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Extract 

Functional residual capacity ( F R C )  and thoracic gas volume 
(TGV)  were measured in 20 infants, of whom 11 were healthy 
preterm infants, 5 were recovering from the respiratory distress 
syndrome (RDS) ,  and 4 had other pulmonary problems. In addition, 
some of the theoretical aspects of rebreathing techniques, including 
the lung to bag N ,  difference a t  equilibrium, were studied by 
constructing a simple digital computer model of the system. 

In both the normal preterm infants and the post-RDS group. the 
TGV was significantly greater than the FRC (0.02 > P > 0.01). 
indicating the presence of trapped gas (Fig. 2). The mean time taken 
to reach equilibrium during rebreathing was 44 sec in the normal 
infants and 52 sec in the post-RDS group (Table 2). In one infant 
with generalized cystic lung disease, equilibrium was not achieved 
even after 3 min of rebreathing (Fig. 1 ). 

The computer-generated analysis of rebreathing for a normal 
3-kg infant is shown in Figure 3. with an in vivo curve for 
comparison. The rapid equilibration of N ,  was completed within 55  
sec but, a s  in the in vivo experiments. there was a change in slope of 
the line after 1.7 min. It can be seen from Table 3 that. if a small 
initial bag volume ( 100 ml) is used, 30 sec of rebreathing is adequate 
for equilibration only when FRC and dead space are normal, and 
errors would occur if either were enlarged. 

The computer study showed that the gradient for N ,  between bag 
and lung a t  equilibrium is of the order of 0.2-0.37% which would 

cause a negligible error when calculating FRC and assuming that 
lung N, is equal to the measured bag N,. 

The combined in vivo and computer studies served to validate the 
rebreathing technique a s  a method for measuring FRC. and have 
enabled it to be modified for use even in small or very sick infants 
with poor ventilation. The most useful procedure to employ would 
seem to be to use an  initial bag volume of 150-200 ml and to 
continue the rebreathing for 1.5-2 min, with samples being taken for 
analysis a t  approximately 20-sec intervals. 

Speculation 

Computer simulation of rebreathing by infants could be used to 
explore gas mixing under various conditions. The pattern of mixing 
might reflect maturation of lung function in the preterm or  sick 
neonate. 

Lung volume in infancy can be measured readily by standard 
procedures which are used for older children and adults. providing 
that the equipment is suitably scaled down, as has been shown for 
the inert gas dilution technique (12). for nitrogen washout (14). and 
for whole-body plethysmography ( I ) .  However, these techniques 
require considerable instrumentation and are rarely suitable for 
studying very small or  seriously ill infants or  for general use where 
the necessary apparatus and expertise are not available, and 
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consequently other methods have been developed. A most success- 
ful procedure has been used by Krauss and Auld (8) in which the 
infant simply rebreathes from a bag containing 12-14%1 helium in 
oxygen for about 30 sec. Using this technique they have shown 
clearly the extent of gas trapping which is seen in normal 
premature infants (9). 

When attempting to  use this method in sick infants. one is faced 
with the problem of having to continue rebreathing long enough to 
ensure equilibration, while all the time the lung-bag CO,  concen- 
tration is continuing to rise. and bag volume is shrinking. 
Equilibration between lungs and bag during rebreathing is a 
pornplex process which involves not only gas mixing, but changes 
in the respiratory exchange ratio (CO, evolved/O, consumed), as 
CO, excretion diminishes in the face of the rising bag CO, 
concentration in the same way as during breath-holding (10). 
Ideally, it is therefore necessary to make serial measurements of 
bag N, concentration and bag volume in order to calculate FRC 
and to ensure that equilibration is complete. A single estimate after 
30-60 sec as used by Krauss and Auld (8) is probably adequate for 
most normal infants if a small bag is used. but it is impossible to be 
sure of equilibration in the sick infant without prolonging the 
rebreathing (as they did in a few of their patients). However. once 
the rebreathing period is prolonged beyond about 30 sec, increas- 
ing complications arise in the equilibration process (7). which must 
be taken into consideration when analyzing the results. 

In order to study this subject more fully, we decided to carry out 
an analysis of a simple rebreathing procedure in premature infants, 
using serial sampling, and compared the results with measure- 
ments of TGV made plethysmographically. In addition. we 
explored some of the theoretical aspects of rebreathing techniques. 
including the lung to bag N, difference at equilibrium (7). by 
constructing a simple digital computer model of the system. We 
were then able to define the optimal conditions for rebreathing 

measurements of FRC,  and for obtaining additional information 
on mixing efficiency, by noting the time needed for equilibration. 

SUBJECTS AND METHODS 

Measurements were made on 20 infants from the neonatal 
special care unit as part of the routine measurement of lung 
function for clinical evaluation and assessment of progress. Some 
details of these infants are given in Table I. The group consisted of 
I I healthy preterm infants. 5 recovering from respiratory distress 
syndrome, and 4 with other pulmonary problems. Both F R C  and 
TGV were measured in 16 infants and FRC alone in the remaining 
4 infants. Sedation was not necessary in order to measure 
functional residual capacity, but since concurrent measurements of 
thoracic gas volume were also being made, all infants were sedated 
lightly with 40 mg/kg chloral hydrate, and were studied 30-60 min 
after a feed. 

FUNCTIONAL RESIDUAL CAPACITY 

Functional residual capacity and mixing efficiency were mea- 
sured by a rebreathing technique. A small anesthetic bag (500 ml) 
was filled with 400 ml of humidified 0, at room temperature and a 
sample. of measured volume ( 2 0  30 ml), was taken for analysis. 
The remaining 370-380 ml was connected to the infant at  the end 
of a normal expiration by means of a three-way stopcock and a 
small anesthetic mask, which was sealed to the face with the aid of 
silicone putty. For the purposes of the present study, rebreathing 
was prolonged for 2 - 3  min, and samples were removed from the 
bag at  known intervals of approximately 20 30 sec, the sample 
syringes being continuously flushed to ensure good mixing. After 
the last sample, the stopcock was closed and the final bag volunie 
was measured. The whole procedure was repeated two or three 

Table I. Clir~ical details of '  it1 /ants 

At time of study 
Gestational 
age at birth, Birth Age, Weight. Length, 

No. weeks wt, kg days kg cm 

A. Healthy, normal, premature infants 

Mean 
SEM 

Mean 
SEM 

C. Others 
Agenesis, lung 
Generalized hyperinflation and 

Fallot's tetralogy 
Cystic fibrosis 
Transient tachypnoea 
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times at  intervals of 10 min and the mean result calculated. The 
samples were analyzed for gas composition using a respiratory 
mass spectrometer for convenience, but could equally well have 
been analyzed with an  N ,  meter or by difference if 0, and C O ,  
were measured with more simple apparatus. The F R C  was 
calculated by the following equation which allows for the N, 
removed in the samples, and for the total instrumental dead space 
(6  ml), with the final value being corrected to body temperature, 
pressure, and saturation. 

F R C  = F,N,(VB, + VD) x VS(F,N, + F,N, + etc.)  
- VB, x F , N ,  - VD x 79.6 ml 

79.6 - F,N, 

where F,N, = final bag N, concentratlon, VB, = final bag volume, 
VD = apparatus dead space, VS = sample volume. F,N, + etc. = 

N, concentration of samples, VB, = initial bag volume, and F , N ,  
= initial bag N, concentration. All calculations were based on the 
volume of the bag after removal of the initial sample, i.e.. on 380 

In a later version of the program, tidal volume was increased 
automatically in response to rising lung (and hence arterial) C O ,  
using mean data for CO, sensitivity (2). This resulted in a more 
rapid rise of tidal volume but did not affect the equilibration 
procedure. which took place before significant differences arose 
between the original and modified models. Likewise, substitution 
of input parameters more appropriate to smaller infants had no 
significant effect on the conclusions about mixing. The results for 
the average 3-kg infant are presented below. 

RESULTS 

The accuracy of the F R C  rebreathing method was estimated by 
using a dummy lung of 100-ml volume and the experimental result 
was usually within 1 ml. Reproducibility was assessed for both 
F R C  and TGV studies by calculating the coefficient of variation 
(CV) for paired estimates from the formula 

S D  of difference between pairs c v  = - 
ml. Mean of all values x 4 2  

In addition, the N,  concentration of the sample was plotted 
against rebreathing time in order to determine the time taken to 
reach equilibrium (T,,) as shown by a uniformly rising concentra- 
tion (see below). 

Oxygen consumption (GO,) was also calculated from the 
shrinkage in bag volume after allowing for sampling and replace- 
ment by CO,  as follows: 

VOz = VBi - (VB, + VS x n) + F,CO,(VB, + F R C  + VD) + 
VS(F,CO, + F,CO, + etc.) ml 

The symbols are analogous to those above and n = number of 
samples removed. The calculated VO, was corrected to standard 
temperature and pressure of dry gas. 

THORACIC G A S  VOLUME 

The TGV was measured with a whole-body, constant volume, 
infant plethysmograph using the standard occlusion technique of 
Dubois et a/ .  (6). The infant slept in the supine position during the 
test and results were calculated from the chart record obtained 
when box pressure and mask pressure were completely in phase. 
The procedure was repeated two or three times and the mean result 
calculated. The instrumental dead space (8 ml) was subtracted 
from the calculated result to give the TGV. The plethysmograph 
was calibrated dynamically for each infant. 

COMPUTER SIMULATION FOR REBREATHING 

In order to analyze the dynamics of rebreathing, a siniple digital 
computer program was written in Fortran (S IMSIM) ,  copies of 
which can be obtained from the authors on request. The program 
carried out a breath-by-breath analysis of inspiration and expira- 
tion to give the composition of lung and bag 0,, CO,, and N, as 
well as the volume of the system at any point in time. The input 
variables were FRC.  bag volume, lung volume, tidal .volume, 
physiologic plus instrumental dead space, frequency, VO,, gas 
exchange ratio (R),  and initial lung and bag gas concentrations. 
The loop could be interrupted at  will to change any input variable 
so  that it was oossible to simulate the increase in ventilation and 
decrease in R khich occurred during rebreathing. For the present 
study we used input variables appropriate for a 3-kg term infant 
based on data collected in this laboratory. Tidal volume was 
increased from an initial value of 23-40 ml at  the end of 
rebreathing, while frequency was held constant at  55/min in 
conformity with our present observations of frequency during 
rebreathing. In similar fashion R was decreased from 0.75 for the 
first 30 sec to 0.3 by the end of 3 min of rebreathing in accordance 
with our experimental observations. Oxygen consumption was 
taken as 30 ml/min based on our observations (see below) and data 
for nonbasul infants (5); initial bag N,, CO,, and 0, were taken as 
I%, 0,  and 99% and initial lung N,. CO,, and 0, as 79.6%,5%, and 
15.4%. respectively. 

The CV for 25 pairs of observations of F R C  was 11% and for 19 
pairs of observations of TGV it was 5%. 

The typical patterns of rising bag N, concentration in a normal 
preterm infant and in a baby with ge~leralized hyperinflation due to 
cystic lung lesions are shown in Figure 1. There was rapid mixing 
within 60 sec in all the normal infants (mean = 44 sec), but in the 
sick infant mixing was incomulete even after 3 min of rebreathing. 
i t  can be seen that after the'mixing phase in the normal infant, 
there is a linear portion, the slope of which alters at  about 1.5 min. 
This alteration in shape was seen in almost every trace from 
normal infants. The continuing rise in bag N, after mixing reflects 
the continuing bag shrinkage due to 0, uptake and reduced CO,  
excretion. It is evident that bag N ,  never reaches a totally steady 
level in the rebreathing procedure, and F R C  can only be calculated 
if bag volume is known at the time when N, concentration is 
measured, after complete mixing. As will be seen below, this 
occurs by the first part of the linear slope. The mixing time (T,,) 
can be determined, as shown in Figure 1, from the back 
extrapolation of this part of the record. Calculation of F R C  can be 
undertaken by measuring bag N, and bag volume a t  any time after 
T,, and gives the same answer. 

The comparison between F R C ,  measured by rebreathing, and 
TGV, measured by plethysmography, is shown in Figure 2 and 
detailed in Table 2. The F R C  was very similar in the normal 
preterm infants and the five infants who were recovering after 
earlier RDS.  The four infants with other lung problems cannot be 
considered as a group because of their differing conditions and 
ages. In both the normal preterm infants and the post-RDS group, 

NORMAL INFAM INFANT WITH MULTICYSTIC LUNGS 

0 1 2 3 0 I 2 3 

T I M  lminl 

Fig. I .  The equilibration process during rebreathing in normal and 
muiticystic lungs. 
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the TGV was significantly greater than the F R C  (0.02 < P < post-RDS group (Table 2). These differences were not significant 
0.01), indicating the presence of trapped gas. Since equilibration (0.1 > P > 0.05). Equilibration in the infant with cystic lung 
was reached very rapidly in these infants it is obvious that the areas disease was so slow that it was impossible to calculate T,,. The 
of trapped gas must be either completely unventilated or ventilated slope obtained from the infant with agenesis R lung was also 
so slowly that they do  not affect the equilibration process of the unsuitable for back extrapolation. 
well ventilated portion of the lung, which appears to act as a single 
unit. as has been observed by Krauss et a/. (9). The amount of RESULTS OF COMPUTER SIMULATION OF REBREATHING 
trapped gas was twice as great in the post-RDS infants as in the 
normal preterm group (Table 2). There was considerable individ- 
ual variation in the degree to which gas trapping was present in the 
normal preterm infants, and we found no relationship between the 
volunle of trapped gas and either postconceptual age or  age after 
birth. The volume of trapped gas in the post-RDS group was also 
unrelated to age, as might be expected, considering the variation in 
individual severity of the disease. The infants with other lung 
diseases displayed amounts of trapped gas which varied from 
normal to very high in the case of the baby with generalized cystic 
lung disease. 

The mean time taken to reach equilibrium during rebreathing 
(T,,) was 44 sec in the normal group of infants, and 52 sec in the 

o 20 40 ~1 80 l m  120 la 
THORACIC GAS VOLUM lmll 

Fig. 2. The presence of trapped gas in infant lungs. 

The computer-generated analysis of rebreathing for a normal 
3-kg infant, studied exactly as in the real life situation, is shown in 
Figure 3 with an in vivo curve for comparison. For this analysis, 
F R C  was taken as 100 ml, dead space as 12 ml (6 ml physiologic 
and 6 ml instrumental). initial bag volume as 380 ml, and other 
variables as listed under Methods. The rapid equilibration of N ,  
was completed within 55 sec but as in the in vivo experiment. there 

40 - 
----I 

COMPUlER SIMULATION 

35 - I---  

I 

'---,,nag volume 

30 - 1- _ 

T I M E  lmlnl 

Fig. 3. Comparative analyses of rebreathing by the in vivo curve and 
computer simulation. 

Table 2. Resulrs' 

FRC TGV Trapped gas 
T,,, VO,, 

Group No. ml ml/kg ml/cm ml ml/kg ml/cm ml ml/kg ml/cm sec ml/min/kg 

Mean 
SEM 

B. RDS 

A. Normal prematures 1 55 24.5 1.22 72 33.0 1.60 17 8.5 0.38 36 
2 71 37.0 1.60 75 39.0 1.70 4 2.1 0.10 40 
3 51 23.0 1.12 82 37.0 1.86 31 14.0 0.74 36 
4 77 29.6 1.64 92 35.3 1.95 15 5.7 0.31 30 
5 84 33.6 1.75 106 42.4 2.20 22 8.8 0.45 45 
6 59 30.7 1.30 65 33.8 1.40 6 3.1 0.10 40 
7 59 29.5 1.25 85 42.5 1.80 26 13.0 0.55 45 
8 57 27.0 1.24 77 36.6 1.70 20 9.5 0.46 60 
9 60 29.5 1.28 60 

10 62 32.7 1.38 60 
11 69 27.5 1.46 30 

64 29.5 1.35 81.8 37.5 1.78 17.6 8.1 0.39 44 
3.0 1.2 0.06 4.5 1.3 0.08 3.3 1.5 0.08 2.3 

I2 75 34.7 1.60 127 59.0 2.60 52 24.3 1.00 60 
13 38 20.0 0.82 77 40.5 1.67 39 20.5 0.85 
14 94 36.0 1.90 1 1 1  42.6 2.3@ 17 6.6 0.40 50 
15 69 26.5 1.40 92 35.4 1.90 23 8.9 
16 53 27.9 1.15 30 

Mean 66 29.0 1.37 101.7 44.4 2.12 32.7 15.1 0.69 52 
S E M  9.5 2.9 0.18 10.9 5.1 0.21 7.9 4.3 0.14 5.8 

C. Others 17 37 16.8 8 5 38.6 48 21.8 
18 137 45.6 250 83.0 113 37.4 
19 93 26.2 120 33.8 27 7.6 45 
20 114 28.9 158 40.0 44 11.1 30 

FRC: functional residual capacity: TGV: thoracic gas volume. 
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Table 3. Cotnpurer-produced sin~~rlation o f  rebreathing experimenrs 

Bag volume 
FRC 
Dead space 
Equilibration time 
Equilibration bag N, 
Equilibration bag 

volume 
Equilibration 

(lung-bag) N, 
30 sec (lung-bag) N, 
60 sec (lung-bag) N, 
90 sec (lung-bag) N, 
Equilibration lung 

CO, 

' Simulated removal of 20-ml samples from bag as in regular experiment. No samples removed in the other simulations. FRC: functional residual 
capacity. 

was a change in slope of the line after 1.7 min. It is important t o  
note the very small final lung-bag N, difference of 0.2% after 
equilibration, and the continuing rise of both in parallel a s  the bag 
continues to shrink because of the very low R .  

In order to study the effect of varying bag size, lung volume, and 
mixing efficiency, the program was run several times and the 

McMichael (7) attempted to compensate for this by arranging to 
hold the volume of their system constant, but this resulted in a 
complicated technique. It is possible that the simple rebreathing 
method used by Krauss and Auld (8). and modified for use in the 
present study, could have exaggerated these difficulties. since the R 
rapidly falls well below 1.0 and the bag volume shrinks. which 
theoretically could have resulted in a significant difference between 
the final bag and lung concentrations of N, (or He)  even when 
equilibrium had occurred. 

Since it was impracticable to estimate alveolar and bag N, 
simultaneously in vivo, we found it necessary to develop the 
computer model in order to test the validity of this method in the 
face of these theoretical possibilities. When preparing the pro- 
gram. it was necessary to assume certain values for the diminishing 
R and the increasing ventilation. and we based these on experimen- 
tal studies performed within the laboratory. The similarity of the 
computer-predicted and the in vivo curves suggests that the 
assumptions that were made were at  least reasonable. The rather 
larger T,, of the computer probably reflects the very precise nature 
of its determination, compared with the crude judgments by eye for 
in vivo tests. The chief unknown factors in the computer model 

results are sumn~arized in Table 3. It can be seen that removing 
20-ml samples from the bag at  the standard times had negligible 
effect on the results. Whatever the conditions. equilibrium was 
reached more quickly with the 100-ml bag than the 380-ml bag, as 
would be expected. Equilibration times were prolonged by an  
increase in F R C  o r  dead space. 

The effect of rebreathing for standard times was studied by 
noting whether the lung bag N, difference after 30, 60. or 90 sec 
had yet fallen to that obtained at  equilibrium. It can be seen from 
Table 3 that 60 sec was adequate for the small (100 ml) bag under 
all conditions tested; the large (380 ml) bag needed 90 sec except 
for experiments where F R C  and dead space were normal (100 ml 
and I2 ml, respectively). Even for the small bag, 30 sec was only 
adequate if the F R C  and dead space were normal and errors would 
occur if either were enlarged and the results at  30 sec were used. 

The computer study showed that the gradient for N, between 
bag and lung at  equilibrium is of the order of 0.20 to 0.3776, which 
would cause a negligible error when calculating F R C  and assuming 
that lung N, is equal to the measured bag N,. In fact. taking the 
most extreme example from Table 3 where the difference was 
0.37'70. the calculated FRC,  ignoring the difference, was 98.82 ml, 
whereas, allowing for the difference, it was 100.03, i.e.. an error of 
1.2% which is well within the likely experimental error. It should 
be noted that this calculation used the actual bag volume a t  the end 
of the simulated rebreathe (92.8 ml) and a significant overestimate 
of F R C  of some 4.6% would have been obtained if the bag volume 
was assumed to remain at 100 ml. Thus, the simulation showed 
that the lung bag N, difference causes little error, but ignoring the 
change in bag volume with even 35 sec of rebreathing results in a 
significant overestimation of FRC.  

were the rate of change of R and the rate of increase of ventilation. 
During breath-holding, alveolar CO,  rises much faster than in our 
computer model since the volume of the system is much smaller in 
the former case. However, the computer model showed that once 
mixing had occurred R had little effect on the final lung-bag N, 
difference. and also showed that even if tidal volume increased at a 
faster rate than that which we had assumed, as suggested by the 
results of Avery e r a / .  ( I ) ,  this would have negligible effects on the 
final results. since the important mixing occurs very early. We 
found relatively little change in respiratory frequency during our 
experimental work, although there was individual variation, and 
we therefore held the rate constant in the model. Cross er a / .  (4) 
and Averq et a / .  (2). in their studies of infants' response to  CO,  in 
the steady state and the effects of rebreathing, respectively, have 
both observed a rise in frequency as well as tidal volume. but again. 
the major changes occur too late to have a significant effect on the 

DISCUSSION 

The whole question of gas dilution techniques for measuring 
F R C  has interested investigators for many years. on account of the 
apparently inherent errors in calculating F R C  if the final bag and 
lung concentrations of gas are assumed to be equal (3). Under 
steady state conditions when R is less than 1.0. alveolar N,  (or 
helium. if used) will be more concentrated than inspired N,  (He)  
because the sum of the partial pressures of alveolar CO,  and 
oxygen is less than that of  inspired 0 , .  This is further coniplicaled 
by rebreathing from a large closed circuit system, such as in the 

mixing process. 
It was evident from the computer model that only a very small 

difference between lung and bag N, remained after equilibration, 
so that the assumption that they were equal was quite valid. We 
believe that this final difference simply reflects the balance between 
rising concentration of N, in the alveoli (where 0, is being 
absorbed), and rising concentration of N,  in the bag (because of 
shrinkage of the system). In addition, alveolar ventilation is 
continually mixing lung and bag gas so that the net difference is 
very small indeed. Small departures of alveolar N, from the initial 
assumed value due to ventilation-perfusion disturbances would not 

conventional helium dilution procedure. because the volume of the materially affect results (an error of approximately &0.5 ml in 
system diminishes. This may result in spirometer N, (He)  actually F R C  over the likely range of N,). 
being more concentrated than alveolar N, (He).  Herrald and O f  some practical importance is the apparently linear rise in 
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both lung and bag N, after equilibration. which reflects continuing 
0, consumption at a steadj rate, while CO,  excretion has virtually 
ceased. The break in the slope of this line was seen both irr vivo and 
in simulated experiments after approximately l .S to 1.7 niin in 
normal infants, and probably reflects the fact that R falls rapidly 
during the first and second min of rebreathing (13). Despite this 
break. it is still possible to determine T,, by extrapolating the 
initial part of the linearly rising bag N, backwards. since the model 
shows mixing to be complete by this phase. The computer-derived 
result lends support to the use of this method for the it? virzo 
measurements. 

The combined it1 vivo and computer studies performed in the 
present investigation have served to validate the rebreathing 
technique as a method for measuring FRC,  and have enabled it to 
be modified for use even in small or very sick infants with poor 
ventilation. We have found that. when applying the method to sick 
infants. the use of a more prolonged rebreathing method, a larger 
initial bag volume. and serial sampling are useful safeguards to 
ensure that equilibration is complete. and provide further informa- 
tion on the nature and rapidity of the mixing process. During the 
latter part of this study. the procedure was modified so that 20-ml 
samples were withdrawn at 15-sec intervals during the first minute, 
and 30 sec thereafter. This technique provided even more accurate 
information on the equilibration process. The value of taking serial 
samples to document mixing was especially impressed upon us by 
the study of the infant with generalized pulmonary hyperinflation. 

The results of the present study have largely confirmed the 
observations of previous workers. In our group of normal preterm 
infants. the mean F R C  was 1.38 ml/cm, which is very similar to 
the 1.2 ml/cm reported by Krauss (9)  for a group of normal 
preterm infants of similar weight and age. 

The phenomenon of gas trapping in newborn infants has been 
documented by several authors and our mean figure of 8.1 ml/kg 
in normal premature infants corresponds closely to the 9.3 ml/kg 
observed by Nelson er al. ( I  I) in their concurrent study of TGV 
and F R C .  We are not in a position to confirm the reduction in 
TGV with subsequently diminishing gas trapping which has been 
reported to occur with growth (9). We did in fact detect trapped 
gas in infants who were relatively old. although it is possible that 
these infants might have been found to have even greater 

.discrepancies between TGV and F R C  had they been studied at  an 
earlier age. 

The large volume of trapped gas which we found in the group of 
infants who had recently recovered from R D S  was due to their 
elevated TGV since their FRC was virtually identical with that of 
normal preterm infants (Table 2). The normal values for FRC in 
these infants with a mean age of 15 days is in agreement with the 
return to normality by this age reported by Tori et 01. (15). whereas 
the elevated TGV is in conformity with our own plethysmographic 
observations on other infants who had recently recovered from 
R D S  and has also been noted by Auld et al. ( I ) .  

In conclusion, we believe that the rebreathing technique of 
measuring F R C  is a simple, practical, and valid method of 
assessment which can be used even for small or  sick neonates with 
abnormal ventilation. From our theoretical and practical analyses 
it would seem that the most useful procedure is to employ an initial 
bag volume of 150-200 ml and to continue the rebreathing for 

1.5-2 min. with samples being taken for analysis at approximately 
20-sec intervals. 

S U M M A R Y  

An analysis of an 0, rebreathing method of measuring func- 
tional residual capacity in premature infants has been carried out 
by it1 viva comparisons with measurements of thoracic gas volume 
in a whole body plethysmograph and by computer simulations. 
The simple rebreathing method has bcen shown to give results in 
agreement with established values and has served to demonstrate 
gas trapping in healthy premature infants, and even more so in 
those recovering from respiratory distress syndrome. Serial sam- 
pling demonstrated the attainment of equilibration within I rnin in 
all but infants with grossly abnormal lungs. Computer simulation 
closely resembled the it7 vivo results and served to demonstrate the 
lack of significant lung to bag N, differences after equilibration. 
The practical. theoretical, and clinical aspects of the subject are 
reviewed. 
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