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Periodic fluctuations of the frequency and depth of breathing, repeated without any evi- 
dent cause with a varied period, were described long ago [12]. Investigations have shown that 
to study the parameters of external respiration it is essential to know not only their mean 
values, but also the character of variations of the parameters, which is subject tO the action 
of both physiological and stress factors [I0, Ii]. The nature of breathing variability has 
not yet been explained. It has been suggested that changes in the regularity of breathing are 
due to fluctuations in the activity of certain central mechanisms [6] or to manifestation of 
the search for energetically optimal conditions of pulmonary ventilation. Hence it is inter- 
esting to study dependence of breathing variability on the functional state of the system reg- 
ulating breathing. Correlation between the partial pressure of carbon dioxide in the alveolar 
air (the stimulus parameter) and ventilation (the response parameter) still remains the most 
physiological criterion for evaluation of the function of the breathing control system in gen- 
eral and its sensitivity to hypercapnia in particular [I]. 

The aim of this investigation was to study relations between breathing variability and 
the ventilatory response to carbon dioxide. 

EXPERIMENTAL METHOD 

Tests were carried out on 35 subjects aged 25-54 years with no neurological diseases and 
no pathology of the respiratory and cardiovascular systems. During the investigation 13 sub- 
jects had a marked pain syndrome due to identical pathology in the hepatogastroduodenal re- 
gion; nine subjects were investigated before operation, 25-45 min after receiving premedica- 
tion with Moradol, whereas 13 subjects were free from complaints. To increase the accuracy 
of the data and to reduce the load on the subjects, the entire routine part of the investi- 
gations was automated. A program was written for the "Elektronika NTs-80" microcomputer where- 
by the initial signals of the pneumatochogram and capnogram could be introduced and analyzed 
on a realtime scale. The tests were carried out at the same time of day, when the subjects 
were in a state of psychoemotional rest, and seated. To prevent the subjects from drowsing, 
they were requested to keep their eyes open. Each investigation consisted of twoparts. 

i) When the breathing variability was determined, the coefficient of variation (CV = 
o'100% M, where o is the standard deviation and M the mathematical expectation) was chosen as 
the criterion to characterize this parameter, for it is independent of the absolute values 
of the parameters studied and can be used to compare variability of parameters differing in 
dimensionality. 

To determine CV, after a short rest the subject was instructed to breathe through a 
mask connected to the transducer of a pneumotachograph. The pneumotachogram was recorded 
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Fig. i. Value of SCO t (in liters/min/mm Hg), CVvT (in %), 
and CVTT (in %) after injection of Moradol (triangles) 
in healthy subjects (dots) and in subjects with a marked 
pain syndrome (crosses). Broken lines represent approxi- 
mating curves: a) CVvT = 43.25/Sco = (r = 0.72); b) CVTT = 
29.84/Sco = (r = 0.68); c) CVVT = 1.33.CVTT + 0.36 (r = 
0.9). 

2-3 min after the beginning of breathing for 5-6 min, and the recording stopped before the 
subject began to feel any signs of discomfort. The coefficient of variation of the tidal vol- 
ume (CVvT) and the coefficient of variation of the duration of the respiratory cycle (CVTT) 
were calculated automatically from the sequence of 100-120 respiratory cycles thus obtained. 

2) The ventilatory response to a hypercapnic stimulus was next determined by the rebreath- 
ing method 5-10 min after determination of breathing variability [2-12]. A gas mixture (7% 
COt, 70% 02, and 23% N=) and a rubber bag (5 liters) with three-way cock were used for re- 
breathing. The ventilatory s~nsitivity of the breathin~ control system to hyperoapnia was esti- 
mated from the slope of the VE/PET CO= curve (the parameter SCOt). This parameter was calcu- 
lated Sn the manner described in [8], where it was shown that its most reliable estimate can 
be obtained by the method of least squares on values of ventilation (VE) and COt concentra- 
tion at the end of expiration (PET COt) for each respiratory cycle. To ensure accuracy of 
the investigation, the instruments were calibrated automatically before each test by means 
of a calibration syringe (I liter) and gas with a known CO= concentration, and the delay of 
the capnogram relative to the pneumotachogram also was determined automatically. The error of 
measurement of volume when the calibration syringe was used was • of the predicted value. 

EXPERIMENTAL RESULTS 

Comparison of the data showed that breathing variability is inversely proportional to the 
ventilatory response to carbon dioxide. It will be clear from Fig. la, b that with an in- 
crease in ventilatory sensitivity to hypercapnia breathing variability falls, and, conversely, 
in subjects with a low value of SCO 2 the coefficient of variation was higher than in the other 
subjects. This rule was characteristic both of CVvT and CVTT. This negative correlation be- 
tween breathing variability (CV) and the ventilatory sensitivity (S) could be approximated by 
the equation of a hyperbola of the CV = K/S type. Assuming that C = I/CV, the linear func-: 
tions S = K'C is obtained, by which, using the available data, the coefficient of correla- 
tion (r) can be determined for the relationship thus obtained. Types of approximating curves 
and coefficients of correlation are shown in Fig. 1 and they show that the dependence of 
CVVT on SCO = is stronger than the dependence of CVTT on SCO 2. The character of the connec- 
tion between CVVT and CVTT , as Fig. ic shows, can be well approximated by a linear function. 

Comparison of the mean values of SCOt, CVVT , and CVTT in the groups tested (Table i) 
shows that in the group of subjects with a marked pain syndrome the ventilatory response to 
hypercapnia was increased, but the breathing variability was less marked than in healthy 
subjects with no complaint. Conversely, after Moradol premedication the mean value of the 
parameter SCO 2 was lower, and the coefficients of variation were higher than in healthy sub- 
jects. All differences were statistically significant (p < 0.05). The increase in the ven- 
tilatory response to hypercapnia in subjects with a marked pain syndrome may have been due 
to increased tone of the sympathicoadrenal system of these patients, for as has been shown 
[7], this may lead to an increase in ventilatory sensitivity to a hypercapnic stimulus. Low 
values of S~n after injection of Moradol are evidently connected with the central action of 
drugs of this group. 
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TABLE i. Mean Values of SC0 2 (in liters/ 
min/mm Hg), CVVT (in %) and CVTT (in %) 
in Different Groups of Subjects (M • m) 

Parameter 

Sco2 
CVvT 
CVTT 

Group of subjects 
after injec- / healthy patienm with a 

marked pain 
tion of t subjects Isyndrome 
Moradol ] . 

I 
1,46• 2,74• I 4,29• 
45,3• 16,4• 1,47 ] 10,97• 
32,5• I 12,8• 7,85• 1,07 

It was because of these marked differences in the ventilatory response to hypercapnia in 
the groups tested that significant correlation could be obtained between SCO = and CV in a com- 
paratively small number of tests. Had we used only one group, because of the considerable 
scatter of the values studied> the dependence would have been obscured. The character of 
dependence of breathing variability on ventilatory sensitivity thus obtained is in good agree- 
ment with known physiological and clinical data. For instance, when the sensitivity of the 
respiratory center is pathologically depressed, irregular, so-called periodic breaching arises, 
and its variability is very great. At the same time, a rigid and frequent respiration char- 
acteristic of patients with burns has been described, and attributed to overexcitation of the 
respiratory center due to direct impulsation from the burned surface, and mediated by stimu- 
lation by the low tissue pO~ and acidosis [3, 4]. 

Newsom and Stagg [i0], who studied the relations between the respiratory times and vol- 
umes during breathing of mixtures with different CO= concentrations, found that when mixtures 
with a.high CO2 concentration were breathed, the increase in the mean velocity of inspiration 
flow (VI) was accompanied by a simultaneous decrease in the coefficients of variation CVVT and 
CVTT. The value of V I is used to estimate central inspiratory activity and, consequently, it 
follows from the results obtained by these workers that with an increase in chemoreceptor 
stimulation of breathing, i.e., an increase in functional activity of the respiratory control 
system, the variability of breathing is reduced. 

To sum up the data it can be concluded that changes in breathing variability are due to 
Changes in functional activity of the respiratory center, which may arise both by a reflex 
mechanism through chemoreceptors and as a result of the influence of central structures lo- 
cated outside the respiratory center. Breathing variability is inversely proportional to 
ventilatory sensitivity. Variations in the parameters of long ventilation are perhaps impor- 
tant when optimal values of alveolar pCO2 are determined [5] and the higher the ventilatory 
sensitivity to COs the faster they are abolished. 
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