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ENERGETICS is that branch of respira-
tory mechanics which deals with energy

cost of breathing, work done by the respira-
tory muscles, and their mechanical efficien-
cy. Although studies of energetics on chil-
dren have been theoretically possible, little or
no data currently exist.I This may be be-
cause some methods used to measure work
involve integration of pressure-volume loops
obtained from a ballon passed into the esoph-
agus, an objectionable procedure especially
among children.

It is reasonable to suspect that oxygen cost
of breathing (02 cost) or total work of
breathing should be higher in asthma when
airways obstruction is present than they are
in healthy children. The purpose of this
study, therefore, was to obtain values for 02
cost of breathing in asthmatic children by
using non-invasive methods and relate these
to values in healthy children.

METHODS

The subjects consisted of asthmatic pa-
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tients from Pediatrics Allergy Clinics of
Howard University Freedmen's and District
of Columbia General Hospitals. Twenty
asthmatic children, ages six to 15, were di-
vided into two groups: those who were
asymptomatic (10 children) and those with
symptoms and wheezing on examination at
the time of study (10 children). Ten healthy
nonsmoking children without asthma or other
cardiopulmonary disease were tested to serve
as control subjects. Height and weight of
each of the three groups of children were
identical, but the normal group was signifi-
cantly older than that of the symptom-free
asthmatic group, P<0.01. Serum immuno-
globin E values of the asthmatic children
ranged from 450 to 4,050 IU/ml. Whereas,
healthy subjects had values from 350-680
IU/ml. Twenty-four children had alpha, anti-
trypsin levels measured, which were within
the normal range, suggesting that hereditary
emphysema was not present. Total eosino-
phil counts in the asthmatic children were
elevated. The study was performed on an
out-patient basis. The children came to the
laboratory in the fasting condition, at least
two hours prior to study, at the same time
each day. The data base was reviewed and
brief examination accomplished. Each child
received a chest radiograph. Arterial oxygen
saturation at rest (SaO2) was measured with
an ear oximeter and routine spirometry per-
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formed. Predicted normal spirographic
values were those recently published from
this laboratory.2 Respiratory peak flow rate
(V max) was measured with a Wright Peak
Flow Meter. Informed consent was obtained
from the parents or guardians after the nature
of the procedures has been fully explained.

APPARATUS

The apparatus used for measurement of 02
cost consisted of a modified Collins 9 L
respirometer as originally described by Bart-
lett and Specht3 and by Harden and associ-
ates.4 It consisted of placing a one way ex-
ternal valve in the circuit with the inner Sadd
valve removed, so the carbon dioxide
absorber could be shunted out of the circuit
during a period of voluntary hyperventila-
tion. The children rested in a semi-recumbent
position for 30 minutes to achieve a steady
state. A seven minute period of normal quiet
breathing on 02 was followed by a one
minute period of voluntary hyperventilation
at a frequency of 20 to 30 breaths/minute for
one minute. Another period of normal quiet
breathing for seven minutes immediately
followed. 02 cost of the increased ventilation
was assumed to be due to 02 uptake by
respiratory muscles.

Oxygen cost of breathing was calculated in
ml of oxygen at STPD per liter of ventilation
at BTPS.

Data were compiled on punch cards by
computer using the SPSS program package.5
Descriptive statistics were computed for each
measurement in three sub populations. Pear-
son correlations were calculated for oxygen
cost and each spirometric parameter, while
the significant ones were used to calculate a
multiple regression with oxygen cost as
dependent variable. Student's T Test was
used to compare sample means of sub popu-
lations of asthmatic children with healthy
control subjects.

RESULTS

Chest radiographs of all children studied
were negative for infiltrative lung disease,
however, the symptomatic asthmatic group
showed hyperaeration of the lungs. As ex-

pected this group also showed airways ob-
struction by their spirographic patterns.

Descriptive statistics for V max and maxi-
mum voluntary ventilation MVV are shown
in Table 1. Both groups of asthmatic children
have values significantly lower than healthy
control children, P<0.05 or better. Values
for 02 cost of breathing for each group are
shown in Table 2 with the descriptive
statistics below. Oxygen cost of breathing in
children who were wheezing was significant-
ly greater than healthy control subjects,
P<0.01. The test was sensitive enough to
detect symptom-free asthmatic children
P<0.01. The best reproducibility, however,
was only +8%.

Table 1. DESCRIPTIVE STATISTICS
FLOW OF PEAK

AND MAXIMUM VOLUNTARY VENTILATION

Asthmatic Patients
Healthy Controls Symptom-Free Symptomatic

Vmax MVV Vmax MVV Vmax MVV
(LiSec) (Limin) (LiSec) (Limin) (LiSec) (Limin)

MEAN 5.9 82.0 4.2 65.0 3.0 52.6
SE 2.8 5.0 0.2 3.8 0.3 6.1
MEDIAN 5.8 86.3 4.0 60.2 2.7 43.6
MODE 4.3 57.7 3.7 48.6 1.6 35.0
SD 9.0 15.7 6.5 12.0 1.1 19.3
MIN 4.3 57.7 3.3 48.6 15.8 35.0
MAX 7.2 101.7 5.4 91.5 53.3 94.3

SIGNIF - - P<0.01 P<0.05 P<0.01 P<0.01

Oxygen cost correlated negatively with 'V
max r = - 0.72, P<0.001 and also with
MVV r = - 0.54, P<0.001. Correlations of
02 cost with other pulmonary function tests
failed to reach the level of significance. If V
max and MVV are measured, 02 cost of
breathing can be predicted from the follow-
ing multiple regression equation.

02 Cost (ml/L) = 15.6 - 3.05 V max
(L/sec) + 0.0008 MVV (L/min)
Standard errors for the multiple regression of
02 cost on V max is + 3. 1 1; and of 02 cost
on MVV is + 3.07. The analysis of variance
for the regression is significant, F = 30.36,
P<0.05 and F = 16.48, P<0.05 respective-
ly.

COMMENTS

The fear that age difference between
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healthy children and symptom-free asthmatic
children might introduce a sampling error in
measurement of energetics parameters was
unwarranted, since 02 cost was found to be
age independent. The similarity of energetics
data in the present study in children to that of
adults reported in the literature is confirma-
tory.

Table 2. OXYGEN COST OF BREATHING (mI/L)

Asthmatic Patients
Healthy Controls Symptom-Free Symptomatic

2.0 2.4 13.0
5.6 9.2 11.0
2.2 7.2 9.1
3.5 5.2 13.3
1.6 5.5 8.1
6.1 11.2 19.2
1.9 3.3 10.5
3.5 13.0 12.8
4.1 11.0 8.8
3.3 9.1 9.6

MEAN 3.4 7.7 11.5
SE 0.49 1.1 1.0
MEDIAN 3.3 7.3 10.6
MODE 3.5 2.4 8.1
SD 1.5 3.6 3.3
VAR 2.4 10.6 11.1
RANGE 4.5 10.6 11.1

SIGNIF - P<0.01 P<0.01

Oxygen cost is an expression of the total
energy required for breathing. Since it is not
yet possible to measure 02 consumption of
the respiratory muscle directly, an indirect
method was used. Oxygen uptake of the
entire body was measured at two levels of
ventilation and the increment assumed to
represent the metabolic cost of the increased
ventilation.6 Different techniques have been
used to achieve the increased ventilation,
such as interposition of respiratory dead
space,3'7 addition of carbon dioxide to the
inspired gas mixture8 9 and voluntary
hyperventilation.4,814 The latter has
consistently produced the highest 02 cost. It
has been noted that 02 cost increases with
increasing ventilation and that 02 cost is
greater at frequencies of 20 breaths/minute
than at 30 breaths/minute. This difference
was minimal at the lower minute ventilation
used in this study. It was essential, however,
to obtain a compromise in ventilation to min-
imize 02 cost on one hand and to permit
obtaining a measurable value on the other.

Variations in O2 cost in the literature have
been great and may be attributed to variations
in conditions of measurement. 02 cost in
healthy adult subjects has ranged from 0.5 to
as much as 7.9 ml/L. It has been shown to be
increased by a variety of other physiologic
stimuli, such as breathing hypoxic gas mix-
tures,12 being submerged in water,7 during
muscular exercise16 and in a wide variety of
disease states. Abnormalities shown to cause
increased work and 02 cost are emphy-
sema, 10"13 granulomatous pulmonary
diseases,'0"4 a few instances of cardiac
disease,'0"12 extreme obesity,'7 and in a few
adult asthmatic patients, McGregor and
Becklake13 found approximately a two-fold
increase in work and 02 cost in two such
patients. The wide variability was of the
same order of magnitude and similar to that
of the present study. Akogyeram* measured
02 cost in nine symptom-free asthmatic
children and in an equal number of asthmatic
children during an attack. Her mean values
were similar to those reported in the present
study.

It is worth considering that hypoxemia in
asthma may contribute to the increased 0,
cost in symptom-free as well as in sympto-
matic patients. Hypoxemia is often present
even in symptom-free asthmatics because of
ventilation perfusion inhomogeneities known
to exist in their lungs, and is due to disease
of small peripheral airways. Since hypox-
emia has been shown to increase 02 cost,'2
this may have been the case among asthmatic
patients in the present study even though ar-
terial 02 saturations of the three groups were
not significantly different. Slight differences
that did exist represented a greater variance
in 02 tensions since the latter lie on the
plateau of the oxyhemoglobin dissociation
curve. 02 cost, therefore, is apparently
highest for those who can least afford to pay.

The authors conclude, that although oxy-
gen cost of breathing increases with severity
of airways obstruction in asthmatic children,
and a relationship exists between it and
several frequently used lung function tests,

*Dr. Esther A. Akogyeram. Unpublished data from Freed-
men's Hospital, 1968.
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we do NOT recommend it for clinical use
because of the difficulty in obtaining repro-
ducible measurements. This may be related
to the lengthy attention span (15 minutes)
required of the child on the apparatus. Leaks
at the mouthpiece because of dental maloc-
clusion, more likely to occur during the one
minute period of voluntary hyperventilation,
occasionally invalidated the test and necessi-
tated another trial.

SUMMARY

Oxygen cost of breathing was measured in
10 healthy children and in 20 asthmatics, six
to 15 years of age, 10 of whom were sympto-
matic and wheezing at the time of study.
Measurements consisted of oxygen cost,
spirometry and peak flow.

Values for healthy children were similar to
those published in the literature for healthy
adults, and were unrelated to age or body
size.
Oxygen cost of breathing was increased in

all asthmatics. It was greater in symptomatic
than it was in symptom-free asthmatics.

Oxygen cost correlated negatively with
peak flow rate and with maximum voluntary
ventilation.

The difficulties encountered in the mea-
surement, however, were such, that oxygen
cost is not recommended as a routine pul-
monary function test for children.
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