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40 year old woman with murmur.
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Perform quantitative methods  whenever possible 

Severe  
MR

Mild  
MR

Specific Criteria for Severe MR 
• Flail leaflet 
• VCW  ≥ 0.7 cm or VCA ≥ 0.5 cm2 

• PISA radius ≥ 1.0 cm at Nyquist 30-40 
cm/s 

• Central large jet > 50% of LA area  
• Pulmonary vein systolic flow reversal  
• Enlarged LV with normal function

   EROA ≥ 0.4 cm2 
   RVol ≥ 60 ml ¶ 

   RF ≥ 50% 
MR Grade IV

Yes, severe

Moderate 
MR

Does MR  meet specific criteria for 
 mild or severe MR?

Yes, mild

**

**

≥4 Criteria 
Definitely mild

2-3 
criteria

2-3 
criteria

Intermediate Values: 
MR Probably Moderate 

≥4 Criteria 
Definitely severe

*

 3 specific criteria 
for severe MR or 
elliptical orifice

   EROA 0.2-0.29 cm2 
   RVol 30-44 ml 

   RF 30-39% 
MR Grade II

Specific Criteria for Mild MR 
• Small, narrow central jet  
• VCW ≤ 0.3 cm  
• PISA radius absent or  ≤ 0.3 cm at 

Nyquist 30-40 cm/s 
• Mitral A wave dominant inflow 
• Soft or incomplete jet by CW Doppler   
• Normal LV and LA size

   EROA < 0.2 cm2 
   RVol < 30 ml 

   RF < 30% 
MR Grade I

   EROA 0.30-0.39 cm2 
   RVol 45-59 ml 

   RF 40-49% 
MR Grade III

Zoghbi et al, JASE 2017

• Poor TTE quality or low confidence in measured Doppler parameters 
• Discordant quantitative and qualitative parameters and/or clinical data

Indeterminate MR 
Consider further testing: 

TEE or CMR for quantitation

* Beware of underestimation of MR severity in eccentric, wall impinging jets; quantitation is advised

** All values for EROA by PISA assume holosystolic MR; single frame EROA by PISA, VCW, and VCA overestimate non-holosystolic MR   

Chronic Mitral Regurgitation by Doppler 
Echocardiography

Cine-CMR

CMR For Valve Assessment

Phase Contrast CMR

Sequences Needed:

Shah. Curr Opin Cardiol 2012, 27:485–491

 
Simpson’s Rule  
Technique

CMR in casts of cadaveric 
hearts

• CMR volumetry validated:

– Animals

– In vitro

– In vivo

– Ex vivo


• Superior to ECHO

– Highly accurate

– Highly reproducible 

– Low intra-observer variability

– Low inter-observer variability


• LVEF: 2-7%

– Low inter-study variability


Pattynama PM. Radiology 1993;187:261–8. 
Semelka RC. Am Heart J 1990;119:1367–73. 
Stratemeier EJ.Radiology 1986;158:775–7.

Rehr RB.Radiology 1985;156:717–9

LVEF = (EDV-ESV)/EDV 
LVEF = (206–102)/206 = 50% 

Quantification of LV Stroke Volume:
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Quantification of RV Stroke Volume:

RV Stroke Volume = RVEDV (331) - RVESV (161) = 170 mL
Zhan et al, Journal American College of Cardiology, 2020.

Accuracy of CMR Derived Flow & Stroke Volume 
(SV) Measurements 

AO
LV

AO AO

• Strong correlation

– In-vivo


• LV SV in subjects w/out MR

• SV by Fick & thermodilution

• Doppler


– In-vitro

• Flow phantoms


Hundley WG. Am J Cardiol.1995;75:1250 –1255. 
Bogren HG. Am Heart J. 1989;117:1214 –1222. 
Chatzimavroudis GP. J Cardiovasc Magn Reson. 2001;3:11–19. 
Van Rossum AC. Eur Heart J. 1991;12:117–126. 
Kondo C. AJR Am J Roentgenol. 1991;157:9 –16.

Aff = 93 ml

80 ml

LVSV = RVSV = AO Flow = PA Flow

Conservation of Mass Principle
✦ What are the goals of CMR in valve assessment ? 

➡ Severity of lesion 
➡ Mechanism of lesion 
➡ Consequences of lesion 

✦ How does CMR compare to Echo 

✦ When to use CMR for valve assessment

OUTLINE:

www.med.uottawa.ca 

OUTLINE: 40 year old woman referred for 
evaluation of murmur.

https://www.google.com/url?sa=i&url=http%3A%2F%2Fwww.med.uottawa.ca%2Fpatho%2Feng%2FPublic%2Fcardio%2Flab3.html&psig=AOvVaw3viusH2FEEy_vphZS0djmJ&ust=1611259235692000&source=images&cd=vfe&ved=0CAMQjB1qFwoTCPim-cSmq-4CFQAAAAAdAAAAABAP


Mitral Reg Vol = LV stroke volume – Aortic forward volume  
Z = X - Y                         

X ml

Z ml
Y ml

70 ml

Aortic Flow 
Y ml

LVSV X ml

This technique is not affected by: 
1.  Presence of changing degrees of MR during systole. 
2.  Eccentric jets 
3.  Mobile mitral regurgitant jets.

Quantification of Mitral Regurgitation Severity: 40 year old woman referred for evaluation 
of mitral regurgitation noted on echo.

Aff = 93 ml

Mitral Reg Vol = LV SV – Aortic FF = 176 – 93 = 83 ml

Regurgitant Fraction (%) = MR regurg  vol / MV Flow = 83/176 = 47%

LVSV 176 ml

MR Regurgitant Volume & Fraction

✦ How does CMR assess valve regurgitation ? 
➡ Severity of lesion 
➡ Mechanism of lesion 
➡ Consequences of lesion 

✦ How does CMR compare to Echo for regurgitation 
assessment  

✦ When to use CMR for valve regurgitation

OUTLINE:

Posterior leaflet prolapse

Mechanism of MR:
Bileaflet Prolapse

Stork A.Eur Radiol (2007) 17: 3189–3198

Prolapse

Flail

CMR is inferior to TEE in 
depicting torn chordae.

Mechanism of MR:



✦ How does CMR assess valve regurgitation ? 
➡ Severity of lesion 
➡ Mechanism of lesion 
➡ Consequences of lesion 

✦ How does CMR compare to Echo for regurgitation 
assessment  

✦ When to use CMR for valve regurgitation

OUTLINE:

Mitral Regurgitation

Cawley.Circ Cardiovasc Imaging. 2013;6:48-57

CMR has good observer variability profile

31 AI, 26 MR; TTE/CMR same day; 2 readers

Aortic Regurgitation

Penicka, et al. Circulation. 2018;137:1349–1360

• Concordant Grading of Severity:  76% 
• Discordance: 24% 

1. Late Systolic Jet 
2. Multiple Jets 
3. Eccentric Jets

• 258 asymptomatic patients 
• Moderate or Severe MR by Echo 
• LVEF > 60%

Penicka, et al. Circulation. 2018;137:1349–1360

• Concordant Grading of Severity:  76% 
• Discordance: 24% 

1. Late Systolic Jet 
2. Multiple Jets 
3. Eccentric Jets

• 258 asymptomatic patients 
• Moderate or Severe MR by Echo 
• LVEF > 60%

Penicka, et al. Circulation. 2018;137:1349–1360

• 258 asymptomatic patients 
• Moderate or Severe MR by Echo 
• LVEF > 60%

Otto et al, JACC 2020.



✦ How does CMR assess valve regurgitation ? 
➡ Severity of lesion 
➡ Mechanism of lesion 
➡ Consequences of lesion 

✦ LV Enlargement 
✦ LV Dysfunction 
✦ LA Enlargement 
✦ Myocardial Fibrosis

OUTLINE:

LGE  fibrosis

Consequences: Regional Fibrosis in MVP

Danai Kitkungvan et al. JACC 2018;72:823-834

Danai Kitkungvan et al. JACC 2018;72:823-834

ARRHYTHMIC EVENTS AND MVP:
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3.83%

0.73%
0.23%

ARRHYTHMIC EVENTS 
(SCD, aborted SCD, or VT requiring ICD) 

p = 0.006

PATIENTS WITH MVP AND REPLACEMENT FIBROSIS 
HAD THE HIGHEST RATE OF ARRHYTHMIC EVENTS

Kitkungvan et al. JACC 2018.

TYPES OF MITRAL REGURGITATION

Abnormality of the 
myocardium NOT valve

Secondary MRPrimary MR

Mitral 
Regurgitation

Anatomic abnormality 
of the mitral valve Otto et al, JACC 2020.



Secondary MR

POSTERIOR LEAFLET TETHERING FROM INFEROLATERAL WALL INFARCTION

Prognosis in Ischemic Secondary MR Is 
Influenced by MRF and Infarct Size

Cavalcante et al, JACC Cardiovascular Imaging 2019 

Secondary MR

NONISCHEMIC SECONDARY MR
Mitral Regurgitant Fraction 41%

Mitral Regurgitant Fraction 10%

LVEF 22%

LVEF 51%

Secondary MR: Ischemic and Nonischemic

Tayal et al, JACC Imaging 2021

Tayal et al, JACC Imaging 2021

Patients with Secondary MR and no Scar had better prognosis



- Bicuspid aortic valve with severe 
AI( RV 80 ml, RF 50%) 
- Dilated LV 
- Normal LV and RV EF 
- Severely dilated aortic root (5.3 
cm at the sinus)  
- Moderately dilated ascending 
aorta (5.2 cm)

39 yr old with SOB:

Bicuspid AI

Otto et al, JACC 2020.

Zhan et al, Journal American College of Cardiology, 2020.

547 patients with functional TR 
Median FU 2.6 years

Tricuspid Regurgitation:

TR quantified by CMR is independently associated 
with mortality even after adjusting for clinical and 
imaging covariates including RVEF, MR severity, 
and PA pressures

Otto et al, JACC 2020.
@dipanjshah

• Technically difficult TTE

• Discordance between Hx, PE, 2D, 

Doppler findings

• Eccentric Regurgitant Jets

• Non-holosystolic Regurgitant Jets

• Multiple Regurgitant Jets (i.e. MR and 

AR)

• Determine the consequences of the 

valve lesion

– Quantification of LV volumes

– Quantification of LVEF

– Assessment of myocardial viability/scar

Conclusion:
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