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Methods 
 
 
 
Echocardiography 

A comprehensive transthoracic echocardiographic assessment was performed in all patients 

(Edinburgh: iE33, Philips Medical Systems, The Netherlands. Quebec: iE33 or EPIQ, Philips Healthcare, 

Ontario, Canada) by dedicated research ultrasonographers. Careful attention was given in the 

assessment of aortic stenosis severity.  The left ventricular (LV) outflow tract diameter was measured 

in the parasternal long-axis view, at the insertion of the aortic cusps from the inner edge of the septal 

endocardium to the inner edge of the anterior mitral leaflet in mid-systole.  Left ventricular outflow 

tract velocity-time integral was measured in the apical 5-chamber view using pulsed-wave Doppler 

just proximal to the aortic valve, with care taken to obtain a laminar spectral tracing.  The peak aortic 

jet velocity and mean transvalvular gradient were derived from the aortic valve velocity-time integral, 

using continuous-wave Doppler. The highest aortic jet velocity and mean transvalvular gradient were 

determined in multiple acoustic windows using both standard S51 and D2cwc probes (Philips Medical 

Systems, Best, the Netherlands). The mean of 3 readings (5 if the patient had atrial fibrillation) was 

recorded.  Aortic valve area was calculated using the continuity equation.  The severity of aortic 

stenosis was assessed and classified according to the European Association of 

Echocardiography/American Society of Echocardiography guidelines.1  

 

Trans-mitral early (E) and late diastolic velocities, as well as, deceleration time of early filling velocity 

were measured at the tips of the mitral valve leaflets using pulsed-wave Doppler.  The mean early 

diastolic velocities of the medial and lateral mitral annulus (e’) were measured using pulsed-wave 

tissue Doppler imaging. Diastolic function was assessed as recommended in recent guidelines.2 
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Magnetic resonance imaging 

Magnetic resonance imaging was performed using both 1.5 and 3T scanners (Edinburgh: MAGNETOM 

Verio, Siemens AG, Erlangen, Germany; Quebec: ACHIEVA and INGENIA, Philips Healthcare, Best, the 

Netherlands or, Erlangen, Germany). Repeat imaging was performed using the same standardized 

protocols at each site. Short-axis cine images extending from the mitral valve to the left ventricular 

apex were obtained using a balanced steady-state free precession sequence (Edinburgh: 8-mm 

parallel slices with 2-mm spacing; temporal resolution 45ms. Quebec: 8 mm parallel slices with no 

gap). Typical parameters at 1.5T were FOV 380 mm, TR/TE 3.2/1.6 ms, flip angle 60º and NEX of 1, in-

plane spatial resolution of 1.6 x 2 mm. Equivalent acquisition parameters at 3T were FOV 380 mm, 

TR/TE 2.8/1.3 ms, flip angle 45º, and NEX of 1, in-plane spatial resolution of 1.7 mm x 2 mm, 7-mm 

slice thickness, 0-mm gap.  

 

Focal replacement and diffuse interstitial myocardial fibrosis was assessed in all patients using late 

gadolinium enhancement (LGE) and myocardial T1 mapping, respectively.  Late gadolinium 

enhancement was performed 15 min following gadobutrol (Gadovist, Bayer Pharma AG, Germany, 0.1 

mmol/kg [Edinburgh], 0.2 mmol/kg [Quebec]) using an inversion-recovery fast gradient-echo 

sequence performed in two phase-encoding directions to differentiate true late enhancement from 

artefact. The LGE imaging parameters at 1.5T were FOV 350 mm, TR/TE 4.5/1.3 ms, flip angle 15 º, 8-

mm slice thickness, in-plane resolution of 1.9 mm x 3.1 mm with an inversion time of 200 to 300 ms 

adjusted to null normal myocardium following gadolinium contrast administration. Equivalent 

acquisition parameters at 3T were FOV 350 mm, TR/TE 6.1/3 ms, flip angle 25 º, 8 mm slice thickness, 

in-plane resolution of 1.6 mm x 2 mm. The inversion time was optimized to achieve satisfactory nulling 

of the myocardium.  

 

Diffuse myocardial fibrosis was assessed using Modified Look-Locker Inversion-recovery with built-in 

motion correction. A heart beat acquisition scheme of 3(3)-3(3)-5 was used in Edinburgh (flip angle 
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35; minimum TI 100 ms; TI increment of 80 ms; time delay of 150 ms)3,4,5 whilst an acquisition scheme 

of 5(3)-3 was used in Quebec (with a post-contrast acquisition scheme of 4(1)3(1)2 used in patients 

scanned at 3T).6 A gradient echo field map and associated shim were performed to minimize off-

frequency artefact.   

 

Image analysis 

Ventricular volumes, mass and function were quantified using dedicated software (CVI42 (Circle 

Cardiovascular Imaging Inc., Calgary, Canada) by a single reporter (RJE) blinded to the scan time-point.  

Basal ventricular slices were included if >50% of the LV blood pool was surrounded by myocardium. 

Papillary muscles and minor trabeculations were included in the left ventricular mass measurements 

and excluded from the intracavity volume measurements as per Society for Cardiovascular Magnetic 

Resonance guidelines.7  

 

The left ventricular wall thickness was measured in each of the 16 myocardial segments (excluding the 

LV apex) and the maximum value recorded. Left ventricular longitudinal function was determined by 

measuring the difference in the distance between the mitral valve plane and the epicardial left 

ventricular apex in end-systole and end-diastole. The final value was calculated as the mean value of 

the recorded measurements in both 4-chamber and 2-chamber views. Left atrial volume was 

calculated using the bi-plane area-length method by tracing the endocardial LA contour in end-

ventricular systole in both 2 and 4 chamber long-axis views. 

 

The presence of mid-wall myocardial fibrosis was determined qualitatively by two independent and 

experienced operators (MRD and RJE).  The distribution of mid-wall fibrosis was described according 

to the standard 17-segment model recommended by the American College of Cardiology/American 

Heart Association.8 LGE was quantified in a semi-automated manner using a signal intensity threshold 

of >3 standard deviations above the mean value in a region of normal myocardium.9 Areas of inversion 
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artefact, infarct pattern LGE or signal contamination by epicardial fat or blood pool were manually 

excluded. Sub-endocardial LGE was also identified and quantified using the same analysis technique. 

 

T1 mapping analysis was performed using CVI42 (Circle Cardiovascular Imaging Inc., Calgary, Canada). 

Endocardial and epicardial contours were manually contoured on the native motion-corrected 

myocardial T1 maps with manual offsetting of the contours to avoid partial volume effects. The right 

ventricular insertion points were identified leading to automatic segmentation of the basal and mid-

ventricular slices. No analysis was performed on the apical myocardial segments as these are most 

susceptible to partial volume effects. These contours were subsequently copied onto corresponding 

20-minute post-contrast maps with minor adjustments made to avoid partial volume effects and 

artifact. Segments demonstrating mid-wall late enhancement were included in the overall T1 analysis 

whereas those containing infarct pattern LGE were excluded as per recent post-processing 

guidelines.10 The extracellular volume fraction (ECV%) was calculated according to: ECV% = partition 

coefficient x [1-haematocrit], where partition coefficient = [∆R1myocardium/∆R1blood-pool] and ∆R1 = 

(1/post-contrast T1-1/pre-contrast T1). This was calculated based on the average of the values 

obtained from the basal and mid ventricular segments. Hematocrit was sampled at the time of 

cardiovascular magnetic resonance imaging.  The indexed extracellular volume (iECV) in each patient 

was derived using the following: ECV% x left ventricular end-diastolic myocardial volume indexed to 

body surface area (using the Dubois formula), where left ventricular myocardial volume = left 

ventricular mass /1.05 g/mL.11,12 
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Supplemental Table 1: Baseline and Absolute Change in Markers of Left Ventricular Remodeling at 
2 Years in the Natural History Group and 1 Year in the AVR Group.  
 

 NATURAL HISTORY GROUP 
N = 50 

AVR GROUP 
N=27 

LV assessment 
Baseline 
values 

2-year 
absolute 
change 

P value 
Baseline 
values 

1-year 
absolute 
change 

P value 

Indexed left ventricular-end 
diastolic volume, mL/m2 

69±11 -2 [-8, 5] 0.058 68±16 -4 [-18, 6] 0.047 

Indexed left ventricular-end 
systolic volume, mL/m2 

15 [13, 22] -2 [-5, 3] 0.07 19 [13, 25] -3 [-8, 4] 0.22 

Indexed stroke volume, mL/m2 52±9 -1 [-6, 4] 0.47 48±9 -3 [-14, 4] 0.08 

Ejection fraction, % 75±9 0 [-4, 8] 0.15 73±9 1 [-5, 7] 0.77 

Left ventricular mass index, g/m2 72±17 5 [2, 12] <0.0001 97±23 
-18 [-26, -

7] 
<0.0001 

Maximum left ventricular wall 
thickness, mm 

12±3 1 [0, 2] <0.0001 15±3 -2 [-4, -2] <0.0001 

Mass/volume 1.06±0.28 
0.15 [0.02, 

0.29] 
<0.0001 1.50±0.35 

-0.17 [-
0.34, -0.07] 

0.02 

Longitudinal systolic function, mm 14±3 -1 [-3, 0.5] 0.0005 11±3 3 [-1, 5] 0.003 

Indexed left atrial volume, mL/m2 37±11 -1 [-7, 5] 0.79 36±11 -12 [-26, 0] 0.08 

Infarct late gadolinium 
enhancement, n (%) 

4 (8) 4 (8) - 3 (11) 4 (15) - 

Infarct late gadolinium 
enhancement mass, g 

8.2±4.9 0.6 [-1.8, 1.4] 0.94 4.8±2.8 0 [-0.8, 1.7] 0.72 

Mid-wall late gadolinium 
enhancement, n (%) 

10 (20) 10 (20) - 10 (37) 10 (37) - 

Mid-wall late gadolinium 
enhancement mass, g 

1.2 [0.5, 
4.5] 

2.6 [0.7, 6.0] 0.002 
3.6 [2.6, 

9.6] 
-1 [-1.4, 0] 0.14 

T1 mapping measures       

Extracellular volume fraction, % 26.6±3.4 0.1 [-1.0, 1.5] 0.89 26.9±2.5 
1.4 [0.8, 

4.0] 
<0.0001 

Total extracellular volume, mL 38±11  2 [4, 1] 0.001 50±20 -4 [-12, -1] <0.0001 

Indexed extracellular volume, 
mL/m2  

20±5 1 [0, 4] 0.001 27±9 -2 [-7, -1] <0.0001 

Echocardiography       

Peak aortic-jet velocity, m/s 3.13±0.73 
0.25 [-0.05, 

0.51] 
<0.0001 4.73±0.91 

-2.15 [-
2.78, -1.60] 

<0.0001 

Mean aortic valve gradient, 
mmHg 

23±12 4 [1, 9] <0.0001 54±25 
-32 [-48, -

26] 
<0.0001 

Aortic valve area, cm2 1.12±0.31 
-0.09 [-0.16, -

0.02] 
<0.0001 0.79±0.22 

0.70 [0.49, 
1.06] 

<0.0001 

Indexed stroke volume, mL/m2 42±7 -1 [-3, 3] 0.73 47±10 -2 [-8, 3] 0.028 
Mean systolic blood pressure, 
mmHg 

138±20 -3 [-12, 5] 0.06 143±21 -4 [-17, 12] 0.15 

Valvuloarterial impedance (Zva), 
mmHg/mL/m2 

3.99±0.97 
0.02 [-0.28, 

0.44] 
0.26 4.33±1.14 

-0.56 [-
1.39, -0.05] 

0.0004 

Mean e’, cm/s 7.58±2.07 
-0.10 [-1.17, 

0.96] 
0.33 6.05±2.01 

1.38 [-0.12, 
3.37] 

0.003 

E/e’ ratio 
10.9 [8.7, 

11.9] 
1.2 [-0.8, 2.5] 0.019 

12.9 [10.1, 
18.0] 

-1 [-5, 3] 0.56 
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Supplemental Figure 1: Absolute Changes in Aortic Valve Obstruction, Left Ventricular Hypertrophy 
and Diffuse Fibrosis in the Natural History and AVR Groups.   
Absolute change in measures was assessed at the time-point with the majority of patient follow-up in 
the Natural History (2 years, N=50) and the AVR (1 year, N=27) groups. As in the annualised change 
analysis, there is an increase in rate of progression of aortic-jet velocity, LVMi and iECV with increasing 
AS severity in the Natural History group. However ECV fraction does not change at 2 years. Following 
AVR, there is regression of both LVMi and iECV, and again consistent with the annualised change 
analysis, we see an increase in ECV fraction, suggesting that cellular hypertrophy regresses more 
quickly than diffuse fibrosis. 

 


	CORRESPONDING AUTHOR
	Russell Everett, MD
	Email: Russell.everett@ed.ac.uk
	Echocardiography

