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Sir James Mackenzie and atrial fibrillation
new perspective*
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T^OTAL irregularity of the pulse was known to the
¦* ancients, but the relationship of the pulse to the
heart beat was often debated; indeed, Abercromby
(1685) said that "the origin of the pulse is as mysterious
as the source of the Nile". These uncertainties were
abolished after Laennec (1816) had introduced the
stethoscope and auscultation, when the audible rhythm
of the heart and palpation of the pulse could be
synchronized.

Nineteenth-century progress

Accurate interpretation of the heart sounds and a

complete modern type of analysis of heart disease must
be credited to James Hope (1801-41). By experimenting
on stunned donkeys in 1830, he had already analysed
the source of the heart sounds (Hope, 1839). He gave a

very up-to-date account, even by modern standards, of
the development of valve disease and heart failure and
was aware that total irregularity of the pulse was closely
associated with mitral stenosis. He also noted that mere
intermittency of the pulse was more benign than total
irregularity; exercise would abolish the intermittency
but would make total irregularity worse. These were
shrewd clinical observations and are still valid today.

In 1835 Jean-Baptiste Bouillaud published his Traiti
Clinique des Maladies du Coeur. In this great work he
gives a vivid description of a patient with severe mitral
stenosis and delirium cordis, where the rapid, irregular
pulse was slowed dramatically by digitalis, though it
remained irregular. He coined the description of
digitalis as t.Ce grand modirateur, cette sorte d'opium
du coeur".
The next great impact was made by Chauveau and

Marey (1863), who passed a metal sound through the
jugular vein of the horse and recorded from inside the
heart the pressure curves and sequences of cardiac
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Figure 1. Sir James Mackenzie.

contractions. These observations were applied by
Potain (1867) who interpreted the pulsations in the neck
veins accurately in the light of Chauveau and Marey's
classical observations.
John MacWilliam (1885, 1888) was the first to show

that control of the normal heart beat lay in an area of
the heart at the sino-auricular junction which had the
highest inherent rhythmicity, and that its rate varied
with heating and cooling. The anatomical sinus node in
this area was later recognized by Keith and Flack (1907).
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Although our physiologists were making full use of
Chauveau and Marey's observations, the interpretation
of the venous pulsations in man were regarded as "too
undetermined for discussion to be profitable" (Hill,
1900). Clarification of this confusion was entirely the
result of the work of James Mackenzie, who was the
first to carry out decisive investigation and analysis of
the jugular pulse in man.

James Mackenzie

All his life (1853-1925), Mackenzie had a restless,
questing mind and kept his clinical records meticu-
lously, while doing all that general practice demanded:
minor and emergency surgery, midwifery and so on. He
studied pain and referred pain in the 1880s and preceded
Sir Henry Head in many of his observations and
interpretations. He recognized the spinal root origin of
the distribution of Herpes zoster. In 1889 he turned to
the pulsations of the heart, the venous pulses, peripheral
pulses, the abdominal pulses and records from the apex
heart. His early contributions were published in two
long papers in the Journal of Pathology and Bacteri-
ology (1894), founded by his former fellow student, Sir
German Sims Moorhead. These papers are difficult to
read, especially on the abdominal pulses. He was facing
difficulties of method which so often discourage
younger investigators; publication at this stage was

probably only made possible by his friendship with the
editor. His final monograph summarizing his researches
on the pulse was begun in 1896 and published in 1902
(Mackenzie, 1902), but he had already shaken the
cardiological world with his earlier lectures and publi¬
cations, which established his world leadership in know¬
ledge and understanding of the nature of cardiac irregu-
larities.
The studies on irregularities of rhythm led to his

recognizing that extrasystoles and sinus arrhythmia
were harmless. Indeed, he regarded the latter as a sign
of a healthy heart. These conclusions were reached by
continuous follow-up over years of a few handfuls of
patients. Nowadays such evidence would hardly be
acceptable in modern journals, which require statistical
validation on far greater numbers. Nevertheless
Mackenzie's conclusions have been fully confirmed by
many massive studies conducted over the last half
century.

In particular Mackenzie gets full marks for his first
recording of the disappearance of the atrial 'a' wave,
representing atrial contraction, from the jugular pulse
when atrial fibrillation develops. And he also noted
disappearance of the pre-systolic murmur, which is
replaced by a purring murmur in diastole when this
event takes place. He thus recognized the condition as
'atrial paralysis'; this was functionally correct. But
these original observations were merely the beginning of
his continuing deep thought about the nature of the
totally irregular pulse. He first called the irregularity

'nodal rhythm' because he felt that the sinus origin of
cardiac rhythm was probably paralyzed and that the
initiation of the heart beat in its irregular fashion must
come from the AV node lower down the conduction
pathway.

Mackenzie's earlier efforts were much better known
in Europe than they were in this country, and indeed Dr
(later Sir) Arthur Hurst, who held a travelling fellow¬
ship to Europe in 1906, wrote in his report that the
best-known British physician abroad was James
Mackenzie of Burnley (Willius and Dry, 1948). In this
country Mackenzie's work was received by many phys¬
ician colleagues almost with complete indifference.
When he came to London in 1907 he did not get onto
the full staff of the London Hospital but was appointed
Lecturer in the Medical School.

Meanwhile Arthur Robertson Cushny (MD Aberd.)
had been pursuing the study of irregularities in the dog's
heart in the pharmacological laboratory at Ann Arbor.
He and Edmunds (1907) are usually credited with the
experimental production of atrial fibrillation in 1906.
However, he had earlier (1899) written of "The irregu¬
larity of the heart known clinically as delirium cordis:
the clinical sphygmograms in these cases resemble
exactly that obtained from dogs when the auricle is
undergoing fibrillary contractions. I do not wish to
suggest that clinical delirium cordis is identical with
physiological delirium auriculae but the resemblance is
certainly striking." When Cushny came back to London
to the Chair of Pharmacology at University College in
1906, he entered into immediate correspondence with
Mackenzie, whom he visited in Burnley after Christmas
that year, showing his tracings from an atrial fibrillating
dog. Together they agreed that this must be the explan-
ation of the irregular pulse. However, Mackenzie was a
little reluctant to record this change of mind completely
and he first acknowledged Cushny's interpretation in
his Schorstein Lecture at the London Hospital
(Mackenzie, 1911) and followed it up in the 1914 and
subsequent editions of his textbook.

In 1908 Mackenzie had launched Thomas Lewis into
his studies of cardiac irregularity with Einthoven's
electrocardiograph. Using this new and more satisfying
technique, Lewis confirmed nearly all Mackenzie's
earlier observations and conclusions. He corrected him
only on the nature of true nodal rhythm, of which he
had an early example. However, they differed in their
approach to the study of fibrillation, and when Lewis
(1921) published his 'circus movement' theory in his
Oliyer-Sharpey Lectures, Mackenzie (1922) challenged
him with further doubt and questions. Indeed circus
movement was not accepted by Rothberger (1922) in
Vienna and Mackenzie, who had an antipathy to the
electrocardiograph, had always doubted whether elec-
trical recording would solve the problem.

Mackenzie's life-long interest in this rhythm caused
him much deep thought. While accepting Cushny's
interpretation, he was constantly seeking some other
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factor that might give a better explanation of the
fibrillar flickering contractions of the atrium. In the
first edition of his book he ventured on the idea of
retrograde extrasystoles, but in discussion with Cushny
he pencilled out this suggestion in his personal inter-
leaved copy (Mackenzie, 1908). The idea, however, is
still valid, and recognition of re-entry of the stimulus
from the ventricle to the auricle by accessory pathways
is now accepted as a cause of atrial tachycardia, which is
related to flutter and possibly fibrillation.
Mackenzie (1922) recorded a meeting with Sir Edward

Sharpey-Schafer, who told him of the occurrence of
fibrillary twitching in denervated skeletal muscle. This
excited him, as he was anxious to present another
interpretation of fibrillation. He thought that loss of
sino-atrial node control might be similar to nerve

paralysis in muscle. He probably sounded John
MacWilliam on this possibility, for in a handwritten
letter MacWilliam (1921) tried to explain that there was
no way in which sino-atrial node control of the heart
beat resembled the physiological events at a myo-neural
junction. Nevertheless, Mackenzie (1922) published his
idea.

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 that it can
be contended that the main action in fibrillation is a
direct one on the muscle. I am not dogmatic about it;
but say simply that the mode of action is subject to
contention still, and that such being the case it does
not sufficiently support your main thesis. It is not a
clear example

What I want you to consider is whether the present*
illustration will not in the long run damage rather than
help your general hypothesis.

It is because I think that it will that I am unwilling
to send your M.S. to press.

Figure 2. Lewis's letter to Mackenzie, 21
February 1921; opening and concluding
paragraphs (Lewis-Mackenzie Correspondence,
7909-7925, letter 465).

Mackenzie and Lewis
Divergencies of view were now developing with Lewis,
who probably felt that Mackenzie should have accepted
his work on fibrillation. Matters had already led to
conflict when, in 1921, Mackenzie sent Lewis a paper
for publication in Heart, of which Lewis was editor,
probably emphasizing the importance of the vagus
nerve in digitalis control of ventricular rate in atrial
fibrillation. Lewis had committed himself to the view
that digitalis acted directly on the AV bundle, and was

unwilling to accept modification of that view. The paper
was rejected (Figure 2), Lewis illustrating the gist of his
objections on the reverse of his rejection letter (Figure
3). Mackenzie (1911) had already published an article
showing that an injection of atropine, following digi¬
talis slowing, accelerated the heart to its original level,
and that the initial effect of digitalis was thus exerted
through the vagus nerve. Lewis objected to this in¬
terpretation and, in rejecting the paper, misquoted
Cushny as saying that, after digitalis, atropine should
not merely bring the heart rate to the original level but
accelerate it to a non-digitalized higher rate! Cushny
(1918, 1925), however, made no such suggestion and
was quite clear that early digitalis slowing of the mam-
malian heart was due to the vagus effect. Mackenzie was
right. The observation was important, and indeed it has
been substantiated in innumerable publications since
then, the latest showing that digitalis does not slow the
denervated transplanted heart (Harrison et al., 1978).
Lewis may have been on sounder grounds in questioning
whether the vagus influenced the occurrence of prema-
ture beats, but the paper itself has disappeared.
Mackenzie's reply (Figure 4) was one of fury, asking

"how often has a valid and original observation been

rejected by a journal, because the editor disagreed with
it?". However, once committed, Lewis always held
rigidly to his own opinion; it was characteristic of him
that he was reluctant to admit error or even modifi¬
cation. By contrast, Mackenzie was prepared to change
his position as new observations by himself or others
added new evidence.

Conflicts of science and practice
Occasionally Mackenzie was perplexed by the problem
of applying new knowledge to the better management of
his patients. At times in practice he would sacrifice his
observational precision to ensure that the proper man¬

agement of patients was not impaired by straining for
accuracy of diagnosis which could not add anything to
the patient's welfare. These were days before modern
heart surgery and other current technical miracles, and
nothing could be directly done for heart valve disorders.
He even took the line that it was better not to use the
stethoscope, as many heart murmurs were innocent and,
even if the abnormal sound was produced by an organic
lesion, it was better to leave well alone. There is no
doubt that through this philosophy he avoided creating
totally unnecessary invalidism and fear among those
who depended on him for advice. His judgement in such
practical management matters was excellent. "A heart is
what a heart can do" was his philosophy. This belief
reflected a division in his mind between scientific ob¬
servations and applied knowledge on the one hand, and
the practical wisdom of a good caring doctor, giving
advice, on the other. He knew that even precision in
science could seldom do much to benefit the sick cardiac
invalid.
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In the example you give on page 296, atropine lifts the
rate from 46 to 82 (i.e. 76 beats per minute), namely,
its original level.
The point which is made by Cushny is that it should

lift the rate above 82, i.e. to the level of the atro-
pinised but non-digitalised heart, before you can be
sure the action is purely vagal. Thus, suppose we have
the following:

The shaded portions may both be due to normal
vagal tone, and the second is not necessarily in¬
creased vagal tone produced by digitalis. The fall
consists of two parts a and b: which part is the
digitalis responsiblefor?

Figure 3. Reverse of Lewis's letter to Mackenzie,
21 February 1921 (Lewis-Mackenzie
Correspondence, 1909-1925, letter 465). The
diagram is based on Mackenzie's paper on

digitalis (Mackenzie, 1911).

One result of this otherwise rational approach was
that the reality of valve obstruction or incompetence,
about which so much knowledge had been created in the
century since the days of James Hope, tended to be
ignored. Yet Mackenzie survived to see the first glimpse
of the modern era when Cutler and Levine (1923)
showed that heart surgery might open up a narrowed
mitral valve. Dr Sam Levine of Boston (1950), who had
worked with Mackenzie in the latter days of the First
World War, wrote to Mackenzie telling him of this early
surgical adventure. In 19501 was present at a meeting of
the American Heart Association where the surgical
approaches of Bailey and Harken to the narrowed
mitral valve were being debated. Dr Levine in dis¬
cussion read a letter from Mackenzie replying to his
communication. The gist of this was: "Dear Sam, what
a foolish thing to try to do! The fate of the patient is
determined by adaptation of the myocardium." But the
day of surgical relief of valve disease was at hand.

Mackenzie's acutely observant mind, basing his ex¬

perience on follow-up of individual patients, was

supreme. Lewis's best work was on the conduction of
excitation through the heart of the dog and on the
interpretation of spontaneously occurring irregularities

you might as well put upon the forefront of the
journal "No articles will be accepted which are not in
accordance with the (temporary) beliefs of the
Editor." I merely present that view for your con-
sideration.

As this, I suppose, is to be the end of our collabor-
ation, I can assure you that I will follow with interest
your future progress, and no-one will rejoice more
than I at your successes.

Figure 4. Mackenzie's letter to Lewis, 10 March
1921; extract from concluding remarks (Lewis-
Mackenzie Correspondence, 1909-1925, letter
466).

in patients. He was less interested in follow-up or in
symptomatology, often fell into error and showed an

extraordinary reluctance to change his mind. Lewis
wanted to freeze cardiology in the mould that he had set
in the 1920s, and ignored many of the great advances in
his own lifetime (McMichael, 1976).
Mackenzie by contrast was ever searching for the

new, constantly questing for answers to the many
problems and, although he and Lewis were agreed that
digitalis' action was most noticeable in atrial fibril¬
lation, Mackenzie had a more open mind. In his studies
(1911) on digitalis in cases of heart failure with sinus
rhythm, he said "There is no doubt that digitalis relieves
distress of breathing and reduces dropsy and it does not
necessarily do so by slowing the pulse." This is to his
credit, and although he emphasized the importance of
digitalis for proper control of atrial fibrillation, this was
probably an oversimplification of what he already knew
and understood.

Mackenzie's challenge
Mackenzie was far from infallible. His observations
were precise and accurate by the methods of his time but
his interpretations could be wrong. Thus the a-c interval
in the jugular pulse was used correctly to time the
atrio-ventricular conduction time, but he ascribed the c
wave to the carotid pulse. This interpretation was

challenged by Morrow (1906) and also by Cushny and
Grosh (1907), who showed that it was an intracardiac
event, a possibility which Potain (1867) had left open.

His extrapolations included denunciation of James
Hope's back pressure theory of congestion behind the
failing chambers, which has had a full and justified
revival since the days of Mackenzie and Lewis. Simi-
larly, his accusations that the stethoscope could be
harmful were countered by the introduction of phono-
cardiography which enhanced its value; indeed, Lewis
produced splendid technical phonocardiographic re¬

cordings in his early work.
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In Mackenzie's last edition, published in the year of
his death, he regretted accepting some animal labora-
tory findings. The laboratory should not dictate to
clinical medicine. He became rather rigid in such views
at the end of his life and the great Dutch-born cardi-
ologist Wenckebach remarked that you could not tell
Mackenzie anything (Mair, 1973).

Mackenzie's ideas were imaginative and challenging
and he was argumentative in their defence. He fostered
the prompt application of the best work of scientists to
clinical medicine, so long as the ideas fitted his
own judgement. He challenged the ideas of laboratory
scientists, but seldom without good reasons based on his
own prodigious experience. Such controversy forces us
to re-examine the bases of our beliefs, and such re-
examination is the life blood of new knowledge. The
follow-up of patients was the foundation of his best
studies. In his time he was the most famous cardiologist
in the world because he was essentially an acute observer
and a first-class doctor in general practice, which he
later regretted leaving. Sir Arthur Keith (1950) wrote of
him that "he thought about disease in all its aspects. He
was a born leader of men." Keith acknowledged that he
discovered the sinus node in response to repeated
requests from Mackenzie.
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Whooping cough
The number of notified cases of whooping cough in the
1977-79 outbreak in England and Wales was the largest
for over 20 years. The percentage of children receiving
pertussis vaccine has declined sharply since 1974. Area
health authorities with low vaccination acceptance had
notification rates 60 per cent above those with higher
acceptance. There was a partial correlation coefficient
of -0-57 (p<0 001) between vaccination and notifi-
cation rates after elimination of the effects of social
class and overcrowding. The one- to four-year age
group, which contained the children most affected by
the decline in vaccination rates, showed a much bigger
increase in notifications than other age groups. The
evidence suggests a direct relation between the decline in
vaccination rate and the increase in notifications.

Source: Pollard, R. (1980). Relation between vaccination and notifi-
cation rates for whooping cough in England and Wales. Lancet, 1,
1180-1182.
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