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« Tlpenopbku 3a 6bp3a AUArHOCTUKA U TepaneBTUYHO pelleHue

« TlopyepTaea XONUCTUYHUA NOAXOA, NPeACTABAUKM aOpTATA KATO
eAVH OpraH




OTIPEAENEHUE

"OcTtpuat aopteH cuHapom (OAC) e cbCTOSHUE, KOeTO Bb3HUKBA
Cnep PpasKbCcBAHE WU pasas3BaBaHe Ha CTeHATa Ha aopTara,
AOBeXAAWO A0 HABNU3AHE HA KpbB OT AOPTHUA JNyMeH B

aOpTHATA CTeHa UMM A0 pynTypa Ha Basa BA3Opym C MOCeABALLO
(POpMUpPaAHE Ha XeMaToM B CTeHaTa. MIHpnamaTopHUAT OTroBOp
MOXe Aa Aosede A0 AOPTHA Aunartaums u pyntypa.




TTATO2N3NONOTNS

IRAD study KuctuuHa meamanHa Hekposa
HepuumT Ha enacTuH

XunepToHus
*  ATepockneposa
*  HanpeaHana sb3pacT HCleI.lJeHO npou3soacTBO

* TlpenxopHw kapavo onepaumu enacTuH/konareH

.
G HapylueH enacTuumTeT Ha cTeHarta

*  MHpnamaTopHu npomeHu B
cTeHarta Ha Ao

+  BpoaeHu 3abonasaHus
° BBHLWHU PaKTOpU Quantitative Analysis of Aortic 4D Flow MRI: Reproducibility and Correlation with Growth

) Petter Dgn’crfeldtl‘:, I?Iichae.l D. Hopez. Monica Siguvnnl"‘. Jarrett Wrcnnl, David Saloner®
: Linkdping University, Linkdping, Sweden. = University of California San Francisco, CA, United States. - University of Lyon, Lyon, France

Introduction
3D cine phase-contrast magnetic resonance imaging (“4D Flow MRI™) permits quantitative assessment of anomalous
ions of aortic blood flow. Two hemodynamic parameters that have been used for this purpose is the wall shear stress
(W which is known to regulate endothelial cell function, and the normalized flow displacement from the vessel center,
which was recently shown to correlate with increased growth rates of ascending aortic dilation [1,2]. Analysis of these
hemodynamic parameters requires that a user 1) positions a 2D plane of interest in the volumetric dataset and 2) delineates
the contour of the vascular lumen in this 2D plane. We set out to assess the reproducibility of 4D Flow MRI-based estimation
of WSS and normalized flow displacement at these two critical levels of user-interaction. Furthermore, we assessed which of
the parameters correlate best with aortic growth.

Materials and Methods Observer . #1  Observer_ #2
25 patients previously studied with 4D Flow = 3
imaging were included. Previously reported

data on interval aortic growth was available for

each subject [2].

CMR welocity data from a plane perpendicular
to the ascending aorta just distal to the
sinotubular junction was collected
independently by two blinded reviewers, and
then separately segmented by two blinded
observers (sec Figure 1). Subsequently, the
following parameters were calculated:
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7.3.1 Large Vessels

The wall of large blood ves a circumfere ayered structure. The
internal thin intima is composed of the inner endotheliun and a subendothelial
tunica of connective ue. The endothelium is a monolayer of e helial ¢
supported at its abluminal surface by a basal lamina. The endothelium modula
wall structu
The i nal ¢ a (IEL) made of numerous azimuthal bundles of ¢
from the media. The fenestrated internal elastic lamina
y a quasi-uniform distribution of pores. Water and solu ire
ted through these f rag. 5 wd migrate via these po
The number of fenestrations is greater at branching points.
The middle muscular tunica — media — is
smooth myo

e, and pre \ .
s larger than that of 15 of similar s
ic circumferential band, i

The external 1) sists mainly of connective tissue with predominant
fibroblasts, some smooth myocytes, many macrophages, elastic fibers and predomi-
nant longitudinally arranged ibers. In larg s, the adventitia contains
nery ls — vasa vasorum, and possi rmphatic vessels. Media of arteries
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beBakey Stanford

; C?Hcai%if\lsg:: Ha - OCHOBGABA Ce Ha
Pa3nosioxeHue u peirafoete
Pa3NpocTpaHeHue

CmbpTHOCT 1-2% Ha Yac 3a Tmn A
75% 3a 2 ceammum; 90% 3a 30 aHu
TTpu ycnelwHa cBOeBpemeHHa Tepanus:
75% 5-roa npexuegaemoct

40-607% 10-rop npexmBaemocT Npu nNposeAeHa XupypruyHa
UHTepBeHLUUs
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OCTPA OVCEKALIMS (AD)

1-14 peH

HereHepauusa Ha meauata

3a60n19BaAHUATA HQ UHTUMATA He ca

NpeAnOCTABKA 3a pasBUTUE

Pa3kbceaHeTO BOAM A0 NPOHUKBAHE

HaQ KpbB Mexay UHTUMAaTa u

Ha O[]

meagmata

Aortic Dissection: Manifestation

of

a Diseased Media

Marfans (fibrillin) —
Ehlers Danlos IV (collagen)
familial TAA

severe hypertension !!!!
normal aging

\ >y

R
cystic medial necrosis’ (Erdheim)
* elastolysis (elastic & collagen fiber loss)
* mucoid degeneration

* smooth-muscle cell loss and
dedifferentiation

Elastic
Lamina

of Aortic B8

Wall

b

Fedak, P.. et al. Circulation 2002



OCTP AD

1" 14 .D.ZH Small PIT Circumferential PIT with 'pseudonormal’

' ' ascending aorta
['é/ :
Prolapse Intimal
P intus-
susception

Aortic dissection: Primary Intimal Tear (PIT)




OCTPA AD
1-14 peH

True versus False Lumen
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"typical’ TL collapse
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‘complex’

intimal-intussusception i
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MHTPAMYPATIEH
XEMATOM (IMH)

S )

PynTypa Ha Basa Baszopym c/y cnoHTaHHa Tpombo3a Ha
panwueua nymeH c/y TTAY

HAMA 2J10Y BbB 2ATILLUNBUL ITYMEHI!
Pyntypa - 35%
Mnaau nauneHTUu; XunepToHUYeH cTaTyc






LIMITED INTIMAL TEAR

« ulcer-like projections »
« limited intimal tear »

ESC Task force, Eur Heart J 2001;
AHA/ACC/ATS/ACR Guidelines, Circulation 2010

Chirillo F, Salvador L, Bacchion F, Grisolia EF, Valfre C,
Olivari Z (2007) Clinical and anatomical characteristics
of subtle-discrete dissection of the ascending aorta.
Am J Cardiol 100:1314-1319

Svensson LG, Labib SB, Eisenhauer AC, Butterly JR
(1999) Intimal tear without hematoma: an important
variant of aortic dissection that can elude current
imaging techniques. Circulation 99:1331-1336




TTEHETPHPALLA
ATEPOCKITEPOTUYHA 43BA
(PAV)

PynTypa Ha BbTpellHaTa enacTuyHa
NAaMUHa

XemaTom A0 HUBOTO Ha

aaBeHTUUMATA - NceBaoaHeBpusma

Bb3pacTHu naumeHTy;
aTepoCKNepoTUYEH CTaTyc




PAU

* YnuepaTtmeHa nnaka (38a B pamKuTe Ha
UHTUMATA)

« "XpoHuuHa a3ea” - peeHpoTenusmpaHa PAU

* ACUMETpUYHa aHeBpusmMa



* Pyntypa >42%
« TTepuonepatueHa cmbpTHOCT 7.1% - 25%
« HesponoruueH aepuumt >28%

Ascending Aorta
and/or Arch

Permanent
Symptoms

Emergency
QOperation

Surgical
Intervention
[2.3,14]

Descending
Thoracic
Aorta

Initial
Conservative
Treatment [10,11,186]

Elderly,
Co morbidities [21]

Elective
Endovascular
Repair [19,21]
Urgent
Endovascular
Repair [21]




TPABMATMYHA AOPTHA YBPE[A (TAI)

Heuenepauus, Top3uvs, paskbceaHe
NcTmyc, amacpparmaneH xmatyc

Acouuupa ce ¢ Apyru yespeau
OupekTHU uHAMpeKTHU benesu

KINNACU@NKALINSG:

Tun 1 - uHTUManHa yepeaa

Tun 2 - HTpamypaneH xemaTom
Tun 3 - ncespoaHespu3sma

Tun 4 - pynTypa

CmbpTHOCT >80%

E.L.Cullen, E.J.Lantz, C.M.Johnson et al; Traumatic
aortic injury: CT findings, mimics, and therapeutic
optionsCardiovasc Diagn Ther 2014;4(3):238-244



TPABMATUYHA AOPTHA YBPEOA (TAI)

—

« KT -93% uyscte; 86% cneund.
« AcouummpaHu yspeam

277

Tun 1 - uHTUMAnNHa yspeaa

Tun 2 - uHTpamypaneH xemaTom
Tun 3 - ncesaoaHespusma

Tun 4 - pynTtypa




TPABMATMYHA AOPTHA YBPE[A (TAI)

Recommendations for traumatic aortic injury

Recommendations

In case of suspicion of TAl, CT is
recommended.

If CT is not available, TOE should be
considered

In cases of TAI with suitable anatomy
requiring intervention, TEVAR should be
preferred to surgery.

TTpocnepssaHe:
* MDCT vs MRT




4TPOTEHHA AD vs AoInjury (IAD)
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TTPOTPECHA

Discriminating and Overlapping Features of Acute Aortic Syndrome
\
\\
Pathophysiology Classic \

Aortic Dissection \ Pathophysiology

- Degeneration of media : T
- Atherosclerotic process of intima

"_:
\ -

Aortic Dissection 3 re-can 1‘[i1 ation .
and Variants ntry figaled S I

[

i with hemorrhagic content

—k

Dissection-variant IMH
(Aortic Dissection, thrombosed type) '\

Limited
Intimal Tear
Aneurysm
ending Ruputre

with hemorrhagic content

- hemorrhagic content in the media
(Condition defined by radiological finding) +

\ - Degeneration of
\\\entire aortic wall by




HayaneH Ao auameTtbp u AebenuHa
HaQ XeMaToMa Kato NpeamuKTopu 3a
Bb3HUKBAHE Ha

yCnoxHeHue

GGC

Aneurysm
Remodeling Disection

Progression / \ -

<06 ®

Partial Total Stabilization
Reabsorption Reabsorption

Jae-Kwan Song, Outcomes of Patients With Acute Type A Aortic
Intramural Hematoma Circulation. 2009;120:2046
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YCINOXHEHWNA

HesaBucumo ot Hanpeabka B
NeKapCcTBeHOTO/ XUPYPruyHO neveHue

15-30% u3unckeat aonbHUTESTHO
XUPYPruvHU Hamecu

AoO aunarauua U pyntypa
TTporpecusHa Ao peryprutauus
OpraHHa mannepapysus
Heobpatuma ncxemms

28



YCNOXHEHNA

PynTtypa
TamnoHaaa
TTnespaneH usnus




YCNOXHEHNA

Ao peryprutaums (40-75%)

3acToviHa cbpaedHa HefoCTaTbYHOCT




YCNOXHEHNA

O6CTpyKUMA Ha KOPOHAPHU CbAOBE

ducekauma B aageHTULUMUATA Ha TTA

) ,
4 ‘ ‘ ‘
Indey: 21 A~ ¢ \ \ __e .




YCNOXHEHNS Tpombosu

HuctaneH mannepgpysmoHeH
CUHAPOM

— TN natural fenestration
A\ (reentry tear', if large)

uncompli-
cated

torn flap within branch /w

m -

£ AN/ stenosis

En A~

e diss. ext. into branch(es) /w
od v stenosis

29

§
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windsock in branch /w

v stenosis/occlusion

Operative techniques in patients with type A dissection
complicated by cerebral malperfusion; European Journal of
Cardio-Thoracic Surgery 46 (2014) 156-166




00 & MPEWKA TTIPU MHTEPTIPETALIMATA

+ TexHuuvecku
- TTyncmoHHu aptepaxkTm
- Streak apteqakTtu (I'TTB, devices)




00 & MPEWKA TTIPU MHTEPTIPETALIMATA

* HopmanHu Haxoaku
- Ductus arteriosus ausepTukyn
- NHpyHAUbYNYM Ha UHTepKOoCTanHa apTepus
» Intimo-intimal intussusception cpelwy Floating thrombus




KAK A OLEHNM? KAKBO OA PATTOPTYBAME?

Aocrtic dissection
Visualization of intimal flap

|dentification grading, and mechanism of aortic valve regurgitation
Involvement of side branches

Detection of malperfusion (low flow or no flow)

Detection of organ ischaemia (brain, myocardium, bowels, kidneys, etc.)

Detection of pericardial effusion and its severity
Detection and extent of pleural effusion
Detection of peri-aortic bleeding

Signs of mediastinal bleeding

Intramural haematoma

Localization and extent of aortic wall thickening

2

Co-existence of atheromatous disease (calcium shift)

—

..‘\fl',!.

Presence of small intimal tears
Penetrating aortic ulcer
Localization of the lesion (length and depth)

Co-existence of intramural haematoma

S
Y.

r

Invelvement of the peri-aortic tissue and bleeding
Thickness of the residual wall
In all cases

Co-existence of other aortic lesions: aneurysms, plagues, signs of
inflammatory disease, etc.




KO METOO?

Transthoracic =~ Transoesophageal = Computed
echocardiography echocardiography tomography

Magnetic
resonance
imagi

Aortic dissection = e T e
Intramural
haematoma
Penetrating ulcer

++ ++ +4+

+ b

Dissection entry -

Aortic
regurgitation
Pericardial effusion

Periaortic bleeding

Magnetic
resonance
imagin

Transthoracic Transoesophageal Computed
echocardiography  echocardiography  tomography

Availability +++ ++ +4++
Speed +++ ++
Portability +++ -

Tolerance +++ ++

Monitoring +++ ¥




Cardiovascular Surgery

Correlates of Delayed Recognition and Treatment of Acute
Type A Aortic Dissection

The International Registry of Acute Aortic Dissection (IRAD)

Kevin M. Harris, MD; Craig E. Strauss, MD, MPH; Kim A. Eagle, MD; Alan T. Hirsch, MD;
Eric M. Isselbacher, MD; Thomas T. Tsai, MD; Hadas Shiran, MD; Rossella Fattori, MD;

Arturo Evangelista, MD; Jeanna V. Cooper, MS; Daniel G. Montgomery, BS; James B. Froehlich, MD;

Christoph A. Nienaber, MD; for the International Registry of Acute Aortic Dissection

(IRAD) Investigators

attributed to atypical presenting symptoms.” Women are at
particularly high risk for mortality from dissection; thus,
earlier recognition is paramount. Second, patients with heart
failure, perhaps related to concomitant aortic insufficiency,
can lead clinicians down other diagnostic and treatment
algorithms, thereby delaying the true diagnosis. Third, a fever
at presentation, not a common symptom of dissection, may
lead to alternative diagnostic strategies.s!?

Other groups expenence delay in recogmtion and treat-
ment. Patients without pain of any type are typically not
diagnosed or treated as quickly. In fact, prior analysis
suggests that patients with painless dissection have a height-
ened risk.5 Patients with prior cardiac surgery have delayed
diagnosis and treatment.'* In fact, although 1 in 6 patients
with aortic dissection has had prior cardiac surgery, it may

be useful because >4.6 million Americans annually present
to emergency departments with chest pain. A strategy of a
low threshold for CT scanning would need to be balanced by
the potential harm resulting from long-term effects of radia-
tion and contrast-induced nephrotoxicity. Rapid diagnosis of
dissection is most likely when CT or echocardiography is part
of the diagnostic testing. In contrast, when magnetic reso-
nance imaging or an aortogram was performed, the diagnosis
was delayed, often significantly. In our series, the use of
magnetic resonance images, which are not widely available
especially on an emergent basis, likely represents cases in
which an alternative diagnosis was initially contemplated.?
Patients with aortograms as part of the testing regimen may
represent patients who are being evaluated for an acute
coronary syndrome that may be complicating a dissection.
Patients with normal initial studies are less likely to have a
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Visualization and Quantification of Blood Flow
in the Human Aotrta.
From in vivo 4D Phase Contrast MRI
to Subject-Specific Computational Hemodynamics

Umberto Morbiducci

4D Evolution of the Aortic Flow — Lagrangian Analysi

PET-CT
4D

Stress map computer models
Simulations
3D printing







