
Eur Respfr J 
1992, 5, 507-508 EDITORIAL 

Clinical significance of studying resting C02 drive 
after C02 unloading 

W. De Backer 

The relationship between arterial carbon dioxide 
tension (Paco~), ventilation and C0

2 
production (VcoJ 

is well descnbed by the metabolic hyperbola. The 
intercept of the C02 response curve and the metabolic 
hyperbola determines the actual level of ventilation and 
Paco

2
• The slope of the C0

1 
response curve has been 

found to be linear during experiments with col load
ing, especially by C0

2 
rebreathing [1). The shape of 

this col response curve during cot unloading is not 
well known. Some previous expenments in humans 
suggest that in the hypocapnic zone the curve may be 
"dog-leg" shaped. This means that the C02 stimulus 
no longer determines ventilation during hypocapnia 
below the set point (2] . To perform this type of 
experiment considerable methodological problems are 
encountered. C0

2 
unload ing displacing the metabolic 

hyperbola can only be obtained by hyperventilation 
and by venous C0

2 
extraction . Hyperventilation 

is limited in time and after-discharge phenomena 
may complicate the interpretation of the results [3, 4]. 
Venous C0

1 
unloading is a long lasting stimulus, 

but it does not allow a profound decrease in Vco
2 

for 
technical reasons, mainly concomitant changes in the 
acid-base status [5]. 

The approach by CuMMIN et al. [6], published in 
this issue of the Journal, provides an original method 
for studying the location of the C0

2 
threshold in 

conscious normox!c humans. By injection of C0
2 

into 
the inspiratory line they were able to suddenly raise 
end-tidal carbon dioxide tension (PBTco1), previously 
decreased by hyperventilation, and to see whether or 
not this induced increase in PBTco

2 
is accompanied by 

an increase in ventilation. They found that in some 
subjects the C02 threshold was significantly lower than 
the resting Paco2 (up to 10 mmHg (1.3 kPa)). These 
findings are in accordance with the observations made 
during venous C02 unloading [5]. During this type 
of experiment the Paco

1 
can be decreased by 2-3 

mmHg (0.3--0.4 kPa), from an already previously low
ered steady-state Paco

1 
of about 35 mmHg (4.7 kPa). 

Even this further decrease in Paco
1 

does not induce 
total independence between ventilation and the C0

2 
stimulus; this implies that the col threshold is at a 
still lower Paco

2 
of about 30 mmHg (4 kPa). 
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Why is it important to be able to localize a C0
2 

threshold in humans? What is the clinical relevance 
of this "physiological" event? 

Some interesting and stimulating studies have been 
performed by SKATRUD and DEMPSEY [7] during recent 
years. They have demonstrated a crucial role for 
chemical and especially col-[H+] drive for maintain
ing regular ventilatory rhythm during sleep in man. 
Effective ventilatory rhythmogenesis in the absence 
of stimuli associated with wakefulness seems to be 
critically dependent on chemoreceptor stimulation. 
Posthyperventilation apnoea during non rapid eye 
movement (NREM) sleep occurred at a variable 
PETco2, mostly below 35 mmHg ( 4. 7 kPa). Subjects 
seem protected from developing this type of central 
apnoea by a preceding increase in PETco

2 
accompany

ing onset of sleep [8]. A sleep-induced increase in 
upper airway resistance, accompanied by the absence 
of immediate load compensation, is an important 
determinant of C02 retention [9). The changes in 
upper airway resistance observed in normal subjects 
are, however, quite variable (10]. It is clear from 
these observations, that the higher the col threshold, 
the more central apnoeas will occur during sleep. 
Indeed, with a high C02 threshold, Paco

2 
can drop 

more frequently or rapidly below this level, e.g. after 
a short period of hyperventilation. That this really 
matters has been observed during breathing at high 
altitude, where chronic hyperventilation causes Paco

2 
to be constantly low. This chronic hyperventilation 
results from high altitude adaptation mechanisms, 
presumably due to a higher central chemical drive 
[11-14]. During sleep, when ventilation is dependent 
on chemical drive in the absence of wakefulness 
stimuli, actual Paco2 frequently drops below the C0

2 
threshold, provoking repetitive central apnoeas. The 
resulting type of ventilation is the so called "periodic 
breathing of high altitude" [15]. 

Several attempts were made to pharmacologically 
modify C01 sensitivity and C02 threshold. Interesting 
results were obtained with acetazolamide. This com
pound, known for many years, probably acts mainly 
by stimulating central chemoreceptors and therefore 
lowering the C0

2 
threshold. A comparative study 

between the peripheral chemoreceptor stimulating agent 
almitrine and the mainly centrally stimulating acetazo
lamide [16] shows that central chemoreceptor stimula
tion eliminates periodic breathing, whereas peripheral 
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stimulation enhances this type of breathing instability. 
In our own studies, performed at higher altitude 
(5,500 m), acetazolamide only changed the breathing 
pattern, with shorter duration of the apnoeas occurring 
during periodic breathing [17]. 

Careful analysis of the breathing pattern during sleep 
at sea level also reveals substantial breathing instabil
ity, sometimes with clearly identifiable periodic breath
ing, especially when other promoting factors such 
as low cardiac output are present [18]. The major 
consequence of this instability in breathing is the 
occurrence of repetitive 0

2 
desaturations and its con

sequences, mainly in patients with already low Pao
2 

during wakefulness (<65 mmHg (8.7 kPa)). Chronic 
obstructive pulmonary disease (COPD) patients with 
chronic hypoxia and cor pulmonale are mostly prone 
to this type of (severe) accompanying 0

2 
desaturation 

during sleep. 
Convincing studies aimed at improving pharma

cologically, or otherwise, this type of unstable breath
ing during sleep at sea level are not yet available. 
Preliminary evidence indicates that administration 
of acetazolamide in COPD patients may significantly 
improve 0

2 
desaturation during sleep. Trials with 

continuous positive airway pressure (CP AP) also indi
cate that central apnoeas can be prevented with this 
type of treatment [19]. 

Methods, such as that described by CUMMIN et al. 
[6], enable us to study more objectively the effect 
of drugs and other treatments on the location of the 
C02 threshold. They may help to further unravel the 
relative contribution of central chemoreceptor drive to 
the occurrence of breathing instability during sleep. A 
number of other mechanisms must also contribute to 
the unstable breathing. Changes in stage [20] and 
changes in respiratory muscle activity [9] also contrib
ute. We are, therefore, looking forward to a general 
model enabling us to understand the different patterns 
of sleep-related breathing disorders. 
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