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Atrial Fibrillation: A New Look at an Old Arrhythmia* 

FR lTS L. MEIJLER, MD, FACC 

Utrecht, The Netherlands 

At a Jecture on "Sir J ames Mackenzie and atrial fibrillation " 
given at the Royal College of General Practitioners in 1980, 
Sir John McMichael (1) disclosed the contents of Sir Thomas 
Lewis' sletter to Mackenzie of February 21, 1921. The 
opening paragraph of that letter runs as follows: 

" My dear Mackenzie , 
I have read your letter with close attention. May be I am 

wrong, may be not , on this matter of digitalis and its 
action on the vagus. My position is that the pure action 
through the vagus is not proved; and thai it can be 
contended that the main action in tibrillation is a direct 
one on the muscIe . I am not dogmatic about it; but say 
simply th at the mode of act ion is subject to contention 
still , and that such being the case it does not sufficiently 
support your main thes is .... " 

This citation clearly demonstrates that more than 60 years 
ago, the action of digitalis on atrial fibrillation was already 
the subject of dispute (2). We have still not solved the 
problem. 

Atrial fibrillation is one of the most common cardiac 
arrhythmias . Nevertheless , ever since its first description in 
1903 by Hering (3), it has remained an enigma for phys
iologists and clinicians alike. For instance, atria I fibrillation 
as an electrophysiologic phenomenon is still poorly under
stood and the cause and nature of the irregular ventricular 
rhythm cannot be satisfactorily explained from our knowl
edge of atrioventricular (A V) junctional structure and func
tion. Moreover, the real site or sites of action of drugs like 
digitalis and quinidine need further elucidation. 

From a clinical point of view, it is of interest that atrial 
fibrillation presents itself in a rather wide variety of (he art) 
diseases and occurs even in apparently norrnal persons. Atrial 
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fibrillation almost predictably occurs in advanced stages of 
mitral stenosis or mitral insufficiency, but right atrial ab
normality mayalso give rise to it. It furthermore is a weil 
known complication of hyperthyroidism and coronary heart 
disease (4). 

Although Hering 's first description of what we call atrial 
fibrillation today was made before the era of electrocardi
ography, it is now an electrocardiographic diagnosis . Fi
brillation has been defined by a World Health Organizationl 
International Society and Federation of Cardiology Task 
Force as an irregular, disorganized electrical activity of the 
atria or ventricles (5). In atrial fibrillation, P waves are 
absent and the baseline of the electrocardiogram consists of 
irregular waveforms that continuously change in shape, du
ration amplitude and direction . In the absence of advanced 
or complete block , the resulting ventricular response is to
tally irregular (random). 

Causes of Fibrillation 
Why does a heart fibrillate? At least two factors seem to 

play a dominant role in producing fibrillation in atrialor 
ventricular myocardium (6) : 1) the total number of myo
cardial cells involved, and 2) the (in)homogeneity of the 
electrical properties of those cells . 

It is weil known from animal experiments that small 
hearts do not easily fibrillate. For instance , a rat heart hardly 
ever shows ventricular fibrillation, in a rabbit it may occur 
but it is still rare and in the dog it can be provoked fairly 
easily. Thus the larger the heart , the easier it is to obtain 
ventricular fibrillation. In this aspect, it is important that 
cardiac muscIe is composed of individu al cells th at in all 
mammals (mouse through whale) are rather uniform in di
ameter (7). This implies th at the left ventricIe of a rat, for 
instance, contains a fraction of the number of cells present 
in a human left ventricIe. The extensive subendocardial or 
intramural conduction tissue in the ventricles of larger hearts 
not only guarantees a shorter total excitation time than sug
gested by the size of the heart , but also contributes to the 
synchronism of the excitation process of the free wall and 
sept urn (8). 

If we assume that the same basic principles found in 
ventricular fibrillation play a role in atrial fibrillation, then 

0735-1097/83/$3.00 



392 EDITORlALS 

indeed a certain number of, or a certain inhomogeneity in , 
electrical properties of the atrial cells is required to produce 
atrial tibrillation (9). The more cells present , the less in
homogeneity is needed; the fewer cells available, the more 
inhomogeneity has to be present. There is, as it were, a 
trade-off between the number of cells and their electrical 
properties . 

Random Ventricular Rhythm 
The ventricular response in atrial tibrillation is ultimately 

the result of the quality, number and sequence of the atrial 
impulses that reach the A V node and of the electrophysi
ologic properties of the A V junctional tissue (10). The ven
tricular rhythm in atrial tibrillation can be studied by means 
of serial autocorrelograms and histograms, provided that a 
sufficiently large number of successive RR intervals is avail
able (11). The serial autocorrelogram provides information 
ab out the RR interval sequences, that is, the degree of reg
ularity or irregularity; and the histogram provides infor
mation about the average rate of the R waves and the dis
tribution of the RR intervals . In atrial tibrillation, all correlation 
coefficients of the serial autocorrelogram of successive RR 
intervals (with the exception of correlation coefficient zero) 
do not differ from zero; in other words, the ventricular 
rhythm is random. lt was found that atrial rhythm during 
ventricular tibrillation in the dog was also random (11). The 
histograms of the RR intervals of (nontreated) patients with 
atrial ti brillation are rather skew. The shortest RR intervals 
can be found in the 300 to 350 ms class, the longest in the 
950 to 1,000 ms category, the average or median RR interval 
having a duration of approximately 500 ms . This implies 
that there are many more short than long intervals. 

Random Atrial Excitation 
Because the ventricular rhythm in atrial tibrillation is 

random, it may be assumed that the atrial impulses reach 
the A V node from random directions with random strength 
and in a random sequence. This limits the role of the A V 
junction to one of scaling the atrial impulses by means of 
its refractory period and concealed conduction, at least in 
human beings (12) . The refractory period ofthe A V junction 
is an inherent property of that structure, but the degree of 
concealment of penetrating atrial impulses in this junction 
is also the result of the quality and number of those impulses 
and, of course, of the electrophysiologic condition of the 
junction at that moment in time (13). 

Dogs and Horses 
Atrial tibrillation occurs not only in human beings, but 

also in dogs and horses and probably in other larger mam
mals as weIl. In dogs, the serial autocorrelogram of suc-

JACC Vol. 2. No . 2 
August 1983:391 - 3 

cessive RR intervals demonstrates that the ventricular rhythm 
is random, as it is in human beings (14). 

In horses with atrial tibrillation , the ventricular rhythm 
was found not to be completely random; the serial auto
correlogram of successive RR intervals shows episodes with 
periodicity (unpublished observations) . This may be due to 
the occurrence of RR intervals of more than 4 ,000 ms du
ration, which probably initiates autonomic nervous influence 
on the atria or the A V junction, or both . Atropine increases 
the average ventricular rate , abolishes the periodicity and 
restores the random ventricular rhythm. The ventricular rhythm 
during atrial tibrillation in human beings and dogs does not 
show nonrandom episodes, probably because RR intervals 
of such long duration do not occur. 

Atrioventricular "Memory" 
An additional factor that may explain why the human 

and canine A V junction does not interfere with the random 
ventricular rhythm during atrial tibrillation is the short time 
constant of A V conduction (15,16). Adaptation of A V con
duction to changes in atrial rate and rhythm during atrial 
stimulation usually occurs within one or two subsequent 
cycles . In other words , A V junctional "memory" is too 
short to affect the sequence of conducted impulses during 
atrial tibrillation. This is further substantiated by the fact 
that the random pattem of the ventricular rhythm in uncom
plicated atrial tibrillation in human patients is not affected 
by drugs like digitalis and quinidine , while the histograms 
show dramatic changes in RR cycle length . 

Digitalis 
The serial autocorrelogram after administration of digi

talis remains unchanged. In other words, the ventricu lar 
rhythm remains random, even though the functional refrac
tory period of the A V junction lengthens as can be inferred 
from the histogram (11 ). Not only do the short intervals 
become longer with digitalis therapy but also, the long in
tervals lengthen further , frequently to 1,400 to 1,500 ms. 
The beneticial effect of digitalis in patients with atrial ti
brillation and a rapid ventricular rate may be due to at least 
two factors : 1) an increase in the functional refractory period 
of the A V junction, and 2) an increased number of atrial 
impulses that reach the A V junction, thus causing a increase 
in the degree of concealed conduction (13). 

Quinidine 
The effect of quinidine on the ventricular rhythm during 

atrial tibrillation is, for all practical purposes , the opposite 
of that of digitalis (17). We found that, though the ventric
ular rate increases , the ventricular rhythm remains random 
during quinidine therapy. The functional refractory period 
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of the A V junction becomes slightly shorter and the longes! 
RR intervals in atrial fibrillation during quinidine therapy 
seldom exceed a duration of l,OOO ms. Quinidine seems to 
decrease the number of atrial impulses th at reach the A V 
node, causing a decrease in concealed conduction in the A V 
junction and thus enabling more impulses to reach the ven
tricular myocardium. 

Vagal Activity 
The changes in rate and the persistence of randomness 

of the ventricular rhythm during atrial fibrillation can be 
explained by the direct pharmacodynamic action of digitalis 
or quinidine on the electrophysiologic properties of atrial 
muscIe and the A V junction. In patients, a vagal-like effect 
of digialis in atrial fibrillation cannot be excluded, because 
giving atropine results in an increase in the ventricular rate 
(18). Atropine shortens and diminishes the number of long 
RR intervals. In other words, the effect of digitalis on atrial 
muscIe may (also) take place via vagal stimulation. 

Conclusion 
The ventricular rhythm during atrial fibrillation in human 

beings is random because the excitatory process of atrial 
fibrillation itself is almost certainly a random phenomenon . 
It remains random because A V junctional memory is too 
short to inftuence the sequence of conducted impulses . In 
hu man beings, the longest intervals (seldom over 2,000 ms) 
are too short to cause autonomic nervous interference with 
either atrial excitation or A V junctional conduction. The 
role of the A V junction in atrial fibrillation in human subjects 
seems to be limited to scaling down the atrial impulses, 
because interventions that alter junctional electrophysiologic 
properties do not interfere with the random pattern of the 
ventricular rhythm. The effect of digitalis and quinidine on 
ventricular rate and rhythm in atrial fibrillation in patients 
can be satisfactorily explained by the direct action of the 
drugs on the rate of the atrial impulses (while leaving the 
other random characteristics of the atrial excitation process 
intact) and their effect on the functional refractory period of 
the A V junction. However, the dispute between Macken
zie and Lewis (1,2) during the early 1920s about whether 
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or not digitalis in atrial fibrillation (also) acts via the vagal 
nerve is still unsettled. They were probably both right, al
though current evidence seems to support Lewis (11 , 15-17). 

This paper is dedicated to Mrs . Ina Durrer, she knows why! 
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