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MRI — prednosti

* nejlepsi kombinace Casové-
prostorového rozliseni

* nejlepsi tkanoveé rozliseni
 zdravi neskodné vysetreni

* moznost volit libovolnou rovinu
vysetreni

* vyborné tolerovana kontrastni
latka

Nemocnice Podlesi a.s.

PHILIPS



MRI| — nevhodné indikace

» detekce regurgitacnich vad na A-V chlopnich
e detekce PFO Ci drobnych DSS
* detekce trombu v ousku LS

e schopnost vyloucit IE
 detekce kalcifikaci
* detekce a kvantifikace plicni hypertenze



MRI a PHT — moznosti

 kvantifikace plicni hypertenze — NE (katetrizace)
* odhad jeji zavaznosti (semikvantifikace) — NE (ECHO)

* detekce neprimych znamek PHT — ANO
(hypertrofie PK a jeji systolicka funkce —,zlaty standard”)



Smeér a kvantifikace toku

Metoda fazového kontrastu



Smér a kvantifikace toku

300 Stroke volume (ml)

| .4 ;
Forvard flow vol. (m1) | 35.7 Hospital
Backward flow vol. (ml) | 3.4
Regurgitant fract. (%) | 9.4
250 Abs. stroke volume (ml) |  39.1
Mean flux (m1/s) | 33.4
Stroke distance (cm) | 4.3
Mean velocity (cm/s) | 4.5
200 Vessel 1, slice 1
Nr Td Flux Area Area Mean Max. Min. Peak Vel
vel. vel vel vel. stddev
150 ms ml/s cm? pixels «¢m/s cm/s cm/s cm/s cm/s
1 0 7.8 7.3 475 1.1 10.7 -9.8 10.7 4.9
2 33 16.5 7.2 470 2.3 13.5 =-12.1 13.5 DD
3 6S 37.3 7.4 483 5.0 15.2 -12.0 15.2 6.3
100 4 98 132.8 7.7 498 17.3 34.7 -3.5 34.7 8.3
5 130 196.5 7.6 494 25.8 84.1 -23.3 84.1 24.5
6 163 208.5 7.3 475 28.5 113.1 -38.5 113.1 43.4
7 196 172.8 7.3 472 23.8 119.2 -59.5 119.2 S0.0
S0 8 228 139.1 7.6 4395 18.2 100.5 -57.8 100.5 45.4
9 261 103.5 7.6 495 13.6 83.0 -57.5 83.0 39.2
10 293 59.1 7.5 489 7.8 69.8 -48.1 69.8 33.5
1 326 -0.8 7.8 506 -0.1 49.1 -47.7 4%.1 26.0
12 358 -28.3 7.9 514 -3.6 31.8 -40.5 -40.5 19.2
0 13 391 -28.4 8.2 530 =3.9 23.0 -29.0 -29.0 13.2
14 424 -14.1 8.3 538 1.7 20.7 -18.5 20.7 9.6
15 456 -2.8 8.3 538 -0.3 16.5 -172.5 -172.5 7.3
16 488 3.0 8.2 531 0.4 12.3 -12.6 -12.6 4.9
0 100 200 300 400 S00 BO0 700 a0o 00 17 S21 2.5 8.2 532 0.3 10.8 -10.3 10.8 4.0
time (m3) 18 554 0.0 8.1 524 0.0 122 -8.8 12.2 4.3
19 587 =OxT 8.0 521 -0.3 11.8 -11.1 11.8 4.2
2 619 -4.0 8.0 520 -0.5 10.7 -12.0 -12.0 4.3
RR-interval: 968 ms from heart rate) 21 6852 -3.1 8.0 517 -0.4 10.1 -13.0 -13.0 4.9 PHILIPS

Metoda fazového kontrastu



Odhad zavaznosti plicni hypertenze

Aortic Stenosis
Discrete jet with core large
enough to measure

Tricuspid Regurgitation
Numerous, dispersed jets whose cores
are too small to measure

Bradlow WM, Gibbs JSR, Mohiaddin RH. Cardiovascular magnetic resonance in pulmonary hypertension. Journal of Cardiovascular Magnetic Resonance. 2012;14:6.



Detekce neprimych znamek PHT

Morfologické a funkcni zmény PK:

* hypertrofie/hmotnost myokardu PK
* velikost a systolicka funkce PK

* tvar a pohyb mezikomorového septa

Morfologické a funkcni zmeény plicnice:
e dilatace

* snizena pulzatilita

e zpomaleny prutok



Hypertrofie PK

* MRI norma: 2-4 mm!!
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60-lety pacient s
Fallotovou tetralogii s
tézkou stenozou
pulmonalni chlopné

Vitkovicka nemocnice a.s.




Hypertrofie PK

* vyrazna diskrepance mezi ECHO a MRI




Hypertrofie PK
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Hypertrofie PK

* je hypertrofie stény PK zpUsobena skutecné hypertrofii myokardu?

9.2 mm

Tukova infiltrace myokardu PK



Funkce a hmotnost prave komory

5 |

Schulz-Menger J et al. Standardized image interpretation and post processing in cardiovascular magnetic
resonance: Society for Cardiovascular Magnetic Resonance (SCMR). Board of Trustees Task Force on
Standardized Post Processing. Journal of Cardiovascular Magnetic Resonance. 2013;15:35.

Swift AJ et al. Diagnostic accuracy of cardiovascular magnetic
resonance imaging of right ventricular morphology and function in
the assessment of suspected pulmonary hypertension results from
the ASPIRE registry. Journal of Cardiovascular Magnetic Resonance.
2012;14:40.



Funkce prave komory

Control Moderate PH Severe PH

End-diastole

End-systole

Figure 1 Four-chamber and short axds views of a healthy subject, a patient with moderate PH and 2 patient with severe PH. The figure flus-
trates how the longiudinal dimension (from tricuspid annulus to apex (TAJ) and trarsverse dimensions (lom sepeum 1o free-wall (SF)) are determined.
Firstly, both In endrdiastole and end-sysiole, the left and righe lateral annubs-apex lines were drawn. Secondly, the insersection theough the centres
of these ines was drawn. SF dmensions were considered paraliel to this imsersecting iine. Thindly, RV endocardial contours were drawn 10 determine
the SF dimeraion at seven difiesent levels covering the whole RV findicased as apex-1 through base-7, with level mid-4 exactly halfway through the
AV The white ines in the short axis views indicate the insersections of the four-chamber views. RV = right ventricle, RA = right atrium, LV = left verr
tricle, LA = loft atrium, A = Apex, T = lneral triouspid annulus, $ = RV endocardial seprum, F = RV endocardial free wall
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Kind T et al. Right ventricular ejection fraction is better reflected by transverse rather than longitudinal wall motion in pulmonary hypertension. Journal of

Cardiovascular Magnetic Resonance. 2010;12:35.



Lokalizace poruch kinetiky
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Neprimé znamky PHT

Bradlow WM, Gibbs JSR, Mohiaddin RH. Cardiovascular magnetic resonance in pulmonary hypertension. Journal of Cardiovascular Magnetic Resonance. 2012;14:6.



Dilatace plicnice P s sano:

38.6 mm~ ./

* kmen plicnice £ 29 mm muzi, £ 27 mm
zeny
* pomér kmen plicnice / asc. aorta<0,9

Truong QA et al. Reference Values for Normal Pulmonary Artery Dimensions by Noncontrast Cardiac Computed
Tomography. The Framingham Heart Study. Circ Cardiovasc Imaging. 2012;5:147-154.



Dilatace plicnice
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Figure 1: Graph shows ROC curves for main PAD
used as a predictor of PH in group A patients. A PAD
cutoff of greater than 25 mm yielded sensitivity and
specificity of 86.4% and 41.2%, respectively.
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Figure 2: Graph shows ROC curves for main PAD
used as a predictor of PH in group B patients. A PAD
cutoff of greater than 31.6 mm yielded sensitivity
and specificity of 47.3% and 93.3%, respectively.

Alhamad EH et al. Prediction of Pulmonary Hypertension in Patients with or without Interstitial Lung Disease: Reliability of CT Findings. Radiology. 2011;260(3):875-883.
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Vitkovicka nemocnice

1::885.9 mm2

Pulzatilita plicnice

Vitkovicka nemocnice a.s.
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Pulzatilita plicnice

* pulsatilita <40 % — senzitivita 93 % a specificita 63 % pro diagnostiku
MPAP > 25 mm HG

* pulsatilita < 24 % — senzitivita 77 % a specificita 95 %
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Sanz J et al. Evalution of pulmonary artery stiffness in pulmonary hypertension with cardiac magnetic resonance. JACC: CARDIOVASCULAR IMAGING. 2009;2(3):286 —295.



I_G E Ischemic Nonischemic

A Subendocardial Infarct A Mid-wall HE
* Idiopathic Dilated = Hypertrophic « Sarcoirdosis
Cardiomyopathy Cardiomyopathy

Myocarditi Righ 1 « Myocarditis

el b = Right ventricular g
pressure overload (e.g.  ° Andcrson-Fabry
congenital heart discase. . Chagas Discasc
pulmonary HTN)

B Epicardial HE

B Transmural infarct O .
p N .
N

= Sarcoidosis. Myocarditis. Anderson-Fabry, Chagas Discasc

C Global Endocardial HE

= Amyloidosis, Systemic Sclerosis. Post cardiac transplantation

Shah et al. In: Edelman RR, et al., eds. Clinical Magnetic Resonance Imaging. 3rd ed. New York: Elsevier Press; 2005.



LGE

Group A Group B Group C
No LGE LGE-IP LGE-S

Swift AJ et al. LGE patterns in pulmonary hypertension do not impact overal mortality. JACC: CARDIOVASCULAR IMAGING. 2014;7(12):1209-1217.



LGE
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Figure 3 Contrast enhanced-CMR imaging and right heart catheterization were performed in 25 patients with PHT. Significant correlations between the extent
of contrast enhancement (DCE mass) observed at ce-CMR and various indices of RV structure, RV function and pulmonary haemodynamics are demonstrated.

Blyth, KG et al. Contrast enhanced-cardiovascular magnetic resonance imaging in patients with pulmonary hypertension. European Heart Journal. 2005;26:1993-1999.



LGE
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Swift AJ et al. LGE patterns in pulmonary hypertension do not impact overal mortality. JACC: CARDIOVASCULAR IMAGING. 2014;7(12):1209-1217.



MRI a prognoza
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MRI a prognoza
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van de Veerdonk MC et al. Progressive Right Ventricular Dysfunction in Patients With Pulmonary Arterial Hypertension Responding to Therapy. Journal of the American

College of Cardiology. 2011;58(24):2511-2519.



MRI a etiologie PHT

* Plicni arterialni hypertenze (PAH)

* Plicni hypertenze pfri postizeni levého srdce (PH-LHD)
* Plicni hypertenze pri onemocnéni plic nebo pri hypoxii
* Chronicka trombembolicka plicni hypertenze (CTEPH)

* Plicni hypertenze s neznamych pfric¢in/multifaktoridlni



MRI a etiologie PHT

 zobrazeni levého srdce - ANO
 zobrazeni plic — ANO

 detekce plicni embolie:

* angiografie plicnice — ANO

e perfuze plic— ANO

 ventilacni sken — NE (jen experimentalné)
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Figure 1. LAV Was Significantly Lower in IPAH Than in PH-HFpEF

Only 1 idiopathic pulmonary arterial hypertension (IPAH) patient had a left
atrial volume (LAV) =43 ml'm®. Dotted pink line represents the LAY thresholkd
of 43 mlim?. PH = pulmanary hypertension; PH-HFpEF = pulmonary hyper-
tension due to heart failure with preserved ejection fraction.

LA Volume by CMR Distinguishes Idiopathic From Pulmonary Hypertension Due to HFpEF. JACC: Cardiovascular Imaging. 2013;6(10:1120-1121.



PH a postizeni plic

* schopnost zobrazit plicni
parenchym, ale s vyrazné horsi
rozlisovaci schopnosti nez CT

* neni standardni soucasti popisu

Biederer, J et al. MRI of the lung (2/3). Why ... when ... how? Insights Imaging. 2012;3:355-371.



VIR angiografie plicnice

s pouzitim kontrastu:
* trojrozmeérna angiografie (3D CE — MRA)
* dynamicka angiografie (4D CE — MRA)

bez pouziti kontrastu:

* trojrozmeérny nabér dat za pouziti dechového navigatoru (3D BTFE WH)
* metoda fazového kontrastu (3D PC— MRA)



CE — MRA plicnice (3D)

PHILIPS

PHILIPS PHILIPS



Senzitivita CE — MRA x plicni angiografie

141 pacientu se suspekci na plicni embolii a abnormalnim perfuznim
skenem

* subsegmentarni plicni embolie — 40 %
e segmentarni — 80 %
 centralni nebo lobarni — 100 %

Oudkerk M et al. Comparison of contrast-enhanced magnetic resonance angiography and conventional pulmonary angiography for the diagnosis of pulmonary embolism: a
prospective study. Lancet. 2002;11;359(9318):1643-1647.



3D BTFE WH
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MR perfuze plic




MR perfuze plic

Fink Ch et al. Regional Lung Perfusion: Assessment with Partially Parallel Three-dimensional MR Imaging. Radiology. 2004;231:175-184.



/aver

1. MRI neni schopno semikvantifikovat plicni hypertenzi, pouze
detekuje jeji neprimé znamky

!

neni indikaci pro MRI diagnostika plicni hypertenze

2. MRI je obecné metodou az 3. volby pro detekci plicni embolie



/aver

e uvadet suspekci na PHT u MR vysetreni (morfologické zmény PK,
dilatace plicnice a jeji pulsatilita)

e ,zlaty standard” pro stanoveni objemu a systolické funkce pravé
komory (nizka interpersonalni variabilita méreni)

* napomaha urcit progndzu onemocneéni

|

* moznou indikaci je dlouhodobé sledovani pacientu s chronickou plicni
hypertenzi v tercialnich centrech



MRI| — moznosti

Table 35-1 Comparison of Cardiovascular Magnetic Resonance, Echocardiography and Right Heart
Catheterization for Characterizing the Right Heart and Pulmonary Artery

Cardiovascular Magnetic Right Heart
Parameter Resonance Echocardiography Catheterization
RV volumes ++4+ 44 +
RV ejection fraction —_— ++ +
RV stroke wvolume 44+ ++ +
RV mass +++ +
RV strain 444 4+
RV pressure + -+t ++++
RV remodeling (septal curvature) ++4 = ++
Tricuspid regurgitation 4 +44+ +
Miscellaneous (pericardial ettusion, +4 - ++ 4
pulmonary embaolism)
RA volume +++ ++
RA pressure ++ ++ 44
PA size +++ ++ +
PA distensibility - +
Quantitative lung tlow —_— + 1

PA, pulmonary artery; RA, right atrium; BV, right ventricle.
Source: Adapted from Benza R, Biederman R, Murali 5, Gupta H. Role of cardiac magnetic resonance imaging in the management of patient with pulmaonary
arterial hypertension. J Am Coll Cardiol. 2008;52:1683-14%2.

MANNING, W.J.; PENNELL, D.J. Cardiovascular Magnetic Resonance. 2nd ed., 2010. 643 p.



2015 ESC/ERS Guidelines for the diagnosis
and treatment of pulmonary hypertension

The Joint Task Force for the Diagnosis and Treatment of Pulmonary
Hypertension of the European Society of Cardiology (ESC) and the
European Respiratory Society (ERS)

Endorsed by: Association for European Paediatric and Congenital
Cardiology (AEPC), International Society for Heart and Lung
Transplantation (ISHLT)

5.1.8 Cardiac magnetic resonance imaging

CMR imaging is accurate and reproducible in the assessment of RV
size, morphology and function and allows non-invasive assessment
of blood flow, including stroke volume, CO, pulmonary arterial dis-
tensibility and RV mass.

In patients with suspected PH, the presence of late gadolinium en-
hancement, reduced pulmonary arterial distensibility and retrograde
flow have high predictive value for the identification of PH; however,
no single CMR measurement can exclude PH.**~*? In patients with
PH, CMR may also be useful in cases of suspected CHD if echocar-
diography is not conclusive.

Contrast-enhanced and unenhanced MR angiography have a po-
tential in the study of the pulmonary vasculature in patients with sus-
pected CTEPH, particularly in clinical scenarios such as suspected
chronic embolism in pregnant women, young patients or when
iodine-based contrast media injection is contraindicated.®”

CMR provides useful prognostic information in patients with PAH
both at baseline and at follow-up.®* %



Dekuji Vam za pozornost



