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Central hypoventilation in a seven year old child following
pertussis treated with negative pressure ventilation
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Hospital London SEI 7EH, UK and 3Department of Paediatrics, St. Lukes Hospital, G-Mangia, Malta

Summary: We report the case of a 7 year old girl who developed central hypoventilation following
pertussis and who was treated by negative pressure ventilation using a new portable tank respirator. We
believe this is the first reported case of central hypoventilation following pertussis successfully treated by
intermittent negative pressure ventilation.

Introduction

Treatment of chronic hypoventilation is difficult and
numerous techniques have been employed to assist
ventilation. -5 Body type negative pressure ventilators
first described in 1929' and used extensively in the
polio epidemic of the 1950s have recently achieved
renewed popularity. The body, excluding the head, is
placed in a tank with free communication of the lungs
via trachea and oropharynx to the external atmo-
sphere. The pressure surrounding the body within the
tank is altered and air is sucked into and expelled from
the lungs allowing gas exchange. We report the
successful use of a new portable tank respirator in a 7
year old with central hypoventilation, following
whooping cough.

Case report
A 7 year old Maltese girl developed a cough and began
to whoop. She deteriorated over the next 2 weeks and
required admission to hospital. At birth following a
normal pregnancy she weighed 3.6 kg and her subse-
quent development was normal. Four months before
presentation she had developed measles complicated
by bronchopneumonia from which she made a com-
plete recovery.
On admission to hospital in Malta she was drowsy

and centrally cyanosed with clinical and radiological
signs of a right sided pneumonia. Arterial blood gases
breathing air showed an arterial oxygen tension (Pao2
of 36 mmHg (4.8 kPa) and carbon dioxide tension
(Paco2) of 70mmHg (9.3 kPa). A diagnosis ofwhoop-
ing cough with pneumonia was made. She was treated
in an oxygen tent but deteriorated and required
artificial ventilation for 5 days. The pneumonia res-

ponded to treatment with antibiotics and
physiotherapy. Attempts at weaning her off the ven-
tilator were made but Paco2 remained high, ranging
from 70 mmHg (9.3 kPa) when awake to 100 mmHg
(13.3 kPa) when asleep. Lumbar puncture, computed
tomographic (CT) scan of the head and an
edrophonium test were normal but an electro-
encephalogram (EEG) showed diffuse changes com-
patible with encephalitis. Four weeks after admission
she remained drowsy and dependent on artificial
ventilation.

She was referred to the Respiratory Unit at the
South Western Hospital, London. On arrival she was
cyanosed with a coarse flapping tremor and although
drowsy was orientated for both time and place. There
was a mild global weakness with a waddling gait but
no abnormalities were found on physical examination
and respiratory movements were normal to volitional
stimuli.

Management
She was placed in a Cape Warwick portable tank
respirator and the machine set to provide normal
ventilation. During the next week she became more
alert and the physical signs resolved. While awake she
maintained adequate spontaneous respiration but she
remained dependent on the tank respirator at night.
The initial EEG when she was hypercapnoeic (Paco2
= 70 mmHg, 9.3 kPa) was grossly abnormal with
widespread slow wave activity. After 2 weeks con-
tinuously in the tank and 4 weeks treatment with
nocturnal negative pressure tank ventilation there was
a marked improvement in the EEG but it still
remained abnormal, compatible with encephalitis. A
high resolution CT scan was normal.
Two weeks after admission a formal overnight sleep
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study was performed with the patient sleeping without
respiratory support. Measurements of both arterial
oxygen saturation (Sao2) (BioxIII Ear Oximeter) and
transcutaneous carbon dioxide tension (Pco2)
(Hewlett-Packard No 428) were made (Figure 1). The
baseline Sao2 was 94% and Pco2 60 mmHg (7.9 kPa)
indicating hypercapnoea. During sleep there were
repeated periods of marked hypoventilation
associated with reduction ofchest and abdominal wall
movement resulting in significant falls of Sao2
(minimum 72%) and increase in Pco2 (maximum
72 mmHg). Sao2 was <90% for 75% of the study
period and <85% for 40% of the study period. There
were no features of upper airways obstruction and a
diagnosis of central hypoventilation was made. One
month later a repeat 8 hour sleep study showed
significant improvement with baseline Sao2 95%, a
normal respiratory pattern during sleep and only
transient periods of oxygen desaturation with a
minimum saturation of 81% and Sao2 was >95% for
90% of the study.
Her mother stated that she was as alert and active as

before the illness. However, following withdrawal of
the tank respirator for 5 nights she became less active,
tired and difficult to wake in the mornings. A Cape
Warwick portable tank respirator was installed in her
home in Malta for her use.
One year after presentation she continues to sleep in

the tank but is leading a normal life and is progressing
well at school. Although she recently managed with-
out respiratory support for a week without becoming
symptomatic, serial blood gases demonstrated a pro-
gressive hypercapnoea with Paco2 rising to 60 mmHg
(8 kPa) when awake and 66 mmHg (8.8 kPa) during
sleep.
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Discussion

It seems likely that the central hypoventilation was a
sequel to pertussis infection which produced a lesion in
or near the respiratory centre of the brain stem. The
central hypoventilation although present during the
day (abnormal blood gases and baseline Paco2 on the
sleep study when awake) was more marked when
asleep with periods of severe hypoxia and hypercap-
noea (Figure 1). This was confirmed by the favourable
response to assisted ventilation at night. When the
ventilation was withdrawn the central hypoventilation
produced progressive hypercapnoea both during the
day and night accompanied by a deterioration in the
clinical state.
A great variety of neurological complications have

been described following pertussis infection including
convulsions, hemiplegia, paraplegia, deafness, blind-
ness, aphasia and impaired intelligence.6'7 The
incidence of reported cerebral complications varies
widely among reviews but it appears to have fallen
greatly during this century.6-8 Neurological complica-
tions most commonly occur when pertussis is con-
tracted in the first 3 years of life.1'6

In similar situations of chronic hypoventilation
other forms of ventilatory support have been tried.
Diaphragmatic pacing until recently has met with little
success in children.2 Positive pressure ventilation
either via a nasal mask, mouth piece or tracheostomy
has met with some success in adults.4 Increasing
interest is being expressed in the nasal mask variety,
although in its current form it has never been success-
fully tried in children. Our patient found anything
attached to her face impossible to tolerate but she
tolerated the negative pressure ventilator well.
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Figure 1 Initial sleep study performed 2 weeks after admission.
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This new portable tank respirator has advantages
over other forms of assisted ventilation. It is robust,
relatively unobtrusive and can be installed easily at
home. Unlike previous models even a 7 year old child
is able to get out of the tank unaided. A tracheostomy
is not required and the mother can judge on a day to
day basis whether the child requires assisted ventila-
tion that night. By day the patient can lead a normal
life. The tank can also accommodate growth without
modification.
We believe that this is the first report of central

hypoventilation following childhood whooping cough

successfully treated with intermittent negative pres-
sure ventilation.
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