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What phase contrast images look like 

Phase image Magnitude image 
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Paediatric considerations in CMR 

1. Complex malformations and post-operative changes 

2. Typical and atypical shunts 

3. High and turbulent flows 
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Technical details 

Retrospective ECG gating with free breathing 

25-30 phases 

Velocity encoding: Arteries: 150-200 cm/s, veins: 100-120 cm/s 
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Applications of phase contrast imaging 
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Information provided from phase contrast imaging 

1. Flow volumes 

2. Flow pattern 

3. Direction of flow 

4. (velocity) 
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Applications 

1. Assessment of flow direction 

2. Assessment of regurgitant fraction 

3. Assessment of shunt volume 

4. Assessment of pulmonary blood flow for calculation of pulmonary vascular 

resistance 

5. Assessment of aortopulmonary collateral flow 
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1. Assessment of flow direction 

Monvadi B  et al. Cardiovascular Applications of Phase-Contrast MRI. American Journal of Roentgenology 2009 192:3, 662-675  
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2. Assessment of regurgitant fraction 

2018 AHA/ACC Guideline for the Management of Adults With Congenital Heart Disease: A Report of the 
American College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines 
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RPA flow 
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2. Estimation of regurgitant fraction 

1. Pulmonary regurgitation: Backward flow/Forward flow 

2. Aortic regurgitation: (AOV forward flow - Qp)/ AOV forward flow 

3. Tricuspid regurgitation: RVCI-MPAf/ (RVCI -MPAf) + Qs 

4. Mitral regurgitation: LVCI - AAOf/ (LVCI - AAOf) + Qp 

Local practice, no 

established 

consensus 
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3. Assessment of shunt volume 

Qp/Qs 
(pulmonary blood flow/systemic blood flow) 
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Qs = QAAO 
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Qs = 

QSVC ( all the venous return from the upper body)  

+ QDAO (all the systemic supply to the lower 

body) 

 

(more reliable than direct 

measurement of AAO due to 

presence of turbulent flow) 
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Qpa = Qmpa 
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Qpa =QRPA + QLPA 

 

(more reliable than direct 

measurement of MPA due 

to turbulent flow and 

cardiac motion) 
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Example case 

● 12 year old girl with history of valve sparing repair of Tetralogy of Fallot 

● Previous echocardiography showed absence of residual left to right 

shunting 

● Follow-up cardiac MRI to assess: 

○ Ventricular volumes and function 

○ Pulmonary regurgitation  
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Qp = Q(RPA+LPA)  

 

RPA 3.2 L/min/m2 

LPA 2.8 L/min/m2 

 

Qp = 6 L/min/m2 

Qs = Q(SVC+DAO) 

 

SVC= 1.4 L/min/m2 

DAO = 2.5 L/min/m2 

 

Qs = 3.9 L/min/m2 
 

 

 

 

Qp / Qs = 1.6 
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Fenestration 
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Defect = 12 x 17 mm 

Fenestration 
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Retrospective analysis of all the follow up echocardiograms 
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Retrospective analysis of all the follow up echocardiograms 
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Fick Principle 

Thermodilution 

https://www.pcipedia.org/ 

4. Assessment of pulmonary blood flow for 

calculation of pulmonary vascular resistance 
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Limitations of the Fick principle 

The Fick principle requires measurement of 

- Haemoglobin 

- aortic and pulmonary artery oxygen saturations and partial pressures 

- oxygen consumption. 

Accumulation of errors due to multiple individual measurement errors 

Reduced accuracy in patients with large intra-cardiac shunts and high pulmonary 

blood flow  
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Thermodilution 

Teboul JL, Saugel B, Cecconi M, De Backer D, Hofer CK, Monnet X, Perel A,Pinsky MR, Reuter DA, Rhodes A, Squara P, Vincent JL, Scheeren 

TW. Less invasive hemodynamic monitoring in critically ill patients. Intensive Care Med. 2016 Sep;42(9):1350-9. 
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Use of CMR 

1. Direct measurement of pulmonary blood flow 
a. QRPA + QLPA 

b. Q (RUPV + RLPV + LUPV + LLPV) in cases of turbulence 

2. Catheter pressure measurement 

Muthurangu V et al. Novel method of quantifying pulmonary vascular resistance by use of simultaneous invasive pressure monitoring 

and phase-contrast magnetic resonance flow. Circulation. 2004; 110:826-834. 
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5. Assessment of aortopulmonary collateral flow 

Grosse-Wortmann L, Al-Otay A, Yoo SJ. Aortopulmonary collaterals after bidirectional 

cavopulmonary connection or Fontan completion: Quantification with magnetic resonance 

imaging. Circulation, Cardiovascular Imaging 2009: 2 (3): pp 219 – 225.  
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Perioperative management of APCs prior to Fontan 

completion 
The aortopulmonary collateral flow (relative to the cardiac index) correlated with 

- the duration of hospital stay (P = .02) 

- and pleural drainage (P = .03). 

Grosse-Wortmann, Lars et al. Aortopulmonary collateral flow volume affects early postoperative outcome 

after Fontan completion: A multimodality study. The Journal of Thoracic and Cardiovascular Surgery , 

Volume 144 , Issue 6 , 1329 - 1336 
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Qpa =QRPA + QLPA 

Qpv = QPVs 

QAPC = Qpv - Qpa 
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Workflow at SickKids 

1. MRI performed at Cardiac Diagnostic Imaging Unit 

2. Invasive angiography performed 

3. Flows derived from MRI 

4. Embolisation of collaterals if presence of significant APCs (~>50%) 
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Cardiologist 

Cardiothoracic 

surgeon 

Interventional 

cardiologist 

Radiologist 
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Limitations of phase contrast imaging 

1. Motion artefacts 

2. Partial volume artefacts 

3. Turbulence or stenotic jets 
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Future directions 

4D Flow 

Additional information on 

Wall shear stress 

Turbulent kinetic energy 

Vortex flows 

Pressure gradient 

4D flow MRI. Michael Markl et al. Journal of magnetic resonance imaging 

: JMRI 2012 
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Questions? 
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Thank you! 
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Appendix 
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Lotz J et al. Cardiovascular flow measurement with phase-contrast MR imaging: basic facts and implementation. Radiographics. 2002 May-

Jun;22(3):651-71 
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Powell AJ et al. Phase-velocity cine magnetic resonance imaging measurement of 

pulsatile blood 

flow in children and young adults: in vitro and in vivo validation. Pediatr Cardiol. 

2000; 21:104-110. 
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Commonly encountered flow patterns 

1. PAPVC 

a. Simple numbers game: Qsvc above Qsvc below 
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