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Introduction

Undifferentiated chest pain is one of the
most common complaints in the acute
care setting, accounting for over 5 mil-
lion emergency department visits in the
USA each year [1]. The cost to manage pa-
tients with non-specific acute chest pain
is $10 billion in the USA annually [2]. The
highest mortality of aortic dissection oc-
curs in the first 48 h after symptom onset
and therefore early diagnosis is important.
One study reported that up to 39 % of aor-
tic dissections have a diagnostic delay of at
least 24 h [3].

Acute type B aortic dissection results in
an intense inflammatory process and the
development of complex hemodynamics
that interrelate the true and false lumens
[4, 5]. The disease is dynamic, particular-
ly in this phase and changeable behavior
of the intimal flap, extension of the dissec-
tion and expansion of the false lumen are
possible. This can lead to contained or free
rupture of the aorta, organ and/or limb
malperfusion, early false lumen expan-
sion, resistant hypertension and uncon-
trollable pain [6]. Dissections with these
features are considered to be complicated
and endovascular intervention is indicat-
ed. Dissections without these features are
considered to be uncomplicated and are
currently treated with best medical ther-
apy [7]. The boundary between compli-
cated and uncomplicated dissection is,
however, blurred and if anatomically suit-
able, pre-emptive endovascular treatment
has been advocated in uncomplicated dis-
sections as a viable alternative to medical
treatment alone [8]. There are, however,
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considerable risks associated with endo-
vascular repair, such as stroke and para-
plegia and careful consideration should be
given before its use in all cases [9].

The growing availability and techni-
cal advances in modern imaging provide
a way to develop an understanding of the
complex mechanisms that govern aor-
tic dissection [10]. Patient characteristics
based on imaging data have been inves-
tigated to try to distinguish different sub-
sets of patients. Morphological and false
lumen characteristics including diameter,
position, size and number of entry tears
have been shown to serve as predictors of
outcome, which may be used to identify
high-risk patients [11]. An ideal imaging
modality in the context of thoracic aortic
disease should be able to evaluate the ex-

tent of the disease, the position and paten-
cy of side branches, identify high-risk fea-
tures, allow procedure planning and post-
operative evaluation. In many situations a
combination of imaging modalities may
provide the greatest benefit.

Imaging modalities

Computed tomography (CT) angiogra-
phy, magnetic resonance (MR) angiogra-
phy and echocardiography are the tech-
niques most commonly used in clinical
practice for the assessment of aortic dis-
section (B Table 1).

Fig. 1 A a Non-ECG-gated computed tomography image suggestive of type A dissection of the as-
cending aorta and b ECG-gated image 12 h later demonstrating the artefact was not a dissection and
was caused by the overlying pulmonary artery
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Table 1 Comparison of imaging techniques with respect to advantages and limitations (CT computed tomography, MRI magnetic resonance

imaging, TTE transthoracic echocardiography, TEE transesophageal echocardiography)

Modality Advantages Limitations
CcT Widely available Exposure to ionizing radiation
Quick acquisition times Need for iodinated contrast media
Evaluation of entire aorta, its branches and surrounding organs  No functional/dynamic assessment of the heart and the aorta
Allows evaluation of the iliac/femoral artery access
MRI High resolution images of the aorta and the aortic wall Availability (especially in emergency setting)
Does not require ionizing radiation or iodinated contrast me- Not for use in unstable patients
dia (ideal for surveillance)
Can provide functional information Limited assessment of access (calcifications)
Longer acquisition times
TTE Portable and widely available Poor/insufficient assessment of aorta distal to ascending aorta
Quick assessment of cardiac function, ascending aorta and Needs to be combined with another imaging modality for a thorough
pericardium assessment of aortic dissection
No role in surveillance/assessment of type B aortic dissection
TEE High diagnostic accuracy in the thoracic aorta Semi-invasive procedure, requiring sedation and is operator dependent
Dynamic/functional assessment of heart and the aorta Blind spot distal ascending aorta in the proximal arch
Extremely valuable in the setting of endovascular procedures  Limited/insufficient assessment of the entire aorta, visceral vessels, and
(patient monitoring/assessment of true and false lumen/posi-  access
tioning of the stent graft) Needs to be combined with another imaging modality for thorough as-
sessment of aortic dissection
Computed tomography sualize the vessels. The length and densi- ple rule out (TRO) protocol has been de-

Computed tomography (CT) angiogra-
phy is widely available, has a rapid acquisi-
tion time, provides images with high spa-
tial resolution and is the most common-
ly used imaging modality for anatomical
evaluation of the thoracic aorta. State of
the art scanners include multi-slice, multi-
detector and multi-source technologies.
This new technology results in a pro-
portional decrease in the scanner time,
which allows improved vascular opacifi-
cation, with less contrast media, less aor-
tic motion and fewer breathing artefacts
[10]. The CT procedure is faster and more
readily available than MRI and images of
both the entire aorta and the aortic branch
vessels can be acquired in a single scan.
Non-contrast acquisitions provide valu-
able information about calcifications in
the aortic wall that may be obscured after
the contrast agent has been administered.
Imaging without contrast should also be
used initially to detect hemorrhage and
hematomas [12]. The displacement of in-
timal calcification within the aortic lumen
is a typical finding in aortic dissection.
Various CT protocols exist for eval-
uating patients with non-specific acute
chest pain. Bolus tracking technology is
the most commonly used technique to vi-

ty of the contrast agent bolus are impor-
tant parameters in the optimization of
this type of imaging, as both will affect
the amount of contrast in the image [13].
The time at which the image data is ac-
quired after the contrast agent has been
delivered can also influence the contrast
in the image and this forms the basis of ar-
terial (early) and venous (late) phase im-
aging. Arterial phase images are used to
assess the true lumen in the context of dis-
section and venous phase images are used
to assess the false lumen. Patient comor-
bidities, for example heart failure or valve
disease, can affect the quality of the imag-
es: in heart failure circulation times can be
very slow, so that the images are triggered
too early before the contrast agent has
reached the diseased segment of the aor-
ta and aortic valve incompetence can lead
to unpredictable flow patterns, which in
turn can result in erroneous early trigger-
ing when the region of interest is situated
in the ascending aorta [10]. Triple phase
protocols, consisting of a non-contrast-
enhanced scan followed by both arterial
and venous phase images, have been de-
veloped for aortic dissection. These scans
help circumvent the difficulty in optimiz-
ing the time of data acquisition after the
contrast bolus has been delivered. The tri-

scribed as a CT examination for chest pain
[14]. It is designed to differentiate between
acute coronary syndrome, pulmonary
embolism and acute aortic syndrome and
is increasingly being performed in many
institutions. These protocols are associat-
ed with higher doses of ionizing radiation
compared with standard techniques [15].

The CT data can be acquired with ref-
erence to the electrocardiogram (ECG)
signal to provide images of each phase
of the cardiac cycle. This allows the ac-
quisition of multiple three-dimensional
(3D) images over time, so-called four-di-
mensional (4D) imaging. This, however,
significantly increases the dose of ioniz-
ing radiation compared with convention-
al static scanning [15]. The very fast and
complex movement of the aortic root dur-
ing the cardiac cycle can result in motion
artefacts in non-ECG-gated CT images.
These artefacts can mimic an intraluminal
flap and result in false positive and false
negative diagnoses (B Fig. 1). The use of
ECG-gated CT allows acquisition of mo-
tion-free images during each phase of the
cardiac cycle minimizing the risk of arte-
facts and it is an ideal imaging methods
for evaluation of type A aortic dissection
(B Fig. 2). In addition, the coronary artery
ostia and aortic valve function can also be
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assessed in the same scan [16]: ECG-gat-
ed CT can be used to assess branch vessel
patency but the field of view is typically
in the range of 30 cm in the head-foot di-
rection so more than one scan may be re-
quired, resulting in very high doses of ion-
izing radiation.

Intraoperative CT utilizes cone beam
reconstruction software and flat-panel de-
tectors to generate CT-like images from
rotational angiographic image acquisi-
tions. This modality can be performed
immediately in the operating theatre after
completion of the endovascular procedure
and offers the same benefits as CT imag-
ing in terms of image quality and ability
to reformat the image data in any plane
[17]. The most commonly used modal-
ity to assess the thoracic aorta following
endovascular repair is CT angiography.
Usually only a contrast-enhanced scan is
performed (omitting the non-enhanced
scan), which helps to reduce the dose of
ionizing radiation.

Magnetic resonance imaging

Magnetic resonance imaging has some
advantages over CT including superior
soft tissue contrast, the absence of ion-
izing radiation and the ability to depict
and quantify functional parameters [10].
Combining anatomical and functional
information in a single acquisition means
that MRI can provide a more comprehen-
sive evaluation of thoracic aortic disease
and is also an ideal modality for surveil-
lance due to the absence of ionizing radi-
ation, which is particularly important in
this young patient population. The most
commonly used MRI technique for both
preprocedural and postprocedural imag-
ing of the thoracic aorta is MR angiog-
raphy (B Fig. 3) [18]. Gadolinium-based
contrast agents are used, which are less
nephrotoxic compared to the iodinat-
ed agents used in CT imaging. In pa-
tients with very poor renal function these
agents have been associated with the de-
velopment of nephrogenic systemic fibro-
sis. In addition MRI has traditionally been
associated with relatively long acquisition
times and has therefore not been used in
the acute setting.

First pass MRI is routinely used to
measure false lumen thrombosis, where
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Abstract

Background. Undifferentiated chest pain is
one of the most common complaints in the
acute care setting. Type B aortic dissection is
an important cause of chest pain and a com-
plex clinical entity, which carries significant
morbidity and mortality and requires accu-
rate clinical and radiological evaluation.
Methods. Imaging technologies have be-
come an irreplaceable tool to establish the di-
agnosis of aortic dissection and to plan treat-
ment strategies. Computed tomography is an
important component in this process, replac-
ing catheter-based angiography as the most
commonly used preoperative and postoper-
ative imaging modality for the thoracic aor-
ta. The use of functional imaging methods,
such as magnetic resonance imaging and
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echocardiography is evolving. These methods
are able to provide the clinically relevant an-
atomical, hemodynamic and biomechanical
information that is necessary for accurate di-
agnosis, risk stratification and patient selec-
tion for treatment.

Conclusion. Advanced image acquisition
equipment and expertise are increasing-

ly available in a growing number of institu-
tions and as a consequence, existing strate-
gies for the management of type B dissection
are rapidly evolving.

Keywords

Computed tomography - Magnetic resonance
imaging - Chest pain - Aortic dissection -
Functional imaging

Zusammenfassung

Hintergrund. Der akute Thoraxschmerz
stellt eine der haufigsten Beschwerden in der
medizinischen Akutversorgung dar. Typ-B-
Aortendissektion ist eine wichtige Ursache
von Thoraxschmerz und ein komplexes kli-
nisches Krankheitsbild, das mit erheblicher
Morbiditdt und Mortalitdt verbunden ist. Tho-
raxschmerz erfordert daher eine prézise kli-
nische und radiologische Beurteilung sowohl
im akuten als auch im chronischen Stadium.
Methoden. Bildgebende Verfahren sind
heute unersetzlicher Teil der Dissektionsdi-
agnose und der Planung von Behandlungs-
strategien. Die Computertomographie (CT)
ist eine wichtige Komponente in diesem Pro-
zess und ersetzt digitale Subtraktionsangio-
graphie als das haufigste pra- und postopera-
tive Verfahren fiir die Bildgebung der Aorta.
Funktionelle Modalitaten, wie die Magnetre-
sonanztomographie (MRT) und die Echokar-

Moderne Diagnostik fiir Aortendissektion Typ B

diographie, entwickeln sich weiter und sind
in der Lage, die klinisch relevanten anato-
mischen, hamodynamischen und biomecha-
nischen Informationen, die fiir eine genaue
Diagnose, Risikostratifizierung und Auswahl
der Behandlungsstrategie notwendig sind,
zur Verfigung stellen.

Schlussfolgerung. Die notwendige tech-
nische Ausriistung und das Knowhow fiir
moderne Bildgebung sind in einer wachsen-
den Zahl von Institutionen verfiigbar, und die
derzeitigen Strategien fiir die Behandlung
von Typ-B-Dissektion entwickeln sich schnell.

Schliisselworter
Computertomographie -
Magnetresonanztomographie -
Brustschmerz - Aortendissektion -
Funktionelle Bildgebung

the image acquisition is timed according
to the arrival of the contrast bolus in the
proximal unaffected aorta and thrombosis
is assumed to be present when there is no
contrast agent in the false lumen. Recent
studies have shown, however, that the flow
rates in the false lumen are highly vari-
able and often very slow [5, 19]. A recent
study compared the amount of thrombus
detected with standard clinical first pass
MR and CT imaging with a new MRI
technique using gadofosveset trisodium

blood pool agent [13]. This study showed
that first pass MRI and CT overestimat-
ed the amount of false lumen thrombo-
sis by fivefold to sixfold. Imaging of the
blood pool can also be acquired without
the use of a contrast agent using an ECG-
gated and respiratory-navigated balanced
steady state free precession (SSFP) acqui-
sition. The use of MR ECG-gating of SS-
FP imaging has been shown to provide
better images of the proximal aorta com-
pared to contrast-enhanced MR angiogra-
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Fig. 2 A Computed tomography images acquired in the same imaging plane in a patient present-
ing with chest pain who had previously undergone endovascular repair of the descending thoracic
aorta. Image a was acquired at presentation and image b 48 h later. The findings in image a (arrows)
could represent artefacts or a new aortic dissection. At 48 h (image b) a clear dissection is seen in the
ascending aorta (image b arrow). In the presence of a high clinical suspicion two imaging modalities

should be used

phy because the latter technique does not
use ECG gating.

Phase contrast (PC) sequences can be
used to assess blood flow and velocity.
They can also be used to acquire 3D ve-
locity information (Vx, Vy, Vz) for each
voxel, within a 3D volume over time (also
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Fig. 3 <« Magnetic res-
onance angiography of
the thoracic aorta af-
ter endovascular re-
pair demonstrating
thrombosis of the false
lumen (A). The stent
graftis shown by the
arrow.

known as 4D PC-MRI). This acquisition
offers the potential to study aortic hemo-
dynamics, flow patterns and derived ves-
sel wall parameters, such as wall shear
stress. This technique can help to identi-
fy entry tears between the true and false
lumens and to stratify patients accord-

ing to the risk of aneurysm formation [5,
20]. Dynamic imaging can also be use-
ful to differentiate between dynamic and
static branch vessel obstruction. Balanced
cine-MRI slices can be used for this pur-
pose, which have high temporal and spa-
tial resolution and can be quickly acquired
in any plane.

Black blood sequences can be used to
assess the vessel wall, to evaluate hemato-
ma and thrombus in the aortic wall and
false lumen, respectively [12]. The 4D-
TRAK is a contrast-enhanced MR angi-
ography technique that can be used to ac-
quire multiple time-resolved 3D volumes
over time using image acceleration tech-
niques [21]. It can be used to acquire sev-
eral phases of contrast distribution, in-
cluding but not limited to the arterial and
venous phases. This technique can be
used clinically to characterize flow-related
phenomena, such as false lumen throm-
bus distribution and endoleaks: MRI is
now possible after endovascular repair
because the current generation of devic-
es are largely made of non-ferrous materi-
als, such as nitinol, which is MRI compat-
ible. There are some emerging molecular
MRI techniques to detect subclinical vas-
cular disease where the amount of elastin
in the aortic wall can be measured, which
has the potential to identify patients with
low levels of elastin at risk of aortic dila-
tation [22].

Ultrasound imaging

Ultrasound techniques have relatively low
spatial resolution compared with CT and
MR imaging but they can provide func-
tional information with high temporal
resolution. A high clinical index of suspi-
cion after a negative result from the first
diagnostic investigation may warrant sub-
sequent second or third imaging modal-
ities. Transthoracic echocardiography
(TTE) is useful in hemodynamically un-
stable patients because it is portable, rap-
id and the patient is still accessible during
the acquisition of the imaging data [10].
This modality provides a good assessment
of cardiac function, the aortic root and the
proximal ascending aorta. Signs such as
aortic dilatation, aortic regurgitation and
pericardial effusion can be immediate-
ly recognized and suggest the possibility
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Fig. 4 A Transesophageal echocardiography (TEE) imaging demonstrating the infolding and unwinding (arrows) of the inti-
mal flap at the level of the ascending aorta (a, b), and fluctuation of the intimal flap at the level of the descending aorta dur-
ing the cardiac cycle (c, d, e) (TL true lumen, FL false lumen)

of aortic dissection. The TTE procedure
is highly dependent on the operator for
both acquisition and interpretation of the
images, particularly in the acute setting
[12]. The overlying lungs may make views
of the descending thoracic aorta very lim-
ited. Focused cardiac ultrasound (FO-
CUS) compared with comprehensive ul-
trasound protocols can be useful for time-
sensitive assessment and in suspected aor-
tic dissection, aortic root size and valvular
function and the presence of a dissection
can be assessed [23].

Transesophageal echocardiography
(TEE) has a high accuracy for the diag-
nosis of aortic dissection and provides ex-
cellent anatomical and functional imaging
of the descending thoracic aorta (B Fig. 4;
[10, 24]). In type B dissections it can be
used to accurately recognized true and
false lumens, proximal and distal reentry
tears and can show the hemodynamic be-
havior of the intimal flap. Its main limita-
tion is that no images are acquired below
the diaphragm and because it is a semi-

invasive procedure sedation is required.
In the acute phase of a type B dissection
its main role is probably for intraoperative
assessment when endovascular treatment
is required [25]. The images can be used
to ensure the device is in the true lumen
and positioned to cover the dominant en-
try tears. False positives can occur because
oflinear reverberation images, particular-
ly in the ascending aorta. There are also
blind areas, which limit assessment of the
distal ascending aorta and proximal arch.
The adjunct of color Doppler can facilitate
identification of the true and false lumens.

Intravascular ultrasound (IVUS) in-
volves the use of a probe that is advanced
under fluoroscopic guidance. This tech-
nology is able to provide dynamic infor-
mation regarding the true and false lu-
mens and can detect false lumen throm-
bosis with higher sensitivity and specific-
ity than TEE [26]. The IVUS procedure
is especially useful to understand the pre-
cise mechanism of branch vessel com-
promise, evaluation of intramural hema-

toma and to identify the proximal entry
tear [27]; however, IVUS is invasive and
therefore its use in diagnosis and surveil-
lance is limited.

Positron emission tomography

Positron emission tomography (PET) is a
functional imaging technique that works
by measuring the distribution in the
body of the tracer F-fluorodeoxyglucose
(FDG). This is a glucose analog and has an
increased uptake in cells with a high meta-
bolic demand, such as inflammatory cells
and cells in areas of acute injury. The use
of FDG-PET scans, as well as higher res-
olution dual-modality scanning (PET/CT
and PET/MRI), can therefore detect areas
of inflammation and acute injury in large
vessels and organs and has several appli-
cations that are being developed in aor-
tic dissection. One such application is in
the assessment of dissection chronicity,
an important feature in deciding on treat-
ment as well as predicting outcome [4,
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28]. Acute dissections are associated with
higher levels of FDG tracer uptake com-
pared to chronic dissections. Other forms
of imaging are unable to accurately assess
this feature. The use of PET/CT scanning
has also been suggested to be potential-
ly valuable as a predictor of outcome in
aortic dissection [29, 30]. Greater levels of
FDG uptake in the dissected wall are as-
sociated with increased risk of poor out-
come (e.g. rupture of the aorta or contin-
ued progression of the dissection); how-
ever, studies carried out so far have been
of limited size and have not always shown
consistent results and further research is
needed in these areas to provide clearer
guidance. The PET/CT procedure is al-
so potentially useful in postoperative pa-
tients for the diagnosis of aortic stent graft
infections, a possible complication of tho-
racic endovascular aortic repair (TEVAR).

Conclusion

Imaging plays an important role in di-
agnosis, risk stratification and selection
of the appropriate treatment in patients
with thoracic aortic dissection. The de-
cision of which diagnostic technique
should be used depends on the availabil-
ity of these techniques in the emergency
situation and on local expertise. Future
imaging techniques in aortic dissection
should be used to detect early subclinical
pathological changes and to identify pa-
tients who would benefit from early in-
tervention.
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Viele Arzte sind Vorsorgemuffel

Viele Arzte neigen offenbar dazu, ihre
eigene Gesundheit zu vernachlassigen.
Unter diesem Gesichtspunkt haben nun
chinesische Forscher aus Taiwan zwei na-
tionale Krebsdatenbanken nach den sechs
haufigsten Tumordiagnosen auf der Insel
durchforstet. Dazu zéhlen Wucherungen in
Lunge, Darm, Leber, Mund- und Speiseréhre
sowie in der weiblichen Brust und im Gebar-
mutterhals. An solchen Tumoren erkrankten
zwischen den Jahren 1999 und 2012 ins-
gesamt 542 Arzte. Jedem der Arzte stellten
sie nun fiinf Nichtmediziner mit gleichem
Geschlecht, Alter und Wohnort und ahn-
lichem Einkommen gegeniiber (propensity
score matching).

Ahnliche Krebsstadien bei Diagnose

Wie sich zeigte, gab es in der Summe keine
grof3en Unterschiede bei den Krebsstadien
zum Zeitpunkt der Diagnose: Knapp neun
Prozent der Arzte hatten einen Stadium-
0-Tumor, die iibrigen Arzte verteilten sich
fast gleichmaBig auf die anderen Stadien;
signifikante Unterschiede zu Nichtmedi-
zinern wurden dabei nicht beobachtet.
Stadium-IV-Tumoren kamen bei Arzten zwar
tendenziell etwas haufiger vor, der Unter-
schied zu Nicht-Medizinern war allerdings
nicht signifikant. Auch eine Stratifizierung
nach Wohnort, Geschlecht oder Einkommen
der Studienteilnehmer ergab keine wesent-
lichen Differenzen. Arzte in sehr landlichen
Gebieten scheinen bei der Diagnose aber
seltener einen Stadium-IV-Tumor zu haben
als der Rest der dortigen Bevélkerung (16
versus 25 Prozent), allerdings war auch die-
ser Unterschied statistisch nicht signifikant.
Deutliche Unterschiede fanden die Gesund-
heitsforscher lediglich bei Frauen-bezoge-
nen Tumoren. So stellten sie bei Arztinnen
zum Diagnosezeitpunkt etwa zweieinhalb-
fach hdufiger ein metastasiertes Brust- oder
Zervixkarzinom fest als bei Frauen ohne
Approbation.

Arztinnen nutzen Vorsorge selten

Zwar gibt es in Taiwan seit dem Jahre 1995
ein Screeningprogramm auf Zervixkarzino-
me, dies wird offenkundig von Arztinnen
selbst aber kaum in Anspruch genommen.
Nach Umfragen nehmen auBBerdem nur

rund zwolf Prozent des weiblichen Medizin-
personals an Mammografie-Untersuchungen
teil, nur jede Zehnte geht regelméfig zu den
wichtigsten Krebsvorsorgeuntersuchungen,
berichten die taiwanesischen Wissenschaftler.
Auch in anderen Landern sind Arzte hiufig
Vorsorgemuffel. So haben Umfragen erge-
ben, dass zwar 60 Prozent der israelischen
Hausarzte die Vorsorge empfehlen, aber

nur jeder vierte selbst daran teilnimmt. Und
Studien in Kanada haben gezeigt, dass 40
Prozent der Arzte und Arztinnen in den ver-
gangenen fiinf Jahren keine Prostata- bezie-
hungsweise Brustkrebsuntersuchung bei sich
selbst haben machen lassen, wie die chine-
sischen Forscher berichten. Uber die Griinde
fir dieses Verhalten lasst sich nur spekulieren:
Moglicherweise ist die hohe Arbeitsbelas-
tung bei Arzten eine Ursache fiir solche
Nachlassigkeiten. Allerdings ware dann zu
erwarten, dass auch andere Berufsgruppen
mit einem vergleichbaren Einkommen kaum
Zeit fur die Vorsorge finden.
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