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BECAUSE of the great interest currently demon-

strated in the surgical correction of mitral steno-
sis, it has become essential for the clinician to be able
to diagnose this condition with the greatest possible
accuracy and also to estimate the degree of disability
caused by it. A thorough knowledge of the murmurs
of mitral stenosis and of the variations in these
murmurs under different physiologic and pathologic
conditions should be of assistance in diagnosis. It is
our purpose to present in this paper a brief history
of the murmurs of mitral stenosis and various factors
affecting these murmurs, as well as brief discussions
of the opening snap and the third heart sound. We
conclude with a summary of factors affecting the
detection of the diastolic murmur of mitral stenosis
and of factors in clinical examination that will aid
in its detection.

DEescripTive HISTORY

A review of the descriptive history of the diastolic
murmur of mitral stenosis indicates that during the
past fifty years little has been added to knowledge of
its cause and only minor points have been contributed
to its clinical description.

Laénnec’? gave impetus to auscultatory investiga-
tion by his invention of the stethoscope in 1819.
For the next fifty years, French, German and English
physicians recorded their impressions, which were
frequently erroneous, to be sure, but contained sur-
prisingly often the germ of what appears presently to
have been the truth.

Foremost in the French assemblage were Gendrin,®
Fauvel,* Beau,5¢ Hérard,” Bouillaud,*® Lemaire'® and
Racle.* The Germans were represented by Con-

statt,’*> Wintrich,'® Friedrich,'* Felix von Niemeyer
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and Paul Niemeyer,'* who patterned their investiga-
tions along similar lines. Concurrently, contributions
from the British Isles were made by Hope,'” Wil-
liams,*®* Markham,'® Walshe?® and Gairdner®*-*® and
from America by Austin Flint,?*-38

The English physician, James Hope,’” in 1832,
described the murmurs as follows:

. . . murmurs are not, as is often supposed, louder,
caeteris paribus, in proportion as the valvular contraction
is greater. On the contrary, the loudest murmurs are pro-
duced by a moderate contraction, and they become weak
when it is extreme . . . a contraction of the mitral or
tricuspid valve to only two, three, or four lines [one line =
1/12 inch] in diameter, I have frequently known to oc-
casion little or no murmur.

In 1841, Gendrin,® of the French group, first used
the term presystolic. Two years later, Fauvel* was
the first to demonstrate that the murmur of mitral
stenosis was presystolic. Hérard,” who closely fol-
lowed Fauvel in his writings, seems to have been
well aware of the effects of atrial fibrillation and
congestive heart failure on the murmurs of mitral
stenosis.

The early German literature on the mitral diastolic
murmur closely followed the patterns of the French.
These writings were well reviewed in 1872 by Fagge.**

Much of the early British concern with cardiac
murmurs was voiced by the writers mentioned above.
Hope!” early recognized that the intensity of an apical
diastolic murmur did not necessarily indicate the
degree of mitral stenosis. Williams*® distinguished the
diastolic murmur of mitral stenosis from that of
aortic regurgitation, and Markham®® described the
loud apical first heart sound in some cases of mitral
stenosis. Later, Gairdner,?>*®* of Scotland, intro-
duced the concept that the presystolic part of the
murmur of mitral stenosis was due to atrial systole.

Concurrently with the investigation of Gaird-
ner?2% in Scotland, Austin Flint,24-3% in the United
States, was following a similar line of thought and
was writing extensively on the presystolic murmur,
but he paid little attention to the murmur occurring
during mid-diastole.
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Various FAcTorRs AFFECTING THE MURMURS

Effect of Change of Rhythm on the Presystolic
Murmur

Fagge®* was one of the first to note that the pre-
systolic murmur could be altered by a change in
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Ficure 1. Apical Tracings in M.B., a Forty-four-Year-Old

Woman with a History of Rheumatic Heart Disease since

Childhood and Considerable Limitation of Activity during
the Last Few Years.

The phonocardiogram shows the effect of a long PR interval
on the atrial systolic murmur (DM), which becomes late
diastolic rather than presystolic.

The first diastolic murmur (DM) is a rumbling, low-pitched,
low-intensity murmur occurring around the time of the
normal third heart sound.

The second diastolic murmur (DM) is equivalent to an
atrial systolic murmur that follows the P wave of the electro-
cardiogram (E.C.G.) and is separated by a considerable in-
terval from the first heart sound.

rhythm. In his treatise he reported a case in which
the heart was liable to sudden changes in rhythm,
from regularity to a bigeminy, with probable
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Ficure 2. Apical Tracings in M.A., a Twenty-two-Year-Old
Man with Rheumatic Heart Disease and Mitral Stenosis.
The phonocardiogram illustrates the fact that with intense
atrial activity and a slightly prolonged PR interval (0.26
second), a presystolic gallop (4) may be present together
with a presystolic murmur (PSM), which is thus not cre-
scendo in type. If the PR interval had been normal, the
murmur would doubtless have been a presystolic crescendo.
The earlier part of the diastolic murmur (DM) becomes
evident at the time of the third heart sound (rapid ventric-
ular filling) although it starts before it at the opening of
the mitral valve.

dropping of every third beat and corresponding
changes in the mid-diastolic and presystolic murmurs.

Effect of First-Degree Heart Block on the Presystol-
ic Murmur

Galabin,®® using a modification of Marey’s cardio-
graph, found, in 1875, that in certain cases the dias-
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tolic murmur began shortly after the second sound
and was separated by a short pause from the first
sound (Fig. 1-3).

Effect of Second-Degree and Third-Degree Heart Block
on the Diastolic Murmur
Many years after Galabin,®® Sir Thomas Lewis®®3’
pointed out the effect of atrial systole on the mitral
diastolic murmur in cases of heart block, noting that
a murmur occurred with each atrial contraction

(Fig. 4).

Effect of Atrial Fibrillation on the Presystolic Murmur

There is no doubt that a murmur can be heard in
presystole in cases of mitral stenosis with atrial fibril-
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Ficure 3. Apical Tracings in D.M., a Nineteen-Year-Old

Girl with Active Rheumatic Fever (Third Attack), Mitral

Regurgitation, Mitral Stenosis, Aortic Regurgitation and
First-Degree Heart Block.

The phonocardiogram illustrates another effect of a long
PR interval on the cardiac sounds. The first heart sound s
moderately intense despite the long PR interval of 0.29 sec-
ond. The second sound is of rather low intensity at the apex,
and an opening snap (OS) of the mitral valve, consisting of
several moderately high-frequency vibrations, is seen. The
third heart sound is unusually prominent and is considerably
louder at the apex than the second heart sound, which is to
some extent obscured by the systolic murmur (SM). The
atrial sound may be summated with the third heart sound
and is also concerned with the murmur (PSM) that fills the
interval between the third and first sounds but without pre-
systolic crescendo. The systolic murmur is crescendo-decre-
scendo and fills systole. The summation gallop (SG) results
from an accentuation of the normal third heart sound as a
result of relatively early atrial contraction secondary to the
prolonged PR interval.

lation when diastole is short. This murmur is not
the atrial systolic murmur described by Gairdner?*-8
but is due simply to the falling of the first heart sound
earlier than usual in diastole because of the rapid
heart rate. If the rate slows, or if there is a long
diastolic pause, the diastolic murmur will be found to
fade off in a decrescendo fashion (Fig. 5 and 6).

The best description of this phenomenon occurs in
Sir James MacKenzie’s®” detailed discussion of the
subject in 1913.
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Effect of Ventricular Premature Beats on the Presystol-
ic Murmur
It is obvious that no atrial systolic murmur will be
heard before the first heart sound of a ventricular
premature beat, since there is no preceding atrial con-
traction. It is interesting that the presystolic murmur

j
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Ficure 4. Apical Tracings in N.M., a Sixty-five-Year-Old
Woman with a Long History of Hypertension and Complete
Heart Block.
There was no definite history of rheumatic fever. The phono-
cardiogram demonstrates the fact that atrial systole is capable
of causing a loud atrial systolic murmur (PSM) and (ASM)
and that its position in diastole varies with the position of
the P wave of the electrocardiogram.

T

resulting from atrial contraction may also be absent
in the beat that follows the ventricular premature
beat. A possible explanation for this is the fact that,
owing to the long compensatory pause, the left ven-
tricle may become filled with blood so that the atrium
cannot push enough extra blood through the mitral
orifice in late diastole to create a murmur (Fig. 7).

Effect of the Valsalva Maneuver on the Diastolic Mur-
mur of Mitral Stenosis

It has been shown that the mitral diastolic murmur
can be affected in many different ways, depending

A
Ficure 5. Apical Tracings in M.A., a Thirty-two-Year-Old Man.

The phonocardiogram (A) demonstrates a presystolic crescen

DIASTOLIC MURMUR OF MITRAL STENOSIS — ONGLEY ET AL,

1051

(Valsalva’s maneuver). The positive pressure that
develops within the thorax decreases venous return
and in turn decreases flow through the mitral-valve
orifice. The enlarged left atrium continues to beat
forcibly, and a presystolic murmur may be converted
into an atrial sound, giving a presystolic gallop (Fig.
84 and B).

Effect of Exercise and Change of Position on the
Diastolic Murmur of Mitral Stenosis

Friedrich* stated in 1867 that a dull or reduplicated
diastolic tone could frequently be converted into a
distinct diastolic murmur when a patient was made
to walk up and down to accelerate the heart’s action.
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Fioure 6. Apical Tracings in L.S., a Thirty-two-Year-Old

Woman with Rheumatic Heart Disease, Mitral Stenosis,

Mitral Regurgitation, Aortic Regurgitation (Slight) and
Atrial Fibrillation.

The phonocardiogram demonstrates the great variability in

the diastolic murmur in relation to cycle length. In the first

and third cycles the murmur runs throughout diastole and

is of moderate intensity. In the second cycle the third sound

is followed so rapidly by the first sound of the next cycle
that a crescendo effect results on auscultation.

Bramwell,*® in 1881, further observed that “in
some cases of mitral stenosis the murmur disappears
when the position of the patient is altered, when he
gets up, but the rhythm of the murmur does not
change; it always remains presystolic.” The subject
of the effect of change in position (Fig. 9) was more
fully studied by Gowers.®
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do murmur (PSM) when normal rhythm is present. (RI =

rapid inflow). B shows phonocardiogram in the same patient after the onset of atrial fibrillation. Note that the diastolic
murmur still extends into presystole but that there is no crescendo effect.

on variations in cardiac rhythm. It is also possible
to alter the murmur considerably by such a simple
maneuver as forced expiration against a closed glottis

Effect of Mitral-Valve Surgery on the Diastolic Mur-
mur of Mitral Stenosis

Mitral-valve surgery may have no effect whatso-
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ever or may affect the diastolic murmur of mitral
stenosis in many ways. If there is a very slight
murmur before operation, because of tight mitral
stenosis, this murmur may greatly increase after
operation because of the increased blood flow over
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Disappearance of the Presystolic Murmur during Con-
gestive Heart Failure

Although in 1854 Hérard® had described the fact
that the diastolic murmur of mitral stenosis some-
times disappears during congestive heart failure, it

Ficure 7. Apical Tracing Illustrating the Absence of the Presystolic Murmur in the Ventricular Ectopic Beat and Also
after the Compensatory Pause.

the roughened and torn valve margins. Moreover,
a murmur of moderate to loud intensity may be de-
creased after operation if the split is relatively smooth
and no increased vibration results. In some cases
the murmur is relatively quiet for a few weeks to a
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Ficure 8. Apical Tracing, Showing Presystolic Murmur

(PSM) before the Valsalva Maneuver (A) and (B) Altera-

tion of the Presystolic Murmur to an Atrial Sound (4), Giv-

ing a Presystolic Gallop Secondary to the Valsalva Maneu-
ver.

few months after operation and then seems to in-
crease in intensity, perhaps owing to the development
of further stenosis. In some patients who have been
fibrillating before operation a return to normal sinus
rhythm after operation may be accompanied by the
return of a presystolic crescendo murmur. Con-
versely, in patients who have normal sinus rhythm
and who fibrillate in the first few days or weeks after
operation the atrial systolic murmur will disappear.
The development of other bizarre rhythms will, of
course, alter the murmur in various ways. It is thus
seen that the effects of mitral-valve surgery on the
diastolic murmur may vary greatly, as one would
expect (Fig. 104 and B).

was not until 1901 that Broadbent?® called attention
to the disappearance of the presystolic murmur in
failure and presented possible causes for this, the most
probable one being the establishment of tricuspid in-
competence. The giving way of the tricuspid valve
and the occurrence of considerable reflux into the
right atrium make it impossible for the right ventricle
to sustain the high pressure in the pulmonary circula-
tion and the left atrium that was present previously.
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Ficure 9. Apical Tracings, Showing the Effect of Exercise
on the Diastolic Events in a Case of Mild Mitral Stenosis.
In the upper tracing the second sound can be seen followed
by an opening snap and then by a third heart sound and a
short diastolic murmur, which, owing to the slow heart rate,
is early diastolic rather than mid-diastolic. A slight presystolic
murmur is also present. After exercise (lower tracing) the
only significant alteration is in the greatly increased intensity
of the third heart sound. For some reason the opening snap
has lessened in intensity and would doubtless be inaudible.
The presystolic murmur has altered very little.

There is not, therefore, sufficient pressure to force the
blood through the mitral orifice rapidly enough to
generate a murmur.

Despite the many brilliant clinical observations
concerning the presystolic murmur, the theory of its
causation and indeed of its actual existence was by
no means universally accepted.
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Ormerod,*! in 1864, disputed the atrial systolic
origin of the murmur described by Gairdner?* on the
grounds that the atrial contraction was too weak and
brief to cause so loud a sound, which he held to be
due rather to the contraction of the ventricle and to
be regurgitant.

Barclay,*? eight years later, maintained that the
so-called presystolic murmur was really systolic and
that although indicative of a contracted mitral orifice,
it was regurgitant. He called attention to the absence
of valves in connection with the pulmonary veins,
pointed out that with no means of closing the outlet
backwards, the atrium could expand but had little
power to drive the blood forwards, and claimed that
it “was scarcely possible that one of the loudest and
roughest murmurs ever heard in cardiac disease
should be produced by contraction of the auricle.”

The suggestion has been made that the presystolic
murmur heard in cases of mitral stenosis with atrial
fibrillation is really a systolic murmur and is due to
the combined effect of mitral regurgitation occurring
very early in systole and followed by a delayed first
sound.

OPENING SNAP OF THE MiITRAL VALVE

The opening snap of the mitral valve may be heard
in many cases of mitral stenosis. It is due simply to
a delay and an accentuation of the normal fourth
component of the second heart sound—that is, the
opening of the atrioventricular valves. It was first
described by Duroziez**** in 1862, when he intro-
duced his onomatopoeia, “ffouttatarou.” The“ffout”
corresponds to the crescendo presystolic murmur and
ends abruptly in a snapping first heart sound; the
“tata” refers to the second heart sound closely fol-
lowed by the opening snap of the mitral valve, and
the“rou” to the low-pitched diastolic rumble. The
actual term “opening snap,” or its French equivalent,
was introduced by Rouches* in 1888 as “claquement
d’ouverture de la mitrale.”

A third sound coming close after the second sound
may be difficult to differentiate clinically from the
opening snap, but usually the opening snap, being
of higher frequency than the third sound, has a high-
pitched, dry quality, whereas the third sound is dull
and low pitched.

Another difficulty occasionally encountered is the
differentiation of an opening snap from a split second
sound. There is a very short interval between the
two components of a split second sound, and the
components are usually of similar intensity to the
ear. No reliance can be put on the fact that a split
second sound is said to be heard best at the base and
an opening snap at the apex. Margolies and Wol-
ferth,*® in 1932, pointed out that the opening snap
is often best heard at the base, and we have also
recorded this fact on a number of occasions.

The phonocardiogram often helps differentiate a
split second sound, a second sound combined with
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opening snap, and a second sound together with a
third heart sound or any combination of these three
sounds. If a good tracing of an apex cardiogram
can be obtained simultaneously with the sound trac-
ing, differentiation is easy. However, a good apex
cardiogram is not always obtainable, and time inter-
vals may then be of some assistance.

Ficure 10. Apical Tracings in D.H., a Thirty-seven-Year-
Old Woman with Rheumatic Heart Disease, Mitral Stenosis
and Atrial Fibrillation.

Before operation in 1951 (A) the patient had a very loud sys-
tolic murmur just medial to the apex, and the apical diastolic
murmur could not be identified with any degree of certain-
ty. It was thought that the systolic murmur might have been
due to tricuspid incompetence (B). Two years after opera-
tion the systolic murmur of tricuspid regurgitation has disap-
peared. The rhythm has reverted to normal; an opening
snap, third heart sound, diastolic murmur and presystolic
with slight crescendo are now easily identified. (This patient
was converted from a cardiac cripple before operation to a
relatively normal, active, healthy woman.)

In relation to the apex cardiogram, the split second
sound has its second component before the 0 point
(opening of the atrioventricular valves). An opening
snap is synchronous with the O point, and a third
sound occurs at the summit of the rapid inflow wave
(Fig. 114 and B).

So far as time intervals are concerned, the duration
between the two components of a split second heart
sound is usually less than 0.07 second. The interval
between the beginning of the second sound and the
opening snap is at least 0.08 second, and that be-
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tween the beginning of the second-sound complex Even when the first sound is not increased in in-
and the third sound is about 0.12 second. tensity it may be abnormal by phonocardiogram.

It is important to realize that the opening snap is This is shown by a delay of the maximum vibrations
one of the few signs in mitral stenosis that may of the first heart sound in relation to the QRS
persist even when the murmurs become equivocal or  complex of the electrocardiogram. This was de-
absent, as during atrial fibrillation or failure, or both.  scribed by Cossio and Berconsky*® in 1943 and again

In 1951 Messer et al.*” studied the interval between by Wells*® in 1952. Wells considered the delay to be
the onset of the valvular component of the second more significant than abnormality of frequency or
heart sound and the opening snap in cases of atrial intensity of the first heart sound. However, in many
fibrillation. They found that this interval depended cases of mitral stenosis, no delay can be detected.
largely on the duration of the preceding RR interval. Wells*® states that the main components of the first
They also noted that the opening snap sometimes heart sound should occur within 0.06 second of the
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Ficure 11. Apical Tracings in F.O., a Sixty-nine-Year-Old Woman with Atrial Fibrillation, Minimal Aortic Regurgita-
tion, Mitral Regurgitation and Mitral Stenosis.

The phonocardiogram demonstrates the need for taking an apex cardiogram to be sure whether three sounds following close
together in diastole are due to a split second sound combined with an opening snap or a second sound combined with an
opening snap and a third sound.

In tracing A, with a simultaneous electrocardiogram, it is not possible to be certain of the origin of the sound between the

second and the third heart sounds. However, in the lower tracing the apex cardiogram makes identification easy, showing

the middle one of the three sounds to coincide with the valley or “0” point of the apex cardiogram. This is the opening of

the atrioventricular valves and the beginning of the rapid inflow wave; hence, the intermediate sound is an opening snap.
The third sound falls at the apex of the rapid inflow wave and so is a true third heart sound.

appeared closer than 0.07 second to the valvular onset of the QRS complex and that, if they occur
elements of the second heart sound, emphasizing the at 0.07 second or later, it should be classified as
importance of relating the duplicated second sound “late.”

to the apex cardiogram for accurate interpretation of

the nature of this reduplication, Tuirp HEART SOUND IN MITRAL STENOSIS

It has been stressed that all possible aid is required
to estimate the degree of disability caused by mitral

Accentuation of the first heart sound, giving it a stenosis. In this regard the presence or absence of a
loud, snapping quality at the apex, is another im- third heart sound may be of some assistance. Since
portant and fairly common sign in mitral-valve dis- it is generally accepted that the third heart sound
ease. It is sometimes the first suggestion of fibrosis results from the rapid inflow of blood from the left
and early stenosis but may, of course, result from atrium to the left ventricle early in diastole, it is not
other conditions, such as exercise, thyrotoxicosis, unreasonable to suppose that as blood flow becomes
neurocirculatory asthenia and nodal rhythm. There diminished secondary to tight mitral stenosis the
are many cases of long-standing mitral stenosis, how- third heart sound progressively lessens in intensity
ever, in which the first heart sound is of low intensity and finally disappears. In our limited number of
or is masked by a systolic murmur that follows im- cases, we have found this to be true. We have also
mediately. Accentuation of the first sound is more observed the converse — namely, that some patients
significant of mitral stenosis when found in associa- with typical murmurs of mitral stenosis and good
tion with other signs, such as an enlarged left atrium  tonus of the left ventricle but with a prominent third
or an accentuated pulmonic second sound. heart sound have not been unduly incapacitated by

First HEART SOoUND IN MITRAL STENOSIS
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their mitral stenosis, supporting the concept that a
loud, apical, third heart sound means good filling of
the left ventricle. As pointed out by Hope'” over a
hundred years ago, the moderate cases of mitral
stenosis often had the loudest murmur, and this may
be misleading clinically since a loud mitral diastolic
murmur frequently suggests to the physician or sur-
geon that the degree of stenosis is marked. It is
suggested that the presence of a loud third heart
sound at the left ventricle in the presence of the
diastolic murmur of mitral stenosis indicates that
the degree of stenosis is not unduly severe (Fig. 114
and B).

FAcTORS AFFECTING THE DETECTION OF THE
DiastoLic MurMUR

[f a loud systolic murmur is present at the apex
or if a loud opening snap or loud second heart sound
is heard in the same region, the diastolic murmur
may be missed because of fatigue and masking
effects on the human hearing mechanism. This is
especially so in cases in which the diastolic rumble
is low pitched or of short duration.

The murmur may be missed in the presence of
tachycardia, either with regular rhythm or in the
presence of atrial fibrillation or flutter.

Even though mitral stenosis may be considered
to be present clinically this does not mean that the
hemodynamics are identical in all cases. The valve
mechanism, the size of the mitral orifice, the direc-
tion of blood flow from atrium to ventricle, the point
whether the valve orifice is centrally or eccentrically
placed, and the question whether the valves are
moderately or greatly thickened or calcified may all
be involved in varying the nature and intensity of
the diastolic murmur of mitral stenosis.

Especially in patients in the older age group, the
presence or absence of heart failure may cause one
to miss or detect the murmur. This is particularly
true in patients with a very tight stenosis.

A word of warning is necessary in the assessment
of mitral stenosis based on the intensity of the apical
diastolic murmur with or without presystolic cre-
scendo. Hope!” pointed out that moderate stenosis
gives the loudest murmur and that tight mitral
stenosis may exist with little or no murmur. Hérard’
observed that in patients in failure or with rapid
irregular rhythm the murmur may be absent. Other
authors have emphasized the fact that many con-
ditions other than mitral stenosis may be accom-
panied by an apical diastolic murmur.

We have repeatedly observed patients in the older
age group with a long history of rheumatic heart
disease and the clear-cut murmurs of mitral stenosis
who suffer very little disability and who can do a
full day’s work. These patients, who often survive
to a ripe old age and live full and useful lives (Fig.
114 and B), should not be subjected to surgery,
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which carries a definite risk at any age and a greater
risk in the later decades. On the other hand, patients
in failure, even without a murmur, who have an
enlarged left atrium, right-axis deviation by electro-
cardiogram and a history of hemoptysis and perhaps
even of rheumatic fever, should be very fully inves-
tigated to rule out the possibility of mitral stenosis.
A loud apical first sound or the finding of an open-
ing snap, possibly in the presence of an accentuated
pulmonic sound, may be all the auscultatory evidence
available to make the diagnosis in these cases.

Facrors IN CrinicaL Examination HEerping
Detect THE DiastoLic MurMuUR

It is essential that the physician carry out his aus-
cultation under ideally quiet conditions.

The patient should hold his breath comfortably in
moderate expiration.

As Levine and Harvey®® have emphasized, the physi-
cian must acquire the habit of listening specifically
to the individual events of the cardiac cycle. He
must concentrate on the first sound to the exclusion
of all else, then on the second sound, then on systole
and finally on diastole. There is no other way of ac-
curately timing murmurs and heart sounds or even
of being certain of the existence of the lower-pitched
murmurs and sounds.

In listening for the low-frequency mid-diastolic
rumble of mitral stenosis, the bell of the stethoscope
is generally more useful than the diaphragm, which
tends to screen out the lower-frequency sounds so
that it may enable those of higher frequency to be
heard more easily.

When the bell is used, one should apply it first
of all firmly to the chest wall and, while listening
intently, gradually relax the pressure of the bell
against the skin. A murmur at first inaudible with
firm pressure may become clearly audible with light
pressure. The reason for this is that firm pressure
of the bell against the chest causes the skin to be
stretched tightly across the mouth of the bell so
that a high-frequency diaphragm is created. Relax-
ing this pressure converts the bell to a low-frequency
recorder, and so the murmur may be heard.

Exercising the patient and turning him on his left
side, a maneuver known to all physicians but not
always employed, should be done in every case.

Careful searching in the area of the apex is essen-
tial, since, although some murmurs may be heard
over a reasonably large area, others are often re-
stricted to small areas of 2.5 to 5 cm. in diameter.
Hence, careful and diligent listening is required in
any suspected case if errors are tc be avoided.

The murmur in some cases may vary, depending
on such factors as heart rate, the presence or absence
of atrial fibrillation and congestive heart failure and
the natural progression of the disease. The murmur
may thus be heard by an observer one day and not
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by the same observer on the next day or even six
months or a year or more later. Conversely, a patient
entering the hospital in failure may have no detect-
able murmur, and yet, when the rate and rhythm
are controlled by digitalis and by bed rest and the
failure benefited by drugs, a salt-free diet and mer-
curial diuretics, a mid-diastolic murmur, possibly
with presystolic crescendo, may become clearly au-
dible. These changes, which may occur with varying
degrees of valve damage, depend on the relation
between the shape of the valve orifice and the rate
of blood flow through the orifice and on whether
or not turbulence results in the blood stream.

If a patient is admitted to the hospital with failure
or a condition resembling cor pulmonale and no mitral
diastolic murmur is heard, and if the record shows
that some previous observer heard a murmur of
mitral stenosis, one should not be too hasty in de-
ciding that the earlier observer was in error. It is
not impossible that as the stenosis has increased the
murmur has lessened until finally it has become in-
audible. We have frequently encountered this situ-
ation. In such cases, if the first sound seems too
“good,”—that is, louder than appears consistent with
the degree of myocardial failure,—mitral stenosis
should be suspected. This is especially true if atrial
fibrillation and hypertrophy of the right ventricle
are present.

The presystolic crescendo of the mitral diastolic
rumble is not present in all cases of mitral stenosis.
This fact was pointed out by Sansom,*'-*¢ Johnston®’
and Battro and Braun-Menéndez.® Sometimes, the
mid-diastolic murmur is recorded as diminuendo
and may in fact almost disappear just before the
first heart sound. This occurs especially during the
long diastole in patients with a slow heart rate or
when the atrial contraction is feeble or absent.

On the other hand, cases are often reported in
which a presystolic crescendo murmur has been
heard on auscultation but no abnormality of the
mitral valve is detected at autopsy. Alimurung,
Rappaport and Sprague® reviewed the causes for
this phenomenon in 1949.

In any case in which an opening snap is heard, it
is well to suspect mitral stenosis, even if no diastolic
murmur is heard and especially if the condition
clinically resembles mitral stenosis.

When a loud snapping first sound is heard at the
apex with no obvious cause, such as thyrotoxicosis
or neurocirculatory asthenia or nodal rhythm, one
should search carefully for a mid-diastolic or pre-
systolic murmur. However, a quiet or normal first
sound at the apex does not exclude the possibility
of mitral stenosis.

CONCLUSIONS

The diagnosis of mitral stenosis may be very easy
or extremely difficult, and all possible information is

THE NEW ENGLAND JOURNAL OF MEDICINE

Dec. 15, 1955

desirable in the evaluation of each case. A good
clinical history, physical examination, electrocardio-
gram and x-ray fluoroscopy are all essential. Often
auxiliary aids, such as a jugular-pulse tracing, help
differentiate mitral regurgitation from tricuspid in-
sufficiency in cases in which a systolic murmur is
heard just medial to the apex.

Even with the greatest of care in diagnosis in the
best of clinics, errors are not infrequent. Some
patients with clinical diagnoses of mitral stenosis
have been found at operation to have free mitral
regurgitation and no stenosis. Some cases diagnosed
as cor pulmonale have been found at autopsy to be
tight mitral stenosis, and others diagnosed as severe
mitral regurgitation with slight mitral stenosis have
turned out to be cases of tricuspid regurgitation
with tight mitral stenosis.

These errors are occurring in clinics where ex-
cellent clinicians are working under ideal conditions.
It is therefore essential that every physician examine
his patients with the utmost care.
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PELGER-HUET ANOMALY OF THE LEUKOCYTES*

ArRTHUR KLEIN, M.D.;} ALLEN E. Hussar, M.D.,} AND SieGBERT BorRNSTEIN, M.D.§

MONTROSE, NEW YORK

N 1928, Pelger," a Dutch physician and specialist

in tuberculosis, examined the blood smear of a
tuberculous patient and noted the absence of the usual
nuclear segmentation in the granulocytic leukocytes.
A large percentage of the cells were stab forms. The
rest showed only two segments, and a few showed
three segments but none more than three. In spite
of this apparent immaturity, the nuclear chromatin
was coarse, grouped into irregular clumps and ob-
viously quite mature. In 1931, he had another case,
again in a patient with tuberculosis, and thus the
condition was first associated with this disease.? Later
in the same year, a Dutch pediatrician named Huét®
examined a ten-year-old girl suspected of having tu-
berculosis. He found the Pelger anomaly but no
tuberculosis; on carefully taking the family history,
he discovered that the girl was a niece of one of Pel-
ger’s patients. He then demonstrated the familial and
hereditary nature of the condition and suggested that
it was inherited as a nonsex-linked mendelian-domi-
nant characteristic. He traced this family tree back
three generations and found elders possessing the

*From the Medical and Laboratory services of Franklin Delano
Roosevelt Veterans Administration Hospital.

‘ﬂ-l‘ormerly, physician, Medical Service, Veterans Administration Hos-
pital.

$Chief, Medical Service, Veterans Administration Hospital.

§Chief, Laboratory Service, Veterans Administration Hospital.

anomaly who were in good health. Huét concluded
that no pathologic implications could be attributed
to the condition. Schilling subsequently proposed
that the condition be called the Pelger-Huét anomaly.
It has also been called by the descriptive term, “fa-
milial false shift to the left of the leukocytes.”

Since 1932, when Huét*® described 2 more families
from Holland with this anomaly, many additional
cases have been discovered and reported. By 1940,
210 patients in 32 families had been described.® Most
of these reports appeared in the European literature,
and a few in other parts of the world, such as Japan,
Java, the West Indies, Israel and Australia.’-%%

Interestingly enough, as far as we know, no report
has emanated from Great Britain, and only 2 cases
have been described in the United States. Peterson3
reported the anomaly in a Chinese family in 1935,
and Tileston*® presented a case in 1937.

The actual number of cases certainly exceeds that
reported in the medical literature. Probably, they are
not as rare in the United States as the scarcity of
reports suggests.

Since recognition of this hematologic anomaly has
practical significance and very little on the subject
has been written in English, it was considered timely
to review the problem in connection with a recently
encountered case. It is of additional interest that the
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