAA (59
patients) was done. Statin use was associated with decreased long-term mortality
in patients with AAA (adjusted HR 0.613, 95% Cl 0.379 to 0.993, P=0.047), but
not for patients with TAA (adjusted HR 1.795, 95% CI 0.147 to 21.942, P=0.647).

AAA indicates abdominal aortic aneurysm; Cl, confidence interval; SD, standard deviation; and TAA, thoracic aortic aneurysm.

2. Patients with Marfan syndrome or other genetically

maximal ascending or aortic root area (zr®) in cm?

mediated disorders (vascular Ehlers-Danlos syn-
drome, Turner syndrome, bicuspid aortic valve, or
familial thoracic aortic aneurysm and dissection)
should undergo elective operation at smaller diam-
eters (4.0 to 5.0 cm depending on the condition; see
Section 5) to avoid acute dissection or rupture.’”'19712
(Level of Evidence: C)

. Patients with a growth rate of more than 0.5 cm/y in
an aorta that is less than 5.5 cm in diameter should
be considered for operation. (Level of Evidence: C)
. Patients undergoing aortic valve repair or replace-
ment and who have an ascending aorta or aortic root
of greater than 4.5 cm should be considered for
concomitant repair of the aortic root or replacement
of the ascending aorta. (Level of Evidence: C)

Class lla

1. Elective aortic replacement is reasonable for pa-

tients with Marfan syndrome, other genetic dis-
eases, or bicuspid aortic valves, when the ratio of
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divided by the patient’s height in meters exceeds
10.*8'%3 (Level of Evidence: C)

. It is reasonable for patients with Loeys-Dietz syn-

drome or a confirmed TGFBR1 or TGFBR2 mutation
to undergo aortic repair when the aortic diameter
reaches 4.2 cm or greater by transesophageal echo-
cardiogram (internal diameter) or 4.4 to 4.6 cm or
greater by computed tomography scanning and/or
magnetic resonance imaging (external diameter).**
(Level of Evidence: C)

16. RECOMMENDATION FOR SYMPTOMATIC
PATIENTS WITH THORACIC AORTIC ANEURYSM
Class |

1. Patients with symptoms suggestive of expansion of

a thoracic aneurysm should be evaluated for
prompt surgical intervention unless life expectancy
from comorbid conditions is limited or quality of
life is substantially impaired. (Level of Evidence: C)
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STEP 1
Determine
need for urgent
operative
repair

Indication for urgent operative

Preoperative
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mar
+Size>/=55cm

* Growth rate > 0.5cm / year
* Symptomatic

A\ 4

Suitable operative
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STEP 2
Preoperative
diagnostic
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Diagnostic imaging to
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Diagnostic imaging to
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and type of
operative
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CAD or valve Yes
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CAD or valve
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operative repair? operative repair?

No No

surveillance schedule

Figure 12. Ascending aortic aneurysm of
degenerative etiology. CABG indicates cor-
onary artery bypass graft surgery; CAD,
coronary artery disease; CT, computed to-
mographic imaging; and MR, magnetic
resonance imaging.

N\

Aneurysm 4.5- 5.4 cm
+  Semi-annual CT
or MR

Aneurysm cm
+ Annual CT or MR

Indication for
operative repair:
« Size >5.5cm
+ Symptomatic
* Growth rate >0.5 cm/ year

Preoperative assessment: No
Suitable operative candidate? -_

CAD or valve
pathology requiring
operative repair?

Risk
modification

r

STEP 4

Surgical
intervention

Valve or CABG procedure

7
Aneurysm repair if >4.5 cm

Valve or CABG procedure
*

Aneurysm repair

17. RECOMMENDATIONS FOR OPEN SURGERY
FOR ASCENDING AORTIC ANEURYSM
Class |

18. RECOMMENDATIONS FOR AORTIC
ARCH ANEURYSMS
Class lla

1. Separate valve and ascending aortic replacement 1.

are recommended in patients without significant
aortic root dilatation, in elderly patients, or in
young patients with minimal dilatation who have
aortic valve disease. (Level of Evidence: C)

Patients with Marfan, Loeys-Dietz, and Ehlers-
Danlos syndromes and other patients with dilata-
tion of the aortic root and sinuses of Valsalva
should undergo excision of the sinuses in combina-
tion with a modified David reimplantation opera-
tion if technically feasible or, if not, root replace-
ment with valved graft conduit.”>"?*7*° (Level of
Evidence: B)
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N

For thoracic aortic aneurysms also involving the proxi-
mal aortic arch, partial arch replacement together with
ascending aorta repair using right subclavian/axillary
artery inflow and hypothermic circulatory arrest is rea-
sonable.”®*"3? (Level of Evidence: B)

Replacement of the entire aortic arch is reason-
able for acute dissection when the arch is aneu-
rysmal or there is extensive aortic arch destruc-
tion and leakage.'®""®? (Level of Evidence: B)
Replacement of the entire aortic arch is reasonable for
aneurysms of the entire arch, for chronic dissection
when the arch is enlarged, and for distal arch aneu-
rysms that also involve the proximal descending
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Ascending aortic aneurysm associated with:

* Marfan Syndrome
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Figure 13. Ascending aortic aneurysms as-
sociated with genetic disorder. CABG indi-
cates coronary artery bypass graft surgery;
CAD, coronary artery disease; CT, com-
puted tomographic imaging; and MR, mag-
netic resonance imaging. *Depends on
specific genetic condition. tSee Recom-
mendations for Asymptomatic Patients With
Ascending Aortic Aneurysm (Section 15),
and Recommendations for Bicuspid Aortic
Valve and Associated Congenital Variants
in Adults (Section 7).
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thoracic aorta, usually with the elephant trunk proce-
dure (see Figure 14)."*>7'%° (Level of Evidence: B)

For patients with low operative risk in whom an
isolated degenerative or atherosclerotic aneurysm
of the aortic arch is present, operative treatment is
reasonable for asymptomatic patients when the
diameter of the arch exceeds 5.5 cm."® (Level of
Evidence: B)

For patients with isolated aortic arch aneurysms less
than 4.0 cm in diameter, it is reasonable to reimage
using computed tomography scanning or magnetic
resonance imaging, at 12-month intervals, to detect
enlargement of the aneurysm. (Level of Evidence: C)
For patients with isolated aortic arch aneurysms
4.0 cm or greater in diameter, it is reasonable to
reimage using computed tomography scanning or
magnetic resonance imaging, at 6-month inter-
vals, to detect enlargement of the aneurysm.
(Level of Evidence: C)
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19. RECOMMENDATIONS FOR DESCENDING
THORACIC AORTA AND THORACOABDOMINAL
AORTIC ANEURYSMS

Class |

1.

N

For patients with chronic dissection, particularly
if associated with a connective tissue disorder,
but without significant comorbid disease, and a
descending thoracic aortic diameter exceeding 5.5
cm, open repair is recommended.'*'37'38 (Level
of Evidence: B)

For patients with degenerative or traumatic aneurysms
of the descending thoracic aorta exceeding 5.5 cm, sac-
cular aneurysms, or postoperative pseudoaneurysms,
endovascular stent grafting should be strongly consid-
ered when feasible'*"* (see Table 10). (Level of
Evidence: B)

For patients with thoracoabdominal aneurysms, in
whom endovascular stent graft options are limited
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Figure 14. Elephant trunk procedure. Panel
A, Preoperative disease. Panel B, Stage |
with replacement of the ascending aorta and
arch with a Dacron graft, with the distal graft
sutured circumferentially to the aorta distal
to the left subclavian artery and the free end
of the graft (“elephant trunk”) within the
descending aneurysm. Panel C, Completion
of the procedure using an endovascular
stent graft attached proximally to the “el-
ephant trunk” and the distal end secured to
a Dacron graft cuff. Images reprinted with
permission from the Cleveland Clinic
Foundation.
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and surgical morbidity is elevated, elective surgery is 20. RECOMMENDATIONS FOR COUNSELING AND
recommended if the aortic diameter exceeds 6.0 cm, or MANAGEMENT OF CHRONIC AORTIC DISEASES
less if a connective tissue disorder such as Marfan or IN PREGNANCY
Loeys-Dietz syndrome is present.''” (Level of Evi-  Class I
dence: C)

4. For patients with thoracoabdominal aneurysms and
with end-organ ischemia or significant stenosis from

1. Women with Marfan syndrome and aortic dilata-
tion, as well as patients without Marfan syndrome

atherosclerotic visceral artery disease, an additional

who have known aortic disease, should be coun-

revascularization procedure is recommended.'*

(Level of Evidence: B)

Table 10. Summary of Society of Thoracic

Surgeons Recommendations for Thoracic Stent
Graft Insertion

Level of

Entity/subgroup Classification  evidence

Penetrating ulcer/intramural hematoma

Asymptomatic 1 (0]

Symptomatic lla Cc
Acute traumatic | B
Chronic traumatic lla Cc
Acute Type B dissection

Ischemia | A

No ischemia IIb C
Subacute dissection IIb B
Chronic dissection IIb B
Degenerative descending

>5.5 cm, comorbidity lla B

>5.5 cm, no comorbidity Ilb Cc

<5.5cm 1] C
Arch

Reasonable open risk 1 A

Severe comorbidity IIb C
Thoracoabdominal/Severe comorbidity IIb (0]

Reprinted from Svensson et al.*°
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seled about the risk of aortic dissection as well as
the heritable nature of the disease prior to preg-
nancy.*>"*" (Level of Evidence: C)

. For pregnant women with known thoracic aortic

dilatation or a familial or genetic predisposition
for aortic dissection, strict blood pressure control,
specifically to prevent Stage II hypertension, is
recommended. (Level of Evidence: C)

. For all pregnant women with known aortic root

or ascending aortic dilatation, monthly or bi-
monthly echocardiographic measurements of the
ascending aortic dimensions are recommended to
detect aortic expansion until birth. (Level of Evi-
dence: C)

. For imaging of pregnant women with aortic arch,

descending, or abdominal aortic dilatation, mag-
netic resonance imaging (without gadolinium) is
recommended over computed tomography scan-
ning to avoid exposing both the mother and fetus to
ionizing radiation. Transesophageal echocardio-
gram is an option for imaging of the thoracic aorta.
(Level of Evidence: C)

. Pregnant women with aortic aneurysms should be

delivered where cardiothoracic surgery is available.
(Level of Evidence: C)
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Class lla

1. Fetal delivery via cesarean section is reasonable
for patients with significant aortic enlargement,
dissection, or severe aortic valve regurgitation.'*"
(Level of Evidence: C)

Class lIb

1. If progressive aortic dilatation and/or advancing
aortic valve regurgitation are documented, pro-
phylactic surgery may be considered."*? (Level of
Evidence: C)

21. RECOMMENDATIONS FOR AORTIC ARCH
AND THORACIC AORTIC ATHEROMA AND
ATHEROEMBOLIC DISEASE

Class lla

1. Treatment with a statin is a reasonable option for
patients with aortic arch atheroma to reduce the risk
of stroke."® (Level of Evidence: C)

Class lIb

1. Oral anticoagulation therapy with warfarin (INR,
2.0 to 3.0) or antiplatelet therapy may be considered
in stroke patients with aortic arch atheroma 4.0 mm
or greater to prevent recurrent stroke. (Level of
Evidence: C)

22. PERIPROCEDURAL AND

PERIOPERATIVE MANAGEMENT

Sections 22.1 to 22.6 list recommendations regarding the
periprocedural and perioperative management of patients
undergoing open surgical or thoracic aortic endograft proce-
dures including strategies to preserve end-organ function.
More detailed discussions are available in the full-text
document.

22.1 Recommendations for Preoperative Evaluation

Class |

1. In preparation for surgery, imaging studies ad-
equate to establish the extent of disease and the
potential limits of the planned procedure are
recommended. (Level of Evidence: C)

2. Patients with thoracic aortic disease requiring a
surgical or catheter-based intervention who have
symptoms or other findings of myocardial ischemia
should undergo additional studies to determine the
presence of significant coronary artery disease.
(Level of Evidence: C)

3. Patients with unstable coronary syndromes and
significant coronary artery disease should undergo
revascularization prior to or at the time of thoracic
aortic surgery or endovascular intervention with
percutaneous coronary intervention or concomitant
coronary artery bypass graft surgery. (Level of Evi-
dence: C)

Class lla

1. Additional testing is reasonable to quantitate the
patient’s comorbid states and develop a risk pro-
file. These may include pulmonary function tests,
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cardiac catheterization, aortography, 24-hour
Holter monitoring, noninvasive carotid artery
screening, brain imaging, echocardiography, and
neurocognitive testing. (Level of Evidence: C)

2. For patients who are to undergo surgery for ascend-
ing or arch aortic disease, and who have clinically
stable, but significant (flow limiting), coronary artery
disease, it is reasonable to perform concomitant coro-
nary artery bypass graft surgery. (Level of Evidence: C)

Class lIb

1. For patients who are to undergo surgery or endo-
vascular intervention for descending thoracic aortic
disease, and who have clinically stable, but signifi-
cant (flow limiting), coronary artery disease, the
benefits of coronary revascularization are not well
established.'**™%¢ (Level of Evidence: B)

22.2. Recommendations for Choice of Anesthetic
and Monitoring Techniques

Class |

1. The choice of anesthetic techniques and agents and
patient monitoring techniques should be tailored to
individual patient needs to facilitate surgical and
perfusion techniques and the monitoring of hemo-
dynamics and organ function. (Level of Evidence: C)

Class lla

1. Transesophageal echocardiography is reasonable in
all open surgical repairs of the thoracic aorta, unless
there are specific contraindications to its use. Trans-
esophageal echocardiography is reasonable in en-
dovascular thoracic aortic procedures for monitor-
ing, procedural guidance, and/or endovascular graft
leak detection.*”"'*° (Level of Evidence: B)

2. Motor or somatosensory evoked potential monitor-
ing can be useful when the data will help to guide
therapy. It is reasonable to base the decision to use
neurophysiologic monitoring on individual patient
needs, institutional resources, the urgency of the
procedure, and the surgical and perfusion tech-
niques to be employed in the open or endovascular
thoracic aortic repair."”®>"" (Level of Evidence: B)

Class Ill

1. Regional anesthetic techniques are not recom-
mended in patients at risk of neuraxial hematoma
formation due to thienopyridine antiplatelet
therapy, low-molecular-weight heparins, or clini-
cally significant anticoagulation."®* (Level of Evi-
dence: C)

2. Routinely changing double-lumen endotracheal
(endobronchial) tubes to single-lumen tubes at
the end of surgical procedures complicated by
significant upper airway edema or hemorrhage is
not recommended. (Level of Evidence: C)
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22.3. Recommendation for Transfusion
Management and Anticoagulation in
Thoracic Aortic Surgery

Class lla

1. An algorithmic approach to transfusion, antifi-
brinolytic, and anticoagulation management is rea-
sonable to use in both open and endovascular
thoracic aortic repairs during the perioperative pe-
riod. Institutional variations in coagulation testing
capability and availability of transfusion prod-
ucts and other prothrombotic and antithrombotic
agents are important considerations in defining
such an approach.'® (Level of Evidence: C)

22.4. Recommendations for Brain Protection
During Ascending Aortic and Transverse
Aortic Arch Surgery

Class |

1. A brain protection strategy to prevent stroke and
preserve cognitive function should be a key ele-
ment of the surgical, anesthetic, and perfusion tech-
niques used to accomplish repairs of the ascending
aorta and transverse aortic arch."**~'*° (Level of Evi-
dence: B)

Class lla

1. Deep hypothermic circulatory arrest, selective ante-
grade brain perfusion, and retrograde brain perfusion
are techniques that alone or in combination are rea-
sonable to minimize brain injury during surgical
repairs of the ascending aorta and transverse aortic
arch. Institutional experience is an important factor in
selecting these techniques."®*~"3* (Level of Evidence: B)

Class Il

1. Perioperative brain hyperthermia is not recom-
mended in repairs of the ascending aortic and trans-
verse aortic arch as it is probably injurious to the
brain."®>"® (Level of Evidence: B)

22.5. Recommendations for Spinal Cord
Protection During Descending Aortic Open
Surgical and Endovascular Repairs

Class |

1. Cerebrospinal fluid drainage is recommended as a
spinal cord protective strategy in open and endo-
vascular thoracic aortic repair for patients at high
risk of spinal cord ischemic injury."®* "% (Level of
Evidence: B)

Class lla

1. Spinal cord perfusion pressure optimization using tech-
niques, such as proximal aortic pressure maintenance
and distal aortic perfusion, is reasonable as an integral
part of the surgical, anesthetic, and perfusion strategy in
open and endovascular thoracic aortic repair patients at

August 2010 e Volume 111 e Number 2

high risk of spinal cord ischemic injury. Institutional
experience is an important factor in selecting these
techniques.®®'9*1% (Level of Evidence: B)

2. Moderate systemic hypothermia is reasonable for
protection of the spinal cord during open repairs of
the descending thoracic aorta."** (Level of Evidence: B)

Class lIb

1. Adjunctive techniques to increase the tolerance of the
spinal cord to impaired perfusion may be considered
during open and endovascular thoracic aortic repair
for patients at high risk of spinal cord injury. These
include distal perfusion, epidural irrigation with hy-
pothermic solutions, high-dose systemic glucocorti-
coids, osmotic diuresis with mannitol, intrathecal pa-
paverine, and cellular metabolic suppression with
anesthetic agents."”>"*>""%7 (Level of Evidence: B)

2. Neurophysiological monitoring of the spinal cord
(somatosensory evoked potentials or motor evoked
potentials) may be considered as a strategy to detect
spinal cord ischemia and to guide reimplantation of
intercostal arteries and/or hemodynamic optimization
to prevent or treat spinal cord ischemia.'>*'%8-20°
(Level of Evidence: B)

22.6. Recommendations for Renal Protection
During Descending Aortic Open Surgical and
Endovascular Repairs

Class lIb

1. Preoperative hydration and intraoperative mannitol
administration may be reasonable strategies for
preservation of renal function in open repairs of the
descending aorta. (Level of Evidence: C)

2. During thoracoabdominal or descending aortic re-
pairs with exposure of the renal arteries, renal protec-
tion by either cold crystalloid or blood perfusion may
be considered.”*'>** (Level of Evidence: B)

Class Il

1. Furosemide, mannitol, or dopamine should not be
given solely for the purpose of renal protection in
descending aortic repairs.>**? (Level of Evidence: B)

23. RECOMMENDATIONS FOR SURVEILLANCE OF
THORACIC AORTIC DISEASE OR PREVIOUSLY
REPAIRED PATIENTS

Class lla

1. Computed tomography imaging or magnetic reso-
nance imaging of the thoracic aorta is reasonable
after a Type A or B aortic dissection or after
prophylactic repair of the aortic root/ascending
aorta.* (Level of Evidence: C)

2. Computed tomography imaging or magnetic reso-
nance imaging of the aorta is reasonable at 1, 3, 6, and
12 months postdissection and, if stable, annually
thereafter so that any threatening enlargement can be
detected in a timely fashion. (Level of Evidence: C)

www.anesthesia-analgesia.org 303



== SPECIAL ARTICLE

Table 11. Suggested Follow-Up of Aortic

Pathologies After Repair or Treatment

Pathology Interval Study
Acute Before discharge, 1 CT or MR, chest plus
dissection month, 6 months, abdomen TTE
yearly
Chronic Before discharge, 1, CT or MR, chest plus
dissection 2t03y abdomen TTE
Aortic root Before discharge, TTE
repair yearly
AVR plus Before discharge, TTE
ascending yearly
Aortic arch Before discharge, 1y, CT or MR, chest plus
2to3y abdomen
Thoracic aortic Before discharge, 1 CXR, CT, chest plus
stent month, 2 months, abdomen
6 months, yearly Or
30 days*

Acute IMH/PAU Before discharge, 1
month, 3 months,

6 months, yearly

CT or MR, chest plus
abdomen

AVR indicates aortic valve replacement; CT, computed tomographic imaging;
CXR, chest x-ray; IMH, intramural hematoma; MR, magnetic resonance imaging;
PAU, penetrating atherosclerotic ulcer; and TTE, transthoracic echocardiography.
*US Food and Drug Administration stent graft studies usually required before
discharge or at 30-day CT scan to detect endovascular leaks. If there is
concern about a leak, a predischarge study is recommended; however, the
risk of renal injury should be borne in mind. All patients should be receiving
beta blockers after surgery or medically managed aortic dissection, if
tolerated. Adapted from Erbel et al.2%8

3. When following patients with imaging, utilization of
the same modality at the same institution is reason-
able, so that similar images of matching anatomic
segments can be compared side by side. (Level of
Evidence: C)

4. If a thoracic aortic aneurysm is only moderate in size
and remains relatively stable over time, magnetic
resonance imaging instead of computed tomography
scanning is reasonable to minimize the patient’s ra-
diation exposure. (Level of Evidence: C)

5. Surveillance imaging similar to classic aortic dissec-
tion is reasonable in patients with intramural he-
matoma. (Level of Evidence: C)

The mean rate of growth for all thoracic aortic aneurysms is
approximately 1 mm/y, but that growth rate increases with
increasing aneurysm diameter. Growth rates tend to be
faster for aneurysms involving the descending versus the
ascending aorta, for dissected versus nondissected aortas,
for those with Marfan syndrome versus those without,**®
and for those with bicuspid versus tricuspid aortic
valves.?®” Table 11 notes suggested intervals for follow up.

24. RECOMMENDATION FOR EMPLOYMENT AND
LIFESTYLE IN PATIENTS WITH THORACIC
AORTIC DISEASE

Class lla

1. For patients with a current thoracic aortic aneurysm
or dissection, or previously repaired aortic dissec-
tion, employment and lifestyle restrictions are rea-
sonable, including the avoidance of strenuous lift-
ing, pushing or straining that would require a
Valsalva maneuver. (Level of Evidence: C)
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Establishing clear lifestyle goals for patients with thoracic
aortic disease is important in improving long-term health
and reducing the risk of complications.

There are no outcomes data, and scant data of any variety for
that matter, to indicate how much exercise is safe or beneficial for
patients with thoracic aortic disease. However, aerobic exercise,
sometimes referred to as dynamic exercise, is associated with
only a modest increase in mean arterial pressure,*” and AoD
rarely occurs during aerobic exercise. Consequently, most ex-
perts believe that aerobic exercise, particularly when heart rate
and blood pressure are well controlled with medications, is
beneficial overall. Nevertheless, if patients wish to engage in
vigorous aerobic exercise, such as running or basketball, one
might consider performing a symptom limited stress test to
ensure that the patient does not have a hypertensive response to
exercise.

Conversely, with isometric exercise, there is a significant
increase in mean arterial pressure. When the Valsalva maneu-
ver is used for the lifting of heavy weights, there is a
superimposed increase in intrathoracic pressure, followed by
a dramatic increase in systemic arterial pressure,*”® with
systolic pressures reaching 300 mm Hg or more.”'® As a result,
most experts believe that heavy weight lifting or competitive
athletics involving isometric exercise may trigger AoD and/or
rupture and that such activities should be avoided.*"' Work-
ing with patients on an individualized basis to streamline
these goals based on insufficient data can be challenging. For
patients who are very much interested in maintaining some
sort of weight lifting program, choosing sets of repetitive light
weights appears to make more sense than permitting heavy
weight lifting.**

25. TUMORS OF THE THORACIC AORTA

Neoplasms of the thoracic aorta are usually secondary and
related to contiguous spread of adjacent primary malignan-
cies, particularly lung and adjacent primary malignancies or
subsequent metastases, particularly lung and esopha-
gus.?'*'5 Primary neoplasms of the thoracic aorta are rare.*'*
Metastatic disease is often demonstrated at the time of diag-
nosis of primary aortic neoplasms. Symptoms may include
malaise, fatigue, weight loss and nausea or the occurrence of
distal arterial embolization (with histopathologic examination
showing neoplasm, or identified by imaging techniques dur-
ing a search for an embolic source).>'*~>'® AoD may originate
in the area of the neoplasm or the aortic occlusion.*"” Resec-
tion and reconstruction of the segment of aorta containing the
neoplasm have been described, but because most patients
present with metastatic disease, overall prognosis is poor.”*

26. RECOMMENDATIONS FOR QUALITY
ASSESSMENT AND IMPROVEMENT FOR
THORACIC AORTIC DISEASE

Class |

1. Hospitals that provide regional care for patients
with acute sequelae of thoracic aortic disease (eg,
procedures for thoracic aortic dissection and rup-
ture) should participate in standardized quality as-
sessment and improvement activities, including tho-
racic aortic disease registries. Such activities should
include periodic measurement and regional/national
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interfacility comparisons of thoracic aortic
disease-related procedural volumes, complica-
tions and risk-adjusted mortality rates. (Level of
Evidence: C)

2. Hospitals that provide regional care for patients
with acute sequelae of thoracic aortic disease (eg,
procedures for thoracic aortic dissection and
rupture) should facilitate and coordinate standard-
ized quality assessment and improvement activities
with transferring facilities and emergency medical
services teams. Such activities might include:

a. cooperative joint facility meetings to discuss
opportunities for quality improvement and
b. interfacility and emergency medical services team
comparisons of pretransfer care based on available
outcome data and future performance measures
developed in accordance with this guideline. (Level
of Evidence: C)
Patients with acute aortic syndromes may require transfer
to specialized institutions. Ideally, the communications
between institutions will completely and accurately portray

the condition of the patient including items listed in Table
12.
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Table 12. Standardized Transferring Facility
Assessment, Communication, and Documentation
for the Following Domains

Blood pressure control for hypertension

® Heart rate control for tachycardia

Hemodynamic instability

Blood volume

Cardiac ischemia

Neurologic ischemia

Renal function

Mesenteric ischemia

Peripheral arterial pulses and perfusion

Activation of receiving team

Imaging expectations and communications

Timeliness and efficiency

EMS characteristics of transferring facility, including requisite
personnel, requisite in-transport equipment, including catastrophic
resuscitation capabilities, in-transfer contingency planning, weather
conditions, estimated transfer time, etc.

EMS indicates emergency medical services.

Mark D. Stewart, MPH, Associate Director, Evidence-
Based Medicine

Sue Keller, BSN, MPH, Senior Specialist, Evidence-
Based Medicine

Erin A. Barrett, Senior Specialist, Science and Clinical
Policy

Jesse M. Welsh, Specialist, Science and Clinical Policy

American Heart Association

Nancy Brown, Chief Executive Officer
Gayle R. Whitman, PhD, RN, FAHA, FAAN, Senior Vice
President, Office of Science Operations

www.anesthesia-analgesia.org 305



== SPECIAL ARTICLE

DISCLOSURES

Appendix 1. Author Relationships With Industry and Other Entities—2010 ACCF/AHA/AATS/ACR/ASA/

SCA/SCAI/SIR/STS/SVM Guidelines for the Diagnosis and Management of Patients with Thoracic Aortic

Disease

Committee
member
Loren F. Hiratzka,
Chair

George L. Bakris

Joshua A. Beckman

Robert M. Bersin

Vincent F. Carr

Donald E. Casey, Jr

Kim A. Eagle

Luke K. Hermann

Eric M. Isselbacher

Ella A. Kazerooni

Employment
Cardiac, Vascular &
Thoracic Surgeons

Inc. and TriHealth
Inc.—Medical
Director, Cardiac
Surgery
University of Chicago
Medical
Center—Professor of
Medicine; Director,
Hypertension Center

Brigham & Women's
Hospital—Director,
Cardiovascular
Fellows Program
Seattle Cardiology—
Director,
Endovascular
Services & Clinical
Research

Uniformed Services
University of Health
Science—Professor
of Medicine
Atlantic Health—Vice
President of Quality &
Chief Medical Officer;
Associate Professor
of Medicine, Mount
Sinai School of
Medicine
University of Michigan
Health
System—Albion
Walter Professor of
Internal Medicine;
Clinical Director,
Cardiovascular Center
Mount Sinai Medical
Center—Assistant
Professor of
Emergency Medicine;
Director, Chest Pain
Unit
Massachusetts
General
Hospital—Associate
Professor of
Medicine, Harvard
Medical School;
Co-Director, Thoracic
Aortic Center
University of Michigan
Health
System—Professor of
Medicine; Director,
Cardiothoracic
Radiology

Consultant
None

Abbott

Boehringer Ingelheim
Bristol-Myers
Squibb/Sanofi-aventis
Forest Laboratories
GlaxoSmithKline
Merck

Bristol-Myers Squibb
Sanofi-aventis

Abbott Vascular
Boston Scientific
Bristol-Myers Squibb
Cordis Endovascular
Eli Lilly
EV3
ReVascular Theraputics
Sanofi-aventis
Vascular Solutions
W.L. Gore

None

None

NHLBI

Robert Wood Johnson

Foundation
Sanofi-aventis

None

None

GE Healthcare
Vital Images

Speaker
None

Forest Laboratories
GlaxoSmithKline
Merck

Novartis

Bristol-Myers Squibb
GlaxoSmithKline
Merck
Sanofi-aventis
Boston Scientific
Bristol-Myers Squibb
Daiichi Sankyo

Eli Lilly
Sanofi-aventis

The Medicines Company

None

None

None

None

None

None

Ownership/
partnership/

None

None

None

® Vascular
Solutions

None

None

None

None

None

None

None

® Forest Laboratories

® GlaxoSmithKline

® Myogen

® National Institutes of
Health (NIDDK/NHLBI)

None

® Boston Scientific

None

None

® Blue Cross/Blue
Shield

® Bristol-Myers Squibb

® National Institutes of
Health

® Pfizer

None

None

None

Institutional,
organizational or other
financial benefit
None

None

None

® Boston Scientific

® Cordis Endovascular

® Vascular Solutions

None

None

None

None

None

® GERRAF (GE
Radiology Research
Fellowship)

Expert witness

® 2007;
Defense;
Aortic
Dissection

None

None

® Expert witness
in a case
involving
iatrogenic type
B dissection

None

None

None

None

® 2007;
Plantiff;
Aortic
Dissection

None

(Continued)

306

www.anesthesia-analgesia.org

ANESTHESIA & ANALGESIA



2010 Guidelines on TAD: Executive Summary

Appendix 1. Continued

Committee
member

Nicholas T.
Kouchoukos

Bruce W. Lytle

Dianna M. Milewicz

David L. Reich

Souvik Sen

Julie A. Shinn

Lars G. Svensson

David M. Williams

Employment

Missouri Baptist
Medical

Center—Cardiovascular

Surgeon
The Cleveland
Clinic—Chair, Heart
and Vascular
Institute
University of Texas
Southwestern
Medical
Center—President
George H.W. Bush
Chair
in Cardiovascular
Medicine; Professor
& Director, Division
of Medical Genetics
Mount Sinai Medical
Center—Professor &
Chair, Department of
Anesthesiology
University of South
Carolina School of
Medicine-Professor
and Chair,
Department of
Neurology
Stanford University
School of
Medicine—
Cardiovascular
Clinical
Nurse Specialist
The Cleveland
Clinic—Director, The
Center for Aortic
Surgery; Director,
Marfan Syndrome
and Collective Tissue
Disorder Clinic
University of
Michigan Health
System—Professor,
Department of
Radiology; Director,
Interventional
Radiology

Consultant
® Edwards Lifesciences

None

None

None

® Coaxia

None

None

® W.L. Gore

Speaker
None

None

None

None

® Boehringer Ingelheim
® Bristol-Myers Squibb
® Pfizer

® Sanofi-aventis

None

None

None

Ownership/
partnership/
None None
None None
None ® Doris Duke
Foundation
® Genetech
® National Institutes
of Health
® Vivian Smith
Foundation
None None
None ® American Heart
Association
® Genetech
® Sanofi-aventis
None None
None ® Edwards
Lifesciences
® Evalve
None ® W.L. Gore
® Medtronic

Institutional,
organizational or other
financial benefit
None

None

None

None

None

None

None

None

Expert witness

® 2006;
Defense;
Aortic
Dissection
None

None

None

None

None

None

® 2000;
Defense;
Failure to
diagnose
and treat
mesenteric
ischemia
with aortic
dissection

® 2009;
Defense;
Failure to
diagnose
and treat
mesenteric
ischemia
with aortic
dissection

NHLBI indicates National Heart, Lung, and Blood Institute; NIDDK, National Institute of Diabetes and Digestive and Kidney Diseases.
This table represents the relevant relationships of committee members with industry and other entities that were reported orally at the initial writing committee
meeting and updated in conjunction with all meetings and conference calls of the writing committee during the document development process. It does not
necessarily reflect relationships with industry at the time of publication. A person is deemed to have a significant interest in a business if the interest represents
ownership of 5% or more of the voting stock or share of the business entity, or ownership of $20 000 or more of the fair market value of the business entity; or
if funds received by the person from the business entity exceed 5% of the person’s gross income for the previous year. A relationship is considered to be modest
if it is less than significant under the preceding definition. Relationships noted in this table are modest unless otherwise noted.
*Significant (greater than $10 000) relationship.

August 2010 e Volume 111 e Number 2

www.anesthesia-analgesia.org 307



== SPECIAL ARTICLE

Appendix 2. Reviewer Relationships With Industry and Other Entities—2010 ACCF/AHA/AATS/ACR/

ASA/SCA/SCAI/SIR/STS/SVM Guidelines for the Diagnosis and Management of Patients with Thoracic
Aortic Disease

Peer revi Rep Consultant Speaker
Amjad Official Reviewer—Society None None
Almahameed  for Vascular Medicine
Richard A. Official None None
Bernstein Reviewer—American
Stroke Association
Christopher E. Official Reviewer— None None

Buller ACCF/AHA Task Force
Lead Reviewer
Albert T. Official ® EKR Therapeutics ® EKR Therapeutics
Cheung Reviewer—Society of @ The Medicines Company ® The Medicines Company
Cardiovascular ® Neuralstem ® PDL Biopharm*
Anesthesiologists ® Schering Plough
Michael D. Official ® W.L. Gore* ® Cook
Dake Reviewer—Society of @ Medtronic
Interventional
Radiologists
Antionette S. Official Reviewer—AHA None None
Gomes Cardiovascular Surgery
and Anesthesia
Committee
Robert A. Official Reviewer—ACCF @ Medtronic None
Guyton Board of Trustees
Clifford J. Official None None
Kavinsky Reviewer—Society for
Cardiovascular
Angiography and
Interventions
Scott Kinlay Official None ® Merck
Reviewer—Society for ® Pfizer
Vascular Medicine
Richard J. Official Reviewer—ACCF None None
Kovacs Board of Govenors
Christine Mora Official None None
Mangano Reviewer—Society of
Cardiovascular
Anesthesiologists
Steven R. Official None ® Boehringer Ingelheim
Messé Reviewer—American
Stroke Association
Eric Roselli Official ® Medtronic None
Reviewer—Society of @ Vascutek
Thoracic Surgeons
Geoff D. Rubin Official ® Fovia ® Bracco
Reviewer—American
College of Radiology
Frank J. Rybicki Official ® Bracco ® Bracco
Reviewer—American ~ ® Siemens Medical ® Siemens Medical
College of Radiology @ Toshiba Medical Systems* @ Toshiba Medical Systems*
e Vital Images o Vital Images
Thoralf M. Official None None
Sundt Reviewer—American
Association for Thoracic
Surgery
Richard D. Official Reviewer—AHA None None
White Peripheral Vascular

Disease Council

James P. Zidar Official Reviewer—Society ® Abbott Vascular ® Abbott Vascular

for Cardiovascular ® Cordis* ® Cordis*
Angiography and ® Medtronic Vascular ® Medtronic Vascular
Interventions

Ownership/
partnership/

Institutional,
organizational or other
financial benefit

None

None

None

None

None

None

None

None

None

None

None

None

None

® TeraRecon @ Biosense-Webster*

® Siemens @ Bracco

Medical

None

None

None

Expert witness

None None None
None None None
None None None
® The Medicines None None
Company*
©® Neuralstem*
® Cook None None
® W.L. Gore*
® Medtronic
None None None
None None None
® Possis Corp. None None
o Pfizer None None
None None None
None None None
® American Heart None None
Association*
® Cook None None
None None
None None
® Toshiba Medical
Systems*
® Bolton Medical ® Atricure None
® Bolton Medical
® Jarvik Heart
® Medtronic
® Sorin Group/
Carbomedics
® St. Jude Medical
® Thoratec Corporation
@ Ventracor
® W.L. Gore
None None None
® Abbott Vascular None None
® Cordis*
® Medtronic Vascular
(Continued)

308 www.anesthesia-analgesia.org

ANESTHESIA & ANALGESIA



2010 Guidelines on TAD: Executive Summary

Appendix 2. Continued

Ownership/ Institutional,
partnership/ organizational or other
Peer revi Rep i Consultant Speaker incipal R h financial benefit Expert witness
Wyatt Decker Organizational None None None None None None
Reviewer—American
College of Emergency
Physicians
Josh M. Organizational None None None None None None
Kosowsky Reviewer—American
College of Emergency
Physicians
Emile Mohler Organizational None None None None None None

Reviewer—American
College of Physicians
James Burke Content None None None None None None
Reviewer—ACCF
Catherization

Committee
Edward P. Content Reviewer None None None None None None
Chen
Mark A. Content Reviewer— None None None None None None
Creager ACCF/AHA Task Force
on Practice Guidelines
Jose G. Diez Content ® Sanofi-aventis None None None None None
Reviewer—ACCF
Catherization
Committee
John A. Content Reviewer ® Baxter None ® Coolspine e Celera Diagnostics None ® 2006;
Elefteriades Plaintiff;
Aortic
Dissection*
D. Craig Miller Content Reviewer ® Medtronic e St. Jude Medical None o NHLBI None None
e Stanford PARTNER
Trial
Rick Nishimura Content Reviewer— None None None None None None
ACCF/AHA Task Force
on Practice Guidelines
Patrick T. Content Reviewer None None None None None None
0’Gara
Carlos Ruiz Content None None None None None None

Reviewer—ACCF
Interventional Council

ACCF indicates American College of Cardiology Foundation; AHA, American Heart Association; and NHLBI, National Heart, Lung, and Blood Institute.

This table represents the relevant relationships with industry and other entities that were disclosed at the time of peer review. It does not necessarily reflect
relationships with industry at the time of publication. A person is deemed to have a significant interest in a business if the interest represents ownership of 5%
or more of the voting stock or share of the business entity, or ownership of $10 000 or more of the fair market value of the business entity; or if funds received
by the person from the business entity exceed 5% of the person’s gross income for the previous year. A relationship is considered to be modest if it is less than
significant under the preceding definition. Relationships in this table are modest unless otherwise noted. Names are listed in alphabetical order within each
category of review.

*Significant (greater than $10 000) relationship. B

REFERENCES 2. Svensson LG, Rodriguez ER. Aortic organ disease epidemic, and

1. ACCF/AHA Task Force on Practice Guidelines. Manual for
ACCF/AHA Guideline Writing Committees: Methodolo-
gies and Policies from the ACCF/AHA Task Force on
Practice Guidelines. Available at http://www.acc.org/
qualityandscience/clinical/manual/pdfs/methodology.pdf
and http://circ.ahajournals.org/manual/. Accessed Janu-
ary 7, 2010

la. Hiratzka LF, Bakris GL, Beckman JA, et al. 2010
ACCF/AHA/AATS/ACR/ASA/SCA/SCAI/SIR/STS/SVM
guidelines for the diagnosis and management of patients with
thoracic aoratic disease: a report of the American College of
Cardiology Foundation/American Heart Asssociation Task
Force on Practice Guidelines, American Association for Tho-
racic Surgery, American College of Radiology, American
Stroke Association, Society of Cardiovascular Anesthesiolo-
gists, Society for Cardiovascular Angiography and Interven-
tions, Society of Interventional Radiology, Society of Thoracic
Surgeons, and Society for Vascular Medicine. Circulation.
2010;121:e266—-e369

August 2010 e Volume 111 e Number 2

why do balloons pop? Circulation 2005;112:1082-4

. Svensson LG, Crawford ES. Cardiovascular and Vascular

Disease of the Aorta. Philadelphia, PA: WB Saunders Co;
1997:184

. Bonow RO, Carabello BA, Kanu C, et al. ACC/AHA 2006

Guidelines for the management of patients with valvular
heart disease. Circulation 2006;114:e84-231

. Habashi JP, Judge DP, Holm TM, et al. Losartan, an AT1

antagonist, prevents aortic aneurysm in a mouse model of
Marfan syndrome. Science 2006;312:117-21

. Pannu H, Tran-Fadulu V, Papke CL, et al. MYH11 mutations result

in a distinct vascular pathology driven by insulin-like growth factor
1 and angiotensin II. Hum Mol Genet 2007;16:2453—62

. Kumar SR. Pathologic Basis of Disease. Philadelphia, PA:

Elsevier Saunders, 2005

. Collins JS, Evangelista A, Nienaber CA, et al. Differences in

clinical presentation, management, and outcomes of acute type
A aortic dissection in patients with and without previous cardiac
surgery. Circulation 2004;110:11237-11242

www.anesthesia-analgesia.org 309



== SPECIAL ARTICLE

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Razzouk A, Gundry S, Wang N, et al. Pseudoaneurysms of

the aorta after cardiac surgery or chest trauma. Am Surg
1993;59:818-23

Stary HC, Chandler AB, Dinsmore RE, et al. A definition of
advanced types of atherosclerotic lesions and a histological
classification of atherosclerosis. A report from the Committee
on Vascular Lesions of the Council on Arteriosclerosis, Am
Heart Association. Circulation 1995;92:1355-74

He R, Guo DC, Estrera AL, et al. Characterization of the
inflammatory and apoptotic cells in the aortas of patients with
ascending thoracic aortic aneurysms and dissections. ] Thorac
Cardiovasc Surg 2006;131:671-8

Tang PC, Coady MA, Lovoulos C, et al. Hyperplastic cellular
remodeling of the media in ascending thoracic aortic aneurysms.
Circulation 2005;112:1098-105

Pannu H, Fadulu VT, Chang ], et al. Mutations in transform-
ing growth factor-beta receptor type II cause familial thoracic
aortic aneurysms and dissections. Circulation 2005;
112:513-20

Guo D, Pannu H, Tran-Fadula V, et al. Mutations in smooth
muscle alpha-actin (ACTA2). Nat Genet 2007;39:1488-93
Segura AM, Luna RE, Horiba K, et al. Inmunohistochemistry
of matrix metalloproteinases and their inhibitors in thoracic
aortic aneurysms and aortic valves of patients with Marfan’s
syndrome. Circulation 1998;98:11331-11337

Fedak PW, de Sa MP, Verma S, et al. Vascular matrix
remodeling in patients with bicuspid aortic valve malforma-
tions: implications for aortic dilatation. ] Thorac Cardiovasc
Surg 2003;126:797-806

Lemaire SA, Wang X, Wilks JA, et al. Matrix metalloprotein-
ases in ascending aortic aneurysms: bicuspid versus trileaflet
aortic valves. ] Surg Res 2005;123:40—-8

Lemaire SA, Pannu H, Tran-Fadulu V, et al. Severe aortic and
arterial aneurysms associated with a TGFBR2 mutation. Nat
Clin Pract Cardiovasc Med 2007;4:167-71

Ikonomidis JS, Jones JA, Barbour JR, et al. Expression of
matrix metalloproteinases and endogenous inhibitors within
ascending aortic aneurysms of patients with bicuspid or
tricuspid aortic valves. ] Thorac Cardiovasc Surg
2007;133:1028-36

19a. Weyand CM, Goronzy JJ. Medium- and large-vessel vascu-

litis. N Engl ] Med 2003;349:160-9

19b. Salvarani C, Gabriel SE, O’Fallon WM, et al. The incidence of

20.

21.

22.

23.

24.

25.

26.

27.

310

giant cell arteritis in Olmstead County, Minnesota: apparent
fluctuations in a cyclic pattern. Ann Intern Med
1995;123:192-4
Amis ES Jr, Butler PF, Applegate KE, et al. Am College of
Radiology white paper on radiation dose in medicine. ] Am
Coll Radiol 2007;4:272—-84
Brenner DJ, Hall E]. Computed tomography: an increasing
source of radiation exposure. N Engl ] Med 2007,357:2277-84
Shellock FG, Spinazzi A. MRI safety update 2008: part 1, MRI
contrast agents and nephrogenic systemic fibrosis. AJR Am ]
Roentgenol 2008;191:1129-39
Cascade PN, Leibel SA. Decision-making in radiotherapy for
the cancer patient: the Am College of Radiology Appropri-
ateness Criteria Project. CA Cancer ] Clin 1998;48:146-50
International Commission on Radiological Protection (ICRP).
Recommendations of the International Commission on Radio-
logical Protection. Ann ICRP 1977;1
McCollough CH, Bruesewitz MR, Kofler JM Jr. CT dose
reduction and dose management tools: overview of available
options. Radiographics 2006;26:503-12
Parker MS, Matheson TL, Rao AV, et al. Making the transi-
tion: the role of helical CT in the evaluation of potentially
acute thoracic aortic injuries. AJR Am ] Roentgenol
2001;176:1267-72
Johnston KW, Rutherford RB, Tilson MD, et al. Suggested
standards for reporting on arterial aneurysms. Subcommittee
on Reporting Standards for Arterial Aneurysms, Ad Hoc
Committee on Reporting Standards, Society for Vascular
Surgery and North Am Chapter, International Society for
Cardiovascular Surgery ] Vasc Surg. 1991;13:452-8

www.anesthesia-analgesia.org

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Roman M]J, Devereux RB, Kramer-Fox R, et al. Two-
dimensional echocardiographic aortic root dimensions in
normal children and adults. Am J Cardiol 1989;64:507-12
Yoshida S, Akiba H, Tamakawa M, et al. Thoracic involve-
ment of type A aortic dissection and intramural hematoma:
diagnostic accuracy: comparison of emergency helical CT and
surgical findings. Radiology 2003;228:430-5

Sommer T, Fehske W, Holzknecht N, et al. Aortic dissection:
a comparative study of diagnosis with spiral CT, multiplanar
transesophageal echocardiography, and MR imaging. Radiol-
ogy 1996,199:347-52

Zeman RK, Berman PM, Silverman PM, et al. Diagnosis of
aortic dissection: value of helical CT with multiplanar refor-
mation and three-dimensional rendering. AJR Am ] Roentge-
nol 1995;164:1375-80

Shiga T, Wajima Z, Apfel CC, et al. Diagnostic accuracy of
transesophageal echocardiography, helical computed tomog-
raphy, and magnetic resonance imaging for suspected tho-
racic aortic dissection: systematic review and meta-analysis.
Arch Intern Med 2006;166:1350—-6

Am College of Radiology. ACR CT Accreditation Clinical
Image Quality Guide. Available at http://www.acr.org/
accreditation/computed /qc_forms/image_guide.aspx.  Ac-
cessed January 7, 2010

Practice Guideline for the Performance and Interpretation
of Computed Tomography Angiography. Available at
http://www.acr.org/SecondaryMainMenuCategories/
quality_safety/guidelines/dx/cardio/ct_angiography.
aspx. Accessed January 7, 2010

Prince MR, Narasimham DL, Jacoby WT, et al. Three-
dimensional gadolinium-enhanced MR angiography of the
thoracic aorta. AJR Am ] Roentgenol 1996;166:1387-97
Bogaert ], Meyns B, Rademakers FE, et al. Follow-up of aortic
dissection: contribution of MR angiography for evaluation of
the abdominal aorta and its branches. Eur Radiol
1997;7:695-702

Nienaber CA, von Kodolitsch Y, Nicolas V, et al. The diag-
nosis of thoracic aortic dissection by noninvasive imaging
procedures. N Engl ] Med 1993;328:1-9

Pereles FS, McCarthy RM, Baskaran V, et al. Thoracic aortic
dissection and aneurysm: evaluation with nonenhanced true
FISP MR angiography in less than 4 minutes. Radiology
2002;223:270-4

Fischer U, Vosshenrich R, Kopka L, et al. Dissection of the
thoracic aorta: pre- and postoperative findings on turbo-
FLASH MR images obtained in the plane of the aortic arch.
AJR Am ] Roentgenol 1994;163:1069-72

Pearson GD, Devereux R, Loeys B, et al. Report of the National
Heart, Lung, and Blood Institute and National Marfan Founda-
tion Working Group on research in Marfan syndrome and
related disorders. Circulation 2008;118:785-91

Svensson LG, Crawford ES, Coselli JS, et al. Impact of
cardiovascular operation on survival in the Marfan patient.
Circulation 1989;80:1233-1242

Svensson LG, Blackstone EH, Feng ], et al. Are Marfan
syndrome and marfanoid patients distinguishable on long-
term follow-up? Ann Thorac Surg 2007;83:1067-74

Zhu L, Vranckx R, Khau Van Kien P, et al. Mutations in
myosin heavy chain 11 cause a syndrome associating thoracic
aortic aneurysm/aortic dissection and patent ductus arterio-
sus. Nat Genet 2006;38:343-9

Loeys BL, Schwarze U, Holm T, et al. Aneurysm syndromes
caused by mutations in the TGF-beta receptor. N Engl ] Med
2006,355:788-98

Williams JA, Loeys BL, Nwakanma LU, et al. Early surgical
experience with Loeys-Dietz: a new syndrome of aggressive
thoracic aortic aneurysm disease. Ann Thorac Surg
2007;83:5757-5763

Bondy CA. Care of girls and women with Turner syndrome:
a guideline of the Turner Syndrome Study Group. ] Clin
Endocrinol Metab 2007;92:10-25

Gott VL, Greene PS, Alejo DE, et al. Replacement of the aortic
root in patients with Marfan’s syndrome. N Engl ] Med
1999;340:1307-13

ANESTHESIA & ANALGESIA



2010 Guidelines on TAD: Executive Summary

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Svensson LG, Khitin L. Aortic cross-sectional area/height
ratio timing of aortic surgery in asymptomatic patients with
Marfan syndrome. ] Thorac Cardiovasc Surg 2002;123:360-1
Wenstrup RJ, Meyer RA, Lyle JS, et al. Prevalence of aortic
root dilation in the Ehlers-Danlos syndrome. Genet Med
2002;4:112-7

Gupta PA, Putnam EA, Carmical SG, et al. Ten novel FBN2
mutations in congenital contractural arachnodactyly: delinea-
tion of the molecular pathogenesis and clinical phenotype.
Hum Mutat 2002;19:39-48

Gupta PA, Wallis DD, Chin TO, et al. FBN2 mutation associ-
ated with manifestations of Marfan syndrome and congenital
contractural arachnodactyly. ] Med Genet 2004;41:e56
Adeola T, Adeleye O, Potts JL, et al. Thoracic aortic dissection
in a patient with autosomal dominant polycystic kidney
disease. ] Natl Med Assoc 2001,93:282-7

Lee CC, Chang WT, Fang CC, et al. Sudden death caused by
dissecting thoracic aortic aneurysm in a patient with autoso-
mal dominant polycystic kidney disease. Resuscitation
2004;63:93-6

Purnell R, Williams I, Von Oppell U, et al. Giant aneurysms of
the sinuses of Valsalva and aortic regurgitation in a patient
with Noonan’s syndrome. Eur ] Cardiothorac Surg
2005;28:346-8

Morgan JM, Coupe MO, Honey M, et al. Aneurysms of the
sinuses of Valsalva in Noonan’s syndrome. Eur Heart ]
1989;10:190-3

Shachter N, Perloff JK, Mulder DG. Aortic dissection in
Noonan’s syndrome (46 XY turner). Am ] Cardiol
1984;54:464-5

McElhinney DB, Krantz ID, Bason L, et al. Analysis of
cardiovascular phenotype and genotype-phenotype correla-
tion in individuals with a JAG1 mutation and/or Alagille
syndrome. Circulation 2002;106:2567-74

Albornoz G, Coady MA, Roberts M, et al. Familial thoracic
aortic aneurysms and dissections: incidence, modes of inher-
itance, and phenotypic patterns. Ann Thorac Surg
2006;82:1400-5

Coady MA, Davies RR, Roberts M, et al. Familial patterns of
thoracic aortic aneurysms. Arch Surg 1999;134:361-7
Stheneur C, Collod-Beroud G, Faivre L, et al. Identification of
23 TGFBR2 and 6 TGFBR1 gene mutations and genotype-phe-
notype investigations in 457 patients with Marfan syndrome
type I and II, Loeys-Dietz syndrome and related disorders
Hum Mutat 2008;29:E284-95

Guo DC, Papke CL, Tran-Fadulu V, et al. Mutations in
smooth muscle alpha-actin (ACTA2) cause coronary artery
disease, stroke, and moyamoya disease, along with thoracic
aortic disease. Am ] Hum Genet 2009;84:617-27

Braverman AC, Guven H, Beardslee MA, et al. The bicuspid
aortic valve. Curr Probl Cardiol 2005;30:470-522

Borger MA, David TE. Management of the valve and ascend-
ing aorta in adults with bicuspid aortic valve disease. Semin
Thorac Cardiovasc Surg 2005;17:143-7

Svensson LG, Blackstone EH, Cosgrove DM III. Surgical
options in young adults with aortic valve disease. Curr Probl
Cardiol 2003;28:417-80

Svensson LG. Aortic valve stenosis and regurgitation: an
overview of management. ] Cardiovasc Surg (Torino)
2008;49:297-303

Kerr GS, Hallahan CW, Giordano J, et al. Takayasu arteritis.
Ann Intern Med 1994;120:919-29

Mazlumzadeh M, Hunder GG, Easley KA, et al. Treatment of
giant cell arteritis using induction therapy with high-dose
glucocorticoids: a double-blind, placebo-controlled, random-
ized prospective clinical trial. Arthritis Rheum 2006;
54:3310-8

Ishikawa K, Maetani S. Long-term outcome for 120 Japanese
patients with Takayasu’s disease. Clinical and statistical anal-
yses of related prognostic factors Circulation 1994;
90:1855-60

August 2010 e Volume 111 e Number 2

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Kyle V, Cawston TE, Hazleman BL. Erythrocyte sedimenta-
tion rate and C reactive protein in the assessment of polymy-
algia rheumatica/giant cell arteritis on presentation and
during follow up. Ann Rheum Dis 1989;48:667-71

Fields CE, Bower TC, Cooper LT, et al. Takayasu’s arteritis:
operative results and influence of disease activity. ] Vasc Surg
2006;43:64-71

Arend WP, Michel BA, Bloch DA, et al. The Am College of
Rheumatology 1990 criteria for the classification of Takayasu
arteritis. Arthritis Rheum 1990;33:1129-34

Hunder GG, Bloch DA, Michel BA, et al. The Am College of
Rheumatology 1990 criteria for the classification of giant cell
arteritis. Arthritis Rheum 1990;33:1122-8

Evaluation of diagnostic (‘classification’) criteria in Behcet’s
disease: towards internationally agreed criteria. The Interna-
tional Study Group for Behcet’s disease. Br J Rheumatol
1992;31:299-308

Goie The HS, Steven MM, van der Linden SM, et al. Evalua-
tion of diagnostic criteria for ankylosing spondylitis: a com-
parison of the Rome, New York and modified New York
criteria in patients with a positive clinical history screening
test for ankylosing spondylitis. Br ] Rheumatol 1985;24:242-9
Hagan PG, Nienaber CA, Isselbacher EM, et al. The Interna-
tional Registry of Acute Aortic Dissection (IRAD): new in-
sights into an old disease. JAMA 2000;283:897-903

Januzzi JL, Isselbacher EM, Fattori R, et al. Characterizing the
young patient with aortic dissection: results from the Inter-
national Registry of Aortic Dissection (IRAD). ] Am Coll
Cardiol 2004;43:665-9

von Kodolitsch Y, Schwartz AG, Nienaber CA. Clinical pre-
diction of acute aortic dissection. Arch Intern Med 2000;
160:2977-82

Meszaros I, Morocz J, Szlavi ], et al. Epidemiology and
clinicopathology of aortic dissection. Chest 2000;117:1271-8
Spittell PC, Spittell JA Jr, Joyce JW, et al. Clinical features and
differential diagnosis of aortic dissection: experience with 236
cases (1980 through 1990). Mayo Clin Proc 1993;68:642-51
Mehta RH, O’Gara PT, Bossone E, et al. Acute type A aortic
dissection in the elderly: clinical characteristics, management,
and outcomes in the current era. ] Am Coll Cardiol
2002;40:685-92

Klompas M. Does this patient have an acute thoracic aortic
dissection? JAMA 2002;287:2262-72

Armstrong WF, Bach DS, Carey LM, et al. Clinical and
echocardiographic findings in patients with suspected acute
aortic dissection. Am Heart ] 1998;136:1051-60

Gaul C, Dietrich W, Friedrich I, et al. Neurological symptoms
in type A aortic dissections. Stroke 2007;38:292-7

Roberts WC, Ko JM, Moore TR, et al. Causes of pure aortic
regurgitation in patients having isolated aortic valve replace-
ment at a single US tertiary hospital (1993 to 2005). Circula-
tion 2006;114:422-9

Svensson LG, Labib SB, Eisenhauer AC, et al. Intimal tear
without hematoma: an important variant of aortic dissection
that can elude current imaging techniques. Circulation
1999;99:1331-6

Chirillo F, Salvador L, Bacchion F, et al. Clinical and anatomi-
cal characteristics of subtle-discrete dissection of the ascend-
ing aorta. Am | Cardiol 2007;100:1314-9

Murray CA, Edwards JE. Spontaneous laceration of ascend-
ing aorta. Circulation 1973;47:848-58

Antman EM, Anbe DT, Armstrong PW, et al. ACC/AHA
guidelines for the management of patients with ST-elevation
myocardial infarction: executive summary. ] Am Coll Cardiol
2004;44:671-719

Erbel R, Engberding R, Daniel W, et al. Echocardiography in
diagnosis of aortic dissection. Lancet 1989;1:457-61

Borner N, Erbel R, Braun B, et al. Diagnosis of aortic dissec-
tion by transesophageal echocardiography. Am ] Cardiol
1984;54:1157-8

Deleted in proof.

www.anesthesia-analgesia.org 311



== SPECIAL ARTICLE

92.

93.

94.

95.

96.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

312

Suzuki T, Mehta RH, Ince H, et al. Clinical profiles and
outcomes of acute type B aortic dissection in the current era:
lessons from the International Registry of Aortic Dissection
(IRAD). Circulation 2003;108(suppl 1):11312-11317

Estrera AL, Miller CC III, Safi HJ, et al. Outcomes of medical
management of acute type B aortic dissection. Circulation
2006;114:1384-1389

Umana JP, Lai DT, Mitchell RS, et al. Is medical therapy still
the optimal treatment strategy for patients with acute type B
aortic dissections? ] Thorac Cardiovasc Surg 2002;
124:896-910

Mehta RH, Suzuki T, Hagan PG, et al. Predicting death in
patients with acute type A aortic dissection. Circulation
2002;105:200-6

Chiappini B, Schepens M, Tan E, et al. Early and late
outcomes of acute type A aortic dissection: analysis of risk
factors in 487 consecutive patients. Eur Heart ] 2005;
26:180-6

Patel MR, Dehmer GJ, Hirshfeld JW, et al
ACCEF/SCAI/STS/AATS/AHA/ASNC 2009 Appropriate-
ness Criteria for Coronary Revascularization. ] Am Coll
Cardiol 2009;53:530-53

Townsend CM, Beauchamp RD, Evers BM, et al. Sabiston
Textbook of Surgery. 18th ed. Philadelphia: Elsevier Health
Sciences, 2008

Libby P, Bonow RO, Mann DL, et al. Braunwald’s Heart
Disease: A Textbook of Cardiovascular Medicine. 8th ed.
Philadelphia: 2007

Isselbacher E. Cecil Medicine. 23rd ed. Philadelphia: Elsevier
Health Sciences, 2008

Genoni M, Paul M, Jenni R, et al. Chronic beta-blocker
therapy improves outcome and reduces treatment costs in
chronic type B aortic dissection. Eur J Cardiothorac Surg
2001;19:606-10

Shores ], Berger KR, Murphy EA, et al. Progression of aortic
dilatation and the benefit of long-term beta-adrenergic block-
ade in Marfan’s syndrome. N Engl ] Med 1994;330:1335-41
Ladouceur M, Fermanian C, Lupoglazoff JM, et al. Effect of
beta-blockade on ascending aortic dilatation in children with
the Marfan syndrome. Am ] Cardiol 2007;99:406-9
Ahimastos AA, Aggarwal A, D'Orsa KM, et al. Effect of
perindopril on large artery stiffness and aortic root diameter
in patients with Marfan syndrome: a randomized controlled
trial. JAMA 2007;298:1539-47

Mochizuki S, Dahlof B, Shimizu M, et al. Valsartan in a
Japanese population with hypertension and other cardiovas-
cular disease (Jikei Heart Study): a randomised, open-label,
blinded endpoint morbidity-mortality study. Lancet
2007;369:1431-9

Brooke BS, Habashi JP, Judge DP, et al. Angiotensin II
blockade and aortic-root dilation in Marfan’s syndrome.
N Engl ] Med 2008;358:2787-95

Diehm N, Becker G, Katzen B, et al. Statins are associated with
decreased mortality in abdominal, but not in thoracic aortic
aneurysm patients undergoing endovascular repair: propen-
sity score-adjusted analysis. Vasa 2008;37:241-9

Major outcomes in high-risk hypertensive patients random-
ized to angiotensin-converting enzyme inhibitor or calcium
channel blocker vs diuretic: The Antihypertensive and Lipid-
Lowering Treatment to Prevent Heart Attack Trial (ALLHAT).
JAMA 2002;288:2981-97

Hunt SA, Baker DW, Chin MH, et al. ACC/AHA guidelines
for the evaluation and management of chronic heart failure in
the adult: executive summary. ] Am Coll Cardiol
2001;38:2101-13

Lewington S, Clarke R, Qizilbash N, et al. Age-specific
relevance of usual blood pressure to vascular mortality: a
meta-analysis of individual data for one million adults in 61
prospective studies. Lancet 2002;360:1903-13

Neal B, MacMahon S, Chapman N. Effects of ACE inhibitors,
calcium antagonists, and other blood-pressure-lowering
drugs: results of prospectively designed overviews of ran-
domised trials. Blood Pressure Lowering Treatment Trialists’
Collaboration Lancet 2000;356:1955-64

www.anesthesia-analgesia.org

111.

112.

113.

114.

115.

116.

117.

118.

Ogden LG, He ], Lydick E, et al. Long-term absolute benefit of
lowering blood pressure in hypertensive patients according
to the JNC VI risk stratification. Hypertension 2000;35:539-43
Lacro RV, Dietz HC, Wruck LM, et al. Rationale and design of
a randomized clinical trial of beta-blocker therapy (atenolol)
versus angiotensin II receptor blocker therapy (losartan) in
individuals with Marfan syndrome. Am Heart ]
2007;154:624-31

Evans ], Powell JT, Schwalbe E, et al. Simvastatin attenuates
the activity of matrix metalloprotease-9 in aneurysmal aortic
tissue. Eur ] Vasc Endovasc Surg 2007;34:302-3

Leurs L], Visser P, Laheij R], et al. Statin use is associated with
reduced all-cause mortality after endovascular abdominal
aortic aneurysm repair. Vascular 2006;14:1-8

Kurzencwyg D, Filion KB, Pilote L, et al. Cardiac medical
therapy among patients undergoing abdominal aortic aneu-
rysm repair. Ann Vasc Surg 2006;20:569-76

Yilmaz MB, Biyikoglu SF, Guray Y, et al. Level of awareness
of on-treatment patients about prescribed statins. Cardiovasc
Drugs Ther 2004;18:399-404

Anderson JL, Adams CD, Antman EM, et al. ACC/AHA 2007
guidelines for the management of patients with unstable
angina/non-ST-elevation myocardial infarction. ] Am Coll
Cardiol 2007;50:e1-e157

Ockene IS, Miller NH. Cigarette smoking, cardiovascular
disease, and stroke: a statement for healthcare professionals
from the Am Heart Association. Am Heart Association Task
Force on Risk Reduction. Circulation 1997;96:3243-7

118a. Daly LE, Mulcahy R, Graham IM, Hickay N. Long term

118b.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

effect on mortality of stopping smoking after unstable an-
gina and myocardial infarction. Br Med ] (Clin Res Ed)
1983;287:324-6
US. Department of Health and Human Services, Public
Health Service Agency. Clinical Practice Guidelines: Num-
ber 18: Smoking Cessation. 1996, AHCPR Publication 96-
0692
Svensson LG, Kouchoukos NT, Miller DC, et al. Expert
consensus document on the treatment of descending thoracic
aortic disease using endovascular stent-grafts. Ann Thorac
Surg 2008;85:51-41
Kouchoukos NT, Dougenis D. Surgery of the thoracic aorta.
N Engl ] Med 1997;336:1876—-88
Elefteriades JA. Natural history of thoracic aortic aneurysms:
indications for surgery, and surgical versus nonsurgical risks.
Ann Thorac Surg 2002;74:51877-51880
Boissonnas CC, Davy C, Bornes M, et al. Careful cardiovas-
cular screening and follow-up of women with Turner syn-
drome before and during pregnancy is necessary to prevent
maternal mortality. Fertil Steril 2009;91:929-7
Svensson LG, Kim KH, Lytle BW, et al. Relationship of aortic
cross-sectional area to height ratio and the risk of aortic
dissection in patients with bicuspid aortic valves. ] Thorac
Cardiovasc Surg 2003;126:892-3
Tzemos N, Therrien J, Yip J, et al. Outcomes in adults with
bicuspid aortic valves. JAMA 2008;300:1317-25
Vallely MP, Semsarian C, Bannon PG. Management of the
ascending aorta in patients with bicuspid aortic valve disease.
Heart Lung Circ 2008;17:357—-63
Vaughan CJ, Casey M, He ], et al. Identification of a chromo-
some 11q23.2-q24 locus for familial aortic aneurysm disease, a
genetically heterogeneous disorder. Circulation 2001;103:
2469-75
Abedin M, Tintut Y, Demer LL. Vascular calcification: mecha-
nisms and clinical ramifications. Arterioscler Thromb Vasc
Biol 2004;24:1161-70
Iribarren C, Sidney S, Sternfeld B, et al. Calcification of the
aortic arch: risk factors and association with coronary heart
disease, stroke, and peripheral vascular disease. JAMA
2000;283:2810-5
Chiu KM, Lin TY, Chen JS, et al. Images in cardiovascular
medicine. Left ventricle apical conduit to bilateral subclavian
artery in a patient with porcelain aorta and aortic stenosis.
Circulation 2006;113:e388—-e389

ANESTHESIA & ANALGESIA



2010 Guidelines on TAD: Executive Summary

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

Svensson LG, Blackstone EH, Rajeswaran ], et al. Does the
arterial cannulation site for circulatory arrest influence stroke
risk? Ann Thorac Surg 2004;78:1274-84

Crawford ES, Kirklin JW, Naftel DC, et al. Surgery for acute
dissection of ascending aorta. Should the arch be included?
J Thorac Cardiovasc Surg 1992;104:46-59

Svensson LG, Crawford ES, Hess KR, et al. Dissection of the
aorta and dissecting aortic aneurysms. Improving early and
long-term surgical results. Circulation 1990;82:1V24-1V38
Greenberg RK, Haddad F, Svensson L, et al. Hybrid ap-
proaches to thoracic aortic aneurysms: the role of endovascu-
lar elephant trunk completion. Circulation 2005;112:2619-26
Svensson LG. The elephant trunk procedure: uses in complex
aortic diseases. Curr Opin Cardiol 2005;20:491-5

Svensson LG, Kim KH, Blackstone EH, et al. Elephant trunk
procedure: newer indications and uses. Ann Thorac Surg
2004;78:109-16

Coady MA, Rizzo JA, Hammond GL, et al. What is the
appropriate size criterion for resection of thoracic aortic
aneurysms? | Thorac Cardiovasc Surg 1997;113:476-91
Estrera AL, Rubenstein FS, Miller CC III, et al. Descending
thoracic aortic aneurysm: surgical approach and treatment
using the adjuncts cerebrospinal fluid drainage and distal
aortic perfusion. Ann Thorac Surg 2001;72:481-6

Svensson LG, Crawford ES, Hess KR, et al. Variables predic-
tive of outcome in 832 patients undergoing repairs of the
descending thoracic aorta. Chest 1993;104:1248-53
Matsumura JS, Cambria RP, Dake MD, et al. International
controlled clinical trial of thoracic endovascular aneurysm
repair with the Zenith TX2 endovascular graft: 1-year results.
J Vasc Surg 2008;47:247-57

Svensson LG, Crawford ES, Hess KR, et al. Thoracoabdominal
aortic aneurysms associated with celiac, superior mesenteric,
and renal artery occlusive disease: methods and analysis of
results in 271 patients. ] Vasc Surg 1992;16:378—-89

Milewicz DM, Dietz HC, Miller DC. Treatment of aortic
disease in patients with Marfan syndrome. Circulation
2005;111:e150-7

Immer FF, Bansi AG, Immer-Bansi AS, et al. Aortic dissection
in pregnancy: analysis of risk factors and outcome. Ann
Thorac Surg 2003;76:309-14

Tunick PA, Nayar AC, Goodkin GM, et al. Effect of treatment
on the incidence of stroke and other emboli in 519 patients
with severe thoracic aortic plaque. Am ] Cardiol
2002;90:1320-5

Boden WE, O'Rourke RA, Teo KK, et al. Optimal medical
therapy with or without PCI for stable coronary disease.
N Engl ] Med 2007;356:1503-16

McFalls EO, Ward HB, Moritz TE, et al. Coronary-artery
revascularization before elective major vascular surgery.
N Engl ] Med 2004;351:2795-804

Poldermans D, Schouten O, Vidakovic R, et al. A clinical
randomized trial to evaluate the safety of a noninvasive
approach in high-risk patients undergoing major vascular
surgery: the DECREASE-V Pilot Study. ] Am Coll Cardiol
2007;49:1763-9

Practice guidelines for perioperative transesophageal echo-
cardiography. A report by the Am Society of Anesthesiolo-
gists and the Society of Cardiovascular Anesthesiologists
Task Force on Transesophageal Echocardiography. Anesthe-
siology 1996;84:986-1006

Fattori R, Caldarera I, Rapezzi C, et al. Primary endoleakage
in endovascular treatment of the thoracic aorta: importance of
intraoperative transesophageal echocardiography. J Thorac
Cardiovasc Surg 2000;120:490-5

Abe S, Ono S, Murata K, et al. Usefulness of transesophageal
echocardiographic monitoring in transluminal endovascular
stent-graft repair for thoracic aortic aneurysm. Jpn Circ J
2000;64:960—4

Dong CC, MacDonald DB, Janusz MT. Intraoperative spinal
cord monitoring during descending thoracic and thoracoab-
dominal aneurysm surgery. Ann Thorac Surg 2002;74:
S1873-51876

August 2010 e Volume 111 e Number 2

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

Meylaerts SA, Jacobs M], van Iterson V, et al. Comparison of
transcranial motor evoked potentials and somatosensory
evoked potentials during thoracoabdominal aortic aneurysm
repair. Ann Surg 1999;230:742-9

Horlocker TT, Wedel DJ, Benzon H, et al. Regional anesthesia
in the anticoagulated patient: defining the risks (the second
ASRA Consensus Conference on Neuraxial Anesthesia and
Anticoagulation). Reg Anesth Pain Med 2003;28:172-97
Ferraris VA, Ferraris SP, Saha SP, et al. Perioperative blood
transfusion and blood conservation in cardiac surgery: the
Society of Thoracic Surgeons and The Society of Cardiovas-
cular Anesthesiologists clinical practice guideline. Ann Tho-
rac Surg 2007;83:527-586

Akashi H, Tayama K, Fujino T, et al. Cerebral protection
selection in aortic arch surgery for patients with preoperative
complications of cerebrovascular disease. Jpn J Thorac Car-
diovasc Surg 2000;48:782-8

Ehrlich MP, Fang WC, Grabenwoger M, et al. Impact of
retrograde cerebral perfusion on aortic arch aneurysm repair.
J Thorac Cardiovasc Surg 1999;118:1026-32

Di Eusanio M, Wesselink RM, Morshuis W], et al. Deep
hypothermic circulatory arrest and antegrade selective cere-
bral perfusion during ascending aorta-hemiarch replacement:
a retrospective comparative study. ] Thorac Cardiovasc Surg
2003;125:849-54

Hagl C, Ergin MA, Galla JD, et al. Neurologic outcome after
ascending aorta-aortic arch operations: effect of brain protec-
tion technique in high-risk patients. ] Thorac Cardiovasc Surg
2001;121:1107-21

Reich DL, Uysal S, Sliwinski M, et al. Neuropsychologic
outcome after deep hypothermic circulatory arrest in adults.
J Thorac Cardiovasc Surg 1999;117:156-63

Reich DL, Uysal S, Ergin MA, et al. Retrograde cerebral
perfusion during thoracic aortic surgery and late neuropsy-
chological dysfunction. Eur ] Cardiothorac Surg 2001;19:
594-600

Usui A, Yasuura K, Watanabe T, et al. Comparative clinical
study between retrograde cerebral perfusion and selective
cerebral perfusion in surgery for acute type A aortic dissec-
tion. Eur J Cardiothorac Surg 1999;15:571-8

Kunihara T, Grun T, Aicher D, et al. Hypothermic circulatory
arrest is not a risk factor for neurologic morbidity in aortic
surgery: a propensity score analysis. ] Thorac Cardiovasc
Surg 2005;130:712-8

Schepens MA, Dossche KM, Morshuis W], et al. The elephant
trunk technique: operative results in 100 consecutive patients.
Eur J Cardiothorac Surg 2002;21:276-81

Deeb GM, Williams DM, Quint LE, et al. Risk analysis for
aortic surgery using hypothermic circulatory arrest with
retrograde cerebral perfusion. Ann Thorac Surg 1999;67:
1883-6

Ehrlich MP, Schillinger M, Grabenwoger M, et al. Predictors
of adverse outcome and transient neurological dysfunction
following surgical treatment of acute type A dissections. Circu-
lation 2003;108(suppl 1): 131811323

Fleck TM, Czerny M, Hutschala D, et al. The incidence of
transient neurologic dysfunction after ascending aortic re-
placement with circulatory arrest. Ann Thorac Surg
2003;76:1198-202

Moshkovitz Y, David TE, Caleb M, et al. Circulatory arrest
under moderate systemic hypothermia and cold retrograde
cerebral perfusion. Ann Thorac Surg 1998;66:1179—-84

Okita Y, Takamoto S, Ando M, et al. Mortality and cerebral
outcome in patients who underwent aortic arch operations
using deep hypothermic circulatory arrest with retrograde
cerebral perfusion: no relation of early death, stroke, and
delirium to the duration of circulatory arrest. ] Thorac Car-
diovasc Surg 1998;115:129-38

Ueda Y, Okita Y, Aomi S, et al. Retrograde cerebral perfusion
for aortic arch surgery: analysis of risk factors. Ann Thorac
Surg 1999;67:1879-82

Wong CH, Bonser RS. Does retrograde cerebral perfusion
affect risk factors for stroke and mortality after hypothermic
circulatory arrest? Ann Thorac Surg 1999;67:1900-3

www.anesthesia-analgesia.org 313



== SPECIAL ARTICLE

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

314

Di Eusanio M, Schepens MA, Morshuis W], et al. Brain
protection using antegrade selective cerebral perfusion: a
multicenter study. Ann Thorac Surg 2003;76:1181-8

Di Eusanio M, Schepens MA, Morshuis W], et al. Antegrade
selective cerebral perfusion during operations on the thoracic
aorta: factors influencing survival and neurologic outcome in
413 patients. ] Thorac Cardiovasc Surg 2002;124:1080-6

Di Eusanio M, Tan ME, Schepens MA, et al. Surgery for acute
type A dissection using antegrade selective cerebral perfu-
sion: experience with 122 patients. Ann Thorac Surg 2003;75:
5149

Kazui T, Yamashita K, Washiyama N, et al. Impact of an
aggressive surgical approach on surgical outcome in type A
aortic dissection. Ann Thorac Surg 2002;74:51844-51847
Kazui T, Yamashita K, Washiyama N, et al. Aortic arch
replacement using selective cerebral perfusion. Ann Thorac
Surg 2007;83:5796-5798

Numata S, Ogino H, Sasaki H, et al. Total arch replacement
using antegrade selective cerebral perfusion with right axil-
lary artery perfusion. Eur ] Cardiothorac Surg 2003;23:771-5
Sasaki H, Ogino H, Matsuda H, et al. Integrated total arch
replacement using selective cerebral perfusion: a 6-year expe-
rience. Ann Thorac Surg 2007;83:5805-5810

Strauch JT, Spielvogel D, Lauten A, et al. Axillary artery
cannulation: routine use in ascending aorta and aortic arch
replacement. Ann Thorac Surg 2004;78:103-8

Kamiya H, Hagl C, Kropivnitskaya I, et al. Quick proximal
arch replacement with moderate hypothermic circulatory
arrest. Ann Thorac Surg 2007;83:1055-8

Matalanis G, Hata M, Buxton BF. A retrospective comparative
study of deep hypothermic circulatory arrest, retrograde, and
antegrade cerebral perfusion in aortic arch surgery. Ann
Thorac Cardiovasc Surg 2003;9:174-9

Okita Y, Minatoya K, Tagusari O, et al. Prospective compara-
tive study of brain protection in total aortic arch replacement:
deep hypothermic circulatory arrest with retrograde cerebral
perfusion or selective antegrade cerebral perfusion. Ann
Thorac Surg 2001;72:72-9

Zierer A, Aybek T, Risteski P, et al. Moderate hypothermia (30
degrees C) for surgery of acute type A aortic dissection.
Thorac Cardiovasc Surg 2005;53:74-9

Svensson LG, Nadolny EM, Kimmel WA. Multimodal proto-
col influence on stroke and neurocognitive deficit prevention
after ascending/arch aortic operations. Ann Thorac Surg
2002;74:2040-6

Okita Y, Ando M, Minatoya K, et al. Predictive factors for
mortality and cerebral complications in arteriosclerotic aneu-
rysm of the aortic arch. Ann Thorac Surg 1999;67:72-8
Svensson LG, Crawford ES, Hess KR, et al. Deep hypothermia
with circulatory arrest. Determinants of stroke and early
mortality in 656 patients. ] Thorac Cardiovasc Surg
1993;106:19-28

Grigore AM, Grocott HP, Mathew JP, et al. The rewarming
rate and increased peak temperature alter neurocognitive
outcome after cardiac surgery. Anesth Analg 2002;94:4-10,
table

Grocott HP, Mackensen GB, Grigore AM, et al. Postoperative
hyperthermia is associated with cognitive dysfunction after
coronary artery bypass graft surgery. Stroke 2002;33:537-41
Bar-Yosef S, Mathew JP, Newman MF, et al. Prevention of
cerebral hyperthermia during cardiac surgery by limiting
on-bypass rewarming in combination with post-bypass body
surface warming: a feasibility study. Anesth Analg 2004;99:
641-6

Coselli JS, Lemaire SA, Koksoy C, et al. Cerebrospinal fluid
drainage reduces paraplegia after thoracoabdominal aortic
aneurysm repair: results of a randomized clinical trial. ] Vasc
Surg 2002;35:631-9

Khan SN, Stansby G. Cerebrospinal fluid drainage for tho-
racic and thoracoabdominal aortic aneurysm surgery. Co-
chrane Database Syst Rev. 2004;,CD003635

www.anesthesia-analgesia.org

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

Safi HJ, Miller CC III, Huynh TT, et al. Distal aortic perfusion
and cerebrospinal fluid drainage for thoracoabdominal and
descending thoracic aortic repair: ten years of organ protec-
tion. Ann Surg 2003,238:372-80

Estrera AL, Miller CC III, Chen EP, et al. Descending thoracic
aortic aneurysm repair: 12-year experience using distal aortic
perfusion and cerebrospinal fluid drainage. Ann Thorac Surg
2005;80:1290-6

Safi HJ, Hess KR, Randel M, et al. Cerebrospinal fluid
drainage and distal aortic perfusion: reducing neurologic
complications in repair of thoracoabdominal aortic aneurysm
types I and IL. J Vasc Surg 1996,23:223-8

Hollier LH, Money SR, Naslund TC, et al. Risk of spinal cord
dysfunction in patients undergoing thoracoabdominal aortic
replacement. Am ] Surg 1992;164:210-3

Svensson LG, Khitin L, Nadolny EM, et al. Systemic tempera-
ture and paralysis after thoracoabdominal and descending
aortic operations. Arch Surg 2003;138:175-9

Cambria RP, Davison JK, Carter C, et al. Epidural cooling for
spinal cord protection during thoracoabdominal aneurysm
repair: a five-year experience. ] Vasc Surg 2000;31:1093-102
Cambria RP, Davison JK, Zannetti S, et al. Clinical experience
with epidural cooling for spinal cord protection during tho-
racic and thoracoabdominal aneurysm repair. ] Vasc Surg
1997;25:234-41

Woloszyn TT, Marini CP, Coons MS, et al. Cerebrospinal fluid
drainage and steroids provide better spinal cord protection
during aortic cross-clamping than does either treatment
alone. Ann Thorac Surg 1990;49:78—-82

Schurink GW, Nijenhuis R], Backes WH, et al. Assessment of
spinal cord circulation and function in endovascular treat-
ment of thoracic aortic aneurysms. Ann Thorac Surg
2007,83:5877-81

Ogino H, Sasaki H, Minatoya K, et al. Combined use of
adamkiewicz artery demonstration and motor-evoked poten-
tials in descending and thoracoabdominal repair. Ann Thorac
Surg 2006;82:592-6

Guerit JM, Witdoeckt C, Verhelst R, et al. Sensitivity, speci-
ficity, and surgical impact of somatosensory evoked poten-
tials in descending aorta surgery. Ann Thorac Surg 1999;67:
1943-6

Jacobs M]J, de Mol BA, Legemate DA, et al. Retrograde aortic
and selective organ perfusion during thoracoabdominal aortic
aneurysm repair. Eur ] Vasc Endovasc Surg 1997;14:360—-6
Koksoy C, Lemaire SA, Curling PE, et al. Renal perfusion
during thoracoabdominal aortic operations: cold crystalloid is
superior to normothermic blood. Ann Thorac Surg 2002;
73:730-8

Svensson LG, Coselli JS, Safi HJ, et al. Appraisal of adjuncts to
prevent acute renal failure after surgery on the thoracic or
thoracoabdominal aorta. ] Vasc Surg 1989;10:230-9

Perdue PW, Balser JR, Lipsett PA, et al. “Renal dose” dopa-
mine in surgical patients: dogma or science? Ann Surg
1998;227:470-3

Hager B, Betschart M, Krapf R. Effect of postoperative intra-
venous loop diuretic on renal function after major surgery.
Schweiz Med Wochenschr 1996;126:666-73

Davies RR, Goldstein L], Coady MA, et al. Yearly rupture or
dissection rates for thoracic aortic aneurysms: simple predic-
tion based on size. Ann Thorac Surg 2002;73:17-27

Davies RR, Kaple RK, Mandapati D, et al. Natural history of
ascending aortic aneurysms in the setting of an unreplaced
bicuspid aortic valve. Ann Thorac Surg 2007;83:1338-44
Erbel R, Alfonso F, Boileau C, et al. Diagnosis and manage-
ment of aortic dissection. Eur Heart ] 2001;22:1642-81
Williams MA, Haskell WL, Ades PA, et al. Resistance exercise
in individuals with and without cardiovascular disease: 2007
update: a scientific statement from the Am Heart Association
Council on Clinical Cardiology and Council on Nutrition,
Physical Activity, and Metabolism. Circulation 2007;116:
572-84

Palatini P, Mos L, Munari L, et al. Blood pressure changes
during heavy-resistance exercise. ] Hypertens Suppl 1989;7:
S72-3

ANESTHESIA & ANALGESIA



2010 Guidelines on TAD: Executive Summary

211.

212.

213.

214.

215.

Hatzaras I, Tranquilli M, Coady M, et al. Weight lifting and
aortic dissection: more evidence for a connection. Cardiology
2007;107:103-6

Deslauriers J, Gregoire ]J. Clinical and surgical staging of
non-small cell lung cancer. Chest 2000;117:965-103S
Kameda K, Adachi S, Kono M. Detection of T-factor in lung
cancer using magnetic resonance imaging and computed
tomography. ] Thorac Imaging 1988;3:73-80

Ohtsuka T, Minami M, Nakajima J, et al. Cine computed
tomography for evaluation of tumors invasive to the thoracic
aorta: seven clinical experiences. ] Thorac Cardiovasc Surg
1996;112:190-2

Schroder C, Schonhofer B, Vogel B. Transesophageal echo-
graphic determination of aortic invasion by lung cancer.
Chest 2005;127:438—-42

August 2010 e Volume 111 e Number 2

216.

217.

218.

219.

220.

Oldenburg WA. Primary Tumors of Major Blood Vessels. 6th
ed. Philadelphia: Elsevier Saunders, 2005:1665

Chen W], Chen CL, Liau CS, et al. Primary malignant fibrous
histiocytoma of the aorta associated with aortic dissection.
Chest 1991;99:1049-50

Utsunomiya D, Ikeda O, Ideta I, et al. Malignant fibrous
histiocytoma arising from the aortic wall mimicking a pseu-
doaneurysm with ulceration. Circ J 2007,71:1659-61
Guttentag A, Lazar HL, Franklin P, et al. Malignant fibrous
histiocytoma obstructing the thoracic aorta. Ann Thorac Surg
1989;47:775-7

Kouchoukos NT, Masetti P. Primary sarcoma of the thoracic
aorta. Ann Thorac Surg 2007;83:el

www.anesthesia-analgesia.org 315



22 EDITORIAL

An Evolving Role of Anesthesiologists in the
Management of Thoracic Aortic Diseases

Albert T. Cheung, MD

conditions for which surgery is the definitive

treatment. For that reason, anesthesiologists are
likely to encounter patients with thoracic aortic diseases
and have an important role in their care. The importance
of the anesthesiologist was recognized in the 2010
ACCF/AHA/AATS/ACR/ASA/SCA/SCAI/SIR/STS/SVM
guidelines for the diagnosis and management of patients
with thoracic aortic disease appearing in this issue of the
journal and originally published in Circulation." In this first
iteration, The Society of Cardiovascular Anesthesiologists
(SCA) and 9 other medical societies worked together to
create a multidisciplinary set of guidelines for screening,
diagnosis, and treatment of patients with thoracic aortic
diseases. Together, we believe that guidelines are most
valuable to clinicians when they are disease focused rather
than specialty focused or intervention focused.

By providing detailed, accessible guidelines for the
detection, diagnosis, and management of thoracic aortic
diseases, the American College of Cardiology Foundation
(ACCF) and American Heart Association (AHA) also ad-
dressed the publicity generated by the death of John Ritter,
a well known actor who died on September 11, 2003 of an
acute aortic dissection. After his death, John Ritter’s widow,
also an actress, filed a wrongful death lawsuit against the
physicians who had failed to diagnose and immediately
treat her husband’s condition. Although she did not win
the lawsuit, she stated that the case was important because
it brought together experts and raised public awareness
about aortic disease. “I don’t know what you call it in
medicine, but in acting or art, it would be called a master
class. The most brilliant minds in the aorta business were
there.”*

In the same year, beginning in January 2003, The Wall
Street Journal published a series of articles to bring attention
to the incidence of aortic disease and the absence of any
organized effort on a national level to identify and treat

I I Thoracic aortic diseases are a spectrum of medical
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patients with these conditions.t These articles, by Kevin
Helliker and Thomas Burton, had provocative titles such
as, “A Death Sentence You Can Avoid,” “Ordering an
Autopsy Could Save Your Life,” and “Knowledge Gap.
Medical Ignorance Contributes to the Toll from Aortic
Illness. Many Doctors Don’t Realize Aneurysms Are Treat-
able; a Paucity of Experts.” From a physician’s perspective,
the articles were especially haunting. Kevin Helliker, an
avid triathlete, described vividly in first hand what it was
like to be diagnosed with a thoracic aortic aneurysm at the
age of 43 years and the inevitable lifestyle changes and
decisions that he will have to face. In 2004, the Pulitzer
Prize for Explanatory Reporting was awarded to Kevin
Helliker and Thomas Burton “for their groundbreaking
examination of aneurysms, an often overlooked medical
condition that kills thousands of Americans each year.”
One such American, Michael DeBakey, the cardiac surgeon
who pioneered the use of the Dacron vascular graft for
aortic repair and whose name is used in the nomenclature
for classifying aortic dissections, almost died from an aortic
dissection in 2005. This publicity, together with the publi-
cation of the guidelines from the ACCF and AHA, will
increase the public’s expectations and the responsibilities of
health care providers for diagnosing and managing pa-
tients with thoracic aortic diseases.

Improved screening and early diagnosis of thoracic
aortic diseases would provide little benefit if the prospects
for surgical repair were only marginally better than the
consequences of the disease itself. Undertaking operations
on the thoracic aorta, the conduit for blood to the entire
body, is a serious commitment with inherent risks. Strate-
gies to protect the heart, brain, spinal cord, and mesenteric
organs from ischemic injury are necessary to ensure suc-
cessful operations. Fortunately, cardiothoracic surgeons
together with anesthesiologists have accomplished much to
improve the safety and outcome of these operations. Some
examples of specialized organ-protection strategies advo-
cated by the guidelines include: (a) deep hypothermic
circulatory arrest, antegrade cerebral perfusion, and retro-
grade cerebral perfusion alone or in combination to mini-
mize brain injury (section 14.5.1); (b) cerebrospinal fluid
drainage and spinal cord perfusion pressure optimization

*John Ritter’s widow: ‘The jury has spoken.” March 20, 2008. Available at:
http:/ /today.msnbc.msn.com/id /23723123/. Accessed May 5, 2010.
tPulitzer Prize-Winning Articles for Explanatory Journalism. April 5,

2004. Available at: http://online.wsj.com/public/resources/documents/
PulitzerKH04052004.htm. Accessed April 20, 2010.
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to decrease the risk of spinal cord ischemic injury in
patients at risk (section 14.5.2); and (c) motor or somato-
sensory evoked potential monitoring to detect spinal cord
ischemia, guide reimplantation of intercostal arteries, and
guide hemodynamic optimization to prevent or treat spinal
cord ischemia (sections 14.2 and 14.5.2). In addition to
organ-protection strategies, new approaches, such as tho-
racic endovascular aortic repair and hybrid repairs using
both open and endovascular techniques, have shown
promise in decreasing the risk of operations.

Despite many advances in the management of thoracic
aortic diseases, authors of the guidelines were careful to
point out that many of the recommendations are supported
by only limited studies, expert opinion, or specific institu-
tional experience (Level of Evidence B or C). Limited
institutional case experiences, the heterogeneous patient
population that is affected by these diseases, and regional
variability in surgical and anesthetic practices all pose
serious challenges to investigators trying to accumulate the
necessary data to generate evidenced-based guidelines.
Nevertheless, the guidelines’ contributors attempted to
include descriptions of all techniques used in contemporary
practice that are of potential benefit. The contributors
acknowledge the limitations of the recommendations in the
guidelines by rating both the strength of the recommenda-
tions and the strength of the evidence supporting them. For
this reason, many of the recommendations constitute a
range of acceptable approaches rather than a “standard of
care.” Many of the recommendations, particularly those
involving periprocedural and perioperative care, are quali-
fied by the statement, “Institutional experience is an impor-
tant factor in selecting these techniques.” The field of
thoracic aortic surgery and anesthesia continues to evolve
with ample opportunity for further progress.

The importance of imaging in thoracic aortic disease is a
major emphasis of the guidelines. Imaging is important,
because thoracic aortic diseases are manifested by struc-
tural changes that make imaging essential for diagnosis
and management. The widespread availability of trans-
esophageal echocardiography (TEE) and increased exper-
tise with intraoperative TEE has affected the diagnosis and
management of acute aortic syndromes. For this reason,
TEE, together with computed tomography and magnetic
resonance imaging, were assigned a Class I recommenda-
tion, meaning that the procedures should be performed for
urgent and definitive imaging of the aorta to identify or
exclude thoracic aortic dissection in patients at high risk for
the disease by initial screening (section 8.6.1.3). TEE also
received a Class Ila recommendation for all open thoracic
aortic repairs, meaning that its benefits exceed its risks. TEE
was also judged reasonable for use in endovascular proce-
dures (section 14.2). The guidelines provided criteria for

{Society of Cardiovascular Anesthesiologists. Available at: http://www.
scahq.org. Accessed April 20, 2010.
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elective repair based on aortic diameters for Loeys-Dietz
syndrome (section 5.1.2), Marfan syndrome (section 5.1.1),
ascending aortic aneurysms (section 9.2.2.1.1), bicuspid
aortic valve with dilated ascending aorta (section 9.2.2.1.1),
and descending thoracic or thoracoabdominal aortic aneu-
rysms (section 9.2.2.3.1). These criteria will serve as valu-
able references for training programs, referring physicians,
surgeons, and anesthesiologists using intraoperative TEE
for surgical decision-making. In addition, the guidelines
specify precisely how and where measurements should be
made in the thoracic aorta. For example, measurements
performed using TEE measure the internal diameter of
the aorta whereas computed tomography measures the
external diameter of the aorta (section 4.1). Establishing
uniform reporting standards based on precise definitions
combined with disease registries and systematic quality-
improvement efforts will increase the prognostic value of
these tests in the future.

Publication of the thoracic aortic disease guidelines is
the latest in a series of multidisciplinary guidelines on
which the SCA has collaborated with the American College
of Cardiology, AHA, the American Society of Anesthesi-
ologists, the Society of Thoracic Surgeons, and the Ameri-
can Society of Echocardiography. The SCA leadership
believes that fostering professional dialog and continued
collaboration among medical societies in areas of common
interest is an important direction for the subspecialty. The
SCA applauds the ACCF and the AHA for finding common
ground among participating subspecialties in the creation
of this set of guidelines to advance the care of patients with
thoracic aortic diseases. §g
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