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CASE STUDY

Deep breathing and awake apnoea in a patient who had recurrent 
hypoxaemia and hypercapnia without sleep apnoea

K. Chin*, Y. Oku*, K. Nishimura**, M. Ohi*
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Primary alveolar hypoventilation is characterized by
alveolar hypoventilation in the absence of mechanical
hypoventilation [1]. In most patients, hypoventilation is
more severe during sleep, and apneic periods are common
[2–4]. Some patients with primary alveolar hypoventila-
tion have no demonstrable ventilatory response to hypoxia
during wakefulness [2, 3]. In general, a patient who shows
hypoxaemia with hypercapnia during wakefulness is prone
to show a further deterioration in blood gases during sleep.
We report on a patient who showed central apnoeas with
sighs during wakefulness with hypoxaemia and hyp-
ercapnia. He had no abnormal breathing during sleep and
had normal lung function and normal ventilatory resp-
onses to hypoxia and hypercapnia. Administration of a
respiratory stimulant (acetazolamide) eliminated apnoeas
between sighs, and the patient's hypoxaemia and hyper-
capnia improved.

Case report

A 21 yr old male with dyspnoea was admitted to the
Hospital of Chest Disease Research Institute, Kyoto Uni-
versity because of recurrent hypoxaemia with hypercapnia
over a 3-month period (arterial oxygen tension (Pa,O2) 9.2
(1.6 SD) kPa, 95% confidence intervals (CI) (7.9–10.5); arte-
rial carbon dioxide tension (Pa,CO2) 6.3 (0.3) kPa (6.0–6.5);
pH 7.387 (0.014) (7.376–7.399); n=8) (fig. 1). The patient
was 165 cm tall, and his weight was 60 kg. The patient
sighed irregularly at 10–50 s intervals. Medical staff, in-
cluding physicians, psychoneurologists and nurses, did
not find any evidence of a psychiatric problem. The patient
had not been exposed to any known toxins, and had not
taken any drugs, other than smoking 20 cigarettes·day-1.
The patient's heart size and functional assessment by

echocardiography were normal. Despite hypercapnia, he
was suspected to have a pulmonary embolism, as evi-
denced by recurrent hypoxaemia. The patient's pulmonary
scintigram, however, was normal, and his pulmonary func-
tion was also normal (% vital capacity, 127%; forced expi-
ratory volume in one second (FEV1)/forced vital capacity
(FVC) ratio, 82%; % diffusing capacity, 112%). He was sus-
pected to have a central nervous system abnormality, pos-
sibly multiple sclerosis, because his symptoms and arterial
blood gas data fluctuated considerably (fig. 1). Magnetic
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ABSTRACT: A 21 yr old with deep breathing and awake apnoea, who had recurrent
hypoxaemia and hypercapnia without sleep apnoea, was presented. Although the
organic abnormality responsible for the breathing disturbance was not found, admin-
istration of acetazolamide facilitated several breaths between sighs, and the patient's
hypoxaemia with hypercapnia improved.

Some patients who have abnormalities in the cortical control of breathing that can-
not be detected by present methods of examination may experience some improvement
in breathing with the administration of chemical stimulants such as acetazolamide.
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Fig. 1.  –  Arterial blood gas data before (❍) and after (●) acetazolamide
treatment. Analyses of arterial blood gases were executed eight times
during the three-month period before treatment and nine times during a
follow-up period of more than 1 yr after treatment. Pa,O2: arterial oxygen
tension; Pa,CO2: arterial carbon dioxide tension. (1 mmHg=0.133 kPa.)
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resonance imaging (MRI), however, revealed the patient's
brain to be normal. Moreover, the analysis of cerebrospi-
nal fluid (CSF) was normal without any oligoclonal bands,
and the myelin basic protein levels in CSF were also
within the normal range. His hypoxic and hypercapnic
ventilatory responses were both within normal ranges
(hypoxic, -0.22 L·min-1·%-1; hypercapnic, 2.1 L·min-1·
mmHg-1 in our laboratory [5]).

His breathing patterns were monitored using conven-
tional polysomnographic methods with electroenceph-
alography (EEG), electromyography (EMG) of the chin,
electro-oculography (EOG), inductance plethysmogra-
phy, pulse oximetry, and thermistors. All parameters were
recorded in the data recorder (Sony 621A; Sony, Tokyo,
Japan) and computer system (Sleep Analyzing Computer;
Oxford Instruments Oxford, UK). While awake, he show-
ed deep breathing in combination with central apnoea,
which was perceived as a series of sighs (fig. 2a). At the
end stage of apnoea while awake, the oxygen desaturation
was exhibited in accordance with the duration of apnoea.
When the apnoea duration was >15 s, change in arterial
oxygen saturation (ýSa,O2)=0.11×(apnoea duration) +3.65;
r=0.59, p<0.02, n=15. During napping, his breathing was
regular without apnoea or oxygen desaturation (fig. 2b).
Oximeter monitoring during sleep at night similarly show-
ed no desaturation. The patient was monitored twice before
treatment with a period of 1 week between monitoring.
Each monitoring period exceeded 2 h. Arterial blood gas
was analysed eight times over a three-month period. A
respiratory stimulant-carbonic anhydrase inhibitor; aceta-
zolamide (250 mg·day-1) was prescribed to prevent hypox-
aemia with hypercapnia. Following the administration of
acetazolamide, apnoeas were no more evident during
wakefulness, and several breaths occurred between sighs
in a trace of the patient's breathing (fig. 2c; the wakeful-
ness of the patient was ascertained by the physicians

through video monitoring). After treatment, oximeter
monitoring during sleep at night showed no desaturation
as similarly noted before treatment. The lowest Sa,O2 at
night was 94%, and 99% of the night Sa,O2 levels of the
patient exceeded 96%. Since the administration of aceta-
zolamide, the patient has no longer been hypoxaemic on
follow-up for >1 yr: Pa,O2 14.3 (0.9) kPa, 95% CI (13.6–
15.0); Pa,CO2 4.9 (0.3) kPa, (4.7–5.1); pH 7.385 (0.02)
(7.370–7.400); n=9. (fig. 1), although he continues to exhi-
bit sighing while breathing during the obervation period.
His dyspnoea has also slightly improved.

Discussion

In general, a patient who shows abnormal breathing
with deterioration of the arterial blood gases during wake-
fulness is prone to show a further deterioration in blood
gases during sleep. However, this patient showed abnorm-
al breathing (sighs with apnoea) only during wakefulness.
Before acetazolamide treatment, the patient's breathing
mimicked Biot's respiration, which is most commonly seen
with disease in the pons [6, 7], although his breathings
were not cluster breathings. When a patient presents with
both abnormal breathing and abnormal arterial blood gas
data, it is important to detect the underlying organic dis-
ease. However, we were unable to detect any organic
abnormalities responsible for this patient's breathing and
abnormal arterial blood gas data by conventional exami-
nation methods including MRI, CSF analysis, hypoxic
and hypercapnic responses and pulmonary function tests.
Given the absence of evidence for organic disease, the dis-
order seen in this patient was thought to involve a func-
tional abnormality of the breathing pattern under cortical,
or perhaps voluntary control. However, such abnormalities
in breathing pattern attributed to cortical or psychological
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Fig. 2.  –  Continuous tracings of several parameters from the patient during a) wakefulness and b) sleep before acetazolamide treatment. c) tracings of
several parameters during wakefulness after treatment are also shown. Tracings represent electroencephalogram (EEG), electromyogram (EMG) of the
chin, electro-oculogram (EOG), ribcage (RCM) and abdominal (AM) motion from respiratory inductance plethysmography, and arterial O2 saturation
(Sa,O2). Inductance plethysmography and Sa,O2 were applied during wakefulness after treatment, and alertness was ascertained through video monitor-
ing.
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causes are typically seen in patients with hyperventilation
syndrome [8, 9]. This patient, however, showed hyper-
capnia with apnoea while awake. Therefore, we described
this patient as a case of awake apnoea without sleep ap-
noea, due to some unknown respiratory control abnormal-
ity.

Recently, it has been reported that neuromechanical
inhibition of inspiratory muscle activity at high tidal vol-
ume, even when ventilation was executed by passive mec-
hanical ventilation, exhibited a memory effect [10]. This
memory effect was reflected in the prolongation of expira-
tory time, which persisted in the face of substantial in-
creases in chemoreceptor stimuli. LEEVERS et al [10] also
reported that the end-tidal arterial carbon dioxide tension
levels at the start of breathing following hyperventilation
with high tidal volume were higher than the end-tidal car-
bon dioxide tension levels at the apnoea threshold. The
patient's hypercapnia before treatment with acetazolamide
may be partially explained by this mechanism. Chemical
stimulation by acetazolamide might act to surpass the cor-
tical control abnormality between sighs and permit several
breaths between each sigh (fig. 2c).
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