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INFANTS

By DOUGLASP. MURPHYAND EDWARDS. THORPE, JR.

(From the Gynecean Hospital Institute of Gynecologic Research and the Department of
Pediatrics, University of Pennsylvania, Philadelphia)

(Received for publication March 7, 1931)

INTRODUCTION

Observations upon the frequency and amplitude of the respiratory
movements of newborn children, recorded in the literature, are con-
flicting. The rate of breathing per minute is recorded as follows:
Dohrn (1), 62; Eckstein and Rominger (2), 37 to 49; Pfaundler and
Schlossmann (3), 40 to 45; and Feldman (4), 44.

The depth of breathing, expressed in cubic centimeters, is given by
Feldman (4) as 48; Dohrn (1), 45; Pfaundler and Schlossmann (3),
27 to 42; von Recklinghausen (5), 19.5; Gregor (6), 15; and Eckstein
and Rominger (2), 10 to 13.

The amount of air breathed per minute is 1300 cc. according to
Eckerlein (7), while Eckstein and Rominger (2) record 600 to 1000 cc.
The minute volume per kilogram of body weight is 400 cc. as reported
by Feldman (4), while Pfaundler and Schlossmann (3) say that it
varies from 330 to 500 cc.

Observations have been made recently with the apparatus shown in
Figure 1, which are the first to be recorded by this method.

APPARATUS

The features of the apparatus which made possible the accuracy of
the method were the size and construction of the Krogh spirometer
and the collar arranged to render the system air-tight and the apparatus
rigid. The float of the Krogh spirometer is constructed of sheet
aluminum 1/5000 of an inch in thickness. Its top measures 9.5 by 7.8
cm. The writing point end of the float extends into the water a dis-
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tance of 5.3 cm., the opposite end 2 cm. The rubber collar ' is 25 cm.
in diameter. The peripheral portion is 2.5 mm. thick, the central
portion .5 mm. The central opening is 2.5 cm. in diameter.

Calibration of the spirometer, using a burette and a gravity-bottle
for water displacement, indicated that a movement of 10 cc. of air
would alter the pointer of the spirometer a distance of 7 mm. No
difference in the calibration was noted when the plethysmograph was
included in the system with appropriate fixation of the rubber collar,
to simulate that effected when the infant was in position.

To determine the error introduced by rapid changes of air volume,
further calibration was carried out by the use of a new Record syringe.
The latter by calibration was set to transfer 21.4 cc. of air per stroke.
Using very slow movement of the piston the position of the spirometer
pointer moved a distance of 13.0 mm. for each 21.4 cc. of air transferred.
Employing an alternating filling and emptying of the spirometer, at a
rate of 54 fillings per minute, 15.2 mm. displacement of the pointer
was the average produced per stroke, whereas a rate of 104 per
minute increased this movement to 15.5 mm. per average stroke.

With the plethysmograph in the system, the neck opening of the
collar plugged with a beaker, the crescentic shutter in place, and the
lower part of the collar also made rigid by slight constant pressure
against the beaker, calibration was repeated. Moving the syringe
at a rate of 54 strokes per minute, the pointer moved 15 mm. on the
average, while a rate of 104 gave a pointer excursion of' 15.1 mm.

The observations were carried out upon infants born in the Uni-
versity of Pennsylvania Hospital during the months of June, July,
August and September 1930. Tests were made within the first day
or two of birth when possible (Table 3). The selection of infants was
based upon size and the fact that careful physical examination revealed
no abnormalities. Of 74 tested infants, one later exhibited signs of
parathyroid tetany and three developed a mild degree of dehydration
fever. Three-quarters of the entire group of 74 infants were observed
by one of us in the outpatient department for the three months follow-
ing the breathing tests and were normal throughout that time. The

1 This portion of the apparatus is standard equipment for the infant-size,
Drinker respirator and can be purchased through the Warren E. Collins Co.
of Boston, Mlassachusetts.
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breathing of the infant having tetany did not deviate from the average
in any respect.

PROCEDURE

To secure the quietest breathing and therefore a record of minimum
ventilation, an attempt was made to measure only sleeping infants.
Tests were done immediately after feeding time. If the' infant was
not sleepy it was given an additional feeding of 5 per cent Karo syrup
in warm water. Weight and body measurements were recorded
(Tables 1 and 4). A continuous tracing was made attempting to secure
a record of from 1O to 20 minutes of breathing during sleep. Sleep
was not always continuous, however, throughout the period. Each
infant was measured only once.

FIG. 2. PLETHYSMOGRAPHIcRECORDSMADEON 5 SLEEPING INFANTS
UNDER48 HOURSOF AGE, SHOWINGTHE CHARACTERISTIC IRREGULARITIES
OF THE BREATHINGRHYTHM.

Note the two deep sighs in the lower tracing. Time marker records 5
second intervals.

After the tracings were shellaced and ready for examination selected
parts showing the slowest and most uniform breathing from the record
of each infant were chosen in the following manner: Those parts of
each tracing made during sleep were subdivided into samples one-half
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minute in length. Avoiding the choice of consecutive samples, the
three samples showing the slowest breathing rates were selected and
each was measured in the following manner: Using a specially cali-
brated rule, each inspiratory stroke of the sample was measured with
dividers, and the summation for the half minute doubled to give the

xx m_r-
FIG. 3. SHOWING CHEYNE-STOKESTYPE OF BREATHING, ALSO IN AN

INFANT UNDER48 HOURSOF AGE
This is rarely seen, usually just at beginning of sleep, and is very transient.

Tinie marker records 5 second intervals.

minute volume. The three minute volume figures secured in this
manner were compared. If the largest was less than 10 per cent
greater than the smallest, it was assumed that a suitable degree of
breathing stability had been reached for the purpose of the study, and
the record of this infant was placed in Table 1. Records which failed
to meet this requirement are given in Table 2. Two examples of
characteristic tracings are shown in Figures 2 and 3.

36
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RESULTS

Of the 74 infants described in Tables 1 and 2, records were obtained
from 47 during sleep, and also from 3 others, not sleeping, satisfactorily
uniform records were secured. The results for these 50 infants are
given in Table 1. The results for the remaining 24 infants are given in
Table 2. The summaries found in the other tables and graphs and our
conclusions are based upon the material in Table 1. The material in
Table 2 is included for the sake of completeness and to show the diffi-
culty of. securing records of sleeping breathing and to indicate the
great variability in the respiratory movements in the newborn child.
A summary of the data dealing with the ages of the 50 subjects described
in Table 1 is recorded in Table 3. The majority were tested during the
first 48 hours of life.

TABLE 3

Summary of data from table 1, to indicate the age of the [majority of] infants when tested
Age at test Number of infants

During 1st 24 hours 27
During 2nd 24 hours 10
During 3rd 24 hours 5
4th to 11th days inclusive 8

TABLE 4

Brief summaries of data taken from table 1

Chest
circum- Mean

Weight Length Sitting ference Respiratory Minute tidalheight at rate volume air
nipple

line

grams cm. cm. cm. per minute cc. cc.
Maximum.3989.0 53.5 35.2 35.0 116.0 1413.0 27.0
Minimum .2320.0 46.5 30.0 26.5 24.0 433.0 10.0
Average.. . . . 3202.0 49.5 32.5 32.1 43.1 721.4 16.7

The maximum, minimum, and average figures for breathing rate,
depth and minute volume are recorded in Table 4. The figures for
rate and minute volume in this table are based upon the three samples
(A, B, and C, Table 1) for each of the 50 infants. The mean tidal air
is computed from the average rate and minute volume of the three
samples from each infant. Both are based on 150 samples with the
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group average computed differently. These observations indicate
the wide variation which may be expected in the breathing rate and
amount of ventilation in sleeping newborn infants, and also the varia-
tion in mean tidal air.

A frequency distribution of the breathing rate is found in Figure 4.

60

40

0

20 4.0 60 80 100 120
BREATHs Psit Mwu-m

FIG. 4. DISTRIBUTION CURVE OF BREATHING FREQUENCYOF THE 50
INFANTS DESCRIBED IN TABLE 1

The abscissae indicate the number of breaths per minute. The ordinates
record the number of breathing samples (3 for each infant). Note that
the largest number of samples were registered by infants which breathed
between 30 and 40 times per minute.

It is based on the 150 samples of the 50 infants described in Table 1.
It will be evident that the largest group of infants breathed less than
40 per minute, though the average rate was 43.1 (Table 4). However
there was a marked decrease in numbers of infants whose rate exceeded
50 per minute.

Figure 5 records the frequency distribution of the minute volume of
air in the 50 sleeping infants. The largest group of infants breathed
between 600 and 700 cc. per minute while extremely few breathed more
than 1000 cc. These observations, like the ones in Figure 4, are based
upon the 150 samples from the 50 infants.

Figure 6 is a graphic record of the depth of the breathing, based on
the mean tidal air for each infant (Table 1). From this chart it is
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40

30

-J

b.U'201 i
0

10

0

400 600 800 1000 200

CC. or AIR PrE MINUtE
FIG. 5. DISTRIBUTION CURVE OF MINUTE VOLUME OF THE INFANTS

DESCRIBED IN TABLE 1

The abscissae indicate the amount of air breathed per minute, arranged
in units of 100 cc.; the ordinates the number of samples (3 for each of 50
infants). Note that the majority of infants breathed less than 1000 cc. per

minute, and that the largest single group less than 700 cc.

evident that the greater number of the 50 infants breathed between 12
and 20 cc. per breath.

Two infants were tested twice daily (Table 5). Their records indi-

TABLE 5

Breathing data on 2 infants tested twice the same day, both times asleep. Note the
rate and minute volume variations in the case of infant A, while the breathing depth
remained constant. Figures represent averages of 3 samples.

Respiratory rate Mean tidal air Minute volume

per minute cc. cc.
Infant A, a.m ............ 42 11 487

p.m ............ 64 11 704
Infant B, a.m ............ 44 14 642

p.m... . ...............38 16 631
1 1~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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cate the variability in rate and minute volume which may be expected
at different times within the same day, though the infants were sleeping
and were presumably under identical conditions at both periods.

10 1 2 3

z

10 Is 20 £5 30

CC. oF AIR PER BREATIH
FIG. 6. DISTRIBUTION CURVEOF BREATHING DEPTH OF THE 50 INFANTS

DESCRIBED IN TABLE 1

The abscissae indicate the size of the average breath (calculated from
the average minute volume and the average rate, Table 1); the ordinates
indicate the number of infants. Note that the great majority of the
infants breathed between 12 and 20 cc., and that the numbers were fairly
evenly distributed within these limits.

TABLE 6

Breathing measurements of 4 sleeping infants taken on 3 successive days. Note wide
variations in rates and in minute volumes. Figures represent averages of 3 samples

Respiratory rate tidal air Molnute

per minute cc. cc.

Infant A, 1st day . .38 14 568
2nd day . .60 13 783
3rd day . .54 13 708

Infant B, 1st day . .46 14 671
2nd day . .47 13 638
3rd day . .32 17 545

Infant C, 1st day . .64 14 944
2nd day ..................... 36 17 639
3rd day . .42 16 707

Infant D, lst day . .44 12 571
2nd day ......... 44 11 511
3rd day . .32 14 471
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Four infants were tested on each of three successive days (Table 6).
These records like the preceding ones (Table 5) indicate wide variation
in breathing activity and show the change that can be expected in the
same infant from day to day. Both sets of observations show clearly
that the ventilation is increased chiefly by an increase in rate, rather
than by an increase in the depth of breathing. These infants (Tables
5 and 6) were measured under conditions similar to those maintained
for the subjects of Table 1.

COMMENT

The observations recorded in Tables 1 and 2 are presented simply as a
set of physiological measurements. An attempt to correlate the
variations of the respiratory movements with other factors failed to
yield deductions of any value. The study, however, indicates that
the plethysmographic measurement of the breathing of the newborn
is a practical and accurate method.

Even when sleeping, the breathing of the newborn infants appears
to vary within rather wide limits. This is observed chiefly in changes
of rate, while the depth of the breathing remains relatively uniform.
Thus breathing varies for reasons that as yet are not understood. In
view of this marked variation, which is to be found in the same infant
at different periods of the day, as well as on successive days, it is
evident that in estimating the infant's physical condition its breathing
rate should not be unduly stressed and this normal variation in breath-
ing rate should be taken into consideration.

It has been stated that there is a gradual expansion of the lung in the
newborn infant from day to day ditring the period immediately after
birth. The present observations confirm this statement as will be
seen by a glance at Table 6. It will be noted that the mean tidal air in
infants B, C, and D increased with age. Our observations indicate
that the degree of lung expansion cannot be estimated satisfactorily
if only a few measurements of the rate of breathing and minute volume
are taken into consideration, since these vary so widely from day to
day.

The breathing rate as observed by us agrees fairly closely with rates
noted by previous authors. The mean tidal air of the sleeping infant,
however, appears to be less than that recorded by other observers.
Also the minute volume measurements recorded by us are lower. The
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minute volume per kilogram of body weight as reported by Feldman
and by Pfaundler and Schlossmann is between 330 and 500 cc., while
the average for the present series of observations is only 220 cc.

It should be stated here that the present measurements are the
only ones yet made upon a series of sleeping infants. For that reason
they cannot be compared statistically with those of observers who
measured wakeful infants.

BIBLIOGRAPHY

1. Dohrn, R., Ztschr. f. Geburtsh. u. Gynak., 1895, xxxii, 25. Ueber die
Gr6sse des respiratorischen Luftwechsels in den ersten Lebenstagen.

2. Eckstein, A. and Rominger, E., Ztschr. f. Kinderh., 1921, xxviii, 1.
Beitrage zur Physiologie und Pathologie der Atmung. I. Die
Atmung des Sauglings.

3. Pfaundler, M. and Schlossmann, A., Diseases of Children. Lippincott,
Philadelphia, 1912.

4. Feldman, W. M., The Principles of Ante-Natal and Post-Natal Child
Physiology Pure and Applied. Longmans, Green and Co., London,
1920.

5. von Recklinghausen. Quoted by Eckstein and Rominger.
6. Gregor, K., Arch. f. Kinderh., 1902, xxxv, 272. Untersuchungen uber

die Athembewegungen des Kindes.
7. Eckerlein. Quoted by Eckstein and Rominger.

558


