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ABSTRACT: Home treatment for children with chronic respiratory failure (CRF) is
increasing. However, the causes of CRF in children and the details of their home
treatment are not well-known. The aim of this study was to describe the causes of
CREF in the paediatric population and the treatments that the patients received at
home.

We surveyed all children (aged <18 yrs) entering the Association Nationale pour le
Traitement 2 Domicile de I'Insuffisance Respiratoire chronique (ANTADIR) for home
treatment of CRF between March 1992 and March 1993.

Two hundred and eighty seven children (178 boys, 62 %) started home treatment
for CRF during the year. One hundred and eleven patients had obstructive respira-
tory disease: cystic fibrosis (CF) (n=24); bronchopulmonary dysplasia (BPD) (n=79);
other obstructive respiratory disease (n=8). One hundred and seventy six patients
had restrictive lung disease: neuromuscular disease (n=87); kyphoscoliosis (n=21);
pulmonary fibrosis (n=6); cardiac disease (n=14); stomatological disease (n=10);
other restrictive respiratory disease (n=9); and 29 miscellaneous causes. One hundred
and thirteen patients received oxygen therapy, with a mean daily use of 17.7 h
(20 h-day! for BPD patients and 12.3 h-day! for CF patients). Oxygen was delivered
by a concentrator in 88% of cases. One hundred and fifty eight children received
mechanical ventilation (MV). Five children received nasal continuous positive airway
pressure ventilation for sleep apnoea, four had pneumatic belt ventilation, and 12
had a tracheostomy without MV. Treatment was stopped in 21 children, because of
death in nine and improvement in the other 12.

Home treatment for children with CRF is well developed in France via the
ANTADIR network. Causes of CRF in children are heterogeneous, with a relatively
good prognosis.
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Over the last 10 yrs, there has been unprecedented
emphasis on home-care for chronically ill children,
including ventilator-dependent children. Advances in
medical knowledge and technology have contributed to
improved survival rates for critically ill children. There is
now an increasing pressure to minimize health-care costs
and to expedite the transition from hospital to home.
Medical equipment has been designed to accommodate
home-care needs. The psychological and developmental
advantages of home-care for chronically ill children are
well-recognized [1, 2].

The two major home treatments for children suffering
from chronic respiratory failure (CRF) are long-term oxygen
therapy (LTOT) and mechanical ventilation (MV). LTOT
is justified in the case of chronic hypoxaemia despite
optimal pharmacological treatment. In the absence of uni-
versally accepted criteria for starting LTOT in children,
treatment is recommended in one of the following situa-
tions: 1) a hypoxaemia 3 sD below the normal whilst
breathing room air adjusted for age in a steady-state in an
infant or young child [3]; 2) sleep desaturation periods

with an arterial oxygen saturation <90% for more than
20% of the nocturnal study period; and 3) the presence of
pulmonary hypertension and/or right ventricular hyper-
trophy and/or polycythaemia due to chronic hypoxaemia,
but these signs are rarely encountered in children. The
prime indication for the use of home MV is chronic alveo-
lar hypoventilation with associated respiratory failure as
indicated by hypoxaemia and hypercapnia. Hypoxaemia
is defined as cited above and hypercapnia is defined as an
arterial carbon dioxide tension (Pa,C0,) 6.0 kPa (>45
mmHg) (which represents +2 sD) independent of the
child's age. Chronic alveolar hypoventilation may occur
in children with airway or parenchymal lung disease or in
children with normal lungs. In the latter instance, central
nervous system dysfunction or thoracic abnormalities,
such as chest wall deformity or neuromuscular disease,
may be responsible for the hypo-ventilation.

Few studies have been published regarding home MV
and LTOT in children [4-12]. SAUVE et al. [4] reported
the outcome in the cases of 44 infants discharged home
from neonatal intensive care unit on LTOT. The infant's
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discharge diagnosis were bronchopulmonary dysplasia
(BPD) (n=39), sleep apnoea (n=2) and congenital cardiac
defects (n=3). The five infants who had diagnoses other
than BPD all died, but 34 of 39 infants with BPD survived
the 3 yrs follow-up. ROBINSON [5] reported 24 ventilator-
dependent children in the United Kingdom, but only 10
were managed at home. Causes of CRF were heteroge-
neous and could be divided into four groups, namely
generalized neuromuscular disease; high cervical cord
disease, nocturnal hypoventilation or chronic lung dis-
ease. Six of the 24 children died. This author emphasized
that the prevalence of such children appears to be increas-
ing. The Association Nationale pour le Traitement a Domi-
cile de 1'Insuffisance Respiratoire chronique (ANTADIR)
is a French national nonprofit-making network that serves
over 35,000 ventilator-assisted and/or oxygen-dependent
adults and children. ANTADIR is responsible for nearly all
ventilator-dependent patients and 70% of those receiving
home oxygen therapy in France. The other 30% are looked
after by private networks [13].

The aim of this study was to survey all children aged
<18 yr entering the ANTADIR for home treatment for CRF
in order to examine the causes of CRF and the treatments
which were performed.

Materials and methods

ANTADIR is a national organization which federates
33 regional associations distributed all over France.
Twenty two of these regional associations participated
in the study. The number of patients cared for by these
22 associations represents 78% of the total number of
ANTADIR patients on January 1, 1992.

All children (aged <18 years) entering any of these
associations between March 1992 and March 1993 were
included in the study. A questionnaire was completed at
entry by a physician of the regional association, concern-
ing the child's birth date and gender, the cause of CRF, the
treatment and school attendance. Any change of treatment
was registered on a second questionnaire during the study
year.

The data processing was performed anonymously using
Excel data-base programme.

Results

During the specified study period, 287 children (178
boys, 62%) started home-care for CRFE. By that time, chil-
dren represented 3.2% of the total number of patients
(adults and children) entering these associations over that
period. Mean age of the children was 7.5 yrs (range 1
month to 18 yrs); 45% were younger than 2 yrs of age
(fig. 1).

Causes of CRF were varied (fig. 2). One hundred and
eleven patients had an obstructive respiratory disease:
cystic fibrosis (CF) (n=24); BPD (n=79); other obstructive
respiratory disease (n=8). One hundred and seventy six
patients had restrictive lung disease: neuromuscular
disease (n=87); kyphoscoliosis (n=21); pulmonary fibrosis
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Fig. 1. — Distribution of the total population according to age groups
(age is known for 276 of the 287 children).
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Fig. 2. — Causes of chronic respiratory failure. Obstructive lung dis-
ease - CF: cystic fibrosis; BPD: bronchopulmonary dysplasia; COPD:
chronic obstructive pulmonary disease. Restrictive lung disease - NM:
neuromuscular disease; KS: kyphoscoliosis; PF: pulmonary fibrosis;
CD: cardiac disease; Stoma: stomatological disease; Restr: other restri-
ctive respiratory disease; Others: miscellaneous.

(n=6); cardiac disease (n=14); stomatological disease
(n=10); other restrictive respiratory disease (n=9); and 29
miscellaneous causes. Table 1 shows the details of the
29 children with more uncommon causes of CRF. Stoma-
tological disease represents a heterogeneous group of
children suffering from Pierre Robin syndrome, vocal
cord paralysis, neuropolysaccharidosis and obstructive
apnoea.

Figure 3 details the equipment used at home. One hun-
dred and thirteen (39%) children received LTOT, with a
mean daily use of 17.7 h (range 6-24 h-day™'). Mean pre-
scribed daily oxygen use differed according to the cause
of CRF, with BPD and CF patients using LTOT for a mean

Table 1. — Detail of the other causes of chronic respiratory
failure (CRF) and the equipment used at home

Causes of CRF Pts Equipment
ENT disease 7 Tracheostomy
Cranial trauma 6 Tracheostomy +

(MV in 4 patients)

Ondine's disease 5 LTOT-MV-CPAP

Bone disease with 4 Pressure preset ventilation

thoracic deformity

Scoliosis 3 Pressure preset ventilation

Lung surgery 2 LTOT-pressure preset
ventilation

Spinal cord injury 1 Tracheostomy with MV

ARDS sequelae 1 LTOT

ENT: ear nose and throat disease; ARDS: adult respiratory distress
syndrome; MV: mechanical ventilation; LTOT: long-term oxygen
therapy; CPAP: continuous positive airway pressure ventilation.



2064 B. FAUROUX ET AL.

ot
n=113

7\

CPAP
n=5

n=99

Fig. 3. — Equipment used at home. OT: oxygen therapy; VCV: volume
cycled ventilation; PPV: pressure preset ventilation; CPAP: continu-
ous positive airway pressure ventilation; TRACH: tracheostomy.

of 20 and 12.3 h daily, respectively. Mean prescribed oxy-
gen flow rate was 1.45 L-min!. Mean prescribed inspired
oxygen concentration for a Hood was 26%. Oxygen was
delivered via a concentrator in 88% of children. Only 6%
of children received liquid oxygen and 7% received oxy-
gen from a cylinder. Nearly half of the children (49%)
received oxygen via nasal prongs. Fifteen percent and
17% of the patients received oxygen via a nasal cannula
and a Hood, respectively. Six percent had a cannula
directly connected to a tracheostomy. Fifteen percent of
the children had both nasal prongs and Hood. MV was
performed in 158 children (fig. 3). Volume cycled ventila-
tion (Eole 2E, Saime France, Monnal D and DCC, Taema
France) and pressure preset ventilation (Portabird, Bird
Products, Sebac, France) were performed in 54 and 99
children, respectively, with a mean daily use of 18.3 and
1 h. Home MV was mainly performed in children with a
restrictive lung disease. Neuromuscular patients used MV
for a mean of 17 h-day'. Patients with another restrictive
disease (spinal cord injury) used MV for 20-22 h-day.
Older children with Duchenne's dystrophy used MV dur-
ing the night (8-13 h-day™'). With respect to infants with
BPD ventilated at home, MV was performed for a mean of
20 h-day'. Nasal intermittent positive pressure ventila-
tion was performed during sleep in cystic fibrosis patients.
Few children had continuous positive airway pressure
(CPAP) ventilation or tracheostomy without LTOT or MV.

Treatment differed according to the cause of CRF (fig. 4).
In some diseases, oxygen therapy or MV was used nearly
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Fig. 4. — Equipment used at home for some diseases responsible for
chronic respiratory failure. zz2 : mechanical ventilation; 1 : oxygen
therapy.

Table 2. — School attendance in children aged 4 yrs or
older (response rate 67%)

School according 1o age Chikdren atiemding school

n %"
Mumsery school {46 yrs) 7 58
Primary schoal {&6=10 yrs) 14 il
Caollegedigh schood (10=18) 5 BE

*: percentage of total children in the age group.

exclusively, but in other diseases, such as BPD or CF, both
treatments were performed at home. Sixteen of the 24 CF
patients used LTOT at home, the others received home
MV.

School attendance was better for children attending
college and high school (88%) than for younger children
(table 2).

Thirty (10%) children stopped home treatment during
the study. Nine children died, one child returned to hospi-
tal, and two children stopped treatment because of poor
tolerance. Treatment was stopped in another 18 children,
of whom 17 had a BPD, because of improvement of CRF.

Discussion

This large prospective study provides useful informa-
tion about home LTOT and MV in children. The preva-
lence and incidence of home treatment for CRF children is
probably underestimated. Firstly, despite the fact that
most of the major ANTADIR associations participated in
the study, some children looked after by other associa-
tions were not included. Secondly, in France, an unknown
number of children receive home LTOT via private net-
works. However, because of important manpower and
financial support, most children receiving home MV are
cared for by ANTADIR.

CRF may occur in a heterogeneous group of diseases.
The causes, treatment and prognosis of CRF differ accord-
ing to the child's age and the type of disease. Children on
home treatment for CRF can be divided into two groups:
those with an obstructive lung disease, such as CF, chro-
nic obstructive respiratory disease and BPD, and those
with a restrictive lung disease, such as neuromuscular
disease or kyphoscoliosis, or pulmonary fibrosis. In this
paediatric population, some rare causes of CRF are also
represented, such as sequelae of head injury, spinal cord
injury, lung surgery or ARDS.

Treatment depends on the cause of CRF. Children with
bronchopulmonary disease are mainly treated with LTOT,
but some of them receive MV. MV is indicated when
alveolar hypoventilation is present, associated with
hypercapnia and hypoxaemia. Home MV has been used
for children with BPD; its use in CF patients is more
recent. Noninvasive intermittent positive pressure venti-
lation (NIPPV) by a nasal mask has been used as a "bridge
to transplantation” in patients with CF by HODSON et al.
[14]. More recently, however, NIPPV has been introduced
at an earlier stage with good long-term results [15-17].
NIPPV corrects alveolar hypoventilation, reduces respira-
tory muscle fatigue and decreases ventilation-perfusion
mismatch. To our knowledge, no study has previously
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compared LTOT to MV in CF patients. The level of hyper-
capnia seems to be an important pathological parameter
for MV. However, NIPPV is more invasive than oxygen
therapy and psychological factors probably constitute
an additional important component in the choice of this
treatment, especially in young patients, in whom the
results of lung transplantation are not as good as for
older patients. NIPPV appears to slow the natural decline
of lung function [16, 17]. Most of the children [18 out
of 21] with kyphoscoliosis received home MV. In studies
of long-term home MYV, the best prognosis was observed
in those patients with restrictive lung disease [18]. Most
children with neuromuscular disease received home
positive pressure ventilation (PPV). This type of ventila-
tion is indicated when there is a thoracic deformity affect-
ing the insertion of the diaphragm or a clear deficit in
thoracic growth. Despite the absence of scientific evi-
dence, this type of ventilation seems to improve the mor-
phology of the thorax, facilitates thoracic physiotherapy,
and seems to slow the decline of vital capacity [12, 19].
In France, the "Portabird 2" apparatus is used with an
abdominal girdle in two 30 min sessions daily.

This study lists the diagnosis and treatment for children
entering ANTADIR system for home treatment for CRF.
But the treatment is prescribed by the child's physician.
ANTADIR can advise but not change a treatment. This
is the reason why one child received oxygen therapy and
not MV for Ondine's syndrome. Precise national guide-
lines for LTOT and MV in children would be appreciated.

The prognosis of CRF in children is of major interest. In
contrast to adults, some causes of childhood CRF can
improve with growth such as BPD. This disease is related
to an early oxidative and barometric insult to the imma-
ture lungs. The first 2 yrs of life constitute a period of
active alveolar multiplication followed by an increase in
alveolar volume up to the age of 8 yrs [20]. This normal
lung growth explains why, in contrast to adults, CRF can
improve with time in infants with BPD. Our study illus-
trates this fact, as 17 of the 18 children in whom treatment
was stopped because of clinical improvement had suf-
fered from BPD.

Few paediatric studies have analysed the effect of
LTOT or MV on survival of children with CRF. BPD is
probably the disease in which the benefit of LTOT has
been most clearly shown [21, 22]. LTOT decreases or cor-
rects pulmonary hypertension and the risk of cor pulmon-
ale. In other diseases, such as CF, the benefit of LTOT has
not been clearly established [23]. For children with a neu-
romuscular disease, particularly those with Duchenne's
muscular dystrophy, MV may be detrimental when started
too early before the onset of a severe restrictive lung
disease [24].

Finally, home treatment is valuable when it is both
cost-saving and presents psychological advantages for
the child and his family [2]. Most of the children attended
school. This is one of the most important aspects and
shows that the children are able to lead active lives,
contributing usefully to their families as well as to society
in general. However, despite improvements in home

equipment, home-care may not be the most beneficial
choice for a given family and other alternatives must be
considered.

Home treatment for children with CRF is well-developed
in France via the ANTADIR network. Causes of CRF are
heterogeneous, with specific treatments and prognoses.
The overall prognosis is relatively good, with only nine
deaths in this large prospective study. Further improve-
ments could be achieved by comparing the effect of treat-
ments on prognosis and survival. The psychological
aspects of these treatments also merit further attention.
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