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Abstract Objective: During home
mechanical ventilation the pre-
scribed settings are applied without
permanent supervision of health
professionals. After a long-time 
period of unattended operation at
home the ventilator may not apply
the ventilation parameters pre-
scribed. This quality control study
of home mechanical ventilation 
assessed whether tidal volume (VT),
frequency (f), and minute ventilation
(V′E) actually applied by the ventila-
tor coincide with the values set on
the ventilator control panel and with
those prescribed. Measurements: Ac-
tual VT, f, and V′E applied by the
ventilator in 30 patients on nocturnal
HMV were measured at the patients’
homes. The patients were subjected
to volume targeted assist ventilation
through nasal mask ( n =28) or tra-
cheostomy ( n =2). The values of
VT, f, and V′E set at the ventilator
were recorded. The actual and set

VT, f, and V′E values were compared
with those prescribed. Results: Con-
siderable differences were found be-
tween actual, set and prescribed VT,
f, and V′E. Actual V′E was signifi-
cantly lower than V′E set: mean dif-
ference was 0.82 l/min, with consid-
erable individual differences. Differ-
ences between actual and prescribed
V′E were caused both by a poor per-
formance of the ventilator and by 
a discrepancy between the values
prescribed and those set at the venti-
lator control panel. Conclusions: Re-
gularly assessing the actual perfor-
mance of ventilators at the patient’s
home is a quality control procedure
useful for detecting malfunctions
which could improve compliance
and outcome of home mechanical
ventilation.
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Quality control of mechanical ventilation 
at the patient’s home

Introduction

Since the polio epidemics in the 1950s mechanical venti-
lation has been employed to improve the survival of pa-
tients with chronic respiratory failure. Owing to the
spread of noninvasive nasal ventilation the number of
patients treated at home has increased in the past decade.
Future increase in home mechanical ventilation (HMV)
is expected given the current trend in providing health
services at home to reduce hospital admissions [1] and to
decrease health cost. Apart from infrequent accidents
[2], HMV has been shown to be safe [3]. However, as

with any form of health care employed with no perma-
nent supervision by specialized staff, HMV requires a
specific quality control process [4]. Probably due to the
rapid increase in the number of clinical groups using
HMV in the past decade and the consequently short
training period [5] the quality control procedures fol-
lowed by different HMV providers vary considerably.
Few published data on the performance of HMV are
available given the lack of standardized quality control
procedures.

The application of HMV assumes that the patient is
ventilated according to the parameters prescribed by the
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physician on discharge from the hospital. Nevertheless,
the actual ventilation applied to the patient at home may
differ from that prescribed because the patient/carer
modifies the values set in the control panel of the ma-
chine, or because of the ventilator malfunctions. Such 
a lack of agreement between prescribed and applied ven-
tilation could have a negative impact on the clinical 
outcome. The aim of this quality control study was to
evaluate the performance of mechanical ventilation at
the patient’s home.

Methods

Ventilator performance was evaluated during a routine visit of a
nurse to the home of 30 patients (19 women, 11 men) randomly se-
lected from the 419 patients included in the HMV program of the
hospital. At baseline the forced vital capacity of the patients select-
ed was 37.4±12.8% of predicted, and their PaO2 and PaCO2 values
were 71.3±11.3 mmHg and 49.6±5.0 mmHg, respectively. At the
time of the study the patients had been subjected to nocturnal home
ventilation for 6.3±3.7 years due to cyphoscoliosis (n =11), seque-
lae of pulmonary tuberculosis (n =12), neuromuscular disease 
(n =5), hypoventilation syndrome (n =1), and chronic obstructive
pulmonary disease (n =1). All the patients were able autonomously
to carry out the activities of daily living. Each patient had been
ventilated with the same device for 2.6±2.4 years, and the daily
time of ventilator use, determined from the ventilator time meter,
was 10.5±2.3 h. The patients and the company servicing the venti-
lator were not aware that this study was being carried out.

Six different models of conventional home ventilators were
employed: Airox Home2, Bioms, France; Breas PV501, Breas
Medical, Sweden; Companion 2801, Puritan Bennett, USA;
EV801, Drager, Germany; Monnal D, Taema, France; and
PLV100, Lifecare, USA. Volume targeted assisted ventilation was
applied through a customized nasal mask (n =26), a commercially
available nasal mask (n =2), or via tracheostomy (n =2).

After recording tidal volume (VT), breathing frequency (f), and
V′E set in the ventilator control panel the corresponding values ac-
tually provided by the ventilator were measured by a portable
system designed to test ventilators (Ventest, Soderel Medical, 
Heillecourt, France). The ventilator was connected to a standard-
ized resistance (5 cmH2O s l−1) compliance (0.05 l cmH2O−1) lung
model (European Standards NF-EN-794-2) included in the venti-
lator testing system. Inspiratory and expiratory flow during the
ventilator operation were recorded by a pneumotachograph-based
sensor unit which, connected to a portable computer, provided the
values of actual VT, f, and V′E.

The differences between VT, f, and V′E prescribed, the values
set on the ventilator and the values actually measured during the
ventilator test were assessed by the paired t test (significance at 
P =0.05).

Results

Figure 1A shows that in five patients the discrepancies
between actual and prescribed V′E were marked
(>2 l/min), and that in one patient actual V′E was only
47% of prescribed. These significant ( P <0.05) differ-
ences were due mainly to discrepancies in VT ( P <0.05),
but the differences in f were not significant. Figure 1B
shows that this divergence between actual and prescribed

ventilation was due in part to incorrect setting of the
ventilator. This figure illustrates that the mean difference
between V′E set at the ventilator and V′E prescribed was
marked (from −3.7 to 3.3 l/min) in some patients. In ad-
dition to improper ventilator settings (Fig. 1B), the 
differences between actual and prescribed V′E (Fig. 1A)
were also due to a poor performance of the ventilator, as
shown in Fig. 1C. Actual V′E was significantly 
(P <0.001) lower than the value set at the ventilator:
mean difference was 0.75 l/min, ranging considerably
from −3.0 to 0.4 l/min.

Fig. 1 Comparisons between minute ventilation actually applied
by the home ventilator ( actual), minute ventilation set in the ven-
tilator control panel ( set) and minute ventilation prescribed for the
patient ( prescribed). Dashed lines Mean differences in each plot
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Discussion

This quality control study on the application of mechani-
cal ventilation at the patient’s home focused mainly on
minute ventilation, which is the most relevant setting
during volume-targeted ventilation. The findings showed
considerable differences between the minute ventilation
prescribed for the patient, the corresponding value set in
the ventilator, and the ventilation actually applied by the
ventilator (Fig. 1).

The individual discrepancies between prescribed and
actual settings (Fig. 1B) are attributed to voluntary or 
accidental manipulation of the ventilator settings by the
patient/carer [3]. These incorrect ventilator settings are
not unlikely given the long-term duration of home venti-
lation and given the changes in the clinical condition 
of the patient. A periodic and systematic quality control
of HMV at the patient’s home would help to detect and
correct erroneous ventilator settings. The discrepancies
between actual and set V′E (Fig. 1C) indicate that the
ventilator was unable to perform correctly [6] owing to
malfunctions which are not of sufficient magnitude to
trigger the ventilator alarms. Consequently they would
remain undetected unless a suitable quality control is 
applied. Despite the fact that these malfunctions were
undetected in the monthly routine inspection carried out

by the company in charge of servicing the ventilator,
they clearly impaired ventilator performance.

The mean differences between actual and prescribed
ventilation were small. Nevertheless, considerable dis-
crepancies were found in 17% of the patients (Fig. 1A).
These individual differences are particularly relevant in
a quality control assessment. The discrepancies found
between prescribed and actually applied ventilation
could not constitute a serious risk for the patient. Never-
theless, they could be a source of ventilation under/
over-assistance or ventilator/patient asynchrony result-
ing in low treatment compliance or unexplained poor
clinical outcome of HMV in some patients. The results
obtained in this study strongly suggest that enhancing
the quality control of HMV at the patient’s home could
result in improved respiratory support. Quality control
issues are particularly relevant in HMV given the in-
creasing technological complexity of modern ventilators
and given the fact that home care is not always super-
vised by specialized personnel. From a more general
perspective, this study highlights the need for suitable
monitoring procedures to improve health services pro-
vided at home.
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