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Influence of atrio-ventricular conduction on the statistical properties of
ventricular beat intervalsduring atrial fibrill ation
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Abstract: Atrial fibrillation is commonly described
by irregular eledrical excitations circulating in the
atria. Developing methodsto characterise and classfy
various kinds of atrial fibrillation is an important
task, sinceit allows oneto improve the diagnosis and
to support the coice of suitable therapies. While
most methods use invasive intraatrial measurements
by catheter eledrodes, one can obtain valuable
information also from the noninvasive surface ECG
by studying the statistics of ventricular impulses.
Such approach, however, requires a goal under-
standing of the mnduction of impulses through the
atrio-ventricular node. Based on a smple mnduction
model we study how the distribution of ventricular
interbeat intervalsisaffeded by the atrial fibrill ation.
Due to the nonlinear properties of the AV node, a
surprisingly rich pattern of behavioursis found, even
if thefibrill ation is characterised in terms of a Poisson
processwith only one characteristic fibrill ation rate.

Keywords — atrial fibrillation, fibrillation rate,
AV node, AV nodal recovery curve, refractory pe-
riod, conduction model, distribution of ventricular
interbeat intervals

Conduction model

We cdculate the sequence of ventricular resporses
to atrial excitations by employing the condiction model
proposed by Zeng and Glass [1], which reliesonthe con-
duction propertiesof the ario-ventricular (AV) node. The
timeit takesfor an atrial excitationto betransferredto the
ventricleisthe condictiontimeteon. Duringthistime and
the refradory period 6 following it, atrial impulses are
blocked. Ancther atrial impulse is conducted if it arrives
at the AV noce & atime larger than teon + 6. The time
interval between teon + 8 andthe next atrial i mpulse con-
ducted to the ventricle is the recovery time tyec.

Measurements reveded [2] that the conduction pro-
cess pedls up with the recovery time tiec. This effed is
described by the AV nodal recovery curve teon(trec) [3],
which in the smplest case can be expresed by a single
exporential relaxation with relaxationtime Trec:

teon = O + Be*trec/Trec.

@

Here o and a + 3 are the minimal and maximal condtc-
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tiontime, respedively. In the foll owing we define Ty as
our time unit (typicaly Tyec = 0.3 s2¢). The intervals be-
tween two atrial impulses (AA) are denoted by a and the
intervals between ventricular excitations (VV) by v.

Unfortunately, the statisticd properties of the arial
intervals have so far not been investigated in much detail .
Atrial signals, usualy obtained by abipadlar caheter elec
trode brought into the dria, are dmost uncorrelated and
exhibit aunimodal distributionwith a pe& at the inverse
fibrill ationrate of about 0.2 sec. However, measurements
at different places in the aria have shown that the arial
fibrill ation rate is nat unique. Thisis important since the
AV noceis an extended region, whose exad spedficaion
is dill under discusson. Thusitisnot clea presently how
the arial intervals arriving at the AV node ae distributed
in general.

In view of this limited knowvledge we here start with
the simplest model, where drial impulses are charac
terised by a Poison processwith an eff edive fibrill ation
rate f. Thedistribution of athenis

pa(@) = fe @ 0<a< .

@

Due to the absence of memory in the Poison process
the transition probability for thefirst condicted atrial im-
pulse to occur at a cetain time dter a ventricular ex-
citation is independent of the previous atrial excitation.
Hencethedistribution of the ventricular intervalsis given

by
pV(V) = /0 dtrecfe™ ftrec 5 (V— 6 —trec—tcon(trec)) . (3

By performing the integral in eg. (3) we obtain the fol-
lowing dstributions dependent on the parameter 3,

B<1: pu(v)=pzv), va<V (49)
P1(V) +p2(V), v1<V<Vva,

B>1: py(v) = { (4b)
P2(v), V2 <V,
wherevi =0+a+1+InB,vo=0+a+,
fefful fefoZ

pe(V) = Be i1’ p2(V) = T fe’ (40)

and u; < u are the positive roots of
gluy=u+pe=v-a-6. (5)
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Figure 1. Semi-logarithmic plot of the probability den-
sity py(v) for (@) B = 0.9 and (b) B = 1 (acwrding to
€g. (48)). The parametersare f = 3.3, 0 =0.1476 =0.2
(note that all times are given in unts of Tyec).

Note that the times v; and v, are the smallest posshle
interbed intervalsin the cases B > 1 and 3 < 1, respec
tively.

For large intervalsv, p(v) deceys exporentially,

pv(V) ~ fef(9+a)effv V—s 00,

(6)
Accordingly, the decay rate equals the fibrill ationrate f,
whil e the amplitude fef(6+9) containsinformation about
the condction parameters o and 6. The asymptotics can
be understoodfrom the fad that large intervals a are not
affeded by the detailed form of the AV nodal remvery
curve.

For small v, in contrast, the shape of py(v) is more
sensitive to the condiction parameters. Three diff erent
cases dependent on the values of 3 are obtained,

)

B<1: pv)= 1jﬁ — f[f((ll_[;)):ﬁ] (V—Vp)
+0((v—w)?), (79)
i fg' 2n-f
B=1: pu(v) = m*f B
+0((v—v)"?), (7H)
: 2B 1/2
B>1: py(v) = +0((v—v)?). (70

2(v—vy)

Considering the overall shape of py(Vv) even four dif-
ferent patterns of behaviour can be distinguished: (a)
For B < 1, py(v) monaonouwsly deaeases from a finite
value (cf. Fig. 1a). (b) For B =1, py(v) aso decas
monaonously but hasasquareroact singuarity for v— vy
(cf. Fig. 1b). (c) For B > 1 and f smaller than a aiticd
frequency fc > B/(B — 1) > 1 hasabehaviour asin case
(b) but in additionthereisadiscontinuowsjump at v = v,
(cf. Fig. 2¢). (d) For B > 1 and f > f. the behaviour is
the same as in case (c) but py(v) exhibits a minimum in
theintervall v; < v < v, (cf. Fig. 2d).

37

C
ol ©
S
S10°F .
164 \,
| | L | L |
v, 5 7Y, o 11
0 ‘ ‘
10+ (d) 7
4| -
S 10
2 8
10 7
1012 | ‘ \ \\,\ |
Vi 5 7V, 9 11

Figure 2: Semi-logarithmic plot of the probabilit y density
pv(v) for B =2, andfor (c) f =33 < feand (d) f =
8.3 > f¢ (acwrdingto eq. (4h)). The other parametersare
the same asin Fig. 1.

In view of the simplicity of the model the shape sensi-
tivity of the VV interval distributionis remarkable. More
redistic models may lead to an even richer behaviour.
Hencethereishopeto extrad important physiologicd pa-
rameters by a detail ed shape analysis of the distribution
of ventricular bea intervals.

It is clea that the distributions hown in figures 1,2
are not redistic. Measured distributions py(v) do nd
show a monaonows deaease but exhibit a maximum
close to the mean VV interval. However, such distribu-
tions can be obtained already by dight modifications of
the simple model studied above. For example, the re-
fradory period 6 does nat have aunique value in red-
ity but will fluctuate in time. Taking a uniform distribu-
tionin someinterval [6;, 65] to acourt for these fluctua-
tions, givesthemoreredistic distributionshownin Fig. 3.
These data were obtained by a simulation o the model
(an analyticd cdculation is also possble based on per-
formingthe average over the distribution of 6 in eg. 3).
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Figure 3: Semi-logarithmic plot of the probabilit y density
pv(Vv) for the condwctionmodel discus<ed in thetext, with
avariablerefradory period drawn from a uniform distri-
bution in the interval [1,2]. The parameters with unique
vauesare f = o = 3 = 1. Tyec iS Used astime unit.



Summary

We modelled distributions of ventricular interbed in-
tervals based on a simple model for the condwction o
eledricd impulses throughthe AV node. Irregular atrial
excitations arriving at the AV node were described in
terms of a Pois®on processwith arate f spedfying the
effedive arial fibrill ation rate. We foundthat the distri-
bution o VV intervalsdeca/s exporentialy with the rate
f andislargely unaffeded by the detail s of the condic-
tion processfor large VV intervals. By contrast, for small
VV intervals, the distributionis more sensitive to the AV
condtction parameters. We concludethat adetail ed shape
analysis of the VV distribution shoud alow one to ex-
trad important physiologicd parameters, both for the fib-
rill atory dynamicsin the aria andfor the AV condiction
processes. Further work in thisdiredion dfersaroutefor
abetter clasdfication o atrial fibrill ation.
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