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INTRODUCTION

Emotional disturbances may have a profound
effect on the circulation, causing changes in the
heart rate, cardiac output (1 and 2), blood pres-
sure, tone of peripheral vessels, and the electro-
cardiogram (3). This is particularly true of the
emotional state which may develop in persons
who find themselves in a hazardous situation.
For present purposes. this emotional state is
termed “anxiety,” although it is recognized that
other reactions such as resentment or anger may
also occur, depending upon the individual and
the circumstances. In any study on unanesthetized
human subjects, changes produced by anxiety may
mask completely the physiologic or pharmaco-
logic effects which are obvious in a relaxed sub-
ject. In the interpretation of experimental data,
objective criteria by which it can be established,
or even suspected, that anxiety is having an effect
on cardiovascular function are useful. It is also
of importance to clinical medicine to have further
information concerning the degree to which anx-
iety may affect certain aspects of cardiovascular
function and on the mechanisms by which the
effects of organic cardiovascular disease may be
simulated or intensified by anxiety. It is the pur-
pose of the present report to make a contribution
in both of these directions.

METHODS

The interpretation of data relating anxiety to circula-
tory changes is handicapped by the absence of a reliable
objective means of measuring the degree of anxiety in-
duced or even of detecting the presence of anxiety at all.
In judging variation in response to anxiety, it is difficult

- to distinguish between variation in the intensity of the
stimulus and in the reactivity of different subjects. In
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the present study, it has been necessary simply to place
reliance on the statement of the subject that he had a
sensation of anxiety when the first set of measurements
was made and that the sensation had abated or was absent
in the control period. It was not feasible to define the
emotional state of each subject more exactly than this.
An attempt was made to reduce circulatory fluctuations
due to causes other than anxiety by conducting control
studies under conditions which were otherwise as similar
as possible. All subjects were recumbent when studied.

Two groups of subjects were studied. The first group
consisted of 23 unselected healthy medical students, rang-
ing in age from 20 to 25 years. Anxiety existed in these
subjects because of the imminence of an important aca-
demic oral examination. Cardiac output was measured
on the Nickerson ballistocardiograph (4) immediately
before the examination of each student and again 24 hours
after the examination, when anxiety was presumably ab-
sent or much abated. Blood pressure by the auscultatory
method and pulse rate were determined at the same times.
Mean pressure was estimated by adding 14 the pulse
pressure to the diastolic pressure. In each case, meas-
urements were made at least two hours after the last
meal and following a rest period of approximately 20
minutes, the first half of which was spent sitting quietly
and the second half recumbent on the ballistocardiograph
table. Intercurrent illness was ruled out by a brief
history.

The second group of subjects consisted of hospital and
clinic patients. In this group cardiac outputs were deter-
mined by the Fick method following intracardiac cathe-
terization (1, 5, and 6). Direct brachial arterial, intra-
cardiac, and pulmonary arterial pressures were recorded
by means of a Hamilton manometer, and mean pressures
were determined by planimetric integration. Anxiety was
first induced by the statement that the procedure, though
necessary, involved some risk and by the simulation of a
tense and watchful attitude on the part of the observers
themselves. The patient was then told that all danger
was past, and that the response to the test had been
excellent. Occasionally seconal was given in doses of 0.1
to 0.2 gram. In these patients observations were made
about one hour apart at a single sitting. In some cases
observations were made during light leg exercise with
the patient in a recumbent position.

In all cases the peripheral resistance (7) was expressed
as the ratio of mean arterial pressure in mm. Hg to the
cardiac index. This is a function proportional to the

290



CARDIOVASCULAR REACTIONS TO EMOTIONAL STIMULI

absolute value of the peripheral resistance corrected for
the surface area to permit ready comparison of peripheral
resistance in persons of different body size.

RESULTS
Anziety in normal young males

The data obtained on the group of 23 students
immediately before examination and 24 hours later
are summarized in Figure 1. In the pre-examina-
tion, or anxious, period each of these subjects ad-
mitted to a feeling of tenseness. Subjective ob-
servations included most frequently warmth of
the face, coldness and sweating of the hands, axil-
lary sweating, palpitation, general shakiness, epi-
gastric uneasiness, and anorexia. There was one
report of frank diarrhea and one of frequent uri-
nation. Objectively malar flush and clammy
hands were most prominent. Tremor of the voice
was noted occasionally. In the subsequent con-
trol period none of these manifestations of anxiety
was present. In general, the attitude was one of
relief and satisfaction. There had been no aca-
demic failures in this group. Choosing the control
observations on each subject as a reference point,
the group as a whole during the period of anxiety
showed an increase of 10% in the mean arterial
pressure (from 90 to 99 mm. Hg), an increase of
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27% in the heart rate (from 70 to 89 beats/min.),
an increase of 16% in the stroke volume (from
112 to 130 cc.), an increase of 48% in the cardiac
index (from 4.2 to 6.2 liters/min./sq.m.), and a
fall of 23% in the peripheral resistance (from 22
to 17 mm. Hg/liters/min./sq.m.). There was
great variation in the amount of change in differ-
ent individuals between the composed and anxious
states. This was particularly true of the cardiac
index, as illustrated by Figure 1. In Figure 2 is
shown the relation between change in cardiac in-
dex and that in peripheral resistance during the
anxious state. For each subject the control pe-
riod is represented by the origin. It will be ob-
served that there is a tendency for correlation be-
tween the degree of increase in cardiac index and
the degree of fall in peripheral resistance in the
anxious state. In general, the greater the increase
in cardiac index, the greater the fall in peripheral
resistance. In Figure 3, the change in cardiac
index in the anxious state is similarly plotted
against the change in mean arterial pressure. It
is evident that the mean pressure either remained
unchanged or increased during the anxious state,
but no correlation is evident between the extent
of change in the mean pressure and that in the
cardiac index.

No.CASES

[] COMPOSURE

l ANXIETY

P A0 O o°
7 0 P
HEART RATE

A 0 ® O o® P o
A0 4% & & P q"\d"\o\&

MEAN BLOOD PRESSURE

No. CASES
1

S s 6 A

)
L ) -‘as1so‘°

CARDIAC INDEX

No. CASES

2

R I S
LR QN TRV P

PERIPHERAL RESISTANCE

'\ o
LR

Fic. 1.

Errect oF ANXIETY ON VARIOUS CIRCULATORY VALUES IN 23 NorMAL

MALE STUDENTS

Heart rate is expressed in beats/min.; cardiac index in liters/min./sq.m.; mean
blood pressure in mm. Hg; and peripheral resistance in mm. Hg/liter/min./sq.m.



292

JOHN B. HICKAM, WALTER H. CARGILL, AND ABNER GOLDEN

°
@ 420
-20 ._ +20 . +40 +60 +80 +100 +120 +140 +160 +180
PERCENT CHANGE IN CARDIAC INDEX
°
® o
-201 o [ °
y e °
z °
ol 28 e b
-401 "
w = [ ]
] °
@
g °
|
Ogq
-601 - 5 ‘
Z
ui
£e
&

F16. 2. ReLATION OF CHANGE IN CARDIAC INDEX T0 CHANGE IN PERIPHERAL RESISTANCE

DURING THE ANXIOUS STATE IN

23 NorMAL MALE STUDENTS

The control values for each student during composure are represented by the origin.

For the group, as a whole, the effect of anxiety
was to produce a large increase in cardiac index,
a large drop in peripheral resistance, and a rela-
tively small rise in mean arterial pressure. The
increase in arterial pressure was on the basis of
an increased cardiac index rather than an overall
vasoconstriction. In four cases, however, the anx-
ious state was associated with a slight to moder-
ate increase in peripheral resistance, and it was
primarily or entirely on this basis that the in-
crease in blood pressure occurred. These four
cases showed no increase or a slight fall in cardiac
index during the anxious state. In three sub-

jects who showed increases of cardiac index be-
tween 35 and 56% during the anxious state, there
were large moment-to-moment fluctuations in car-
diac index as the result of changes in both stroke
volume and heart rate. An average value from
several determinations has been given in each
case.

Observations on hospital and clinic patients

The second group of subjects, in whom observa-
tions were made during intracardiac catheteriza-
tion, consisted of 12 hospital and clinic patients.
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TABLE I
Mean | ory: pross
. press. = o . .
Patient | Age| Sex| Diagnosis State I::::t Q,T,i‘ p:::n AOY con- glirc I;::L’t"
press. diff. | sump. | index
Sys. dias. | Mean

mm.
cc./ i/ Hg./l.
mm. mm. mm. mm. min./ | min./ | min.
Hg Hg Hg Hg |9v0l. % | sg. m. | sg. m. | sq. m.
1. G. D. | 30 | M| Asymptomatic CNS | Anxiety 73 12 | 140/88* 105 2.9 | 141 | 49 | 214
syphilis Exercise 82 14 |110/80* 90| 6.0 | 314 | 5.2 17.3
2. W. H.| 15 | M| Latent syphilis Anxiety 62 4 12 95/53 | 68| 3.1 | 177 | 5.7 119
Exercise 72 5 14 |119/67 | 87| 5.8 | 387 | 6.7 | 13.0
3. T.C. | 44 | M| Emphysema, Anxiety 114 0 18 |133/74 | 92| 3.4 | 220 | 6.5 14.1
?hyperthyroidism | Exercise 114 22 [150/79 | 98| 6.5 | 285 | 44 | 22.2
4. C. N. | 35| F | Methemoglobinemia | Anxiety 89 4 18 |128/70* 89| 3.1 | 205 | 6.7 134

Exercise 80 20 4.5 | 284 | 6.4
5. F.J. | 24| M| A-V fistula Anxiety 83 2 14 [133/70 | 91| 3.1 179 5.7 159
Composqre 72 2 13 |132/70 | 91| 3.8 172 | 4.5 20.2
6. S. C. |44 | M| Hypertension Anxiety 79 16 2037102 137 | 2.6 | 171 | 6.7 | 20.4
Composure| 75 9 |191/115| 142 | 4.3 163 | 3.8 374
7. E. H. | 35| F | Hypertension Anxiety 60 8 1202/108] 153 | 5.1 | 127 | 2.5 | 61.2
Composure| 66 3 10 |190/113| 142 | 44 | 123 | 2.8 | 50.7
8. 0. T. | 55| F | Aortic insufficiency, | Anxiety 78 0 6 |146/50 | 84| 54 | 139 | 2.6 | 32.3
syphilis Composure| 77 10 [143/49 | 84| 3.0 | 126 | 4.3 | 19.5
Exercise 100 3 19 |182/72 | 120| 4.6 | 413 | 9.0 13.3
9. E.C. |21} F | Convalescent Anxiety 82 9 1105/65| 80| 4.4 | 142 | 3.2 | 25.0
pneumonia Composure| 92 1 9 [112/72 | 84| 4.1 | 126 | 3.1 | 27.0

Exercise 6.8 | 285 | 4.2

10. C. B. | 41| M| Congestive failure, Anxiety 83 | 170 | 2.1

etiology unknown | Composure 6.2 | 153 | 2.5
11, C. Br. | 54 | F | Congestive failure, Anxiety 78 15 [179/57 1 103} 7.5 | 138 | 1.8 | 57.3
syphilitic Al Composure| 68 0 12 |180/53 | 97| 6.0 | 122 | 2.0 | 48.5
12. G. S. | 47| M| Congestive failure, Anxiety 77 37 |153/51 | 87| 5.7 148 | 2.1 41.5
syphilitic AI Composure| 68 | —2 25 |149/55| 88| 6.7 | 120 | 2.2 | 40.0
Exercise 84 5 54 |[193/62 | 108 | 7.0 | 210 | 3.0 | 36.0

* Auscultatory.

The data obtained on these subjects are presented
in Table I. In most cases, an attempt was made to
induce anxiety during the early part of the pro-
cedure. In the remainder, anxiety was spontane-
ous. All subjects admitted to a feeling of tense-
ness or apprehension. All subjects are included
in whom an attempt was made to induce anxiety
during the course of this study.

The relation between rate of oxygen consump-
tion and cardiac index is shown in Figure 4.
In this figure, the rectangle indicates the range
covered by 18 basal subjects observed by Stead
et al. (1). The area inclosed by the two straight
lines drawn to the extremities of the rectangle
indicates the range covered by subjects with a nor-

mal cardiovascular system studied by Hickam and
Cargill (8) during rest and exercise. It is be-
lieved that points falling within the region so
inclosed are indicative of a normal response of
the cardiac index to the body oxygen requirement.
Points to the right of the area represent an un-
usually high cardiac index, and those to the left
indicate an unusually low cardiac index in pro-
portion to the oxygen consumption.

For convenience in presentation, the present
group is subdivided according to the procedure
followed and the condition of the patient.

Anxiety followed by exercise. In cases 1, 2, 3,
and 4, observations were made during the anx-
ious state and then during a period of light leg
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exercise which followed immediately. Patients 1
and 2 had asymptomatic syphilis, without evidence
of cardiovascular disease. Patient 3 had pulmo-
nary emphysema. Because of a consistent ele-
vation of the BMR hyperthyroidism was sus-
pected. Patient 4 complained of weakness and cy-
anosis and was found to have methemoglobinemia,
apparently on the basis of ingestion of drugs con-
taining acetanilid. . Patients 3 and 4 both had
dyspnea on moderate exertion, but in neither
case was there any cardiac enlargement. All four
patients, as is evident in Figure 4, had a cardiac
index during the anxious state which was abnor-

mally high for the rate of oxygen consumption..

During the subsequent exercise period, however,
the relation between cardiac index and oxygen
consumption shifted to the normal range. In pa-
tients 1 and 2 exercise resulted in a very slight in-
crease of cardiac output over the previous level,
while in patients 3 and 4 the increased oxygen
consumption caused by exercise was associated
with an actual fall in cardiac output.

Anziety followed by composure. In cases 5, 6,
7, 8, and 9 the initial observations, which were

made while the patients were considered to be in
an anxious state, were followed by a period of rest
and reassurance. Seconal in doses of 0.1 to 0.2
gram was given by mouth. After an hour observa-
tions were repeated. These patients were all in
the post-absorptive state and had been at com-
plete physical rest for at least half an hour before
the first observations were made. Case 5 had a
traumatic A~V fistula; 6 and 7 had essential hy-
pertension; 8 had syphilitic aortic regurgitation;
9 was convalescent from pneumonia. There was
no evidence of cardiac decompensation in any of
these patients.

The behavior of cases 5 and 6 was similar to
that of most of the normal students. As indicated
in Figure 4 the cardiac index was abnormally
high in proportion to the rate of oxygen consump-
tion during the period of anxiety. On composure,
the cardiac index fell, assuming a normal relation
to the oxygen consumption. During anxiety the
peripheral resistance was lower than during com-
posure. The mean arterial pressure showed little
change.

The behavior of cases 7 and 8 was opposite to
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that expected. In both cases the peripheral resist-
ance was higher during the period of anxiety than
during composure. During anxiety patient 7, who
had essential hypertension, had a moderate in-
crease of mean arterial pressure over the control
level, but no important change in cardiac index
or oxygen consumption. During anxiety patient
8 had no change in pressure but the cardiac index
was well below the control level. In this patient
oxygen consumption during anxiety was 13%
above the control level. Both patients stated that
they experienced some anxiety during the first pe-
riod of observation and relative composure during
the second. It is primarily on the basis of this
statement that their cardiovascular. reactions are
assigned respectively to states of anxiety and com-
posure. The reaction of these patients appears
to be similar to that of the four students who,
during anxiety, had a rise in peripheral resistance
and no change or a fall in cardiac index.

Patient 9 showed no important change in pe-
ripheral resistance or cardiac index between the
two periods, but the rate of oxygen consumption
was 10% higher during anxiety than during com-
' posure.

Anxiety in patients with cardiac decompensa-
tion. Patients 10, 11, and 12 had recently had
congestive heart failure, of unknown etiology in
case 10, and the result of syphilitic aortic regurgi-
tation in the other two. All had improved to the
extent of being comfortable while flat in bed. As
indicated in Figure 4, the cardiac output of these
patients was abnormally low for the rate of oxygen
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consumption. In the period of anxiety the rate
of oxygen consumption was increased by 11, 14,
and 23%, respectively, over that in the period of
composure. There were, however, no substantial
changes in cardiac output or peripheral resistance
between the two periods. The data on the subse-
quent exercise period of patient 12 indicate that
his ability to increase his cardiac output was ex-
tremely limited, as is typical of persons with car-
diac decompensation. Mean pulmonary arterial
pressures were measured in patients 11 and 12. In
patient 11, in whom the pulmonary pressure was
not abnormally elevated, there was no substantial
change as the result of anxiety. This was gener-
ally true for the patients without cardiac decom-
pensation. In case 12, however, in whom the
pulmonary pressure was. abnormally elevated dur-
ing the period of composure, there was a 50%
increase in pressure during the period of anxiety.
In the exercise period there was a 100% increase
in pressure. Pulmonary pressure tracings from
this patient are reproduced in Figure 5.

DISCUSSION

In attempting to compare values for cardiac out-
put in different subjects, it is customary to make
observations at complete physical rest. It is ob-
vious that physical rest does not mean emotional
relaxation and that because of this fact, widely di-
vergent values for cardiac output are obtained
even when the figures are reduced to the same
surface area. The scatter of the values was re-
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duced by light exercise. It appears that resting
values are by no means the most constant values.

The data recorded here, together with that re-
ported elsewhere, demonstrate the great vari-
ability in the response of the circulation to anx-
iety. This variability is qualitative as well as
quantitative. Stimuli from the emotional con-
tent of thought may pass out over both sympa-
thetic and parasympathetic portions of the au-
tonomic nervous system. The autonomic nerv-
ous system may affect the heart by altering its
rate and output, and the peripheral vessels by
causing vasoconstriction or vasodilatation. In
addition to the direct effects on the circulation
from such stimuli, there may be indirect effects.
For example, a lowering of the peripheral resist-
ance causes an immediate rise in cardiac output,
the mechanism of which has not been determined.
At present, there is no way of determining which
changes in the circulation result from stimuli from
the emotional content of thought acting directly
on the heart and which are secondary to changes
in the peripheral vessels with secondary effect
on the heart.

In most subjects the cardiovascular effects of
anxiety are similar to those produced by small
doses of epinephrine (9). The heart rate and
cardiac output are increased. There is a moderate
elevation of blood pressure, but the peripheral
resistance (ratio of mean arterial pressure to car-
diac output) is decreased, apparently indicating a
predominant dilatation of the vascular bed. The
vessels of the hands and feet are constricted.
There is a moderate increase in rate of oxygen
consumption.

In certain subjects, severe anxiety may be at-
tended by circulatory collapse (10). In such
cases the overall peripheral resistance is decreased,
as in the type of reaction described above, but the
heart rate is slowed and the cardiac output does
not increase in the expected fashion as the periph-
eral resistance decreases. There results a pro-
found fall of blood pressure. Both types of re-
actions have been observed in the same subject at
different times. Both reactions appear to have
in common an overall decrease in vascular tone,
together with evident vasoconstriction in certain
regions, such as the hands and feet. In the first
type of reaction, however, the general decrease
in vascular tone is compensated by an increase in
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cardiac output, so that the blood pressure is main-
tained at the control level, or, more commonly,
elevated slightly above the controi level. In the
second type of reaction there is no compensatory
increase in cardiac output, so that the blood pres-
sure falls as the vascular tone decreases. The
sweating and hyperperistalsis which accompany
the collapse reaction are signs of cholinergic stim-
ulation and suggest that the cardiac rate is in-
hibited by strong vagal activity. Lewis (11)
found that the administration of atropine pre-
vented the fall in heart rate but not the drop in
blood pressure.

In the present study there was a small group of
subjects who demonstrated a third type of cardio-
vascular reaction to anxiety. .In this group there
was an overall increase in vascular tone. The
blood pressure was maintained at or above the
control level, while the cardiac output fell. The
heart rate showed no material change or a mod-
erate increase. .

The extent of the fall in peripheral resistance
which can occur in the anxious state is a phe-
nomenon almost as striking as the increase in
cardiac output. In contrast the mean blood pres-
sure, which may be expressed as the product of
the cardiac output and peripheral resistance,
changes relatively little. The moderate elevation
of blood pressure commonly seen in anxiety in
normal persons usually represents a relatively
slight imbalance between a large increase in car-
diac output and a large fall in peripheral resist-
ance. Starr (12) has described a group of per-
sons with hyperactive circulation and a moderate
elevation of blood pressure. He points out that
in these persons the elevation of blood pressure
is on the basis of an increased cardiac output,
while in persons with essential hypertension the
peripheral resistance is increased and the cardiac
output is normal or even sub-normal. It is to be
emphasized, however, that increases of blood pres-
sure in normal persons during anxiety are of only
moderate degree. Normally, the peripheral re-
sistance and cardiac output are so adjusted during
anxiety as to prevent any large change in mean
arterial pressure. Failure to accomplish such an
adjustment may, in itself, be indicative of arterial
dysfunction.

There is considerable evidence that various pat-
terns of vasoconstriction and vasodilatation may
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be centrally set up in response to different stimuli
to the nervous system. The Lovén reflex, in
which stimulation of afferent fibers from an organ
produces generalized vasoconstriction- and local-
ized vasodilatation, is an example of this phe-
nomenon. Emotional blushing reactions of the
skin and intestinal mucosa are further examples
of a localized vasodilatation resulting from a
central stimulus. On the other hand, pain pro-
duced by the immersion of an extremity in ice
water may be associated with a large increase in
peripheral resistance and an elevation in blood
pressure without any apparent localized regions
of vasodilatation. While it is true that the vaso-
motor pathways through the sympathetic chain
normally exhibit a strong constrictor tone, it is
apparent this tone can be increased or decreased
in various anatomic patterns by the vasomotor
centers in response to different stimuli.

There appears no need to postulate that emo-
tional stimuli which may incite activity of the
sympathetic nervous system need be associated
with generalized vasoconstriction or with any
fixed vascular pattern. It seems likely that fur-
ther experience with anxious subjects will dem-
onstrate additional types of cardiovascular re-
actions.

The nature and location of the vascular channels
through which the excess quantity of blood cir-
culates in those persons who develop a hyper-
active circulation in response to anxiety is a
problem of considerable interest. The dispropor-
tion of cardiac output to oxygen consumption and
the high oxygen content of mixed venous blood
suggest that a considerable portion of the out-
put is shunted through arterio-venous connections
or preferential channels thus by-passing the capil-
laries. There appears to be no present evidence
to indicate the organs in which such shuntsjare
occurring. /

The extent of the extra cardiac work which
may be imposed by anxiety is impressive. The
" average cardiac index of the student group (non-
basal) was elevated from 4.2 in the control pe-
riod to 6.2 in the anxious period. From previous
studies of the normal response of the cardiac
output to the oxygen requirements of the body,
it is estimated that this increase in cardiac out-
put corresponds very roughly to that which would
be demanded by an increase in oxygen consump-
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tion equal to the basal metabolism. The extra
cardiac work imposed by anxiety may well be a
contributory factor in the production of attacks
of angina pectoris during physical rest in per-
sons with impaired coronary circulation.

Previous studies have shown that patients with
congestive heart failure at rest have an abnormal
response to exercise. They have a small increase
or an actual decrease in cardiac output and a
marked rise in pulmonary arterial pressure. The
rise in pulmonary arterial pressure seems to be
related to the inability of the left ventricle nor-
mally to increase its output and probably in part
represents a rise in left atrial and pulmonary
capillary pressures. In view of the abnormal re-
sponse to exercise, a stimulus normally causing a
rise in cardiac output,-it would be logical to ex-
pect an abnormal response to anxiety, a stimulus
again normally causing a rise in cardiac output.
In one patient with congestive failure. anxiety
caused changes similar to but less marked than
those produced by exercise. It is suggested that
in certain patients with heart failure acute attacks
of pulmonary edema may be precipitated by anx-
iety because of the disturbance in pulmonary
pressures from the inability of the left ventricle -
to respond normally. This mechanism may be
responsible for some of the attacks of acute pul-
monary edema precipitated by procedures as
thoracentesis, abdominal paracentesis, catheteri-
zation, or lumbar puncture.

SUMMARY AND CONCLUSIONS

1. In the majority of persons, anxiety has an
effect on the circulation similar to that produced
by small doses of epinephrine. The cardiac out-
put, heart rate, and oxygen consumption are in-
creased. There is a moderate elevation of blood
pressure, but the peripheral resistance is de-
creased. The cardiac output is abnormally high
in proportion to the rate of oxygen consumption.
When persons with this reaction undertake mus-
cular exercise, the normal relation between car-
diac output and rate of oxygen consumption is
re-established.

2. In certain subjects anxiety may be attended
by circulatory collapse. In such cases the periph-
eral resistance is decreased, but the compensatory
increase in cardiac output fails to occur, with a
resultant fall of blood pressure to low levels.
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3. In a small group of subjects anxiety results
in an increase in peripheral resistance and an ele-
vation of blood pressure, with no change or a fall
in cardiac output.
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THE EDITORS

It may be of general interest to the contributors and subscribers to explain some of the vicissitudes of the
editors, the problems of the mechanics of editing and printing the Journal and at times to introduce miscellaneous

topics for attention and comment.
targets for criticism or correction

This procedure reverses the customary letter to the editors in which they are
enough comments still come in to remind us that we are not infallible.

Assuming that an article submitted is worthy of publication, it follows that the sooner it appears in print the
better, not just for the credit of priority but for the spread of information in fields of investigation where the

advance is rapid.

The usual processing of manuscripts begins with their examination by each of the editors,

discussion at a weekly meeting and except in rare instances, the selection of a minimum of two reviewers for

careful criticism.

This initial processing takes one or two weeks, and averages about ten days.

Reviewers are

asked to return the manuscripts within 14 days, and this has been adhered to with increasing frequency; the

average now is two weeks while formerly it was slightly more than four weeks.

The submission of two copies of

a manuscript has reduced the time spent by editors and ®eviewers by nearly half, so that final action may be
taken on a paper within three weeks whereas formerly the minimum was five or six weeks.

In a representative issue approximately one-third of the accepted articles do not require alteration or revision.
The remainder may require slight or extensive change, and on the average this has taken just over five weeks

with extremes of one to 15 weeks.

Copy is sent to the printer ten weeks before the first day of the month of issue.

While it may be possible to

shorten this period of typesetting, return and correction of galley proofs and page proofs, and finally printing

and distributing the Journal, this has not been done so far.

Assuming that a manuscript went through the stages

in the shortest possible time it might appear in the Journal in just over three months and we have had a few

appear less than four months after they were received.
was just under six months.

The average time elapsing for articles in the last issue

This is approximately the same time as for two random numbers in 1940, a sample

pre-war year, and it compares with a period of about ten months in the war year 1944, when the Journal was

actually mailed much later than the month noted on it.

This brief survey may clarify to those not familiar with the problem some of the reasons why papers do not get

printed more rapidly.

We are actually approaching very favorable elapsed time performance in handling manu-
scripts, and for this' we must give credit to our reviewers as well as the contributors.

We hope for even more im-

provement, but there is a minimum beyond which we cannot go.
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