
Hyperpnea, Hyperventilation, and Brain Dysfunc
tion 

SINCE THE 19th century, when Cheyne (1818) first 
noted periodic breathing and Biot (1876) dubbed ataxic 
breathing "meningitic," perceptive clinicians have rec
ognized that abnormal respiratory patterns can reflect 
serious dysfunction of the brain and often imply a poor 
prognosis. Rout, Lane, and Wollner (1) have recently 
refocused attention on these important principles in 
studies of patients with strokes, supplementing graphs 
of the abnormal breathing patterns with analyses of the 
respiratory gases and acid-base balance in the blood and 
cerebrospinal fluid. Patients with normal respiratory 
patterns and blood gases survived, while those with 
Cheyne-Stokes breathing or hyperventilation fared 
badly: out of 11 patients who had a Pco2 of less than 
35 mm Hg and a pH of more than 7.46 in the arterial 
blood, only 1 survived. Similar associations between 
hyperpneic hypocapnia and a poor outcome have also 
been noted after head injuries (2, 3) . In the patients 
with stroke the cerebrospinal fluid of those with hy
perpnea was usually more alkaline than normal, ruling 
out excess spinal fluid acidity as the cause of the respi
ratory change and leading Lane, Rout, and Williamson 
(4) to conclude that central neurologic damage caused 
the hyperpnea. 

This conclusion is seemingly consistent with earlier 
clinical and postmortem observations (5, 6) , which 
indicated that bilateral damage or dysfunction of the 
cerebral hemispheres or diencephalon usually was re
quired before Cheyne-Stokes breathing developed, 
whereas neurogenic hyperventilation was associated 
with central lesions of the upper brain stem. Since only 
the more serious neurological injuries can cause breath
ing abnormalities (7) , the damage alone could explain 
the frequently unfortunate outcome. 

Perhaps that is all there is to it, but one should look 
further at what causes hyperpnea in seriously ill pa
tients, whether or not they have brain injuries. If one 
starts by defining terms, hyperpnea describes increased 
breathing of whatever cause, whereas hyperventilation 
means that the volume of breathing is greater than 
required by the metabolic demands of the body; one 
cannot call overbreathing "hyperventilation" so long 
as a patient breathing room air has either an arterial 
Pco2 above 40 mm Hg or an arterial Po2 of less than 70 
to 80 mm Hg. Thus, overbreathing patients with mild 
arterial hypoxemia may be considered to be hyperpneic 
but not truly hyperventilating. Primary or central neuro
genic hyperventilation implies that the overbreathing 
arises in the absence of reflex stimuli originating in 
peripheral structures, including the chemoreceptors and 
chest-lung stretch receptors*, and that it persists during 
sleep, which eliminates a psychogenic cause. Such 
central neurogenic hyperventilation has never been 
produced experimentally, and clinically it is rare, even 

in patients with organic neurological disease. On a large 
neurological service with a considerable interest in the 
problem, we have examined many patients with hy
perpneic hypocarbia during the past 8 years; in only 
one, a child with a primary brain stem neoplasm, could 
we be sure of central neurogenic hyperventilation, for 
in all the others the arterial oxygen tension was below 
normal, and the lungs and airways, by detailed clinical 
or postmortem studies, were seriously diseased, even 
when this had not been immediately obvious. 

The combination of hyperpnea with a low arterial 
blood C 0 2 tension, an elevated blood pH, and a sub
normal or moderately low oxygen tension occurs in 
many serious illnesses that entirely spare the brain. These 
include the alveolar-capillary block of diffuse pulmonary 
carcinomatosis; heart failure; advanced cirrhosis, with 
or without hepatic coma; acute pulmonary infarction; 
and many others, including the cryptic pulmonary con
gestion that accompanies most serious disease in the 
obtunded or elderly. 

In patients with a variety of acute brain lesions, in
cluding recent head trauma, it is being increasingly 
recognized that hypoxemia may develop in the ab
sence of obvious pulmonary complications such as 
atelectasis, aspiration pneumonitis, or gross pulmonary 
edema. The mechanism of this effect is obscure, but it 
is presumed to derive from a ventilation/perfusion im
balance, possibly with a neurogenic orign (8) . Its in
fluence on respiration is to congest the lungs, provoking 
hyperpnea with consequent hypocarbia, and it thus be
comes one of the many causes of the pseudohyper-
ventilation syndrome. Whatever the cause, this syndrome 
calls for treatment of the underlying hypoxia, which, 
along with the pulmonary congestion {see footnote), 
is the drive to increased ventilation; if such treatment 
is delayed or never initiated, hyperpnea will inevitably 
correlate consistently with a poor prognosis. (FRED 
PLUM, M.D., Department of Neurology, New York 
Hospital/ Cornell Medical Center, New York, N.Y.) 
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* Several papers in the sumposium cited in Reference 7 discuss 
these afferent pathways. See especially those by Guz, Widdicomb, 
Paintal, Godfrey, and their respective collaborators. 
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