Aortic wave intensity analysis
using CMR and non-invasive central BP
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Study aim

In a population of healthy volunteers, we aimed to:

* Assess the feasibility of non-invasive aortic WIA

» gold-standard velocity and pressure assessments;
* sequentially acquired.

* Validate local wave speed against PWV.

e Understand the influence of age on WIA.



Wave intensity (WIA): data analysis

Healthy volunteers over age 18
Free of cardiovascular disease

n =206



Pressure (P) acquisition

(pre-scan)

Data preparation

foot-foot alignment

Wave speed estimation

Wave intensity analysis
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Velocity (U) acquisition

Velocity measured at each time
(100Hz at 60bpm)
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Wave speed validation vs PWV by transit time

Aortic arch

pulse wave velocity
(PWV-tt)

True aortic geometry

Resolution 9.2ms; 1.97 x 1.77mm?



WIA guantification: wave peak and timing

Initial compression wave (S)

Protodiastolic decompression wave (D)
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Results

 All subjects analysed
* Age 37 years (range: 21-73)

* BP >140/90mmHg: 17 (8%)

Data presented as mean+SD or median (IQR)

Baseline characteristics

n (female)
Age
BMI kg/m2
Weight (kg)
Body Fat (%)
Peak (VO,/ml/kg/min)

206 (101)
37(29-44)
2514
74+14
2619
3448



Results - Wave speed (c)

Wave speed PWV-tt (m/s)

3.4+1.2 vs 4.7£1.5

e Good correlation (r 0.6)
e c underestimates PWV

Pulse wave velocity (m/s)
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Results - sum of squares

Wave speed PWV-tt (m/s)

4.0+x1.5 vs 4.7+x1.5

 Stronger correlation (r 0.68)
* Less bias

Pulse wave velocity (m/s)

cSS— PWV (m/s)

Wave speed (m/s)
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Results — wave intensity analysis

Initial compression wave (S)
64 (49-87) W/m? Protodiastolic decompression wave (D)
601 ms 5.8 (4-7) W/m?
3205 ms

Backward compression wave (R) * Reflection index (R:S)
5.3 (4-8) W/m? 8% (6-12%)

190+4 ms

Measured at peak wave



Results — local wave speed vs age
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Results — S wave vs age
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Results — R wave vs age
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Results — Reflection index vs age
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Results — D wave vs age
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Results — multivariate linear regression

gov | Standadzed s | p
Swave -0.28 0.002
Rwave 0.19 0.049
_ 0.34 <0.001

-0.03 0.79

Male Mean
Heart rate Peak V02 arterial PWV-tt
gender
pressure
ap ns

1‘ S wave J

1‘ R wave N ns \l/ ™ ns
™ R:S J ns J N ns
1 D wave J ns T ™ ns



Conclusions

* Aortic wave intensity analysis is possible at scale.
* Patterns and magnitude are similar to invasive methods.
* Ageing results in increased reflected wave magnitude.

* Local wave speed is less biased using the sum of squares
method.
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* In 2015: wrote and submitted the grant application

e 2015-2017: acquired the data and coordinated the team

* CMR scans >300 scans myself
e Echo and CPEX >20 studies
* Consent, phlebotomy, BP, bioimpedance including storage

e 2017- present: analysed data

* CMR segmentation
* Matlab analysis- data preparation, alignment and waveform quantification

e Statistical analysis



Future Work

* Validation against:
 Diastolic function
* Ventricular systolic function
 Distensibiliity derived measures

* Reflected wave timing with age & sex differences

 Compare parameters in health against disease (Bariatric patients,
Hypertension, Anderson-Fabry’s disease, veteran athletes)

* |s ageing related to other physiological parameters eg. SVR



Age group

20-30
30-40
40-50
50-60
60+

77
58
47
18



Results — multivariate linear regression
hgev_ | stndaraiedp | p

Age is associated with:

-0.28 0.002

0.19 0.049
e Swave |, 0.34 <0.001
e R wave P -0.03 0.79

* Reflection magnitude ™ T

When accounting for
Heart rate

* D wave = Peak VO2i

Gender
Mean arterial pressure
Aortic arch pulse wave velocity

Increase S wave: Lower HR; Lower Age; Male sex; Higher MAP
Increase R wave: Lower HR; Higher Age; Female sex; Higher MAP
R:S wave: Lower HR; Higher Age; Female sex; Higher MAP

D wave: Lower HR; Male sex; Higher MAP

No paraeter influenced by local PWV



