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Brief history of arrhythmia in the WPW syndrome – the
contribution of George Ralph Mines
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Abstract George Ralph Mines studied the basic principles of reentry and published his data in
The Journal of Physiology in 1913. Exactly 100 years later we discuss his first electrophysiological
experiments and how his results lead to the insight that was the basis for the treatment of the
clinical arrhythmias seen in Wolff–Parkinson–White syndrome.
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Introduction

A hundred years ago, George Ralph Mines (Fig. 1)
described in this journal the principles of reentrant
excitation (Mines, 1913). He used a ring-like preparation
of a tortoise heart (Figs 2 and 3).

‘On stimulating any part of the heart there was, after
a light pause, contraction in each of the other parts.
After stimulating several times, the following condition
appeared. The four portions of the heart marked V1, V2,
A1, A2, contracted in the order given, with distinct pauses
between the successive portions. This cycle of events was
repeated over and over again without any further external
stimulation . . . I venture to suggest that a circulating
excitation of this kind may be responsible for some cases
of paroxysmal tachycardia as observed clinically.’

In 1914, he repeated this suggestion and described in
detail the mechanism of a clinical syndrome that was not
yet discovered (Mines, 1914).
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Discovery of the mechanism underlying WPW

In 1913, Stanley Kent claimed to have described a human
heart with an extra connection between right atrium
and right ventricle (Fig. 4A; Kent, 1913). The claim of
Kent was incorrect, as was shown before by William
His Jr who found that only a single bundle connected
the atria with the ventricular myocardium (His, 1893)
and by Sumao Tawara who discovered that this bundle
originated from a complicated network of small muscle
fibres (Tawara, 1906). However, in 1914, Mines repeated
his earlier suggestion (Mines, 1913) that circulating
excitations might be responsible for clinical arrhythmias
in the light of the new, albeit incorrect, histological
demonstration of Stanley Kent: ‘that an extensive muscular
connexion is to be found at the right hand margin of the
heart. Supposing that for some reason an impulse from
the auricle reached the main A–V bundle but failed to
reach this “right lateral” connexion, it is possible then that

C© 2013 The Authors. The Journal of Physiology C© 2013 The Physiological Society DOI: 10.1113/jphysiol.2013.259598



4068 B. J. Boukens and M. J. Janse J Physiol 591.17

the ventricle would excite the ventricular end of this right
lateral connexion. The wave spreading then to the auricle
might be expected to circulate around the path indicated’
(Mines, 1914). This was written 16 years before Wolff,
Parkinson and White described the syndrome that now
bears their name (Fig. 4B; Wolff et al. 1930), 18 years before
Holzmann and Scherf ascribed the abnormal ECG in these
patients to pre-excitation of the ventricles via an accessory
atrioventricular bundle (Fig. 4C) (Holzmann & Scherf,
1932), and 19 years before Wolferth and Wood published
diagrams showing the pathways of circulating excitation
(Wolferth & Wood, 1933). Wood et al. also described the
histology of a right-sided accessory pathway in 1943: ‘So
far as we are aware, no one has yet presented histologic

Figure 1. George Ralph Mines
A photograph probably taken by Mrs Dorothy Thacker (at that time
Dorothy Dale) at the Marine Biological Laboratory Plymouth, in the
summer of 1911. In the same issue of this journal in which Mines
paper ‘On the Dynamic Equilibrium in the Heart’ was published,
there is also a paper by Dale and Mines on the influence of novel
stimulation on the electrocardiogram. The late Professor David A.
Rytand, of Stanford University, made this picture available to one of
us (M.J.J.).

proof of the existence of accessory muscular connections
between the auricles and ventricles of a patient with this
type of electrocardiographic abnormality. The present
paper furnishes this proof.’ (Wood et al. 1943). Öhnell
was the first to describe in detail the histology of left-sided
connections in 1944 (Fig. 4D; Öhnell, 1944).

Ablating the accessory pathway

The essential feature of the findings presented in these
studies is that the accessory connection skirts the annulus
fibrosus and courses through the epicardial fat to join
atrial and ventricular myocardium. This has important
implications for the surgical interruption of the accessory
connections. In the laboratory of Dirk Durrer a cartoon
hang on the wall during the 1960s depicting Drs Howard B
Burchell and Dirk Durrer, carrying long knives, standing
along the bedside of a patient with WPW syndrome. The
caption was: ‘Cut the Kent Bundle’. The idea was to make a
long incision in the atrium, just above the annulus fibrosus,
at the site where intra-operative mapping revealed earliest
ventricular excitation just below the annulus. The early
studies attempting to surgically abolish preexcitation often
showed an initial disappearance of preexcitation, pre-
sumably due to the surgical trauma, but a recovery of
preexcitation in the following weeks (Burchell et al. 1967;
Cole et al. 1970; Lindsay et al. 1971; Wellens et al. 1974).
In 1978, Becker et al. (1978) made a detailed histological
study of seven hearts from patients with WPW syndrome
who had died from other causes. They found that the
accessory connection, similar to the connection that was
found by Öhnell (1944), did not cross the annulus fibrosus
but coursed in the epicardial fat. It was Sealy and colleagues
(1974) who realized that in order to surgically remove the
accessory connection it is necessary to scrape away the
fat from the epicardial aspect of the annulus, and they
developed a ‘fish hook’ for that purpose. In other words:
do not cut the Kent bundle.

Figure 2
A schematic drawing of the tortoise preparation that Mines
published in 1913 in his paper ‘On the Dynamic Equilibrium in the
Heart’ (Mines, 1913).
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Bundle of Kent: a misnomer

The first article using the term ‘Kent bundle’ was that
of Wolferth and Wood in 1933 (Wolferth & Wood,
1933). Subsequently, many papers, and even recent
textbooks, continued the use of ‘Kent bundle’ (Hu
et al. 2011; Aanhaanen et al. 2011a; Mills et al. 2013).
Moreover, to date, lay sources found on the inter-
net (www.uptodate.com; www.wikipedia.org) describe
accessory connections that are present in WPW patients
as ‘bundles of Kent’. It is ironical that Kent’s mission was
to show that multiple atrioventricular connections were
responsible for atrioventricular conduction in the normal
heart, (Kent, 1893), and also that what Kent described
in 1913 is not at all the usual accessory pathway as
found in the WPW syndrome (Kent, 1913). He did not
describe a muscular connection but a node-like structure
of an extensive atrioventricular ring of specialized tissue
present during development (Becker & Anderson, 1981;
Aanhaanen et al. 2011b). As stated by Anderson and
Becker: ‘there are good scientific reasons for discontinuing
the use of “Kent bundle”, the most important being that
Kent did not describe connections in terms of morphology
we know today. If an eponym is really necessary, then let
us call them nodes of Kent’ (Anderson & Becker, 1981).
Therefore, to avoid confusion, we suggest that the term
‘bundle of Kent’ be replaced by ‘accessory atrio-ventricular
muscle bundles’ as suggested by Anderson et al. (1975).

The contributions of George Ralph Mines

In his 1913 and 1914 papers, written at the ages of 27 and
28 years, Mines formulated the essential characteristics of
reentry:

(1) Mines described an experiment on an isolated
auricular preparation from a dog-fish, slit up in such a
way as to form a ring. Normally, a stimulus provoked
two contraction waves that ran in each direction and
met on the opposite side of the ring where they died
out. However: ‘Repeated the stimulus at diminishing
intervals and after several attempts started a wave
in one direction and not in the other. The wave
ran all the way round the ring and continued to
circulate going around about twice a second. After
this had continued for two minutes extra stimuli
were thrown in. After several attempts the wave was
stopped.’ (Mines, 1914). Thus, Mines also described
the principle of anti-tachycardia pacing.

(2) Mines described the relationship between conduction
velocity and refractory period duration, as illustrated
in Fig. 1, and thus, can be considered to be the
first to formulate the ‘wavelength’ concept. In the
1913 paper he wrote: ‘With increasing frequency of
stimulation, each wave of excitation in the heart
muscle is propagated more slowly but lasts a shorter
time at any point in the muscle. The wave excitation
becomes slower and shorter.’.(Mines, 1913)

(3) Mines realized that establishing the activation
sequence during an arrhythmia is not sufficient to
prove reentry: ‘The chief error to be guarded against
is that of mistaking a series of automatic beats
originating in one point of the ring and travelling
round it in one direction only owing to complete
close to the point of origin of the rhythm on
one side of this point . . . . Severance of the ring
will obviously prevent the possibility of circulating
excitations but will not upset the course of a series
of rhythmic spontaneous excitations unless by a rare

Figure 3.
Mines’s diagram to explain that sustained reentry will occur in the presence of unidirectional block if conduction
is slowed and the refractory period duration is decreased. A stimulated impulse leaves in its wake absolutely
refractory tissue (black area) and relative refractory tissue (dotted area). In both A and B, the impulse conducts in
one direction only. In A, because of fast conduction and a long refractory, the tissue is still absolutely refractory
when the impulse has returned to its site of origin. In B, because of fast conduction and a long refractory period the
tissue has recovered excitability by the time the impulse has reached the site of origin, and the impulse continues
to circulate in the ring.(from Mines, 1913).

C© 2013 The Authors. The Journal of Physiology C© 2013 The Physiological Society



4070 B. J. Boukens and M. J. Janse J Physiol 591.17

chance the section should pass through the point
actually initiating the spontaneous rhythm’.(Mines,
1914) Thus, Mines set the stage for catheter ablation.

These criteria for reentrant excitation are as valid now
as they were 100 years ago.

Although it has often been suggested that Mines died
during a self-experimentation, recent evidence casts doubt
on this claim. We await with especial interest the outcomes
of further ongoing investigations regarding the cause of his
tragically early death.

Figure 4
A, a section through the auriculo-ventricular junction at the right-hand margin of the heart that was published by
Kent in 1913 (Kent, 1913). Note that this section does not show any structure crossing the plane of right-sided
insulation. B, the electrocardiogram is shown of one of the patients from the study that Wolff, Parkinson and White
published in 1930.(Wolff et al. 1930) C, left: a drawing that Wolferth made in 1933 in which he hypothesized that
‘premature transmission of the impulse through the bundle Kent to the right ventricle’ is the cause for the short
PR interval. (Wolferth & Wood, 1933). C, right: the reentrant circuit during paroxysmal tachycardia is depicted,
and is just as Mines described. D, a schematic picture giving the approximate position of the muscle bundle which
was published in the thesis of Öhnell in 1944 (Öhnell, 1944).
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