
Eur Respir J, 1995, 8, 1424–1427
DOI: 10.1183/09031936.95.08081424
Printed in UK - all rights reserved

Copyright ERS Journals Ltd 1995
European Respiratory Journal

ISSN 0903 - 1936

NNoorrmmaall pprreeggnnaannccyy iinn pprriimmaarryy aallvveeoollaarr hhyyppoovveennttiillaattiioonn ttrreeaatteedd wwiitthh
nnooccttuurrnnaall nnaassaall iinntteerrmmiitttteenntt ppoossiittiivvee pprreessssuurree vveennttiillaattiioonn

Th. Pieters*, J.J. Amy**, D. Burrini**, G. Aubert+, D.O. Rodenstein*, Ph. Collard*

Normal pregnancy in primary alveolar hypoventilation treated with nocturnal nasal inter-
mittent positive pressure ventilation.  Th. Pieters, J.J. Amy, D. Burrini, G. Aubert, D.O.
Rodenstein, Ph. Collard. ©ERS Journals Ltd 1995.  
ABSTRACT:  Nocturnal nasal intermittent positive pressure ventilation (NIPPV)
is increasingly used to treat chronic respiratory failure in a wide variety of condi-
tions (myopathies, Ondine's curse, kyphoscoliosis, etc.) and allows a normal every-
day life.  Some of these diseases affect women of childbearing age.

We report on a young woman suffering from primary alveolar hypoventilation,
who presented with limitation of daytime activities, severe oxygen desaturation dur-
ing sleep, polycythaemia and pulmonary hypertension.  These abnormalities com-
pletely reversed after a few months of NIPPV applied through a nasal mask.  Whilst
under ventilatory assistance during sleep, she had an uneventful pregnancy and
delivery of a normal baby.

We suggest that in selected patients requiring NIPPV, pregnancy can be con-
templated with a reasonable level of safety both for the mother and the child, pro-
vided that adequate mechanical ventilatory assistance during sleep is maintained
throughout pregnancy.
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Ondine's curse, or central alveolar hypoventilation, is
a rare disorder characterized by an absent or diminished
ventilatory response to hypercapnia, hypoxia, or both.
The disease becomes patent during early childhood or in
young adults.  By definition, the lungs are normal and
there is no demonstrable abnormality of the central ner-
vous system [1].  Whilst patients are sometimes able to
maintain normal arterial blood gas values during daytime,
disordered breathing is maximal during sleep and may
result in profound hypoxaemia.  The condition can be
effectively treated with assisted ventilation during sleep.

Pregnancy alters lung function and increases O2 require-
ments [2].  Any pre-existing limitation in ventilation can
be exaggerated by pregnancy to the point of precipitating
acute respiratory failure and/or impairing foetal growth [3].

We describe the case of a young woman who develo-
ped Ondine's curse at childbearing age, and who had an
uneventful pregnancy and delivery whilst under treat-
ment with nocturnal nasal intermittent positive pressure
ventilation (NIPPV).

Case report

A 26 year old Caucasian woman was admitted to hos-
pital in 1988 for further evaluation of polycythaemia.
She had never smoked and had an unremarkable medi-
cal history until the age of 16 yrs, when she complained
of hoarseness.  At the age of 20 yrs, a first pregnancy
was terminated after 4 months because of toxoplasmo-
sis.  At the age of 21 yrs, she became pregnant again.

At 3 months of pregnancy, haemoglobin level was 12
g·dL-1.  The course of the pregnancy was normal.  She
was delivered of a normal baby weighing 3,710 g.  At
the age of 25 yrs, a diagnosis of idiopathic left vocal
cord palsy was made. 

In February 1986, on routine examination, haemo-
globin and haematocrit were 15.2 g·dL-1 and 47%,
respectively, and in April 1986 15.3 g·dL-1 and 45%,
respectively.  In November 1986, the patient was admit-
ted to another hospital for a pneumonia.  Arterial blood
gases were: arterial carbon dioxide tension (Pa,CO2) 10.8
kPa (81 mmHg); arterial oxygen tension (Pa,O2): 5.3 kPa
(40 mmHg); arterial oxygen saturation (Stc,O2) 63%.
Haemoglobin was 17 g·dL-1, haematocrit 50%.  The
patient was intubated and put on assisted ventilation.
After 24 h, she could be extubated.  The following days
blood gas values returned to normal without oxygen
administration.  The electrocardiogram showed a right
bundle branch block and the echocardiogram signs of
pulmonary hypertension with right ventricular dilatation
(32 mm).  Systolic pulmonary arterial pressure measured
during right heart catheterization was 100 mmHg.

In February 1988, arterial blood gas measurement
showed: pH 7.33; Pa,CO2 6.4 kPa (48 mmHg); Pa,O2 10.5
kPa (79 mmHg); base excess (BE) +2 mEq·L-1; HCO3
24 mEq·L-1.  Forced vital capacity (FVC) was 91% pre-
dicted, forced expiratory volume in one second (FEV1)
82% pred, FEV1/FVC 79%, total lung capacity (TLC)
91% pred, and transfer factor of the lungs for carbon
monoxide (TL,CO) 26 mL·min-1·mmHg-1 (corrected for
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BMI 25.8 kg·m-2

haemoglobin level).  The ventilatory response to hyper-
capnia (Read method) expressed as ∆ minute ventila-
tion (V'E)/end-tidal carbon dioxide tension (∆PET,CO2)
was 0.097 L·min-1·mmHg-1 (normal value for women
1.980±1.129).

The patient was admitted for additional investigation
in March 1988.  She had no respiratory complaints.
Snoring was infrequent; sleep was agitated; she com-
plained of severe headaches in the morning; there was
general weakness but no hypersomnia.  Body mass index
(BMI) was 25.8 kg·m-2.  Blood pressure was 130/80
mmHg.  Cardiopulmonary examination was normal.
Haemoglobin was 17.5 g·dL-1 and haematocrit 50%.
Arterial blood gases whilst awake and breathing room

air were: pH 7.42; Pa,CO2 5.3 kPa (40 mmHg); Pa,CO2 9.3
kPa (70 mmHg); Stc,O2 94%; BE +2 mEq·L-1; and increased
HCO3 26 mEq·L-1.  After three vital capacity manoeu-
vres, Pa,O2 increased to 14.6 kPa (110 mmHg), Stc,O2 to
98%, and pH to 7.50; and Pa,CO2 declined to 4 kPa (30
mmHg).  Thyroid hormones were normal.  The electro-
cardiogram showed the same conduction defect as before.
The pulmonary function tests were normal.  A magnet-
ic resonance imaging of the brain was normal. 

An overnight polysomnography performed as described
previously [4] revealed large falls in transcutaneous Stc,O2
(mean awake Stc,O2 96%; 87% during stage 1 non-rapid
eye movement (NREM) sleep; 69% during stages 3 and
4 NREM sleep; and 66% during rapid eye movement
(REM) sleep, with constant oscillations of about 10–20%)
(fig. 1a).  Sleep architecture was normal but sleep
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Fig. 1.  –  Polysomnographic data of the patient.  a) without oxygen
and b) with oxygen; c) under nasal intermittent positive pressure ven-
tilation (NIPPV).  The resolution of each graph is 1 min.  Standard
hypnogram (W: wakefulness; REM: rapid eye movement sleep; I, II,
III and IV: stages 1, 2, 3 and 4 non-REM sleep).  Apnoeas; each ver-
tical bar represents 1 min with apnoeas.  Transcutaneous oxygen sat-
uration (Stc,O2); each vertical bar is the mean±SD of the values recorded
during each minute.  Heart rate; each vertical bar is the mean±sD of
the values recorded during each minute.  a) b) Note the improvement
of Stc,O2 under oxygen, but very short sleep time and fragmented sleep
with central apnoeas.  Stc,O2 decreases in parallel with slow wave sleep.
Note also that the pulse rate increases simultaneously with the fall in
Stc,O2.  c) Under NIPPV Stc,O2 is quite normal and pulse rate is stable.
BMI: body mass index, MA: movement arousals (per hour of sleep).
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efficiency was low (64%).  Sleep was stable as assessed
by the movement arousal (MA) index (number of MA
per hour of sleep; normal upper limit in our laboratory
21 MA·h-1).  Heart rhythm increased during sleep from
77 beats·min-1 (bpm) during stage 1 NREM to 104 bpm
during stage 4 NREM sleep.  Respiration was regular
but showed a discrete periodic pattern only during stage
1 NREM sleep.  There was no apnoea or detectable reduc-
tion in oronasal flow amplitudes, as measured by three
thermocouples.  There was no snoring or demonstrable
decrease of chest wall motion amplitudes as assessed by
a single strain gauge. 

A second sleep study whilst the patient received oxy-
gen, 1 L·min-1 through nasal prongs, showed a more dis-
turbed sleep.   Saturation falls were less deep but persisted
during stage 3 and 4 NREM sleep.  Respiration was
unstable with central apnoeas (8 episodes·h-1 of sleep;
mean duration 20 s; extremes 10–63 s).  Heart rhythm
showed persisting tachycardia during sleep, despite lower
Stc,O2 falls.  Sleep was more unstable, as assessed by the
increase of MA index from 10 MA·h-1 without oxygen
to 21 MA·h-1 under oxygen (fig. 1b).

A diagnosis of primary alveolar hypoventilation (Ondine's
curse) was made.  Nasal intermittent positive pressure
ventilation (NIPPV) was proposed.  The patient accept-
ed the treatment 8 months later.  Haemoglobin was then
19 g·dL-1; haematocrit 59%; pH 7.39; Pa,O2: 9.3 kPa (70
mmHg); Pa,CO2 6.1 kPa (46 mmHg); BE +3 mEq·L-1;
and HCO3 28 mEq·L-1.  After a few days of habituation,
another polysomnography during assisted ventilation with
a volumetric respirator, set at a tidal volume of 0.8 L, a
frequency of 20 cycles·min-1 and inspiratory/expiratory
ratio 1/1, showed a stable heart rhythm and Stc,O2 with
no apnoeas (fig. 1c).  Sleep efficiency remained low
(61%) but all sleep stages were present, with a nor-
mal distribution.  Sleep was stable with 13 MA·h-1 of
sleep.

Home treatment with nocturnal NIPPV was started.
Subsequently, the patient's headaches vanished and her
general condition improved spectacularly.  The electro-
cardiogram returned to normal.  A control Doppler echocar-
diography showed the disappearance of signs of pulmonary
hypertension.  Ventilatory response to CO2 gave the same
value as one year previously.  Haemoglobin spontane-
ously decreased to 11.3 g·dL-1 and haematocrit to 33%.
A fourth polysomnography was carried out under NIPPV
after 6 months of therapy.  There was no abnormality.

Two years after the institution of NIPPV treatment,
the patient became pregnant for the third time.  Regular
domiciliary monitoring with pulse oximetry, both before
and during pregnancy, confirmed adequate night oxy-
genation, with Stc,O2 at 95% or higher.  No change of
the respirator parameters was necessary during pregnan-
cy.  The clinical status remained normal; and the foetus
showed a normal growth pattern.  Labour was induced
at 39 weeks.  The first stage of labour was eucinetic and
the foetal heart rate monitoring was normal throughout.
The second stage lasted 1 h because of persistency of a
posterior occiput position, with deflection of the foetal
head.  A vacuum extraction was performed.  The baby
weighed 3,740 g for a length of 51.5 cm.  The Apgar

scores were 9, 10 and 10 at 1, 5 and 10 min of life,
respectively.  The placenta weighed 590 g.  The umbil-
ical venous blood pH was 7.26, Pa,O2 5.2 kPa (39 mmHg)
and Pa,CO2 4.5 kPa (34 mmHg).  The foetal haemoglobin
was 15.3 g·dL-1 with a haematocrit of 48.8%.  All of these
values are normal.

Twenty seven months later the patient (who is still
under NIPPV therapy) and her baby are in good health.

Discussion

To the best of our knowledge, this is the first case
report of a normal pregnancy and labour in a woman
with primary alveolar hypoventilation treated with NIPPV.

First described in 1962 by SEVERINGHAUS and MITCHELL

[5] under the term Ondine's curse, primary alveolar
hypoventilation remains a rare disease.  Whereas it may
remain in the latent state, abrupt respiratory failure
may occur following airway infections, as described
in infants [6].  Therapy rests on the control of breath-
ing during sleep.  Electrophrenic pacing has been used
in some patients but can lead to upper airway occlu-
sion [7], so that positive pressure ventilation is prefer-
red.

Our patient had several features consistent with the
diagnosis of primary alveolar hypoventilation: pulmonary
function was normal; Pa,CO2 was extremely variable with-
in very short periods of time; there was practically no
response whatsoever to hypercapnia by the rebreathing
method; there was no sign of upper airway obstruction
during sleep (neither snoring nor sleep fragmentation);
and the periodic breathing pattern was confined to stage
1 NREM sleep.  In addition, there were no clinical signs
of muscle weakness, either respiratory or general.  Al-
though we did not test her response to hypoxia, and noc-
turnal increase in Pa,CO2 was not documented, we believe
that no other diagnostic category can better be applied
to this patient.  Moreover, the complete reversibility of
her pulmonary artery hypertension under therapy also
suggests the same diagnosis.  Therapy rests on assisted
ventilation.  Oxygen is not considered as an effective
treatment, since it will only reduce the falls in Sa,O2, but
it will not modify (and may even aggravate) hypercap-
nia [8].  In our patients, oxygen administration increased
sleep fragmentation and heart rhythm, and resulted in the
appearance of central apnoeas (fig. 1b).

The condition underlying the ventilatory failure may
be stable or only slowly progressive and patients can be
affected during reproductive life.  As stability and bet-
ter performance are achieved, patients may want to ful-
fil their social, professional and emotional needs, including
pregnancy.

When evaluating the safety of pregnancy in women
with respiratory failure one should not only assess the
respiratory function when the patient is awake, but also
the adequacy of respiration during sleep [9].  Indeed,
further alteration in breathing pattern and in control
of ventilation is prone to take place during sleep, par-
ticularly during REM sleep periods; this is because dur-
ing sleep the normal reduction in tone of muscles, in
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respiratory drive and in chemoresponses superimpose on
the altered mechanics or reduced respiratory drive.  For
instance, primary alveolar hypoventilation usually in-
duces few changes in arterial blood gases during wake-
fulness; most abnormalities are confined to sleep periods.
The decrease in ventilation observed during sleep leads
to severe hypoxaemia and hypercapnia, with secondary
polycythaemia and pulmonary hypertension [8].

Most of the changes in respiratory physiology in nor-
mal pregnant women derive from two mechanisms: the
elevation of the diaphragm secondary to the enlarging
uterus and the increase in progesterone levels [2].  The
former causes a marked decrease in functional residual
capacity [10], and in the oxygen reserve within the lung,
so that falls in Stc,O2 during apnoeas or hypopnoeas may
by more profound than usual.  On the other hand, the
elevation of the diaphragm puts it at a more advan-
tageous position with respect to the length/tension
relationship [11].  High progesterone levels result in
hyperventilation with increases in tidal volume, where-
as respiratory frequency hardly changes.  This results in
a substantial decrease of Pa,CO2 whilst Pa,O2 is only mar-
ginally reduced, although more so in the supine position
[12]. Finally, it has been shown that airway conductance
increases in pregnancy [13].

Pulmonary hypertension, whatever its aetiology, car-
ries a grave prognosis during pregnancy [14].  Because
pulmonary hypertension and hypercapnia were no longer
present in our patient after a few months of NIPPV, preg-
nancy was not discouraged.

As far as we know, there are no reports on pregna-
ncy and foetal fate in Ondine's curse or in patients neces-
sitating long-term assisted ventilation during sleep.
However, several papers describe the evolution of preg-
nancy in patients with obstructive sleep apnoea syndrome
(OSAS).  The latter shares in common with Ondine's
curse the presence of repetitive falls in Stc,O2, although
the mechanism is completely different.  OSAS can result
in foetal growth retardation [15, 16].  Foetal heart rate
changes were observed but there was no clear relation
with the apnoeic episodes [16].  Although foetal tissues
have been assumed to be more resistant to hypoxia than
adult tissues [17], there is evidence that even a small
degree of hypoxaemia can be detrimental to the foetus
[18].  Presumably, in the case discussed here, foetal devel-
opment might have been impaired, had NIPPV not been
used.  It is worth mentioning that this patient was prob-
ably healthy during the first two pregnancies, as sug-
gested by normal haemoglobin levels both during and
after the second pregnancy.  Full-blown Ondine's curse
appears to have become clinically evident for the first
time during the 1986 admission.

Since patients with Ondine's curse are able to ensure
adequate blood gas values during wakefulness, we felt
it useless to assist the patient with NIPPV during deliv-
ery.  Nevertheless, her respirator was at hand, and the
medical team was prepared to use it if necessary.

In conclusion, we have presented the case of a young
woman with Ondine's curse, in whom therapy with NIPPV
allowed a normal pregnancy and delivery of a healthy
baby.
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