Effects of Atrial Fibrillation on the Coronary Flow at Different Heart Rates:
A Computational Approach

Caterina Gallo, Luca Ridolfi, Stefania Scarsoglio

Politecnico di Torino, Torino, Italy

-

1
. .
- : Multiscale mathematical models |
1
1 ARTERIAL NETWORK 1
- I I
1
r__________________s_________________\ ("""""‘"""""‘ : :
1 Atrial fibrillation (AF) is the most common form of arrhythmia, : H Simulating AF ‘I i 1
I with an estimated number of 14-17 million patients in 2030 in | 1 g I : = 1D arteries :
: Europe only [1]. : : at 5 different mean heart rates (HR): : 1 @ 0D upper distal regions 1
. . . 1
i The AF-induced alterations can promote extra cardiovascular | 1 50,70, 90, 110, 130 bpm 1 : @ 0D lower distal regions I
. . R . . 1 1 1
y  disorders, 'apart 'from potential concom}tant pathologlc; which | I Each RR sequence forces the model. I 1 0D left heart :
: usually arise with AF (e.g. hypertension, valvular disorders, 1 1 1 : I
I 1 I I
| etc.). I I I 1
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: * The abnormalities of myocardial perfusion are possible in AF : : : | Fig: Scheme of the arterial network. Itis closed by the left heart and |
| patients, even in absence of coronary artery disease [2]. 1 1 I | theupperflowerbody capillary unils [3.4]. :
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1 * The relation between AF and coronary flow alterations is here : : : 1 LEFT CORONARY CIRCULATION :
: investigated, since a clear understanding on this topic is still 1 1 1 : al
i lacking. 'I : : 1 ST L, :
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1 Fig.3: 2000 fibrillated heartbeat periods (RR) at 50 and 1 1/ 1
: 130 bpm [6]. : I I
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1 Tab 1: (Columns IT and I1I) Mean values + standard 1 I
1 deviations and coefficients of variation (in brackets) of | 1 :
I RRyy and RRygq for each simulated frequency (50, | 1 i
_ I 70,90, 110, 130 bpm). (Column 1V) Ratio between | B Epicardum Siepcargun Wda Subamdsearaum
[ ——— 1 mean values of RRyjq and RRqys. 1 1 1
4 Fig.2: (a) 1D Lefi-coronary arteries included in the model. (b) 1
1 TR Tlieys Tlaw  Rlaia/Flsys 1 I i i
1 bpmi g W X " 1 Representation of the 0D model closing each coronary artery. Both 1
1 1 pml Dl il 1 o o 13
I I 30 0.4120.049 703 I I igures are extracted from [5]. I
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1 70 X 143
I Vsyszf Quap (t)dt : : W D . : l,________________________..\
1 RRsys 1 1 0] Oarenig - [ Tab 2: Mean values + standard deviations and coefficients of |
| 1 1 (0.061) 1 variation (in brackets) of Qmaxgia and Qmin for cach 1
: Via = f Quap(D)dt 1 1 130 n.?giogﬂw 0. 1(70151 ;)% 057 1 : simulated cardiac frequency (50, 70, 90, 110, 130 bpm) in AF. 1
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1 SV = Veys + Vaia I = ‘o tbpm]__ [mi/min] [mV/min] [m/min] :
1 — B N 1 1 50 4897+5.36  73.92+£7.07 -27.65+£3.54
Fig.4: vExamp]e of fibrillated left anterior CBF = SV X HR 1 I ©.11) (0.096) (0.13) 1
I descending (LAD) flow rate waveform. Qpazsys - - 70 56361065  86.7548.60  -28.06+3.03 1
I and Quuaxaiq are the maximal flow rates during the | CPP = PAy;, — EDLVP I 4 ©.19 0.099) 011 1
I systolic RRqy; and diastolic RRyjq periods, Qmin is I - 90 TLI1415.07  94.3049.70  -27.8643.92 1
I the minimum flow rate, Vyys (red) and Vg (blue)  * Aortic diastolic pressure i _ 1 021) (0.10) (-0.14) I
| are the blood volumes flowing through the chosen ~ ** End-diastolic left-ventricular pressure - 1 110 84.68+15.08 96.61£11.15 -27.49+3.81 1
| LAD section within RRyys and RRgiq. 1 PR d 1 (0.18) 0.12) (-0.14) I
£ - 1 130 S7.41£14.85 89.52+17.24 -25.93+538 i
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: CPP is often used in literature as a surrogate measure for myocardial | II ~ I of variation of Q and Q herease :
1 perfusion [7]. Thus, we are interested in verifying if it is possible to consider : ’ “ AN I . Tansys maxdia I
I CPP as a good estimate of CBF, even in AF. 'Y \\ 1 moving towards the high frequency range. Qmin 1
1 ’ 4 N |‘ remains almost constant with HR. 1
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1 % \ 1 1 Fig. 5: (2) Mean behaviours of SV (LAD stroke volume), Vyys (LAD I
1 04 \ 1 blood volume during RRgys). Vaia (LAD blood volume during I
1 ‘e 1 1 RRyiq)- (b) Dependence of CBF (coronary blood flow) on HR.. I
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1 * R 1 : In the range 50-130 bpm (Fig. 5a), SV decades with HR, Vs :
: EEEEEREEE] % @ 0 w9 2w : ll ; increases from 0.01 to 0.11 ml/beat, and V;q decreases from 0.57 1
® . A .
1 Pl ol I I I to 0.20 ml/beat. CBF (Fig. 5b) exhibits a non-monotonic :
Tab 6: (a-c) Scatter plots between CPP and CBF at a LAD section for different HRs, with the corresponding R-square 1 1 PN o) - .
: values. (d) R-square behaviour of the scatter plots between CBF and CPP with HR. : 1 1 behaviour: it grows of the 34% in the range 50-90 bpm, remains |
I I 1 | almost constant between 90 and 110 bpm, and reaches the :
| CBF positively correlates with CPP up to 70 bpm, but data become sparse II : maximum value (44.8 ml/min) at 110 bpm. For HRs higher than |
: and very low correlation is detectable for higher HRs (Fig. 6a-c). In fact, | h 1 110 bpm, CBF decreases up to 38.8 ml/min. 1
1 there is a dramatic drop of the R-square (R?) values with HR (Fig. 6d). : ] N\ o i o o
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2) Coronary perfusion begins to be impaired exceeding 90-110 bpm.

during the systolic and diastolic periods but it has a negligible effect on minimal flow rates, which
remain almost unaffected. Moreover, fluctuations around mean values of maximal flow rates become
more marked moving towards the high frequency range, with predominant systolic fluctuations up to
110 bpm and a progressive amplification in the diastolic oscillations from 50 to 130 bpm.

3) CBF positively correlates with CPP up to 70 bpm, but this correlation is lost at higher frequencies, when
data become sparse. Moreover, when HR is small enough (50/70 bpm) linear responses are possible even
in case of AF; however, at high frequencies (above 70 bpm) any form of linearity disappears. Therefore,
our results show that CPP cannot be considered a good estimate of CBF for high HRs in AF.

S

————— o -

[1] Zoni-Berisso M, Lercari F, Carazza T, Domenicucci S. Epidemiology of atrial
illation: European perspective. Clinical Epidemiology 2014:6:213-220.

[2] Kochiadakis GE, Kallergis EM. Impact of Atrial Fibrillation on Coronary Blood

Flow: A Systematic Review. Journal of Atrial Fibrillation 2012;5:458-462.

[3] Guala A, Camporeale C, Tosello F, Canuto C, Ridolfi L. Modelling and Subject-

Specific Validation of the Heart-Arterial Tree System. Anmals of Biomedical

Engincering 2015:43:222-237.

[4] Scarsoglio S, Gallo C, Ridolfi L. Effects of airial fibrillation on the arterial fluid

dynamics: a modelling perspective. Meccanica 2018;53(13):3251-3267.

[5] Mynard JP, Penny DJ, Smolich JJ. Scalability and in vivo validation of a multiscale

numerical model of the Ieft coronary circulation. American Journal of Physiology-

Heart and Circulatory Physiology 2014:306:H517-H528.

[6] Scarsoglio S, Guala A, Camporeale C, Ridolfi L. Impact of atrial fibrillation on the

cardiovascular system through a lumped parameter approach. Medical & Biological

Engineering & Computing 2014;52:905-920.

[7] Westerhof N, Stergiopulos N, Noble MI. Snapshots of Hemodynamics: An Aid for

Clinical Rescarch.

o
—



