g Contrast Enhanced MRA
CMR in Central -
«Gadolinium based contrast

vascular Imag i ng administered - first pass

“Imaging of entire 3D dataset can
Mohammed Chamsi Pasha, mp, Facc, FAsE be done in 15-25 seconds (single

Assistant Professor, Weill Cornell Medical College breath hOId)
Houston Methodist DeBakey Heart & Vascular Center 4 Advantages

Methafist = Large FOV
DeBakey Heart = High spatial resolution

& Vascular Center v WA {6 MEDICINES )
. 8 @ Methati = High SNR

High resolution 3D angio K-space Filling

«Ordering schemes
= Linear
= Centric

«Center : Image intensity
“Periphery : Fine detail

Methalist
I

7 H

Location of Information in k-space

| CEEID
. - e (D
S5, , [EnmRne
LY -

Center of k-space Periphery of k-space
basic image contrast edges, details

MRIquestions.com




Gadolinium contrast timing Timing Bolus

«Timing bolus «Test dose with 1-2 cc of contrast
«Fluoroscopic triggering and 20-30 cc of saline flush

= Automated «Measure transit time

= Manual «Time full bolus such that middle
“Time resolved part of infusion coincide with
center of K space

Methalist Methalis

Fluoroscopic Triggering Care Bolus

«Begin contrast infusion «Center of the k-

<When contrast arrives to the space is
vessel of interest, trigger 3D measured as

quickly as
sequence possible when

the contrast
agent reaches
the region to be
examined

Methalist
I

Time Resolved MRA

Test + Dynamic
METHOD s information about # ’
rana :

i 3

calculation) [ St R flow

« Lower spatial
resolution
Manual Triggering

. Operator views boke antval “ Acquires multiple
‘Bolustrak’
FLUOROSCOPIC ‘Carsbolus’ 3D data set every

cowe  ‘Fluoro-riggered MRA'
TNETHOD e few seconds (5-8)
(manual or R . Automated Triggering

automated) X -t ti -
Backoe ecioncH « Quter part of K.

“Smart-Prop’ space is sparsely
sampled

Methalist

JCMR 2012




VIBE - MRA

«Volume inter-polated breath
holding examination

VIBE

MRI measurement technique:
FLASH 3D imaging technique
with reduced data acquisition
time by using data interpola-
tion, or partial Fourier tech-
niques, or both, primarily for
dynamic contrast-enhanced
examinations of the abdomen.

Methalist

EKG gating

«Motion is worst at the aortic root
and along a mobile dissection
flap , typically 250-300 msec

Visualization techniques

«Maximal intensity projection

Methalist

JCMR 2012

2 19
80 720

ACQUISITION WINDOW

Raw
data

Maximum Intensity Projection
Ray-tracing algorithm

Projected
image

Ray-tracing parallel to projection direction -
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omparison of Methods for Aorta Choice of Imaging Modalities

[0 U
Universal availability Tissue characterization,
: 5 ; Short scan times aortic wall imaging
Ea = s b i Higher spatial resolution Dynamic imaging
Aortic arch dissection + + ++ ++ dissection
Descending aortic dissection + Tt ot e Less cost §I . ) .
S ” o e e Compatibility with enous imaging
LCCs i i i e ferromagnetic metals AV pathology
Intramural haematoma + e ++ +Ht N A .
ic ulcer ++ - et e Coronary evaluation Pts with iodine allergy
Involvement of aortic branches . ) ++ 2D/3D reconstructions 4D flow

Better for calcification Radiation free /
young/pregnant/ACHD
serial imaging

Methalist

Standard Anatomic Landmarks of the
Thoracoabdominal Aorta

Effaced STJ
Trileaflet AV

Anatomic Location

Aortic sinuses of Valsalva

2. sinotubular junction

3. Mid ascending aorta (midpoint in length between Nos. 2 and 4)

4. Proximal aortic arch (aorta at the origin of the innominate
artery)

5. Mid aortic arch (between left common carotid and subclavian
arteries)

6. Proximal descending thoracic aorta (begins at the isthmus,
approximately 2 cm distal to left subclavian artery)

7. Mid descending aorta (midpoint in length between Nos. 6 and
8)

8. Aortaat diaphragm (2 cm above the celiac axis origin)

Abdominal aorta at the celiac axis origin

Methalist
 Heart
Hiratzka.J Am Coll Cardiol. 2010;55(14):1509-1544 er

21

MRA Descending aortic aneurysm
Severe atherothrombosis

+«Diameter Is
Measured
Perpendicular to
Axis of Blood
Flow

“Double oblique
method

+Quter to outer




rtic Size Index Nomogram

Aortic size (cm)
BSA 35 40 a5 5.0 55 60 65 7.0 7.5 80
130 269 3.08 346 3.85 423 462 5.00 538 5.77 615
1.40 250 286 32 3.57 3.93 429 464 5.00 5.36 571
1.50 2.33 267 3.00 333 3.67 4.00 433 467 5.00 533
1.60 219 250 2.80 313 344 3.75 406 438 469 5.00
1.70 205 235 265 294 3.24 3.53 3.82 412 441 471
1.80 1.94 222 250 2.78 3.06 333 361 3.89 417 444
1.90 1.84 211 237 2,63 2.89 316 342 3.68 3.95 422
2.00 1.75 2.00 225 2.50 275 3.00 325 3.50 3.75 4.00
210 167 1.90 214 238 262 2.86 3.10 333 3.57 3.80
220 1.59 1.82 2.05 227 2.50 272 295 318 3.41 264
230 152 174 1.96 247 239 261 283 304 3.26 348
240 146 167 1.68 2.08 229 250 271 292 313 333
250 1.40 1.60 1.80 2,00 2.20 2.40 2,60 2.80 3.00 3.20

= low risk (~4% per y1)

= moderate risk (8% peryn)  2.75 cm/BSA

= severerisk (-20% peryr) 4 cm/BSA

Coarctation
Cine- CMR, non-contrast

“Discrete narrowing
at the juxtaductal
segment of the
descending aorta

+ Associations

HTN
Claudication

complex

Markers of significant
Coarac

«Reversal of intercostal flow

“Flow differential between
proximal and distal end of the
aorta

Methalist

Ascending aortic aneurysm associated with
Ascending aortic aneurysm . . * Marfan Syndrome
of degenerative etiology Bicuspid AV .
* other genetically mediated disorder
1 1 I

Class 1 * Class 1 + Class1_¥
Indic
Indication for urgent operative Indication for urgent operative op:dvacla:;orr;!fa%(a‘;’grer\r:nl
management management: «Size>4.4-50cm*
-Size>/=55cm - Size >/=55cm « Symptomatic
« Growth rate > 0.5cm / year * Growth rate > 0.5cm / year

« Symptomatic + Symptomatic

If associated with any of:
« Family history of dissection or unexplained sudden death

50-54 mm + Rapid growth progression of aortic dilatation
« Others (systemic hypertension, associated coarctation, female patient seeking
pregnancy)

245 mm If concomitant valve surgery Is indicated

Hiratzka. J Am Coll Cardiol 2016;67:724-31
Erbel. European Heart Journal (2014) 35, 2873-2926
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3D-MR angiography

Acute Aortic Syndrome (AAS):

Spectrum of Related Entities Characterized by Disruption of the
Aortic Wall

Sheikh. Circulation. 2013;128:1122-1127




Acute aortic syndrome

Role of Imaging in Aortic
Dissection

8] Pathogenesis of acute aortic syndromes

Aortic dissection

@) Formation:
entrance
@ pissection

Ascending—
aorta

Intramural hematoma

@ Ruptireof
vasa yaso

Penetrating aortic ulcer

@ Ulceration
atherosclerotie

«Determine extent of
dissection

«Dimensions of aorta,
“branch vessels
«Viability of solid

« Life-threatening
complications of
dissection:

= Pericardial hemorrhage
and tamponade
Mediastinal hemorrhage
Acute aortic valve

Intimal flap

organs.

insufficiency
Coronary artery & carotid
artery dissection

End-organ malperfusion
syndromes

Methalist

Mussa. JAMA. 2016;316(

Aortic Dissection Type A Dissections Do Occur at Small Sizes

Classification: 2 Systems

Classification of acute aortic syndrome
Stanford A Stanford B
L ffecting the ascendi L ffecting the
descend: only

Pts with certain
genetic
yndromes &
abnormal
tissue
morphology

with
of the descending aorta

DeBakey | DeBakey Il
Ascending and Ascending
descending aorta aorta only

DeBakey Il
Descending _Leit
aortaonly  subclavian

lila
Affected

diaphragm

Aortic

hiatus
1iib
Affected
region
extends
below
diaphragm

29 30343539 4044 454 5054 5559 6064 6569 270

Ascending Diameter (cm)
Methalist
PeBakey Heart
& ¢

I Aeced regons Metholist
Bel
&

Pape LA. Circulation 2007;116:1120 -7.

CT/CMR Gold Standard for
Diagnosis

Treatment Recommendations

Table 2. Repor of Diagnostic Tools for Acute Aortic Syndrome” ables, fons forAalia
" . AlARSs ACCE/AHA/ARTS/ACR/
- Studies,  Patients, o ———— ASA/SCA/SCA/SIR/
Diagnostic Tool' No 3 ‘Threshold Sensitivity __ Specificity Stanford Type. STS/SVM 201055 Level (Grade)® ESC 201455 Level (Grade)® This Review Level (Grade)?
c? 1 49 (150603 1663 100 Aortic Dissection
- A Open surgical procedure 1 (B Open surgical procedure 1 (B) Open surgical procedure 1 (B)
MR2>31 3 116 95.0-100  94.0-98.0 . pensurgicatp ® pensurgicat ® pensergical ®
17.07.20,30,32.33 : g

TEEM . s 26.0:100 20.0:100 Complicated® Surgical procedure® 1(8) TEVAR o TEVAR 1o
ES 2 23100 20 Uncomplicated®  Medical therapy 1® Medical therapy or TEVAR 1(C)or 1A (8) _ Medical therapy or TEVAR 10 or A (€)
Intravascular 1
Intravasculer Intramural Hematoma
D-dimer?7-4? 6 >05-07pg/ml  517-100  32.8-89.2 &
e R o Complicated: Open surgical procedure  11A () Open surgical procedure  1(C) Open surgical procedure  11A (C)
products® of healthy patients (99.1-100) Uncomplicated®  Not mentioned Not mentioned Medical therapy 1A(©
MMP 8/9%* 1 >3.6 ng/mL. 100 9.5 B

(93.2-100)  (3.9-18.5) Complicated® surgical procedure® A (Q) TEVAR A (C) TEVAR A(Q)
Smmyg;‘l:‘hrg;‘j;lﬁhm“ z Rl o O Uncomplicated®  Medical therapy 16 Medical therapy 10 Medical therapy 1A

Soluble lectin-like >150 pg/mL 89.5 943

oxidized LDLR 1%
Methalist
ar

Methalist
it

electrocardiographic gating is crucial for reducing motion artifact,
v:m- particularly in the aortic root, ascending aorta, and proximal arch




Table 8. Suggested Follow-up of Aortic Pathologies

After Repair or Treatment CMR in Aortic Dissection

Pathology Interval Study

Acute dissection Before discharge, 1 mo, 6 CT or MR, chest plus
mo, yearly abdomen TTE

Chronic dissection ~ Before discharge, 1y, 2to  CT or MR, chest plus
3y abdomen TTE

Aortic root repair  Before discharge, yearly TTE

AVR plus Before discharge, yearly TTE
ascending

Aortic arch Before discharge, 1y, 2to  CT or MR, chest plus
3y abdomen

Thoracic aortic Before discharge, 1 mo, 2 CXR, CT, chest plus
stent mo, 6 mo, yearly abdomen
Or 30 days*

CMR Sequences: Bright/dark blood, Cine SSFP, MRA, time
resolved, VIBE

Acute IMH/PAU Before discharge, 1 mo, 3 CT or MR, chest plus Noncontrast and contrast sequences
mo, 6 mo, yearly abdomen are recommended by the SCMR as part of a standard thoracic
scular Center 0 :1509-154 & MRA protocol

Dynamic CMR Imaging
.Aortic Dissection

«Smaller «Larger
«Qval in «Crescent shaped

configuration «Extends along the
+Hugs inner curve outer curve of
of the aorta aorta

+Rarely thrombosed -« Often thrombosed
«Faster flow «Slower flow

«Antegrade flow “Retrograde flow

IMH: CMR Findings
T2-weighted imaging — High signal

Methalist Methalist

Stein. Radiol Clin N Am 52 (2014) 195-217




Aortic thrombus

Methalist

Non contrast
3D SSFP
«Allows visualization of
background tissues

“Does not require intravenous
contrast agents

“Not dependent of accurate
timing

«Useful for coronary imaging, and

Multimodality Imaging of Thoracic
Aortic Diseases in Adults

Nicole M. Bhave, MD,* Christoph A. Nienaber, MD," Rachel E. Clough, MD.” Kim A. Esgle, MD"

GUIDELINES AND STANDARDS

Multimodality Imaging of Diseases of the Thoracic
Aorta in Adults: From the American Society
of Echocardiography and the European Association
of Cardiovascular Imaging
Endorsed by the Society of Cardiovascular Computed Tomography
and Society for Cardiovascular Magnetic Resonance

MD,

Thoracic aortic aneurysm:
Optimal surveillance and treatment
Methalist

CCIM 9/2020 JACC imaging 2018

Methalist

T1 600 msec, Thrombus
imaging

Resolution 1 x 1 x 1.5 mm
Acquisition time 10-15 minutes

Shea SH. T MRL 2002 1S(5)597-602.

—— . I

coronary stand-still

Ema

i-pasha@h tonmethodis

Twitter: @ChamsiPash

LEADING
HEART & VASCULAR CARE




QISS (Quiescent-Interval single shot)

Knees to toes How it works

«ECG-triggered, single-shot 2D

acquisition of one slice per
& In'plane saturation to suppress Saturation ofVénous Inflow

background tissue and a

tracking saturation pulse to

suppress venous signal prior to

a quiescent inflow period.




