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EDITORIAL

Targeting Transforming Growth Factor-f Signaling in
Aortopathies in Marfan Syndrome
Daigo Sawaki, MD; Toru Suzuki, MD

in the fibrillin-1 gene and dysregulation of trans-

forming growth factor-B (TGFp) signaling, which
is phenotypically associated with gradual weakening of con-
nective tissue throughout the body, including the lungs, bones
and cardiovascular system.! A primary cause of mortality in
MEFS patients reaching adolescence or adulthood is aortic rup-
ture or dissection. Surgery is generally performed to remove
the affected portion of the aorta, but more than half of patients
who have had their aortas repaired require additional surgery
or manifest aortic rupture because of expansion of the unre-
paired regions of the aorta over time.> At present, measures to
identify patients exhibiting progressive expansion or re-expan-
sion of the aorta after surgery is a topic of importance. On
medical therapy, f-blockers have been historically used as the
anchoring agent. The renin-angiotensin system (RAS) has also
recently been implicated in the pathogenesis of Marfan aor-

M arfan syndrome (MFS) is characterized by mutations

topathy, with initial experiments showing prevention of aortic
root expansion in a mouse model of MFS using RAS block-
ade,? which was followed by studies in human patients that
showed similar results.*® These findings were welcomed with
enthusiasm as a pharmacological solution for MFS, and have
prompted several human clinical trials, which are presently
ongoing to determine the possible benefit of RAS blockade in
aortopathy in MFS patients.® TGF# signaling has also received
attention as a key factor in the aortopathy of MFS patients, as
not only the canonical regulatory pathway involving down-
stream Smad proteins but also a non-canonical pathway involv-
ing ERK and JNK kinases has been recently described as
implicated in MFS pathology upon activation of the TGFf
pathway.”® Moreover, circulating levels of TGFS have re-
ceived attention because they are not only elevated in patients
with MFS aortopathy but are also responsive to pharmaco-
logical treatment, thus suggesting their possible use as a sur-
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Figure. Proposed mechanism where-
by transforming growth factor 8 (TGFB)
affects Marfan aortopathy. Fibrilin-1
(FBN1) gene mutation triggers TGFS
signaling activation, which in turn me-
diates cystic medial necrosis by smooth
muscle cell apoptosis and extraceliu-
lar matrix degradation. Circulating TGFS
levels may reflect TGF3 signaling acti-
vation in the aortic wall.
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rogate biomarker for the aortic remodeling process.® However,
there remains a paucity of data linking the severity of aortic
wall destruction, histologically increased focal TGFp activa-
tion and elevated circulating TGFp levels in human cases of
Marfan aortopathy.

Article p952

In this issue of the Journal, Kim and colleagues!? report on
their investigation of aortic tissue injury, such as cystic me-
dial degeneration and cellular apoptosis, and Smad2 phosphor-
ylation in MFS patients, in addition to TGFf levels in both the
peripheral blood and aortic tissue. They demonstrate an as-
sociation between circulating levels of active TGFf-1 and the
severity of aortic remodeling (cystic medial degeneration and
Smad?2 phosphorylation in aneurysmal aortic layers) in MFS
patients.

One of the noteworthy features of this study is that, for the
first time, an association between pathologic aortic remodeling
and both TGFp signaling in the aortic wall and circulating
levels in MFS patients are shown (Figure). Activation of the
Smad?2 pathway had been previously reported as common to
both syndromic and non-syndromic aneurysms of the human
ascending aorta (including MFS as well as degenerative aneu-
rysm and bicupsid aortic valve patients), but that previous
study only reported pathologically increased Smad2 phos-
phorylation and expression levels of TGFf in the diseased
aortic wall and did not determine the association between
these phenomena and the degree of aortic wall remodeling/
destruction or circulating TGFp levels.!!

Another feature of the present study is the patient cohort.
Investigated patients had not been treated with antihyperten-
sive drugs for more than 2 weeks, which provided the condi-
tion of minimal concomitant effects by the various drugs and
agents used in this syndrome that may affect TGFp signaling
and MFS pathogenesis. This, however, does imply that pa-
tients were basically medically untreated and thus points to an
unconventional cohort for present standards of care. Further,
the authors report on the degree and relationship between Smad
phosphorylation and TGFJ signaling at the histologic level in
Asian subjects, as racial differences in MFS phenotype and
circulating TGFp levels had been reported.’* MFS patients
with aortic dissection were also shown to exhibit more severe
cystic medial degradation, and increased circulating or aortic
TGFp levels. Although this finding is descriptive and not nec-
essarily causal, it describes an association between the sever-
ity of aortic remodeling and circulating TGFf levels.

Several issues remain unanswered in the application, in the
real world, of circulating TGFp levels as a surrogate biomark-
er to monitor disease activity or therapeutic efficacy in MFS
or other aortopathic patients, in addition to the technical dif-
ficuliies that lead to false-positive results (eg, method of blood
sampling). One is that it is still unclear is whether circulating
TGEB levels are truly associated with dilation of the aorta,
which is of clinical importance. The present study showed a
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dilated aorta with an average width of 59mm at the sinus of
Valsalva regardless of circulating TGFf levels. Lack of cor-
relation between the z value (an indicator of aortic root expan-
sion) and circulating TGFp level, despite reduction in the level
by pharmacological intervention, has also been reported.? An-
other issue is the need to better understand the relative contri-
bution of TGFp and its downstream signaling molecules in
aneurysmal formation in the Marfan aorta.

Collectively, circulating TGFp levels may be associated
with progression of aortic remodeling as reflected by activated
Smad (phosphorylation) protein on histopathologic analysis.
Importantly, however, other mechanisms, including Smad-
independent pathways and/or inflammatory processes, might
also contribute to clinical aneurysmal dilatation, rupture or
dissection.’®
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Introduction

Acute aortic syndromes encompass a
spectrum of related conditions, ranging
from aortic dissection (AoD) to intra-
mural hematoma (IMH) and penetrat-
ing atherosclerotic ulcer (PAU). From a
physiological standpoint, these condi-
tions commonly result from disruption
of the structural integrity of the aortic
wall [1, 2, 3]. Beyond the typical presen-
tation of rest-onset chest pain, patients
with AoD may present with nonspecific
symptoms, such as neurological deficits,
syncope, or cramping abdominal pain
[4]. Clinical variability can make di-
agnosis challenging, with symptomatic
heterogeneity relating to distribution of
aortic involvement. Failure to prompt-
ly recognize and treat acute aortic syn-
drome may result in progressive aortic
injury, end-organ compromise, and he-
modynamic instability, thereby, adding
to the potential morbidity and mortality
risks of these serious conditions [4, 5, 6].

This review provides an overview of
established and emerging approaches for
assessment of acute aortic syndromes,
with focus on imaging and biomarkers.
Diagnostic options are discussed in the
context of consensus guidelines, includ-
ing relative benefits offered by individu-
al tests towards the goal of comprehen-
sive evaluation and risk assessment of
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Diagnosis of acute
aortic syndromes

Imaging and beyond

patients with known or suspected acute
aortic syndrome.

Imaging
Aortic dissection

AoD typically results from a tear in the
aortic intima, an index event that causes
blood extravasation with separation of
the aortic wall layers (i.e., intima, media,
and adventitia). AoD is generally classi-
fied as acute if presentation occurs with-
in 2 weeks of symptom onset, subacute if
it occurs within 2-6 weeks, and chron-
ic if more than 6 weeks have elapsed [1,
2, 3, 4].

Anatomic location of AoD is a key
determinant of clinical outcome and
is widely used to guide management
(8 Fig. 1a). The Stanford classification
categorizes AoD involving the ascend-
ing aorta as fype A, and AoD confined
to the aortic arch or descending aor-
ta (i.e., distal to the left subclavian ar-
tery) as type B. The DeBakey classifica-
tion categorizes AoD based on site of or-
igin of the intimal tear—type I originates
in the ascending aorta and extends dis-
tally (i.e., aortic arch or beyond), type I
is confined to the ascending aorta, and
type III involves the descending aor-
ta (i.e., distal to the left subclavian ar-
tery) [L, 2].

Tab.1 Relative strengths ofimaging modalities foracute aoticsyndromes
TTE TEE MRI a

Imaging factors

Comprehensive aortic assessment + ++ o+ S
Tomographic (3D reconstruction) - - o+ b
Functional -+ 4+ ++ +
Tissue characterization - - et ot
Clinical factors

Portability e+ ++ - _
Patient access/monitoring +++ +++ + ++
Rapidity + ++ ++ ot
Non-contrast 4 ot + +
Radiation exposure +++ 4t 44 +

3D three-dimensional, TTE transthoracic echocardiography, TEE transesophageal echocardiography,
MRI magnetic resonance imaging, CT computed tomography.
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Fig. 1 4 Aortic Dissection. a DeBakey and Stanford classification systems.
The DeBakey system (top) classifies AoD into three types based on site of or-
igin and extent: type | originates in the ascending aorta and propagates at
least to the aortic arch, type Il originates and is confined to the ascending
aorta, and type lll originates in the descending aorta but occasionally ex-
tends in an antegrade or retrograde direction. The Stanford system (bot-
tom) classifies AoD into two types: type A involves the ascending aorta, and
type B is confined to the aortic arch or descending aorta. (Reproduced with
permission. Modified from [421). b Transesophageal echocardiography:
Type A aortic dissection: intimal flap with entry tear close to the right ante-
rior Valsalva sinus without (left panel) and with (right panel) color Doppler.
(Courtesy of Rodolfo Citro, MD, Heart Department, University Hospital “San
Giovanni di Dio e Ruggi d'Aragona’; Salerno, Italy)

Fig. 2 A Intramural hematoma. Transesophageal echocardiography (left) reveals ascending aortic an-
eurysm and aortic wall thickening (arrow) without accompanying dissection flap or false lumen. Con-
trast-enhanced computed tomography (right) demonstrates crescentic aortic wall thickening (arrow),
a hallmark of intramural hematoma. (Courtesy of Rodolfo Citro, MD, Heart Department, University
Hospital “San Giovanni di Dio e Ruggi d'Aragona’; Salerno, Italy). Ao ascending aorta, LA left atrium

Both the Stanford and DeBakey classi-
fication systems can readily be applied to
imaging (B Fig. 2). In consensus guide-
lines, there is a lack of agreement as to
which system is better [1, 2]. Prompt sur-
gical intervention is usually indicated for
AoD involving the ascending aorta (Stan-
ford type A, DeBakey types I or IT), where-
as medical management with p-blockade
and adjunctive blood pressure contro] is
reserved for AoD localized to the aortic
arch or descending aorta (Stanford type B,
DeBakey type II). Endovascular stenting
is an alternative management strategy for
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dissections involving the descending tho-
racic aorta. Patient-specific decisions re-
garding surgical/interventional vs. medi-
cal management are influenced by ancil-
lary considerations, such as cardiovascu-
lar/hemodynamic stability and end-organ
compromise [1, 2].

Diagnostic performance of imaging
in AoD can vary depending on technol-
ogy used, institutional expertise, and ex-
am quality. Given the acute nature of
AoD and the importance of early treat-
ment, prospective randomized compar-
isons of imaging modalities are difficult.
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In a recent meta-analysis, encompassing
1139 patients from 16 studies, pooled sen-
sitivity (98-100%) and specificity (95~
100%) were similar between transesoph-
ageal echocardiography (TEE), comput-
ed tomography (CT), and magnetic res-
onance imaging (MRI) [7]. Transthorac-
ic echocardiography (TTE) has general-
ly been reported to yield lower sensitivi-
ty for AoD diagnosis, with better perfor-
mance for type A (78-87%) compared to
type B (29-40%) AoD [1, 2, 8, 9]. Accord-
ing to data from the International Registry
of Acute Aortic Dissection (IRAD), multi-
modality imaging is employed in approx-
imately two thirds of patients being eval-
uated for AoD [5, 9], highlighting the im-
portance of follow-up testing if clinical
suspicion remains high despite an initial-
ly negative or equivocal diagnostic imag-
ing result.

From an individual patient standpoint,
decisions as to which modality should be
used for AoD are influenced by imag-
ing and clinical considerations. A com-
parison of the relative strengths of major
noninvasive imaging modalities is shown
in @ Tab. 1. In addition to their general
strengths, it is also important to recognize
that test performance can vary between
patients and institutions. Imaging ex-
pertise is critically important to optimize
quality and maximize test performance.
The common imaging challenges that
may affect aortic assessment, as well as the
strategies that can be employed to contend
with them are outlined in & Tab.2. Asa
general principle, multimodality imaging
should be strongly considered when im-
age quality is suboptimal or clinical suspi-
cion for acute aortic syndrome persists af-
ter an initial negative test result.

The remainder of this section details
key clinical and imaging considerations
for imaging tests commonly used to as-
sess AoD.

Echocardiography

TTE is widely used as a general screening
test for patients with cardiovascular dis-
ease, including individuals with known or
suspected AoD [10]. Major advantages in-
clude wide availability, bedside portability,
absence of ionizing radiation, and no need
for contrast administration (of particular
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benefit in the context of AoD, a condition
associated with impaired renal perfusion).
TTE is well suited to assess cardiac com-
plications of AoD, such as aortic regurgi-
tation and pericardial effusion/tampon-
ade [1, 2,10].

TTE provides immediate and reliable
assessment of cardiac structure and func-
tion, but its ability to comprehensively as-
sess the aorta is limited. Quality can vary
depending on patient body habitus and
sonographer expertise. Imaging of the de-
scending thoracic aorta is often challeng-
ing because of its relative distance from
the sonographic probe, rendering TTE
suboptimal for the assessment of AoD in
this region.

TEE enables physician-guided imag-
ing in close proximity to the thoracic aor-
ta and provides high spatial and tempo-
ral resolution images in discrete aortic
segments. Clinical advantages of TEE are
counterbalanced by its invasive nature,
which is dissatisfying for patients with low
pretest probability for AoD, and may be
contraindicated in patients with high pre-
test probability in whom hemodynamic
instability prohibits sedation and endos-
copy. Image artifacts due to reverbera-
tion may mimic AoD, appearing as a lin-
ear mobile density within the ascending
aorta. Assessment of mobility (i.e., AoD
manifests independent mobility from
surrounding structures), location (i.e.,
AoD does not transect the aortic wall),
and Doppler flow pattern (i.e., differential
flow on either side of the dissection flap)
are useful criteria for distinguishing AoD
from an image artifact [1]. TEE may oc-
casionally be suboptimal for imaging the
distal ascending aorta/proximal arch be-
cause of interference by tracheal air shad-
owing, as well as the abdominal aorta be-
cause of the distance from the imaging
probe, emphasizing the need for alterna-
tive imaging in some individuals [1, 2, 10].

Computed tomography and
magnetic resonance imaging

Tomographic imaging—whether by CT
or MRI—provides comprehensive assess-
ment of the aorta and its branch vessels.
Tomographic imaging also enables dou-
ble oblique reformatting for identification
of AoD origin and accurate assessment of
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Abstract

Acute aortic syndromes are fatal medical con-
ditions including classic acute aortic dissec-
tion, intramural hematoma, and penetrating
atherosclerotic uicer. Given the nonspecif-

ic symptoms and signs, a high clinical index
of suspicion followed by an imaging study,
namely transesophageal echocardiography,
computed tomography, and magnetic res-
onance imaging (sensitivity 98-100% and
specificity 95-100%), is a conditio sine qua
non for prompt diagnosis of acute aortic syn-
dromes. This article provides an overview of
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established and emerging approaches for the
assessment of acute aortic syndromes, with
focus on imaging and biomarkers. In this re-
gard, D-dimer levels (cut-off: 500 ng/ml) may
be useful to rule out aortic dissection, if used
within the first 24 h after symptom onset.

Keywords

Acute aortic syndromes - Aortic dissection -
Cardiac imaging techniques - D-dimer -
Congenital abnormalities

Zusammenfassung

Das akute Aortensyndrom ist eine letale Er-
krankung und umfasst beispielsweise die
klassische akute Aortendissektion, das in-
tramurale Hdmatom und das penetrierende
atherosklerotische Ulkus. Angesichts der un-
spezifischen Symptome sind bei starkem
klinischem Verdacht bildgebende Untersu-
chungen, also transdsophageale Echokar-
diographie, Computertomographie und Mag-
netresonanztomographie (Sensitivitat: 98-
100%, Spezifitédt: 95~100%), eine Conditio
sine qua non fiir die zligige Diagnose eines
akuten Aortensyndroms. In der vorliegen-
den Ubersichtsarbeit wird ein Uberblick iiber

Diagnose des akuten Aortensyndroms. Bildgebung und mehr

etablierte und neue Ansétze zur Beurteilung
des akuten Aortensyndroms gegeben, da-
bei liegt der Schwerpunkt auf Bildgebung
und Biomarkern. Diesbeztiglich ist maglich-
erweise die Bestimmung des D-Dimer-Spie-
gels (Grenzwert: 500 ng/ml) zum Ausschluss
einer Aortendissektion hilfreich, wenn sie in-
nerhaib der ersten 24 h nach Symptombe-
ginn durchgefihrt wird.

Schiiisselworter

Akutes Aortensyndrom - Aortendissektion -
Kardiale Bildgebungsverfahren - D-Dimer -
Kongenitale Anomalien

aortic size [11,12], all major prognostic in-
dices in patients with aortic disease. In ad-
dition to direct aortic assessment, both CT
and MRI are well suited to assess compli-
cations of AoD, including pericardial or
pleural effusions. Tomographic imaging
is particularly useful for patients with pri-
or aortic interventions, as it enables inte-
grated visualization of both native aortic
segments and prosthetic materials. Accel-
erated sampling methods have reduced
test times for both CT and MR], allowing
rapid imaging of patients with known or
suspected AoD. ECG gating techniques
improve temporal resolution and reduce
blurring of the aortic root, a relatively mo-
bile region that can be difficult to assess
on non-gated imaging.

Beyond their common advantag-
es, it is important to consider the rela-
tive strengths of each tomographic im-
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aging modality in the context of clinical
considerations. MRI entails no radiation
exposure and is well suited for serial as-
sessment of at-risk patients. Using phase
velocity encoded imaging techniques,
MRI can directly measure aortic flow and
thereby assess adjunctive complications
such as aortic regurgitation. However,
MRI is performed in a highly controlled
setting, with most scanners employing
closed bore systems that make rapid pa-
tient access difficult—a key disadvantage
for unstable or claustrophobic patients.
Additionally, MRI is prohibited in pa-
tients with ferromagnetic and/or magnet-
ically activated implants (including most
cardiac pacemakers and defibrillators),
and image artifacts can interfere with as-
sessment of vascular stents [13]. Gadolin-
ium-based contrast agents are contraindi-
cated in patients with advanced renal im-
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Tab.2 Imaging challengesin aort nent.
' Etiology

Typical location

Potential solutions -

obscuring aorta or mimick-
ing dissection, blurred vessel
contours

Cardiovascular motion

diffuse)

Finding
TIE  Acoustic shadowing/impaired  Distance from Aorticarch, Acquire images using suprasternal (for arch) or subcostal (for
aortic visualization sonographic probe descending aorta mid descending aorta) views
TEE  Linear artifact mimicking Tracheal interference  Distalarch, proximal - Assess mobility pattern (artifact typically transects wall,
dissection (air shadowing) descending aorta demonstrates phasic mobility)
Assess Doppler flow pattern (dissection typically manifests
differential flow between true/false lumen, possible
. , communication at dissection origin) ‘
MRl Repetitive“ghosting”artifact ~ Respiratory motion Nonspecific (typically  Accelerated data sampling (i.e., parallel or single shot

imaging)

Respiratory gating

Integrated MR angiography interpretation with noncontrast
(i.e,, fast spin-echo, steady-state free precession)imaging

Susceptibility
Radiofrequency
shielding

Impaired visualization of
prosthetic material (i.e., aortic
stents)

Localized to prosthet-
ic material (i.e., within
or adjacent to stent)

Modify pulse sequence parameters (i.e,, increase flip angle,
decrease echo time)

Alter pulse sequences used use of fast spin-echo pulse
sequences (if feasible)

Impaired visualization of
prosthetic material (i.e.,
stents)

Beam hardening arti-
fact (blooming effect)

Localized to prosthet-
ic material (i.e., within
or adjacent to stent)

High resolution, multidetector CT scanners {i.e., for reduced
voxel size)

Modify scanning parameters (i.e., increase tube voltage)
Modify data filtering (i.e., use edge enhancing ["sharp”]
convolution kernals)

Adjust workstation settings for stent interpretation (i.e., width
~1500 HU, center ~300 HU)

TTE transthoracic echocardiography, TEE transesophageal echocardiography, MRI magnetic resonance imaging, CT computed tomography.

pairment because of the risk for nephro-
genic systemic fibrosis. Non-contrast MRI
techniques, such as fast spin-echo and
steady-state free precession, may be use-
ful for aortic assessment of patients with
renal dysfunction [14].

For CT angiography, both jonizing ra-
diation and contrast-associated nephro-
toxicity are substantial concerns, espe-
cially in patients requiring serial testing.
Radiation dose reduction can be achieved
through use of prospective ECG gating
and dose modulation techniques [15]. CT
offers several advantages that are especial-
ly pertinent to patients with known or sus-
pected AoD. Relatively open scanner envi-
ronments facilitate patient tolerance of the
exam as well as rapid patient access, if nec-
essary. Current generation multidetector
CT can provide submillimeter spatial res-
olution—facilitating detailed assessment
of aortic anatomy. Multidetector CT al-
so enables coronary assessment, thereby,
providing useful information for patients
requiring coronary re-implantation in the
context of aortic graft placement. Pros-
thetic material is well visualized on CT
[13], enabling assessment of vessel integ-
rity in patients with prior surgical inter-
ventions. These advantages may explain
findings from the IRAD study, which re-
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ported that CT was the most common-
ly used initial imaging test for suspected
acute AoD (63%), followed by echocar-
diography (32%) and MRI (1%) [9].

Intramural hematoma

IMH, a potential precursor to AoD [16],
reflects hemorrhage of the vasa vasorum
into the aortic media, with resultant sep-
aration of the vessel wall (intima and me-
dia). Clinical differentiation between
IMH and acute AoD can be challenging,
emphasizing the need for reliable imaging
to distinguish between these diagnoses.

Echo, CT, and MRI have all been used
to diagnose IMH. An imaging hallmark
is crescentic or circumferential aortic wall
thickening in the absence of an identifi-
able dissection flap (8 Fig. 2). IMH lo-
cation may vary, making comprehensive
aortic imaging necessary when this diag-
nosis is being considered.

Tissue characterization imaging—as
offered by CT and MRI—may also en-
able assessment of vascular properties be-
yond those discernable solely on the basis
of IMH morphology. IMH typically man-
ifests higher signal intensity than intralu-
minal blood on non-contrast CT and ab-
sence of enhancement (i.e., low signal in-
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tensity) on contrast-enhanced imaging.
Focal regions of intramural contrast up-
take have been reported in some cases [17,
18], with variability possibly due to dif-
ferences in IMH acuity or tissue compo-
sition. MRI tissue characterization can
similarly demonstrate IMH, with de-
layed post-contrast (T1-weighted) imag-
ing particularly useful for demonstrating
thrombotic components [19, 20]. Com-
plementary MRI approaches, such as
T2*-weighted imaging, have been used to
detect intramyocardial hemorrhage fol-
lowing acute myocardial infarction [21].
This approach also holds potential for as-
sessing intravascular hemorrhage in the
context of IMH. However, IMH may be
small in size (i.e., focal), thereby, requir-
ing high spatial resolution imaging to be
detected. Aortic mobility imposes a fur-
ther technical challenge, emphasizing the
need for good temporal resolution, which
may be difficult to achieve when counter-
balanced with spatial resolution require-
ments. These imaging challenges may
explain the limited application of tissue
characterization approaches for diagnos-
tic and prognostic assessment of IMH.
Complementary MRI approaches include
phase contrast and cine imaging, each of
which may be helpful to exclude focal dis-



Fig. 3 A Penetrating atherosclerotic ulcer. Transesophageal echocardiography: ulcer-like formation in
the inferior wall of the aortic arch with disruption of the internal elastic lamina before (left panel) and
after (right panel) contrast agent administration. (Courtesy of Rodolfo Citro, MD, Heart Department,
University Hospital “San Giovanni di Dio e Ruggi d’Aragona’; Salerno, Italy)
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Fig. 4 < Time course
of biomarker elevation
following acute aor-
tic dissection. Note the

isozyme rapid and prolonged

6hrs
Time after onset

section flap and absence of flow in associ-
ation with IMH.

Penetrating atherosclerotic ulcer

PAU is identifiable by the presence of an
ulcerated plaque that extends into the me-
dial layer of the aortic wall. Exposure of
the media to pulsatile blood flow may in-
duce structural instability, with subse-
quent risk of PAU progression to AoD
or IMH or even free rupture. Presenting
symptoms can mimic IMH or AoD, em-
phasizing the role of noninvasive imaging
for diagnostic assessment of acute aortic
syndromes.

PAU typically appears as an ulcer-like
formation on imaging (& Fig. 3), with ir-
regularly contoured luminal indentation.
These features can be demonstrated on
echo, as well as both CT and MRI. How-
ever, the latter two modalities offer several
benefits of particular utility for PAU. First,
both tomographic methods provide three-
dimensional imaging—a feature particu-
larly useful for demonstrating PAU in the
presence of aortic tortuosity and associ-
ated altered geometry. Second, imaging is
typically performed with administration

elevation of D-dimer
in relation to other po-
tential biomarkers

12hrs

of intravascular contrast agents, which
improve delineation of the luminal bor-
ders and facilitate assessment of plaque
ulceration.

Some reports have suggested that
MRI is superior to CT for the diagnosis
of PAU [22]. However, these conclusions
were derived from early imaging tech-
nology and can be questioned in the light
of current generation multidetector CT,
which can provide submillimeter spatial
resolution. Similar to IMH, tissue charac-
terization imaging by MRI and CT holds
the potential to offer new insights into
the pathophysiology of PAU. Both MRI
and CT allow for tissue characterization
of atherosclerotic plaques [23, 24], a fea-
ture that is particularly attractive for the
assessment of aortic plaque composition
in the context of PAU. However, as with
IMH, in vivo application of tissue charac-
terization imaging has been limited, pos-
sibly due to technical challenges related
to both spatial and temporal resolution.
Further advances in MRI and CT tech-
nologies may facilitate broader clinical
application of tissue characterization ap-
proaches for the assessment of acute aor-
tic syndromes.
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Biomarkers

Smooth muscle

Smooth muscle is predominantly found
in the aortic media, which is injured dur-
ing onset and evolution of AoD, leading
to circulatory release of cellular proteins.
This phenomenon has led to investigation
of several smooth muscle biomarkers for
acute aortic syndromes.

Smooth muscle myosin heavy chain
was among the first biomarkers found to
be elevated in patients with AoD. Stud-
ies showed marked elevations in the set-
ting of acute AoD, with a dynamic range
of nearly 20-fold higher levels in patients
presenting early after symptom onset [25].
Smooth muscle myosin offered favorable
discrimination and diagnostic accuracy,
but elevations were transient (i.e., 3-6 h)
after AoD onset, similar to myoglobin in
acute myocardial infarction [25, 26]. This
phenomenon creates a narrow time win-
dow of use, a substantial limitation for use
of this biomarker in routine clinical prac-
tice.

Creatine kinase, which includes both
muscle (M-) and brain (B-) isozymes,
has also been investigated as a biomark-
er for AoD. The MM-type isozyme is
widely used for detection of skeletal mus-
cle damage, as is the MB-isozyme for de-
tection of ischemic heart disease. Studies
measuring the BB-isozyme, which is se-
lective for neurological and smooth mus-
cle, showed marked elevations following
AoD, with peak levels approximately 6 h
after onset [27]. However, the short time
course and lack of specificity of this bio-
marker are substantial limitations to clin-
ical use.

Calponin, a troponin counterpart of
smooth muscle, has also been investigat-
ed as a biomarker for AoD. Similar to tro-
ponin in the setting of myocardial infarc-
tion, a particular benefit of calponin con-
cerns its prolonged elevation. In compari-
son to creatinine kinase-BB, calponin has
a longer time course, remaining elevated
throughout the first 24 h following AoD
based on an initial assay [28]. The time
course of calponin elevation in relation to
other biomarkers for acute AoD is illus-
trated in 8 Fig. 4.
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[Tab.3 Potential biomarkers for diagnosis of acute aortic dissection

Biomarker Author Cases/Ctrl  Stanford A/B  Cut-off  Typeofassay = Symptomonset(h) Sensitivity (%) Specificity (%)
D-dimer (ug/ml) F . S Y
Suzuki et al. [35] 87/133 64/23 505 Immunoassay -~ 24 %6 466
Sbarouni et al. [36] 18/29 . 13/5 07 ESA - 460 ‘o4 59
Ohlimann etal.[37] 94/94 67/27 - >04 - Turbidimetric' - 29 S99 34
Hazuietal.[38] 29/49 29/0 >09 ©  Latexagglutination 4 931 80
Akutsu et al. [39] 30/48 12/18 >05° Latex agglutination .= 4.5 100 54
Eggebrecht et al. [40] 16/48 6/10 >0.62 Latexagglutination 16~ 100 73
Weber et al. [41] 24/35 12/12 >0.5 Turbidimetric 24 1002 69
SSMMHC (ug/)
Suzuki et al. [26] 95/131 45/50 25 Enzymeimmuno- <3 90.05 98¢
assay

Basic calponin (ng/ml)
Suzuki et al. 28} 59/158 43/15 1594 Immunoassay 6 63 73
MMP-9 (ng/ml)
Sangiorgi et al. [31] 13/10 9/4 3-fold ELISA 3 NA NA

higher®
TGF-8 (ng/ml)
Suzuki et al. [33] 28/- 20/8 5-fold Immunoassay 24 NA NA

higher f
CK-BB isozyme (1U/I)
Suzuki et al. [27] 10/20 /= 17-fold Electrophoresis 12 NA NA

) higher 9

CK creatine kinase, Ctrl controls, MMP matrix metalloproteinases, SSMMHC smooth-muscle myosin heavy-chain protein, TGF transforming growth factor, NA not avail-
able. 2D-dimer values tended to be higher in more extended aortic dissection, Psensitivity 72.4% and 30.3% at <6 h and >6 h from symptom onset, respectively, “specificity
was 83% compared to patients with acute myocardial infarction, %optimal value determined from ROC curve analyses, €29.3+16.1 ng/ml for type A group and 16.7+2.1 ng/
ml for type B group vs 7.74+1.6 ng/ml for ctrl, p<0.03, 24.5:+12.9 ng/ml for aortic dissection patients (28.5+14.7 ng/ml for type A, 14.4+6.1 ng/ml for type B) vs 5.4+2.8 ng/
mi for ctrl, 93.4 for aortic dissection patients vs 0.2 U/l for ctrl

Taken together, these data demonstrate
the potential of smooth muscle proteins as
biomarkers of acute AoD. Further indus-
trial developments are necessary for these
assays to become clinically available.

Structural and inflammatory indices

Several markers of vascular integrity or
systemic inflammation have been tested
for AoD. Elastin, a structural vessel wall
protein, has been shown to increase fol-
lowing AoD [29]. However, dynamic
range is limited (i.e., less than a two-fold
increase compared with normal controls),
making reliable clinical use questionable.
C-reactive protein, a nonspecific inflam-
matory marker, has also been shown to
increase after acute AoD [30]. Re-eleva-
tion and retarded recovery of C-reactive
protein levels may reflect instability of in-
tramural thrombus or hematoma (defined
as enlargement of localized contrast fill-
ing, transition to classic dissection, or ex-
pansion of hematoma in the aortic wall)
and/or thrombosis within the false lumen

274 1 Herz 3-2013

[25]. Matrix metalloproteinases (MMP),
enzymes involved in aortic remodeling,
are also elevated in acute AoD, namely
the subunit MMP-9 [31]. Further research
is needed to clarify their potential role in
AoD.

Circulating transforming growth fac-
tor-beta (TGF-B) has received particular
attention as it may serve as a biomarker for
aortic remodeling in patients with Marfan
syndrome [32]. Fibrillin-1, the protein that
is defective in Marfan syndrome, regulates
TGEF- activity. TGF-B is bound in a com-
plex form to fibrillin-1, which is disrupt-
ed upon pathogenic insult. This causes re-
lease and activation of the TGF-f mole-
cule, resulting in activation of vascular cell
signaling cascades that induce aortic re-
modeling. Further study is needed to test
the clinical utility of TGF-p in a broad
range of aortopathies. However, circulat-
ing TGEF-p levels have been shown to be
markedly elevated in patients with acute
AoD [33], suggesting that TGF-p may po-
tentially serve as a biomarker for condi-
tions other than Marfan syndrome.
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D-dimer

At present, D-dimer is the only biomark-
er that is clinically available and adequate-
ly sensitive to detect AoD. D-dimer, a fi-
brin fragment released in coagulopath-
ic disorders, is routinely used to diagnose
pulmonary embolism (PE). As shown in
8 Fig. 4, D-dimer elevation occurs early
after AoD and is prolonged in relation to
other biomarkers. This feature is of par-
ticular clinical utility as it provides an in-
creased time frame during which D-di-
mer can be used to identify patients with
AoD.

Several studies have shown D-di-
mer to be elevated in the setting of AoD
(8 Tab.3) [26, 27, 28, 31, 33, 34, 35, 36,
37,38, 39, 40, 41]. Clinical utility has been
tested in the IRAD substudy on biomark-
ers (IRAD-Bio) [35], which used suspi-
cion of AoD as an entry criterion for both
patients and controls, thereby, enabling
D-dimer to be tested in a setting simi-
lar to routine clinical practice. IRAD-Bio
encompassed 220 patients with clinical-
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ly suspected AoD. Results showed that,
within the first 24 h of symptom onset,
a D-dimer threshold of 500 ng/ml (com-
monly used for ruling out PE) can be used
to discriminate between patients with and
without confirmed AoD. Stratification
based on D-dimer was maximal during
the first 6 h after symptom onset, suggest-
ing that AoD is associated with rapid and
substantial D-dimer elevations. Not only
was it possible to rule out AoD based on
low D-dimer levels, but findings suggest-
ed that use of a higher threshold (1600 ng/
ml) enabled AoD to be ruled in, thereby,
supporting both the positive and negative
predictive value of D-dimer. One caveat
concerns the fact that IRAD-Bio includ-
ed a small number of patients with PE,
emphasizing the need for further study to
test the utility of D-dimer among diverse
patient cohorts. In summary, current da-
ta suggest that D-dimer may be helpful in
assessing patients with suspected AoD.
Since the same lower threshold can be ap-
plied to PE and AoD, this single test can
be used to exclude both conditions in cer-
tain patients, a feature that is particular-
ly advantageous from the standpoint of
simplicity and cost-effectiveness. Nota-
bly, the IRAD-Bio study was comprised of
patients with suspected AoD—caution is
needed in extrapolating these data to pa-
tients with generalized chest pain. With
the appropriate understanding in use
and interpretation, D-dimer can be use-
ful for evaluating chest pain syndromes in
which marked elevations of this biomark-
er prompt consideration of further testing
for acute AoD and/or PE.

mography, IMH intra-
mural hematoma, MR/
magnetic resonance
imaging

Proposed algorithm for
clinical decision-making

A proposed diagnostic algorithm that
may be helpful in guiding evaluation of
patients with suspected AoD is outlined
in 8 Fig. 5. While the algorithm inte-
grates imaging and biomarker testing (D-
dimer, troponin), clinical assessment as-
sumes a primary role. To this end, clini-
cal risk stratification using an “aortic dis-
section detection” (ADD) scoring tool has
been included in recent US (ACC/AHA)
consensus guidelines [1]. This tool has al-
so been validated in patients with AoD:
when tested in the IRAD registry, the
ADD risk score yielded a diagnostic sen-
sitivity of 95.7% for AoD. Among the 4.3%
of patients with no clinical markers for
AoD (ADD score =0), nearly half (48.6%)
that underwent chest X-ray had evidence
of widened mediastinum—lending sup-
port to the concept that clinical histo-
ry should be integrated with imaging or
other testing when assessing for suspect-
ed AoD [5].

Regarding biomarkers, cardiac tropo-
nin and D-dimer can help to guide as-
sessment. If possible, both indices should
be checked with a point-of-care test that
yields prompt results. Troponin, inter-
preted adjunctively with electrocardiog-
raphy, can identify evidence of myocar-
dial infarction/ischemia, which may con-
stitute the primary cause of chest pain
symptoms or occur as a secondary con-
sequence of AoD (i.e., impaired coronary
perfusion). In cases with D-dimer lev-
els >500 ng/ml, an imaging test should
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be performed promptly for further eval-
uation. In patients with D-dimer levels
>1600 ng/ml, suspicion for AoD or PE
should be high, with subsequent manage-
ment guided by clinical findings and im-
aging results. In cases with D-dimer lev-
els <500 ng/ml, imaging (i.e., CT, MRI, or
TEE) should still be considered if clinical
suspicion for AoD persists despite normal
biomarker results. Indeed, normal D-di-
mer levels have been reported among pa-
tients with IMH or AoD with thrombosed
false lumen [35], highlighting the impor-
tance of comprehensive evaluation for
patients with suspected acute aortic syn-
dromes.

Conclusion

The diagnosis of acute aortic syndrome
can be made with similar accuracy us-
ing different imaging techniques such as
TEE, CT or MRI depending on the avail-
ability of the technique, experience of
the imaging staff, and clinical patient’s
condition. However, multimodality imag-
ing should be strongly considered when
image quality is suboptimal or clinical
suspicion for acute aortic syndrome per-
sists even after an initial negative test.
The measurement of specific biomarkers
is intriguing as an initial strategy for the
diagnosis of acute aortic syndrome. D-
dimer levels (cut-off: 500 ng/ml) may be
useful to rule out AoD if used within the
first 24 h after symptom onset. Further
studies are necessary to test the compar-
ative utility of variable imaging and bio-
marker-guided algorithms among large
cohorts of patients with known or sus-
pected acute aortic syndrome.

Corresponding address

Prof. E. Bossone

Via Pr. Amedeo, 36, 83023 Lauro (AV)
Italy

ebossone@hotmail.com

Acknowledgments. All authors participated in the
writing of this manuscript and are responsible for its
content. Eduardo Bossone assumes responsibility for
the integrity of all contents of this manuscript.

Herz 3 .2013 | 275



Review article

Sources of funding. This work was supported by the
National Institutes of Health (NIIH/NHLBI US Federal
Government Contract N-01-HV-68199 [National Reg-
istry of Genetically Triggered Thoracic Aortic Aneu-
rysms and Cardiovascular Conditions]; JWW, KAE) (K23
HL102249-01; JWW).

Conflict of interest. On behalf of all authors, the cor-

respanding author states that there are no conflicts
of interest.

References

—

. Hiratzka LF, Bakris GL, Beckman JA et al (2010)
2010 ACCF/AHA/AATS/ACR/ASA/SCA/SCAI/SIR/
STS/SVM guidelines for the diagnosis and man-
agement of patients with thoracic aortic dis-
ease: a report of the American College of Cardiol-
ogy Foundation/American Heart Association Task
Force on Practice Guidelines, American Association
for Thoracic Surgery, American College of Radiolo-
gy, American Stroke Association, Society of Cardio-
vascular Anesthesiologists, Society for Cardiovas-
cular Angiography and Interventions, Society of
Interventional Radiology, Society of Thoracic Sur-
geons, and Society for Vascular Medicine. Circula-
tion 121:e266-e369
Erbel R, Alfonso F, Boileau Ceet al (2001) Diagnosis
and management of aortic.dissection. Eur Heart J
22:1642-1681 -
. Booher AM, Eagle KA, Bossone E (2011) Acute aor-
tic syndromes. Herz 36:480=487
Hagan PG, Nienaber CA, Isselbacher EM et al
(2000) The International Registry of Acute Aortic
Dissection (IRAD): new insights into an old disease.
JAMA 283:897-903
. Rogers AM, Hermann LK, Booher AM et al (2011)
Sensitivity of the aortic dissection detection risk
score, a novel guideline-based tool for identifi-
cation of acute aortic dissection at initial presen-
tation: results from the international registry of
acute aortic dissection. Circulation 123:2213-2218
Harris KM, Strauss CE, Eagle KA et al (2011) Cor-
relates of delayed recognition-and treatment of
acute type A aortic dissection: the International
Registry of Acute Aortic Dissection (IRAD). Circula-
tion 124:1911-1918
. Shiga T, Wajima Z, Apfel CC et al (2006) Diagnos-
tic accuracy of transesophageal echocardiography,
helical computed tomography, and magnetic res-
onance imaging for suspected thoracic aortic dis-
section: systematic review and meta-analysis. Arch
Intern Med 166:1350-1356
Nienaber CA, Kodolitsch Y von, Nicolas V et al
(1993) The diagnosis of thoracic aortic dissection
by noninvasive imaging procedures. N Engl J Med
328:1-9
. Moore AG, Eagle KA, Bruckman D et al (2002)
Choice of computed tomography, transesopha-
geal echocardiography, magnetic resonance im-
aging, and aortography in acute aortic dissection:
International Registry of Acute Aortic Dissection
(IRAD). Am J Cardiol 89:1235-1238
10. Evangelista A, Flachskampf FA, Erbel R et al (2010)
Echocardiography in aortic diseases: EAE recom-
mendations for clinical practice. Eur J Echocardiogr
11:645-658
. Bireley WR (l, Diniz LO, Groves EM et al (2007) Or-
thogonal measurement of thoracic aorta luminal
diameter using ECG-gated high-resolution con-
trast-enhanced MR angiography. ) Magn Reson
Imaging 26:1480~1485

N

w

el

w

o

~

*®

0

1

=

276 ! Herz 32013

12,

2

2

2

N

2

W

24.

25,

(%

26.

=]

Mendoza DD, Kochar M, Devereux RB et al (2011)
Impact of image analysis methodology on di-
agnostic and surgical classification of patients
with thoracic aortic aneurysms. Ann Thorac Surg
92:904-912

. Schernthaner MB, Edelhauser G, Berzaczy D et al

(2010) Perceptibility and quantification of in-stent
stenosis with six peripheral arterial stent typesin
vitro: comparison of 16-MDCT angiography, 64-
MDCT angiography, and MR angiography. AJR Am
J Roentgenol 194:1346-1351

Morita S, Masukawa A, Suzuki K et al (2011) Unen-
hanced MR angiography: techniques and clinical
applications in patients with chronic kidney dis-
ease. Radiographics 31:E13-E33

. Blanke P, Bulla S, Baumann T et al (2010) Thorac-

ic aorta: prospective electrocardiographically trig-
gered CT angiography with dual-source CT-feasi-
bility, image quality, and dose reduction. Radiolo-
gy 255:207-217

. Evangelista A, Dominguez R, Sebastia C et al

(2003) Long-term follow-up of aortic intramu-
ral hematoma: predictors of outcome. Circulation
108:583-589

. Park GM, Ahn JM, Kim DH et al (2011) Distal aortic

intramural hematoma: clinical importance of focal
contrast enhancement on CT images. Radiology
259:100-108

. Wu MT, Wang YC, Huang YL et al (2011) Intramural

blood pools accompanying aortic intramural he-
matoma: CT appearance and natural course. Radi-
ology 258:705-713

. Srichai MB, Junor C, Rodriguez LL et al (2006) Clin-

ical, imaging, and pathological characteristics of
left ventricular thrombus: a comparison of con-
trast-enhanced magnetic resonance imaging,
transthoracic echocardiography, and transesopha-
geal echocardiography with surgical or pathologi-
cal validation. Am Heart J 152:75-84

Weinsaft JW, Kim HW, Shah DJ et al (2008) Detec-
tion of left ventricular thrombus by delayed-en-
hancement cardiovascular magnetic resonance
prevalence and markers in patients with systolic
dysfunction. J Am Coll Cardiol 52:148-157

. Kumar A, Green JD, Sykes JM et al (2011) Detection

and quantification of myocardial reperfusion hem-
orrhage using T2*-weighted CMR. JACC Cardiovasc
Imaging 4:1274-1283

. Yucel EK, Steinberg FL, Egglin TK et al (1990) Pen-

etrating aortic ulcers: diagnosis with MR imaging.
Radiology 177:779-781

. Demarco JK, Ota H, Underhill HR et al (2010) MR

carotid plague imaging and contrast-enhanced
MR angiography identifies lesions associated with
recent ipsilateral thromboembolic symptoms:

an in vivo study at 3T. AJNR Am J Neuroradiol
31:1395-1402

Min JK, Edwardes M, Lin FY et al (2011) Relation-
ship of coronary artery plaque composition to cor-
onary artery stenosis severity: results from the pro-
spective multicenter ACCURACY trial. Atheroscle-
rosis 219:573-578

SuzukiT, Katoh H, Watanabe M et al (1996) Novel
biochemical diagnostic method for aortic dissec-
tion. Results of a prospective study using an im-
munoassay of smooth muscle myosin heavy chain.
Circulation 93:1244-1249

Suzuki T, Katoh H, Tsuchio Y et al (2000) Diagnos-
tic implications of elevated levels of smooth-mus-
cle myosin heavy-chain protein in acute aortic dis-
section. The smooth muscle myosin heavy chain
study. Ann Intern Med 133:537-541

62

27.

2

oo

29.

0

3

j=]

31

32,

3

w

3

3

wn

3

fo))

3

~

38.

o

39.

40.

(=]

4.

=

4

N

B

SuzukiT, Katoh H, Kurabayashi M et al (1997) Bio-
chemical diagnosis of aortic dissection by raised
concentrations of creatine kinase BB-isozyme. Lan-
cet 350:784-785

. SuzukiT, Distante A, Zizza A et al (2008) Prelimi-

nary experience with the smooth muscle tropo-
nin-like protein, calponin, as a novel biomarker
for diagnosing acute aortic dissection. Eur Heart J
29:1439-1445

Shinohara T, Suzuki K, Okada M et al (2003) Sol-
uble elastin fragments in serum are elevated in
acute aortic dissection. Arterioscler Thromb Vasc
Biol 23:1839-1844

. Makita S, Ohira A, Tachieda R et al (2000) Behav-

ior of C-reactive protein levels in medically treated
aortic dissection and intramural hematoma. Am J
Cardiol 86:242-244

Sangiorgi G, Trimarchi S, Mauriello A et al (2006)
Plasma levels of metalloproteinases-9 and -2 in
the acute and subacute phases of type A and type
B aortic dissection. J Cardiovasc Med 7:307-315
Matt P, Schoenhoff F, Habashi J et al (2009) Circu-
lating transforming growth factor-beta in Marfan
syndrome. Circulation 120:526-532

. Suzuki T, Trimarchi S, Sawaki D et al (2011) Circu-

lating transforming growth factor-beta levels in
acute aortic dissection. J Am Coll Cardiol 58:775
Shimony A, Filion KB, Mottillo S et a (2011) Me-
ta-analysis of usefulness of D-dimer to diagnose
acute aortic dissection. Am J Cardiol 107:1227~

1234

. SuzukiT, Distante A, Zizza A et al (2009) Diagnosis

of acute aortic dissection by D-dimer: the Interna-
tional Registry of Acute Aortic Dissection Substudy
on Biomarkers {IRAD-Bio) experience. Circulation
119:2702-2707

. Sharouni E, Georgiadou P, Marathias A et al (2007)

D-dimer and BNP levels in acute aortic dissection.
Int J Cardiol 122:170-172

. Ohimann P, Faure A, Morel O et al (2006) Diagnos-

tic and prognostic value of circulating D-dimers in
patients with acute aortic dissection. Crit Care Med
34:1358-1364

Hazui H, Fukumoto H, Negoro N et al (2005) Sim-
ple and useful tests for discriminating between
acute aortic dissection of the ascending aorta and
acute myocardial infarction in the emergency set-
ting. Circ J 69:677-682

Akutsu K, Sato N, Yamamoto T et al (2005) A rap-

id bedside D-dimer assay (cardiac D-dimer) for
screening of clinically suspected acute aortic dis-
section. Circ J 69:397-403

Eggebrecht H, Naber CK, Bruch C et al (2004) Val-
ue of plasma fibrin D-dimers for detection of acute
aortic dissection. J Am Coll Cardiol 44:304-809
Weber T, Hogler S, Auer J et al (2003) D-dimer in
acute aortic dissection. Chest 123:1375-1378

. Tsai T, Nienaber CA, Eagle KA (2005) Acute aortic

syndromes. 112: 3802-3813



CUrriculum in Curdibl‘og,y

Biomarkers of aortic diseases
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The development of diagnostic biomarkers of acute cardiovascular disease remains an important topic of interest given
potential use to aid in early diagnosis. Cardiac biomarkers of ischemia and heart failure have already proven to be clinically
useful. Biomarkers of aortic diseases are also needed, especially for lifethreatening conditions such as aorfic dissection. In this

review, we discuss the present status of the development of biomarkers of aortic diseases. Although aortic dissection has been
most vigorously pursued, there has also been notable recent progress in biomarkers of aneurysms and inflammatory aortic

disease. (Am Heart ] 2013;165:15-25))

Approximately 150,000 studies have discussed thou-
sands of potential clinically useful biomarkers, but
currently, only about 100 biomarkers have been “trans-
lated” for use in the clinic.’ These tremendously difficult
odds of success (0.07%, or 1/1500) reflect the difficulties
not only in discovering a new biomarker but also the
additional effort that is necessary to validate findings in
additional patient cohorts and then to pursue clinical
trials for necessary administrative approval. Such devel-
opment also requires industrial and financial support to
create a platform for clinical use that often takes a decade
or more. It is not surprising, therefore, that many
potentially interesting biomarkers drop out along this
process before becoming clinically available.

Cardiac biomarkers such as those for myocardial
necrosis (eg, cardiac troponin) and heart failure (eg,
natriuretic peptides) have proven successful.** Aortic
markers have also been pursued ranging from those for
acute disease targeting aortic catastrophes to chronic
markers for atherosclerotic disease (eg, aneurysms) and
inflammatory markers (eg, aortitis). The present state of
progress in this field will be discussed herein.
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Aortic dissection

Acute aortic dissection (AAD) has been most pursued
as a target for diagnostic biomarkers in the aorta and
vasculature. This disease would benefit from biomarkers
as an assistive tool because it still remains a challenge to
diagnose.s’6 Variability in presentation and excessive
early mortality makes early diagnosis both uncertain and
critical. Dissection may present with symptoms that
range from typical sudden-onset chest pain to an
atypical neurologic deficit, cramping abdominal pain,
or back pain.7 A clinical risk score for detecting AAD,
the aortic dissection detection risk score, has been
proposed by the American Heart Association/American
College of Cardiology guideline committee to help
identify patients at risk for this condition, and it has
been confirmed to be highly sensitive for detection of
the condition by the International Registry of Acute
Aortic Dissection (IRAD) study group.®® The initial
decision whether to obtain a definitive imaging test may
also be limited by issues such as cost and/or availability.
Delay in time to diagnosis for AAD is a recognized issue
that needs to be improved upon because every minute
until diagnosis counts in this condition with a high
mortality of approximately 1%/h.' A widely available
and cost-effective measure such as a blood test that can
rule in and/or rule out the disease would indeed aid in
the diagnosis of the disease, benefiting patients and
caregivers alike.%"!

Benefits of biomarkers when used with

standard imaging techniques

Acute aortic dissection has become more identifiable
and treatable in the current era owing to recent advances
in diagnostic methods, especially imaging modalities, as
well as in management and therapeutic approaches. In a
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recent meta-analysis that encompassed 119 patients from
16 studies, transesophageal echocardiography, computed
tomography (CT), and magnetic resonance imaging
showed comparable pooled sensitivity (98%-100%) and
specificity (95%-98%).'* According to observations from
the IRAD study, two-thirds of patients suspected of AAD
undergo multimodality imaging, thus highlighting the
importance of follow-up imaging tests when there
remains clinical suspicion even with an initial negative
or equivocal result.'® Management of patients with AAD
depends on identification of the anatomy (eg, site,
extension) of the dissection in addition to complications
(eg, end-organ involvement), which affects therapeutic
approaches and prognosis. Imaging is thus the key
diagnostic modality for this condition.

The most important role of diagnostic biomarkers of
AAD lies in use in triaging patients to identify patients
who should undergo rapid imaging, thus allowing for
prompt initiation of treatment. As proposed in Figure 1, a
simple diagnostic algorithm might be helpful in making
an initial decision for patients with suspected AAD in
which biomarker testing is used with other rapid tests.
Biomarkers with high specificity will likely be useful to
this extent. For instance, smooth muscle myosin with a
specificity of 98% against healthy volunteers and 83%
against patients with acute myocardial infarction as a
discase with similar presentation of chest symptoms’'?
would be attractive as a “rule-in” test. Equally important is
that biomarkers are potentially useful to “rule-out” AAD in
suspicious patients. Because AAD has been the subject of
litigation due to misdiagnosis,"‘ a blood test that can help
rule out the disease would indeed be of use, such as use of
p-dimer to rule out both AAD and pulmonary embolism
(PE) in patients with chest pain, as will be discussed in
detail hereafter. In this instance, biomarkers with a high
sensitivity as is the case for p-dimer with a sensitivity of
>95% for AAD would be ideal.'> An ideal biomarker
would be one with both high specificity and high
sensitivity and would thus be a “golden biomarker,” but
at this stage, there is yet to be one that is ideal for both,
and thus, uses of biomarkers need to take into account
their strengths and weaknesses in diagnostic properties
or use a combination of such to provide for comprehen-
sive testing.

The clinical setting and environment also play an
important role in defining the usefulness of biomarker
testing. In the setting in which imaging modalities such
as CT are readily available in the emergency setting,
biochemical testing will play a supplemental role.
However, in community hospitals or clinics that do
not have available advanced imaging methods, biochem-
ical testing might be pivotal to aid in the initial
diagnostic decision as to whether to send the patient
home or refer to a tertiary center. Another point that
should be made is that biomarkers reflect pathogenic
activity and that they reflect whether the lesion is in
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active or nonactive stages. For example, when examin-
ing an asymptomatic patient with an AAD on CT, which
is not uncommon, biomarkers might help in the decision
making in determining whether the lesion is of acute
onset, which would require immediate attention (eg,
admission and surgical consult).

Other important roles of biomarkers in AAD involve
risk stratification or prognostic evaluation in subacute to
chronic phases. Studies have shown that increased FDG
uptake is a marker of active inflammation in the aortic
wall and branches. '® Detection of increased inflammatory
change by 18Ffluorodeoxy glucose (FDG)-positive
positron emission tomography/CT may help to differen-
tiate acute from chronic AAD.'” Vascular/aortic bio-
markers that reflect remodeling (eg, transforming growth
factor o [TGF-a]) might strengthen risk prediction when
used in combination with these modalities, which can
evaluate metabolic and inflaimmatory processes with
precise anatomic localization.

Pathophysiology of aortic dissection

and biomarkers

Acute aortic dissection is generally an age-related
disease seen predominantly in the elderly, excluding
patients with Marfan syndrome (MFS) who have a fragile
aorta and are genetically predispositioned to dissect in
younger adolescent stages. The most common risk
factor of elderly AAD is hypertension, which accom-
panies more than 70% of patients.” About 50% of
DeBakey type I/II and 80% of type Il lesions have been
reported to have a history of hypertension.'® A common
histologic characteristic is cystic medial necrosis with
elastic layer degradation and destruction, deposition of
proteoglycans, and medial smooth muscle cell apopto-
sis. In these processes, inflammatory reactions play a
role in pathogenic destruction of the media, which
eventually leads to aortic dilatation, dissection, and,
finally, rupture of the aortic wall. Fibrotic or fibrolytic
biomarkers likely reflect these degradation processes.
Once aortic dissection occurs, injury and destruction of
the medial smooth muscle layer likely result in smooth
muscle cell protein release and increased levels in
circulating blood. False lumen thrombus formation/
degradation, in turn, likely regulates thrombotic and
thrombolytic markers. Acute aortic dissection is also
associated with an inflaimmatory response, as evidenced
by an accompanying elevation in inflammatory markers
such as Creactive protein (CRP).

Smooth muscle markers
Smooth muscle myosin heavy chain

Circulating smooth muscle myosin heavy chain (SM-
MHC) shows marked elevations in patients with AAD (eg,
dynamic range of approximately 20-fold higher levels in
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Figure 1

High index of suspicion for AAS
Determine pre-test risk by combination of risk condition, history and exam

intermediate Risk Low Risk High Risk
Any single risk feature present No high risk feature present Two or more risk features present
D-dimer > 500 ug/L D-dimer > 1600 ug/L
EKG, CXR > (within 6 hours Sx onset)
BLOOD TEST PE?
Very high suspicion of AAS
! v
Initiate appropriate Identified D-dimer < 500 pg/L Immediate surgical
therapy G Consider alternate consultation and expedited
diagnosis aortic imaging

e
S

If suspicion for AAS still remains
(possible IMH-PAU-thrombosed false lumen)

!

TEE (preferred if clinically unstable)
CT (image entire aorta: chest to pelvis)

l

If AAS present
proceed to treatment pathway <+

If suspicion for AAS still remains,
consider secondary imaging study

Diagnostic algorithm of AAD using D-dimer and imaging. AAS, acute corfic syndrome; blood fest: elecirolytes, blood gases and H*, glucose,
creatinine, amylase, CRP, hemoglobin, cardiac markers, brain-specific protein, b-dimer, and coagulation markers; CXR: chest x-ray; ECG,
electrocardiogram; IMH, intramural hematoma; PAU, penetrating atherosclerotic ulcer; TTE, transthoracic echocardiogram; TEE, transesophageal
echocardiogram. Modified from Hiratzka et ol 2,

dissected patients after onset as compared with baseline The time course of this marker showed elevations limited
levels seen in chronic stages). Smooth muscle is to the initial 3 to 6 hours after onset of symptoms similar
predominantly found in the aortic medial layer, which, to myoglobin in myocardial ischemia (aortic dissection
at onset and during the evolution of dissection, is injured, 30.8 = 13.9 ng/mL vs healthy controls 0.9 + 0.1 ng/mL,
leading to release of cellular proteins into the circulation. cutoff value 2.5 ng/mlL, sensitivity 90% and specificity
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