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ABSTRACT

Background: The MOMENTUM3 trial1 has revealed superiority of the novel HeartMate3 (HM3) left ventricular assist 
device (LVAD) compared with the HM2, with a significantly reduced occurrence of cerebrovascular accidents. Thus, cerebral 
autoregulation may be improved in HM3 compared with HM II patients, possibly because of altered microcirculatory 
haemodynamics associated with the in-built speed modulation (‘pulsatility’) of the HM3 device.
Methods: Angle-corrected Doppler ultrasound images of the middle cerebral artery (MCA) were recorded before and at the 
end of a 30s breathhold test in healthy controls (n = 17), heart failure (HF n = 18), HM2 (n = 10) and HM3 (n = 17) patients. 
Microcirculatory haemodynamics as represented by the central retinal artery (CRA) were also quantified (Controls = 33,  
HF = 27, HM2 = 23, HM3 = 31). Data were analysed for Time-Averaged Maximum flow velocity (TAMAX), peak flow velocity 
(Vmax), minimum flow velocity (Vmin), Pulsatility Index (PI) and Resistance Index (RI, Table 1).
Results: Breathhold significantly increased TAMAX, Vmax and Vmin in all groups except HM II patients (Figure 1A). 
Conversely, PI decreased slightly in all groups while RI was maintained. The greater breathhold response in HM3 compared 
with HM2 patients was not attributable to the in-built pump-speed modulation (Figure 1B), however, HM3 had a consistently 
lower RI in the MCA and CRA.
Conclusion: Although reduced compared with healthy controls, HF and HM3 patients have a significantly greater metabolic 
cerebral vasoreactivity compared with HM2 patients. The 60% greater diastolic flow velocity in the microcirculation of both 
LVAD groups compared to healthy controls may alter gas exchange in the microcirculation. Future studies should examine the 
role of altered RI in HM3 patients.

Table 1 | Haemodynamics in the middle cererbral artery (MCA) and the central retinal artery (CRA) between HeartMate2 and 
HeartMate3 patients 

Healthy 
controls  
(n = 33)

Heart failure  
(n = 27)

HeartMate II  
(n = 23)

HeartMate3  
(average)  
(n = 31)

HeartMate3 
(no speed 

modulation)  
(n = 31)

HeartMate3 
(with speed 

modulation)  
(n = 31)

Middle cerebral artery

TAMAX (cm/s) 58 ± 15 48 ± 13 45 ± 15 48 ± 19 48 ± 19 46 ± 18
Vmax (cm/s) 92 ± 22 78 ± 20 55 ± 19*# 55 ± 21*# 54 ± 21*# 55 ± 22*#

Vmin (cm/s) 39 ± 12 29 ± 11 37 ± 16 39 ± 14 44 ± 16# 32 ± 13
Pulsatility index 0.88 ± 0.18 1.05 ± 0.31* 0.40 ± 0.24*# 0.34 ± 0.14*# 0.21 ± 0.12*#$ 0.56 ± 0.24*#

Resistance index 0.57 ± 0.07 0.60 ± 0.11 0.29 ± 0.14*# 0.16 ± 0.09*#$ 0.17 ± 0.10*#$ 0.14 ± 0.09*#$

Central retinal artery

TAMAX (cm/s) 6 ± 1 5 ± 2 6 ± 3 7 ± 3 7 ± 4 6 ± 4
Vmax (cm/s) 12 ± 3 11 ± 6 8 ± 4* 8 ± 4* 8 ± 4* 8 ± 4*

Vmin (cm/s) 3 ± 1 3 ± 1 5 ± 2 5 ± 3 6 ± 3*# 4 ± 4
Pulsatility index 1.60 ± 0.45 1.42 ± 0.40 0.58 ± 0.26*# 0.49 ± 0.21*# 0.32 ± 0.17*# 0.79 ± 0.35*#

Resistance index 0.75 ± 0.09 0.70 ± 0.11 0.38 ± 0.15*# 0.22 ± 0.11*#$ 0.24 ± 0.12*#$ 0.20 ± 0.13*#$

*p < 0.05 compared with healthy controls; #p < 0.05 compared with Heart Failure; $p < 0.05 compared with HeartMate II.

*Corresponding author. Email: estohr@cardiffmet.ac.uk

https://doi.org/10.2991/artres.k.191203.003
https://www.atlantis-press.com/journals/artres
https://doi.org/10.2991/artres.k.191224.129
https://www.atlantis-press.com/journals/artres
mailto:estohr%40cardiffmet.ac.uk?subject=


 E.J. Stöhr et al. / Artery Research 25(S1) S142–S143 S143

Healthy controls
(n = 17)
HM2
(n = 10)

HM3
(n = 17)

Heart failure
(n = 18)

A
Breathhold:
p < 0.0001

Breathhold:
p < 0.0001

15

10

10
Breathhold  time (s) Breathhold  time (s)

20 30

5

0∆ 
TA

M
A

X 
(c

m
/s

)

∆ 
TA

M
A

X 
(c

m
/s

)

Interaction:
p = 0.02

−5
0

B

Interaction:
p = 0.98

15

10

10 20

HM3 beats WITHOUT added pulsatility
HM3 beats WITH added pulsatility
HM3 average

30

5

0

−5
0

Figure 1 | (A) Time-averaged maximum flow velocity in the middle cerebral artery of healthy controls and patient groups in 
response to a 30-s breathhold test. (B) Breakdown of the responses in HM3 patients, comparing beats with and without added 
pulsatility.
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