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Considerable attention has recently been fo-
cused on the mechanical factors in respiration of
normal adults and of those with respiratory ab-
normalities. This report presents observations on
the mechanics of respiration in 23 normal newborn
infants and 2 infants critically ill with neonatal
respiratory distress. The data are derived from
simultaneous measurements of tidal volume and

intraesophageal pressure changes.

MATERIAL AND METHODS

The infants, all of whom were born at the Boston
Lying-in Hospital, weighed from 2.4 to 3.8 Kg. at birth
and were from 1 hour to 7 days old at the time of study.
History, physical examination and, in most cases, chest
x-rays were used to determine presence or absence of
respiratory distress. On the basis of observation and
previously established criteria (1), 18 of the normal
infants were considered to have been studied during
periods of quiet, resting respiration. In all, 47 studies
were made on 28 5 newborn infants ranging from the 18
infants breathing quietly to those who were sick or
disturbed by the procedure. The respiratory rates varied
from 24 to 136 per minute.

The two infants studied when critically ill and during
recovery were diagnosed as having the neonatal respira-
tory distress syndrome. This syndrome, which is also
called the hyaline membrane syndrome or resorption
atelectasis, is characterized by a history of premature
birth, cesarean section, fetal distress, or maternal dia-

10One of a series of studies supported by a research
grant from the Association for the Aid of Crippled
Children, New York City.

2 Public Health Service Research Fellow of the Na-
tional Heart Institute.

8 Traveling Fellow of the R. Samuel McLaughlin
Foundation, Canada.

4 Traveling Fellow of the British Post-Graduate Medi-
cal Fellowship.

5 Although the data are not included in Table I, de-
terminations of work of respiration of one newborn with
congenital heart disease and two with borderline respira-
tory distress are included in Figures 7 and 8 for com-
parison of the three methods used to calculate pulmonary
work.

“betes and the clinical picture of increasing respiratory

difficulty, cyanosis, and frequently typical x-ray findings
).

The infants were placed in a 65-liter body plethysmo-
graph (Figure 1) with their faces emerging through
a pneumatic cuff. Pressure changes within the plethysmo-
graph for an average respiration were approximately
0.3 cm. H,0 and were measured by an electrical manom-
eter (3). With a calibrated syringe and pump, breath-
ing was simulated and the pressure changes were cali-
brated in terms of volume. Although this calibration
was performed after the infant was removed, the resulting
error was less than 5 per cent and was therefore not
taken into consideration in the calculation. Intraesopha-
geal pressure changes as indices of intrapleural pressure
changes were measured with a small water-filled poly-
ethylene catheter (internal diameter 1.0 mm.) passed
10 to 11 cm. through the nose or mouth into the esophagus
and connected to a second manometer 8 calibrated in cm.
H,O. When inserted to this distance, the open catheter
tip was shown by x-ray of two infants to be at the junc-
tion of the middle and upper thirds of the esophagus.
Volume and pressure were recorded simultaneously on
a direct-writing oscillograph.8

Pulmonary compliance was expressed as the ratio of
tidal volume to the change in intraesophageal pressure
measured between points of no flow, i.e., at the extremes
of tidal volume (Figure 2). Respiratory resistance was
measured as the ratio of the total pressure change to the
corresponding total flow change between points of equal
volume approximately midway in inspiration and expira-
tion (Figure 3). This calculation of resistance has pro-
vided a satisfactory approximation of the average flow-
resistance of the lungs and air passages during the re-
spiratory cycle in adults (4). The average compliances
of the individual infants were calculated from 10 to 20
representative respirations and average resistances from
5 to 10 respirations (Table I).

From the simultaneous recordings of pressure and
volume, pressure-volume loops for the respiratory cycle
were plotted and from 3 to 6 representative breaths a
graphic solution of average work done on the lungs per
breath was obtained? (Figure 4). As indicated in the

¢ An electromanometer and the Polyviso made by San-
born Company, Cambridge, Massachusetts, were used.

7 As pointed out in the discussion, these measurements
do not allow calculation of ¢otal “work done on the lungs”
but do allow an apparently adequate approximation.
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a- Pneumatic cuff

e- Tidal and minute volumes

f - Electric timer

g-Kymograph

h- Electrical manometer

i - Calibration-syringe and pump
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Fic. 1. Di1aGrRAM oF APPARATUS USED FOR RESPIRATORY STUDIES
With the stopcock to the spirometer closed, the apparatus was used as a
pressure plethysmograph. With the stopcock open to the spirometer, minute
volume was recorded with a photoelectric integrator (1).

diagram, this method of measuring work allows separation
of pulmonary work into elastic and flow-resistive com-
ponents. For purposes of comparison, pulmonary work
for the same respirations was also estimated, using two
formulae:

1. A simplified formula was suggested by one of the
authors, (M. B. Mcl.), as a possibly adequate ap-
proximation of work done on the lungs during inspira-
tion and expiration.

Work (in gm. cm. per min.) = 0.6 PV,

where P = total pressure change in cm. H;O during
the respiratory cycle.

V = minute volume in ml.

cm. H,0

3

-

Fi16. 2. MetHODP OF CALCULATING PULMONARY
COMPLIANCE

As shown in this diagrammatic representation of simul-
taneous pressure and volume recordings, compliance
(C) is expressed as the ratio of tidal volume (Vzr) to
the change in intraesophageal pressure (P.1) measured
between points of no flow, i.e., at the extremes of tidal
volume.

This formula is based on the fact that, if the intra-
esophageal pressure is represented by a sine wave,
purely elastic work would be represented by the
formula 0.5 PV (the area of a triangle), purely
viscous work by the formula 0.79 PV (the area of an
ellipse), and the fact that approximately 70 per cent
of pulmonary work in normal adult respiration is
elastic (5).8

T
(o] 10 sec.

F1c. 3. MerHOD OF CALCULATING FLOW RESISTANCE

Respiratory resistance (R) is measured as the ratio of
total pressure change (Pz) to the corresponding total
flow change (Vinsp+ Vexp) between points of equal
volume (points a and b). Total flow change between
points a and b was obtained by measuring the slopes
(lines I and II) of the volume curve at these points.

8 The expression 0.@ PV should not be confused with the
expression 0.7 PmaxV used by Mcliroy and Eldridge (6)
to obtain an approximation to the work of inspiration.
In that case Pmax was the maximum pressure difference
during inspiration. In the expression 0.6 PV used in this
paper, P is the total intrathoracic pressure swing.
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TABLE I
Data from studies on the mechanics of respiration in 23 normal newborn infants

Com-
pliance Resistance Work

Birth Resp.  Tidal mean mean per Work per %
wt. rate vol. AIEP* ml./cm. cm. HyO/ breatht minutet  Elastic
No. Kg. Age per min.  ml. cm. H:O HxO L./sec. gm. cm. gm. cm. workt Comments
P-30 3.7 6d. 39 29 12.6 3.8 79 217 8,460 51 Restless
P-31 3.1 3d. 44 16 29 9.1 13 20 885 70 iet}
P-32 2.8 9 hr. 41 13 4.4 34 28 33 1,350 76 et}
P-33 3.1 11 hr. 42 15 5.4 4.3 24 36 1,490 74 iet}
P-33 6d. 38 19 8.3 3.2 49 84 3,190 67 Restless
P-34 24 1S hr. 54 13 6.1 2.6 53 53 2,860 62 %uiet—not basal
P-34 38 hr. 77 11 6.1 4.4 43 30 2,310 46 estless
P-34 7d. 40 24 124 4.0 70 139 5,560 52 Restless
P-35 3.8 8 hr. 70 14 5.0 3.4 25 43 3,010 67 uiet—not basal
P-38 24 10 hr. 51 9 5.4 4.6 45 17 840 53 iet}
P-39 3.4 5d. 51 15 8.4 4.1 50 51 2,600 54 Restless
P-41 3.0 2d. 40 15 5.4 5.8 40 34 1,360 57 iet}
P-42 3.5 3d. 31 21 4.5 7.1 42 55 1,700 57 iet}
P-43 3.6 2 hr. 28 20 10.4 3.8 131 113 3,160 47 iet
P-43 4 hr. 48 15 4.1 5.1 1 30 1,445 73 iet}
P-44 2.7 12 hr. 38 14 5.5 3.9 45 39 1,480 65 Quiet}
P-45 29 16 hr. 24 25 5.3 9.3 43 60 1,440 56 et}
P-47 2.5 4 hr, 35 11 3.3 4.0 24 19 675 78 et}
P-47 22 hr. 136 10 3.2 3.2 25 30 4,080 52 estless
P-48 2.8 3 hr. 42 16 5.6 3.7 21 44 1,850 79 Quiet—not basal
P-48 22 hr. 37 18 29 8.6 7 22 810 85 Quiet}
P-49 3.0 2d. 41 18 4.5 7.4 17 31 1,270 7 Restless
P-51 3.3 1 hr. 44 13 7.7 2.2 7 60 2,635 64 Quiet}
P-51 23 hr. 66 12 5.3 3.7 24 29 1,910 67 Restless
P-53 35 8 hr. 57 14 4.0 5.4 13 24 1,370 75 Restless
P-53 2d. 49 12 5.2 2.5 36 39 1,925 73 Quiet}
P-53 3d. 98 28 5.9 6.8 22 126 12,100 46 Very restless
P-53 6d. 53 15 4.6 4.6 32 40 2,120 61 Restless
P-54 3.1 21 hr. 29 21 39 79 13 35 1,020 80 iet
P-54 2d. 25 19 5.2 6.9 21 34 850 77 iet}
P-54 6d. 27 24 5.5 7.1 37 64 1,700 63 iet
P-55 3.5 2d. 64 13 6.7 5.9 75 48 3,070 30 Restless
P-55 3d. 35 19 5.3 49 35 55 1,925 67 iet
P-56 29 6 hr. 30 16 7.0 3.4 19 44 1,310 86 iet
P-56 30 hr. 37 15 9.8 3.3 80 62 2,300 55 Restless
P-56 3d. 51 15 5.5 3.1 41 56 2,840 65 iet—not basal
P-57 3.1 13 hr. 31 18 5.8 4.8 39 50 1,545 68 uiet}
P-60 2.8 6d. 31 15 54 3.9 33 38 1,190 75 iet}
Ave. all 3.1 4.9
obs.
Ave. 18 3.0 38 16 50 5.2 29 38 1,38 70
quiet (S.E. (S.E.
infants +0.4)§ =4)§

* AIEP is the average of differences between maximal and minimal pressures occurring with each respiratory cycle
during periods of quiet breathing. .
f Vazrk per breath and ghnm(t};)te and per cent of work against elastic forces have been calculated from the simplified
n

formula of Otis, Fenn, and Rah .. .
These 18 studies on 18 different infants were used for obtaining average values for quiet respiration.
S.E. = standard error of the mean of a series of 10 individual compliances or resistances. e standard deviation

of a single determination was =£1.28 ml. per cm. H,O for compliance and 11 cm. H,O per L. per sec. for resistance.
These large individual variations are apparently due to the artifact in pressure recording introduced by the cardiac impulse.

lated by substituting the deter- 1
2. Work was also calcu Yy su ing the deter where Ky = with compliance exp

mined elastic and resistive factors and tidal volume compliance

and respiratory rate in the formula of Otis, Fenn, and as ml. per cm. H,0
Rahn (7). In doing this, it was necessary to assume

that the second order resistive factors were negligible. Vr = tidal volume in ml.

Thus the formula actually used was:

Work (in gm. cm. per min.)
= ¥Ka(Vr)? + 1K= (Vo) K, = resistance in cm. H;O per ml. per min.

f = breaths per min.



MECHANICS OF RESPIRATION IN NEWBORN INFANTS

Since in some infants the introduction of the intra-
esophageal catheter was followed by an increase in respira-
tory rate, the minute volume, rate, and tidal volume were
obtained in most cases before or after the catheter was in
place, utilizing a previously described technique for record-
ing rate and minute volume (1) (see Figure 1). The
resting rate and tidal volume were used in the simplified
Otis formula for calculating the pulmonary work of the 18
quiet infants. Since these 18 infants had, when breathing
quietly, an average respiratory rate of 38 per minute and
an average minute volume of 570 ml. compared to 33 and
550 observed in another group of resting infants of com-
parable size (1), it was assumed that the average calcu-
lated pulmonary work per minute of these 18 infants ap-
proximated that of newborn infants in this weight range.

RESULTS

The results of the individual studies on normal
infants are presented in Table I. The 23 normal
infants averaged 3 Kg. in weight. The average
tidal volume of the quiet infants was 16 ml. (range
9 to 25). Peak flow rates for individual infants
averaged 61 ml. per sec. (range 44 to 111 ml. per
sec.) during quiet respiration. The average com-
pliance from 38 studies on the 23 normal infants
was 4.9 ml. per cm. H,O and for the 18 resting in-
fants was essentially the same (5.2 ml. per cm.
H,0). Although there was considerable vari-
ability in both compliance and resistance determi-
nations from breath to breath due to the cardiac
component of the pressure recording, the stand-
ard error of the mean of a series of 10 compliances
was only = 0.4 ml. per cm. H,O. The mean re-
sistance was 29 cm. H,O per L. per sec. (stand-
ard error of the mean of a series of 10 = = 4 cm.
H,O per L. per sec.) for these 18 infants and the
calculated average work done on the lungs was
1380 gm. cm. per min. In spite of occasional dis-
crepancies, the proportion of work done against
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A 1 2 3 em
Pressure "0
F16. 4. DIAGRAMMATIC AVERAGE NORMAL PRESSURE-
VoLuME RespiraTORY Loor

Elastic work is represented by area of triangle ABC.
Inspiratory and expiratory flow-resistive work are repre-
sented by areas I and II, respectively. Assuming that
expiration is passive, total pulmonary work is represented
by the sum of the elastic work (triangle ABC) plus the
inspiratory flow-resistive work (area I).

elastic forces estimated from the pressure-volume
diagram and from the Otis formula showed on the
average a close correlation, being 71 and 70 per
cent, respectively. As was expected, pulmonary
work was greater in the restless infants primarily
because of increases in respiratory rates. In the
present study no significant relation between
weight or age and compliance or resistance could
be demonstrated, presumably because of the rela-
tively small number of infants studied and the nar-
row weight and age range. ,

Data from serial observations on two infants
severely ill with neonatal respiratory distress are

TABLE II
Data on the mechanics of respiration in two infanis with neonatal respiratory distress

Birth (nctlo'/nm H0) (em. H;O/L./::M Vz::k Work per O;P:t
wt. EP* breatht minutet  elastic
No. (Kg.) Age (cm. Hi0) Mean Range Mean Range (gm.cm.) (gm.cm.) workt Comments

P-40 3.0 2d. 16.3 1.3 1.3-1.5 25 22-29 144 7,900 89 Severely ill
P-40 6d. 4.3 2.5 1.8-3.6 13 5-23 25 1,430 80 Recoveri
P-50 3.2 5 hr. 20.0 0.7 0.6-0.8 41 0-1041 107 5,130 71 Severely il
P-50 2d. 20.8 1.0 0.8-1.3 13 0-27% 176 7,400 84 Severely ill
P-50 10 d. 7.7 2.5 2.2-3.0 39 18-65 64 3,160 73 Recovering

* JEP is the average of differences between maximal and minimal pressures occurring with each respiratory cycle.
t Pulmonary work per breath and per minute and per cent elastic work were estimated directly from the graphic

pressure-volume loops for these two sick infants.

1 Resistance calculated only on inspiration because of grunting expiration.
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NO.P-50 RESPIRATORY DISTRESS

(B.W1.+3.18 Kg.)
SEVERE RESPIRATORY DISTRESS RECOVERING
. (Age = 2 days) (Age =10 days)
3 c¢.
20} 20}
15 [1.] ST
VOLUME 104~ 10f
WORK/RESP. = 176 Gm.cm. WORK/RESP= 64 Gm.cm.
sl WORK/MIN.* 6700 Gm.cm. s WORK/MIN.» 3100Gm. cm.
%ELASTIC=84% %ELASTIC»73%
I 1 1 1 1 L J
o -5 -10 -15 -20 [ -5 -10 -15 -20

PRESSURE (cm, H0

PRESSURE (cm. Hp0)

Fic. 5. PressuRe-VoLUME Loops FOR INFANT WITH RESPIRATORY DISTRESS
The marked increase in pulmonary work during respiratory distress is apparent.
‘There is no increase in inspiratory flow resistance although the expiratory flow resistance
is increased as a result of the grunting respiration.

shown in Table II. A typical pressure-volume
loop for one of the infants during severe distress
and a second loop during recovery are shown in
Figure 5. These infants have, in contrast to nor-
mal newborn infants, a marked decrease in pul-
monary compliance to 15 to 20 per cent of normal.
Because of this and an increased respiratory rate,
the work of respiration is increased by more than
400 per cent.

DISCUSSION

As in the one other report on the mechanics of
breathing in newborn infants (8), the present data
and calculations have been based on the assump-
tion that intraesophageal pressure changes were
reliable indices of intrapleural pressure changes.
Although this concept has been based on studies
in adults, the technique has a number of limita-
tions in adults as well as newborn infants.

Data of Cherniack, Farhi, Armstrong, and
Proctor (9) show that this indirect technique does
not provide a reliable measure of absolute intra-
pleural pressure even in adults. However, their
data indicate that pressure changes determined
directly and indirectly during quiet breathing
were on the average comparable. Secondly, re-
cent work has shown that both intrapleural and
intraesophageal pressure changes are influenced
by the position of the patient, being more reliable

and consistent in the upright position than in the
supine (10). This position factor may or may not
be applicable to studies in the newborn. In any
case it would be difficult to study infants in any
other than a supine position.

One further source of error may be related to
the use of a water-filled catheter rather than an
air-filled balloon. In a comparative study, Mead,
Mcllroy, Selverstone, and Kriete (11) have shown
that the balloon is superior but the differences were
least in the upper portion of the esophagus. In

TABLE III
Average data on mechanics of respiration for

newborn infants and adulis
Infant Adult

Weight (Kg.) 3.0 70
Respiratory rate 38 15

(per min.)
Compliance 5.2(2-9) 170 (Ref. 14)

(ml. [em. H0)
Compliance .08 15

(per gm. lung)
Comphance " .065 .063

. Vrre

Resistance 29 (7-45) 2 (1-3) (Ref. 17)

(cm. H:0/L./sec.)
Pulmonary minute 1,380 15,700t

work (gm. cm.)
Per cent elastic work 71 67t

* Based on Vyrc from references 15 and 16.
t Ca%%xlated from simplified formula of Otis, Fenn, and
Rahn
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the present work, this error was presumably mini-
mized by placing the tip of the catheter in the
upper third of the esophagus.

In regard to the pulmonary work calculations,
it has been pointed out by Otis (12) that the work
represented by the pressure-volume diagram de-
scribed above is not the total work done on the
lungs. To the extent that end-expiratory intra-
pleural pressure is less than atmospheric, addi-
tional elastic work must be done during inspiration.
Part of the energy for this additional work is sup-
plied by the elastic recoil of the thorax, and the
remainder by the respiratory muscles. A more
complete measurement of pulmonary work can be
accomplished only if both the absolute intrapleural
pressure and the elastic characteristics of the
thorax are known.

Obviously, further observations comparing in-
trapleural and intraesophageal pressure changes
in infants and studies of the effect of various fac-
tors on these measurements are desirable, but diffi-
cult to obtain. Pending these, it seems necessary

Gm. em.
per min,
2200

4
Golculated ‘20 Etastic

pulmonory work
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to assume that intraesophageal pressure measure-
ments are acceptable indices of intrapleural pres-
sure changes in newborn infants, as in small ex-
perimental animals (3) and in adults (13).

The data from quiet normal infants (average
weight = 3.0 Kg.) have been summarized in
Table IIT and compared with similar observations
for adults (14, 17). On a weight basis adult
lungs are approximately 18 times as heavy as in-
fant lungs. However, adult lungs are 33 times
as compliant. Thus, expressed per kilogram of
lung tissue, infant lungs would appear to be less
compliant than those of the adult. However, us-
ing functional residual volume as a basis of com-
parison, adult lungs are similar in compliance to
those of infants (compliance/FRC ratio = 0.065
in infants and 0.063 in adults).

While comparison of compliance can logically
be made on the basis of lung weight or lung vol-
ume, adult and infant lung resistances are more
difficult to compare. Even the comparative effect
on flow resistance of nose-breathing in the infant

1 A 1 " 1

-
6001

L Flow-resistive <
400 ~
2001

[ A Il 1

o 10 20

1
30
Respiratory rate per minute

40

Fi16. 6. CArLcuLaTED PUuLMONARY WORK VERSUS RESPIRATORY RATE

Using the present data on mechanics of respiration in newborn infants
and previously determined values for respiratory dead space (5.5 ml.)
and alveolar ventilation (385 ml), the theoretical pulmonary work at
constant alveolar ventilation was calculated for various respiratory rates

from the simplified formula of Otis, Fenn, and Rahn (7).

The value

used for compliance was 5.2 ml per cm. H,O and for resistance was 29
cm. H,O per L. per sec. The theoretical minimum work of respiration

occurs at a rate of 37 per minute.
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Gm.cm. gy
per min.p 0
10,000
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1,000
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F16. 7. PresSURE-VoLUME Di1aGraM vErsUs SimpLiFiep Formura oF Oris, FENN,
AND RAHN FOoR DETERMINATION OF PuLMoNARY WORK
Work was estimated by the two methods from the same respirations. Using the
loop method as the basis for comparison, there was an average difference of — 0.6 per
cent and standard deviation of = 11 per cent. If there were perfect agreement in each

case, all points would fall on the 45° line.

and mouth-breathing in the adult cannot be prop-
erly assessed. The present data have shown that
the resistance to air flow in the infant’s lungs is
only 15 times that of the adult, considerably less
than would be expected if infant air passages were
reduced in size and length in proportion to weight.
More detailed comparison of resistance seems im-
possible without further accurate knowledge of
the many factors involved.

The average pulmonary work during quiet res-
piration estimated for the hypothetical infant of
3 Kg. is approximately 1 per cent of the total basal
metabolism, as in the adult, if the efficiency of the
respiratory muscles is assumed to be between 5
and 10 per cent for both age groups (7).

It has been shown by Otis, Fenn, and Rahn
(7) that the rate and depth of breathing in nor-
mal adults are adjusted with the result that alveo-
lar ventilation is accomplished with the minimum
expenditure of total respiratory work. When
only pulmonary work was estimated by the pres-
sure-volume method, Mcllroy, Marshall, and

Christie (5, 18) have shown a similar adjust-
ment in normal adults during rest and exercise, as
well as in patients with heart disease. If previ-
ously published data on alveolar ventilation and
physiologic dead space (1) are combined with the
present information on compliance and resistance,
the theoretical minimum of work of respiration in
the normal newborn infant occurs at approximately
37 respirations per minute. The average ob-
served resting values were 38 in the present stud-
ies compared with 33 in a previous series of ob-
servations (1). Figure 6 shows graphically the
theoretical work of respiration at various respira-
tory rates. It is possible that the wide variation in
normal respiratory rates recorded for newborn in-

_fants is related to the small change in pulmonary

work between respiratory rates of 30 and 50 per
minute.

In addition to establishing elastic and viscous
resistance constants and approximations of the

pulmonary work for newborn infants, the pres-

ent study allowed comparison of the three meth-
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ods of calculating pulmonary work. The results
of these comparisons are shown in Figures 7 and 8.
It can be seen that the three methods have a close
correlation over the wide range of compliance, re-
sistance, respiratory rate, and tidal volumes ob-
served. Using the graphic solution of the pres-
sure-volume diagram as the basis for comparison,
the formula of Otis, Fenn, and Rahn gave an aver-
age difference of — 0.6 per cent with a standard
deviation of =% 11 per cent. This close correlation
suggests that second order resistive factors are

relatively unimportant in the fespiration of new-'

born infants. On the same basis of companson,

the simplified formula (0.6 PV). d;ﬂergd;og{ the:

average by — 6 per cent and showed a:standard
deviation of = 13 per cent. ~These dataishow that,
at least in infants, pulmonary work ean’be : appfoxt-
mated by application of a simplified Oﬁs formula
and even with considerable accuracy. on the basis
of simple measurements; of pressure and volume.
This series of studies on newborn infants was
undertaken not only to investigate respiratory

Gm.cm.
per min.

10,000~

5,000}

Work from
formulo
06 PV

1,000}
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physiology, but also to try to delineate the patho-
physiology of 'neonatal respiratory distress. The
results ‘of observations on two infants initially
studied during:’ severe: neomatal respiratory dis-
tress (or the: hyaline ‘membrane syndrome) .and
again during recovery have shown that respiratory
difficulty ‘of this:sort is accompanied by a marked
decreéase ‘in compliance to 1.3 ml. and to 0.7 ml.
per ey i H,Oj 4/'moderate ‘increase in’ viscous
work and a-marked increase;in the work of respira-
tion. These observations, which have been borne
out by non-simultaueous ‘pressure-volume studies

in three mfaqts d pressure, studies alone in 17
others with {esp% ry distress (19), would ap-
pear to ,exzpla,g B 'Ill)lal;‘ ernal retras:tlon
obseryed chmmlly As one wmlld predlct from
the compliance .an gf remsmnc)c_ m&surements in
these. sick infants (if the minimum work _congept
of Otis, Fenn, and Rahn is apghcgble), they ad-
just to thelr pulmonary insufficiency by increas-
ing their respiratory rate with relatively little
change in tidal volume (19). Presumably, another

1 i P

500 1,000

Work from pressure-volume loops

5,000 10,000 Gm.cm.
per min,

Fic. 8. PressURE-VoOLUME D1acraM vERsus 0.6 PV FormuLA For De-
TERMINATION OF PULMONARY WORK

Work was estimated by the two methods from the same respirations.
Using the loop method as the basis for comparison, there was an average
difference of — 6 per cent and standard deviation of * 13 per cent. If there
were perfect agreement in each case, all points would fall on the 45° line.
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result of the decreased compliance is the inability
of these infants to achieve more than approximately
half of normal “crying vital capacity” (20, 21).
The demonstration of a marked increase in the
work of respiration in neonatal respiratory distress
supports the clinical impression that these in-
fants frequently die of exhaustion and indicates
that, until this condition can be prevented or
specifically treated, therapy should, at least in part,
be directly toward support of respiratory efforts.

SUMMARY

In summary, 43 observations on the mechanics
of respiration in 23 normal newborn infants and 2
infants with respiratory distress have been re-
ported. The resistance for an average 3-Kg. in-
fant breathing quietly was found to be 29 cm.
H,O per L. per sec. and the average compliance
5.2 ml. per cm. H;O. The resting pulmonary
work for such an infant was approximately 1,400
gm. cm. per minute or 1 per cent of basal metabo-
lism. In addition, it was shown that three meth-
ods of calculating pulmonary work correlated
well. Finally, it was demonstrated that infants
with neonatal respiratory distress have a marked
decrease in compliance, and a striking increase in
the work of respiration.

REFERENCES

1. Cook, C. D.,, Cherry, R. B,, O’Brien, D., Karlberg,
P., and Smith, C. A., Studies of respiratory physi-
ology in the newborn infant. I. Observations on
normal premature and full-term infants. J. Clin.
Invest., 1955, 34, 975.

2. Peterson, H. G., Jr., and Pendleton, M. E, Con-
trasting roentgenographic pulmonary patterns of
the hyaline membrane and fetal aspiration syn-
dromes. Am. J. Roentgenol., 1955, 74, 800.

3. Mead, J., and Whittenberger, J. L., Physical prop-
erties of human lungs measured during spontaneous
respiration. J. Applied Physiol., 1953, 5, 779.

4. Mead, J., Unpublished data.

5. Mcllroy, M. B., Marshall, R., and Christie, R. V.,
The work of breathing in normal subjects. Clin.
Sc., 1954, 13, 127.

COOK, SUTHERLAND, SEGAL, CHERRY, MEAD, MCILROY, AND SMITH

6. Mcllroy, M. B, and Eldridge, F. L., The measure-
ment of the mechanical properties of the lungs by
simplified methods. Clin. Sc., 1956, 15, 329.

. 7. Otis, A. B, Fenn, W. O., and Rahn, H., Mechanics

of breathing in man. J. Applied Physiol., 1950, 2,
592.

Mcliroy, M. B, and Tomlinson, E. S., The mechanics
of breathing in newly born babies. Thorax, 1955,
10, 58.

9. Cherniack, R. M., Farhi, L. E, Armstrong, B. W,,
and Proctor, D. F., A comparison of esophageal and
intrapleural pressure in man. J. Applied Physiol,
1955, 8, 203.

10. Mead, J., and Gaensler, E. A., Comparison of intra-
esophageal and intrapleural pressures in subjects
seated and supine. Federation Proc., 1956, 15, 127.

11. Mead, J., Mcliroy, M. B., Selverstone, N. J., and
Kriete, B. C., Measurement of intraesophageal
pressure. J. Applied Physiol., 1955, 7, 491.

12. Otis, A. B., The work of breathing. Physiol. Rev,,
1954, 34, 449.

13. Cherniack, R. M., The physical properties of the
lung in chronic obstructive pulmonary emphysema.
J. Clin. Invest., 1956, 35, 394.

14. Frank, N. R, Mead, J., Siebens, A. A, and Storey,
C. F., Measurements of pulmonary compliance
in seventy healthy young adults. J. Applied
Physiol., 1956, 9, 38.

15. Berglund, G., and Karlberg, P., Determination of
the functional residual capacity in newborn in-
fants: Preliminary report. Acta paediat., 1956, 45,
541,

16. Hickam, J. B,, Blair, E., and Frayser, R., An open-
circuit helium method for measuring functional
residual capacity and defective intrapulmonary gas
mixing. J. Clin. Invest., 1954, 33, 1277.

17. Mead, J., Frank, N. R., Lindgren, I., Gaensler, A. E,,
and Whittenberger, J. L., Unpublished data.

18. Marshall, R., Mcllroy, M. B., and Christie, R. V.,
The work of breathing in mitral stenosis. Clin.
Sc., 1954, 13, 137.

19. Karlberg, P., Cook, C. D., O’Brien, D., Cherry, R. B,,
and Smith, C. A, Studies of respiratory physiology
in the newborn infant. II. Observations during
and after respiratory distress. Acta paediat., 1954,
43, Supplement 100, 397 and unpublished data.

20. Deming, J., and Hanner, J. P.,, Respiration in in-
fancy. II. A study of rate, volume and character of
respiration in healthy infants during the neonatal
period. Am. J. Dis. Child., 1936, 51, 823.

21. Cook, C. D., and Cherry, R. B., Unpublished data.

®



