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pulmonary disease. The alterations are unlikely to be secondary 
to the pancreatic insufficiency found in the great majority of 
patients with CF since the three patients without pancreatic 
insufficiency also exhibited increased a-D-glucosidase activity 
levels and altered isoelectric profiles. 

The results of the present investigation emphasize the impor- 
tance of including appropriate pathological controls in addition 
to normal controls when doing biochemical studies on CF. Since 
appropriate pathological controls are often not included in stud- 
ies on CF, it is likely that many of the biochemical abnormalities 
found in tissues derived from patients with CF are not specific 
for CF but are secondary to chronic disease. 
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ABSTRACT. To determine day-to-day variability in res- Abbreviations 
piratory pattern, we obtained i88 ~ o ~ ~ a r i s o n s  bf pneu- 
mograms performed during two successive 24-h intervals. 
The respiratory pattern values calculated were total dura- 
tion of brief apnea (apnea density), periodic breathing 
episodes, longest apnea, number of apneas >11 s, and 
number of apneas >15 s. For day 1 values for apnea 
density, periodic breathing, and longest apnea which were 
within the 90th percentile for normal infants at age 1 
month, day 2 values fell outside that range in 4.3,3.5, and 
18% of comparisons, respectively. There was a systematic 
tendency for the day 2 values to be less than the day 1 
values. For each parameter, the day 2 range was lower, the 
slope of the day 2 versus day 1 regression line was signifi- 
cantly less than 1 ( p  < 0.01) and the y-intercept was 
significantly greater than zero ( p  < 0.01). Knowledge of 
day-to-day pneumogram variability should be helpful in 
interpreting individual pneumogram results and in assess- 
ing the clinical usefulness of pneumogram recordings. (Pe- 
diatr Res 19: 174-177,1985) 
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Two-channel recordings of ECG and thoracic impedence 
(pneumograms) are commonly performed in infants with symp- 
tomatic apnea and in asymptomatic infants considered to be at 
increased risk for SIDS. Based primarily on single 24-h record- 
ings, Kelly and coworkers (3,4) documented significantly greater 
txriodic breathing in A01 infants and in subseauent siblings 
compared to concol infants. In earlier reports, we Eonfirmed t6e 
presence of pneumogram abnormalities in A01 compared to 
control infants (2), and documented improvement in these ab- 
normalities with theophylline (1). 

Investigators have used various methods for printing and 
displaying pneumogram recordings and different criteria for 
Dneumouam internretation. In addition to uncertaintv as to the 
bpper n&mal limii for the various calculated there 
are no reported studies of day-to-day variability in pneumogram 
results. Although two previous pneumogram studies in normal 
infants (2,5) did include some serial recordings, variability could 
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not be assessed because the time interval between recordings was 
too long to attribute any observed differences only to individual 
variability. We now report the results of 188 comparisons of 
pneumogram recordings performed on successive days in 164 
infants encompassing a wide range of possible respiratory pat- 
terns. 

METHODS 
Two consecutive 24-h recordings were performed in 164 in- 

fants, 96 boys and 68 girls. Repeat recordings were obtained in 
2 1 infants, resulting in a total of 188 comparisons. Among the 
164 infants, 109 were A01 patients, 30 were appropriate for 
gestational age preterm infants (birth weight < 1500 g) evaluated 
approximately 1 wk prior to neonatal ICU discharge, 22 were 
asymptomatic siblings of prior SIDS victims, and three were 
normal infants. Initial pneumograms in the A01 group were 
performed in the hospital at a mean age of 7.7 k 7.1 (SD) wk. 
Initial pneumograms in the asymptomatic siblings and normal 
infants were performed at home, at a mean age of 6.4 k 8.8 wk. 
The 24 repeat pneumograms in 2 1 infants all were performed at 
home. 

The inpatient and home pneumograms were performed under 
normal ambient conditions for that location. According to the 
standard routine for all pneumogram recordings, intermittent 
behavioral state observations were made by the nurse or parent 
caretaker. Sleep time was determined from a log of sleep intervals 
as recorded by the caretaker. Within each 24-h recording, all 
quiet baseline intervals occumng during the periods indicated as 
sleep time by the log were analyzed for five respiratory parame- 
ters: brief apnea, periodic breathing episodes, longest apnea, 
number of apneas >I I s, and number of apneas > 15 s. Brief 
apneas were quantitated as A6/D%, the total duration of all 
2-6 s respiratory pauses expressed as a percent of total sleep time 
(1, 6, 7). Periodic breathing was calculated as the number of 
episodes/100 min (1). At least 8 h of sleep time were available 
for analysis in each pneumogram. 

For each infant, each 24-h recording was analyzed separately 
and the day 1 results for each of the five parameters were 
compared to the day 2 results by paired t test. For each parameter, 
the day I-day 2 group results also were compared by standard 
regression analysis. To permit display of the full range of values 
obtained for AdD%, periodic breathing and longest apnea, the 
actual day I-day 2 comparisons were plotted on a log scale. 
Group results are expressed as the mean + SD. 

RESULTS 

Total sleep time was 12.2 + 2.9 h for day 1 and 12.15 + 3.0 h 
for day 2. The range for was 0-8.9% on day 1 and 0- 
6.7% on day 2. The range for periodic breathing episodes/100 
min was 0-10.4 on day 1 and 0-9.2 on day 2. The range for 
longest apnea was 5-51 s on day 1 and 5-34 s on day 2. The 
range for number of apneas >11 s was 0-38 on day 1 and 0-17 
on day 2. The range for number of > 15 s apneas was 0- 18 on 
day 1 and 0-8 on day 2. The mean group differences between 
day 1 and day 2 were not significant by paired t test for any of 
the five breathing pattern parameters calculated. 

To assess directly the extent to which results of a single 24-h 
recording are representative, we analyzed the frequency with 
which the day 2 results remained within the same range as on 
day 1 (Table I). For this purpose we used the 90th and 95th 
percentiles for the values observed in normal infants (2) at 1 
month of age. Depending on the maximum day 1 &/D% value 
selected, 95.7-96.4% of the day 2 results were within the same 
range. For periodic breathing, 96.5-98.8% of day 2 values were 
within the day 1 range. For longest apnea, 82-88% of day 2 
values were within the day 1 range. 

The day 1 and day 2 values for AdD%, periodic breathing, 
and longest apnea were also compared using standard regression 

Table 1. Direct assessment of day-to-day variability according 
to thefrequency with which day 2 results remain within the 

same range as day 1 * 
Day 2 

Parameter n Day 1 % in same range 

A6/D% 161 <0.79 95.7 
166 c0.92 96.4 

Periodic breathing 170 <2.4 96.5 
(episodes 100/min) 173 <2.9 98.8 
Longest 136 < 1 1  81.6 
apnea (s) 152 <12 88.2 
No. apneas 146 0 88.4 
> I  1 163 1 93.9 
No. apneas 171 0 96.5 
>15 s 171 0 96.5 

* For each parameter, the two day 1 maximum limits selected repre- 
sent the 90th and 95th percentiles for normal infants at 1 month of age 
(2). 

DRY 1 
DAY 1 

Fig. 1 .  Comparison of day 1 and day 2 values for A6/D%. A, individual data points for the 188 comparisons. For this log scale, all values 4 . 1  % 
are plotted as 0.1 %. Identical points are superimposed. B, calculation of theoretical variability. The slope of the regression line is significantly less 
than 1 (identity), p < 0.01. Y = 0.69 x + 0.09, r = 0.85. 
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analysis. For all three parameters, the group values on day 2 
were consistently less than on day 1. The slope of the regression 
line for A6/D% (Fig. 1) was significantly greater than zero and 
significantly less than 1 ( p  < 0.01) and the y intercept (0.09%) 
was significantly greater than zero, indicating that the trend for 
day 2 results was significantly less than day 1. The slope of the 
regression line for periodic breathing was significantly greater 
than zero and significantly less than 1 ( p  < 0.01) and the y 
intercept (0.15) was significantly greater than zero, indicating 
that the trend for day 2 results was also significantly less than 
day 1 (Fig. 2). Similar to the results for A6/D% and periodic 
breathing, the slope of the regression line for longest apnea (Fig. 
3) was also significantly greater than zero and significantly less 
than one ( p  < 0.01) and the y intercept (3.8 s) was significantly 
greater than zero (p  < 0.01), indicating that the trend for day 2 
results was significantly less than day 1. The slopes of the 

regression lines for number of apneas >11 s and for number of 
apneas > 15 s were significantly greater than zero and significantly 
less than 1 ( p  < 0.01), again indicating that the trend for day 2 
results was significantly less than day 1. 

Additional statistical analyses were performed to determine 
whether regression toward the mean might explain why the slopes 
were less than 1 (identity). We repeated the regression analyses 
for A6/D%, periodic breathing, and longest apnea after excluding 
all values r0.5%, 2 1.5 episodes/ 100 min, and > 1 1 s, respec- 
tively. The results (Table 2) were similar; the slopes remained 
significantly less than 1 (p  < 0.01). 

DISCUSSION 

One of the major questions related to the pneumogram is its 
reliability. Our study addresses this issue by evaluating day-to- 

DRY 1 
DRY 1 

Fig. 2. Comparison of day 1 and day 2 values for periodic breathing episodes/100 min. A, individual data points for all 188 comparisons. All 
values ~ 0 . 1  are plotted as 0.1. Identical points are superimposed. B, calculation of theoretical variability. The slope of the regression line is 
significantly less than 1 (identity), p < 0.01. Y = 0.81 X + .15, r = 0.82. 

DAY 1 

DRY 1 

Fig. 3. Comparison of day 1 and day 2 values for longest apnea (s). A, individual data points for 187 comparisons. Identical values are 
superimposed. B, calculation of theoretical variability. The slope of the regression line is significantly less than 1 (identity), p < 0.01. Y = 0.56 X + 
4.0, r = 0.65. 
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Table 2. Slopes for A6/D%, periodic breathing (episodes/100 
min) and longest apnea* 

Parameter n Slope? 

A d D %  
All data 188 0.691 + 0.03 
Both days < 0.5 129 0.407 + 0.08 

Periodic breathing 
All data 188 0.807 + 0.04 
Both days < 1.5 146 0.470 + 0.07 

Longest apnea 
All data 187 0.559 + 0.05 
Both days < 11 s 134 0.464 + 0.08 

* T h e  slopes remain significantly less than 1 (identity) even when the 
extreme values are excluded, indicating that the lower day 2 values 
cannot be explained by "regression toward the mean." 

t * SE of regression coeficient. 

day variability in respiratory pattern in 164 infants. We are not 
aware of any previous published studies of day-to-day pneumo- 
gram variability. By direct analysis, day 1 results for A&%, 
periodic breathing, and longest apnea that were within the 95th 
percentile for normal infants (2) remained in the same range in 
90% or more of the comparisons obtained on day 2. 

There is a systematic trend toward lower day 2 values com- 
pared to day 1. For each parameter the day 2 range is lower than 
day 1, the slope of the regression line is significantly less than 1 
(p  c 0.01) and the y intercept is significantly greater than zero 
(p  < 0.01). Although such an adaptation phenomenon has not 
been previously observed for pneumograms, and was not ex- 
pected, an adaptation or "first night" effect has been observed 
for a variety of other biologic measurements. We have no expla- 
nation to account for a "first night" effect with pneumogram 
recordings. Whether the relationship between clinical status, 
SIDS risk, and respiratory pattern should be assessed using day 
1 or day 2 pneumogram values is an important question that 
will need to be addressed in subsequent studies. Fortunately, 
however, false-negative day 1 results are unlikely since only 3.6% 
of day 1 A6/D% values ~ 0 . 9 2 ,  1.2% of day 1 periodic breathing 
episodes <2.9 episodes/100 min, and 11.8% of longest apnea 
e l 2  s, will be above those limits on day 2 (Table 1). 

It is necessary to be certain that the systematic tendency toward 

lower day 2 values which we have observed is a physiologic or 
"first night" phenomenon rather than "regression to the mean." 
Our results are not normally distributed; there is skewness to the 
right due to some extreme values. To determine whether inclu- 
sion of these extreme values could result in lower day 2 values 
due to the phenomenon of "regression toward the mean," we 
recalculated each slope after excluding all extreme values. These 
truncated slopes (Table 2) were even lower than the original 
slopes, confirming that the significantly lower day 2 values 
cannot be explained by "regression toward the mean." 

The pneumogram parameters which we analyzed for this study 
are the same as in previous studies (1, 2). Our analyses of A6/ 
D%, periodic breathing, and longest apnea in apnea of infancy 
indicate significantly greater respiratory pattern abnormalities 
than in normal infants at either 1 or 3 months of age (2). 
Although this study was not designed to assess further the rela- 
tionship between respiratory pattern abnormalities and potential 
risk for SIDS, subsequent studies of this relationship should be 
facilitated by improved knowledge of day-to-day pneumogram 
variability. 
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