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BACKGROUND: The population of children requiring home mechanical ventilation has evolved
over the years and has grown to include a variety of diagnoses and needs that have led to changes
in the care of this unique population. The purpose of this study was to provide a descriptive analysis
of pediatric patients requiring home mechanical ventilation after hospitalization and how the
evolution of this technology has impacted their care. METHODS: A retrospective, observational,
longitudinal analysis of 164 children enrolled in a university-affiliated home mechanical ventilation
program over 26 years was performed. Data included each child’s primary diagnosis, date of
tracheostomy placement, duration of mechanical ventilation during hospitalization that consisted of
home mechanical ventilator initiation, total length of pediatric ICU stay, ventilator settings at time
of discharge from pediatric ICU, and disposition (home, facility, or died). Univariate, bivariate, and
regression analysis was used as appropriate. RESULTS: The most common diagnosis requiring the
use of home mechanical ventilation was neuromuscular disease (53%), followed by chronic pulmo-
nary disease (29%). The median length of stay in the pediatric ICU decreased significantly after the
implementation of a ventilator ward (70 d [30–142] vs 36 d [18–67], P � .02). The distribution of
subjects upon discharge was home (71%), skilled nursing facility (24%), and died (4%), with an
increase in the proportion of subjects discharged on PEEP and those going to nursing facilities over
time (P � 0.02). CONCLUSIONS: The evolution of home mechanical ventilation has allowed earlier
transition out of the pediatric ICU and with increasing disposition to skilled nursing facilities over
time. There has also been a change in ventilator management, including increased use of PEEP
upon discharge, possibly driven by changes in ventilators and in-patient practice patterns. Key
words: home mechanical ventilation; pediatric intensive care unit; chronic respiratory failure. [Respir
Care 0;0(0):1–•. © 0 Daedalus Enterprises]

Introduction

The evolution of home mechanical ventilation over the
past 30 years has influenced the care and survival of med-

ically complex pediatric patients. The population of chil-
dren placed on home ventilators has not only grown sub-
stantially but has evolved to include various diagnoses and
modes of ventilation to serve the particular needs of chil-
dren requiring chronic ventilation1-6

The growing number of patients receiving home me-
chanical ventilation and the limited number of pediatric
ICU (PICU) beds to provide ventilator support for stable
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patients on home mechanical ventilation prompted the cre-
ation of an alternative unit at our institution to accommo-
date this cohort.7 One study determined that hospitalizing
subjects on home mechanical ventilation in non-ICU set-
tings could safely be accomplished under the supervision
of pediatric pulmonologists.7 Furthermore, in 1992, the
amount of money saved by hospitalizing patients on a
ventilator ward as opposed to an ICU was as much as
$1,500 per day.8 At our institution, a ventilator ward for
non-critically ill patients on home mechanical ventilation
who required hospitalization was implemented in 1993
under the guidance of the division of pediatric pulmonol-
ogy.

As the home mechanical ventilation population pro-
gressed to include patients with more complex medical
conditions, there has been an increased focus on their long-
term outcomes after discharge from the PICU.9 The evo-
lution of home care programs and the use of resources for
children receiving chronic home mechanical ventilation
either related to neuromuscular weakness or pulmonary
disease has been studied.6,10-12 Results appear to show that,
despite an overall higher mortality rate (up to 32%) in
patients whose disease carried a poor prognosis, chronic
mechanically ventilated children could be successfully
managed at home with a good home care program.13 A
population analysis of chronic mechanically ventilated chil-
dren in Massachusetts revealed that patients received their
home care from multiple sources but lacked overall coor-
dination of their health care providers, thereby suggesting
an increasing need for improvement in health care coor-
dination for this growing, complex population.1

There are limited studies on the pediatric home mechan-
ical ventilation population with a paucity of patients eval-
uated, time-course of study, and population analysis of
home mechanical ventilation patients. The body of evi-
dence summarizing the diagnosis of pediatric patients re-
quiring home mechanical ventilation, their disposition, and
trends in the home mechanical ventilation settings used is
growing but remains limited.14-17 We sought to provide a
descriptive analysis of the pediatric home mechanical
ventilation population at a tertiary care center in south-
ern California serving a large population of children
with chronic ventilator needs since 1977. Furthermore,
we evaluated how the use of home mechanical ventila-
tor has evolved in terms of disposition and settings over
3 decades.

Methods

Data Collection

We performed a retrospective chart review of all pa-
tients on home mechanical ventilation who received full-
or part-time chronic ventilation via tracheostomy between

November 1977 and December 2008. The institutional re-
view board at Children’s Hospital, Los Angeles approved
this study. Data were extracted from paper charts, the PICU
database (Microsoft Access, Microsoft, Redmond, Wash-
ington), and the hospital electronic medical record system
(Cerner, Kansas City, Missouri).

Subjects were included if they received tracheosto-
mies during their admission at Children’s Hospital, Los
Angeles and were then initiated on home mechanical
ventilation, or if they were admitted with tracheosto-
mies but required initiation of home mechanical venti-
lation during their admission. We excluded patients who
were admitted to the PICU with home mechanical ven-
tilation previously established, patients only requiring
supplemental oxygen via tracheostomy collar, or pa-
tients with insufficient data.

Data collected included each subject’s primary diagno-
sis that resulted in chronic respiratory failure, the date of
tracheostomy placement, the date of home mechanical ven-
tilation initiation, the total length of PICU stay, the ven-
tilator settings at time of discharge from PICU, and dis-
position upon discharge. Disposition was defined as the
subject’s discharge status at the end of the hospitalization
within which home mechanical ventilation was initiated
and was characterized as home, outside facility (sub-acute
facility or referring hospital), or death.

Outcomes measured were total length of stay in the
PICU, days in the PICU prior to and after tracheostomy
placement (for those receiving a tracheostomy during that
admission), and disposition upon discharge. The ventilator
settings at the time of discharge, transfer, or death were

QUICK LOOK

Current knowledge

The increased use of home mechanical ventilators in
pediatric patients since their advent in the 1970s has
allowed pediatric patients to be discharged home or to
long-term facilities. Understanding how this technol-
ogy has changed our management of patients with
chronic respiratory failure is an important step in better
caring for this population.

What this paper contributes to our knowledge

With the advent of home mechanical ventilators, over
26 years of study, pediatric patients have been dis-
charged from the ICU earlier, and more pediatric pa-
tients have been discharged to long-term facilities
(versus home) and on settings more consistent with
in-patient practices in respiratory care. The effects that
an underlying diagnosis for respiratory failure has on
disposition and ventilator settings are explored.
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obtained. FIO2
represents the subject’s FIO2

prior to switch-
ing to a home ventilator, at which point flow was used to
approximate the same FIO2

. Patients discharged from our
facility on home mechanical ventilation are sent home on
pressure ventilation modes, with the peak inspiratory pres-
sure implying the set peak inspiratory pressure.

Data Analysis

All variables were tested for normal distribution using a
skew-kurtosis test and graphic analysis, demonstrating that
all variables were non-parametric. Non-parametric contin-
uous data were presented as medians and interquartile
ranges (IQRs). Univariate analysis of patient characteris-
tics and measured outcomes were tested with Wilcoxon
rank-sum test, Fisher’s exact test, and Pearson’s �2 tests.
Linear regression analysis of parametric and parametri-
cally transformed data were used in a step-wise fashion to
find if an independent association existed between year of
discharge, demographic data, individual ventilator settings,
PICU lengths of stay before and after tracheostomy, and
total PICU stay. Spearman’s correlation was used to de-
termine correlation coefficients and significance of asso-
ciation between year of discharge and PICU length of stay
(including before and after tracheostomy), PEEP, and per-
cent of patients discharged to a skilled nursing facility.
Logistical regression was used to determine if changes in
disposition had occurred over time (year of discharge)
compared with the baseline outcome of “home.” Statistical
significance was defined as P � .05. Statistical analyses
were performed with Stata (StataCorp, College Station,
Texas).

Results

A total of 405 patients with tracheostomies were screened
for the study; 215 did not meet inclusion criteria because
their home mechanical ventilation was already established
prior to admission (n � 14) or they were only on supple-
mental oxygen via tracheostomy collar (n � 201); 26 were
excluded for insufficient data. The remaining 164 subjects
comprised our study population on full- or part-time home
mechanical ventilation via tracheostomy from 1982–2008.
Of these, 116 subjects (71%) had received a tracheostomy
and were transitioned to home mechanical ventilation dur-
ing their PICU admission. Ninety-seven subjects (59%)
were male. The median age was 1.6 y (IQR 0.5–8.35 y).
Table 1 details the distribution of subjects by diagnosis
and disposition. While many subjects had multi-factorial
etiologies requiring the use of home mechanical ventila-
tion, the most common diagnosis was neuromuscular dis-
ease (53%), followed by chronic pulmonary disease (29%).
In terms of disposition, the vast majority of subjects were
discharged home (71%), followed by skilled nursing fa-

cility (24%) and death (4%) (Table 2). The proportion of
subjects with a particular diagnosis before 1993 and from
1993 on did not differ (P � .24).

Ventilator Settings

Table 3 describes the ventilator settings of the subjects
upon disposition from the hospital. The median breathing
frequency was 23 breaths/min (IQR 16–28), peak inspira-
tory pressure was 28 cm H2O (IQR 0–24), and PEEP was
0 cm H2O (IQR 0–4). The median FIO2

was 0.28 (IQR
0.21–0.35). Subjects receiving PEEP had an FIO2

of 0.35
(IQR 0.24–0.4) versus an FIO2

of 0.25 (IQR 0.21–0.3) for
those without PEEP (P � .001). Only 2 subjects were on
PEEP upon discharge before 1993, even though the dis-
charge FIO2

before 1993 and from 1993 on were not dif-
ferent (0.30 [IQR 0.21–0.35] vs 0.26 [IQR 0.21–0.30],
P � .33). The use of PEEP was higher in subjects with a
primary diagnosis of chronic pulmonary disease versus
those with neuromuscular disease (35% vs 15%, P � .006).
The need for supplemental FIO2

was also higher in subjects

Table 1. Demographic Data

Median age, y 1.6
Female, n (%) 67 (41)
Primary diagnosis, n (%)

Neuromuscular disease 87 (53)
Pulmonary disease 48 (29)
Otolaryngology disease 4 (2)
Oncologic 8 (5)
Cardiac 9 (5)
Metabolic/Genetic 6 (4)
Miscellaneous 2 (1)

Secondary diagnosis, n ()
Neuromuscular disease 3 (17)
Pulmonary disease 4 (24)
Otolaryngology disease 4 (24)
Cardiac 3 (17)
Metabolic/Genetic 3 (17)

N � 164

Table 2. Distribution of Disposition Over Time

Disposition n (%) P

Home 117 (71) Regression baseline
Facility 40 (24) .02
Died 6 (4) .67
Unknown 1 (1) .76

N � 164
Stepwise logistical regression analysis of distribution of disposition over time when compared
to the disposition of home.
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with a primary diagnosis of chronic pulmonary disease
versus those with neuromuscular disease (83% vs 49%,
P � .001).

Outcomes

The outcomes measured were total length of stay in the
PICU, days in the PICU prior to and after tracheostomy
placement for subjects who received a tracheostomy dur-
ing their PICU course, and disposition upon discharge.
The median total stay in the PICU for all subjects was 39 d
(IQR 19–103). In the subset of subjects who received a
tracheostomy during their hospitalization, the median total
number of days in the PICU prior to tracheostomy place-
ment was 20.5 (IQR 9–40.5) and after tracheostomy place-
ment was 17 (IQR 8–52) (Table 3).

A ventilator ward for stable patients who were initiated
and stabilized on home mechanical ventilation was estab-
lished in 1993. Table 4 shows that the total length of stay
in the PICU was significantly longer before the implemen-
tation of a ventilator ward compared to after it was estab-
lished (70 d [IQR 30–142] vs 36 d [IQR 18–67], P � .02).
The median length of stay in the PICU before tracheos-
tomy was similar before and after the ventilator ward (17
d [IQR 10–37] vs 21 d [IQR 9–41], P � .51). In contrast,
the median length of stay in the PICU after tracheostomy
placement was higher before the implementation of a ven-
tilator ward (39 d [IQR 21–120] vs 14 d [IQR 7–45],
P � .007) (Table 4).

Trends in disposition, use of PEEP, and days in the
PICU after tracheostomy over the course of the 26-y study
period are illustrated in Figure 1. The time periods were
divided to include at least 25 subjects within each group.
Over time, there was an overall decrease in the stay in the
PICU after tracheostomy (� � �0.38, P � .001), and an
increase in the percentage of subjects on PEEP (� � 0.57,
P � .001) and the percentage of subjects sent to sub-acute
facilities (� � 0.19, P � .01) (Figs. 1 and 2). The temporal

change in disposition shown in Figure 2 is also described
in Table 2. Compared to a presumed baseline disposition
of home, there was an increase in the proportion of sub-
jects discharged to a sub-acute facility over time (P � .02,
logistical regression). In addition, Table 5 and Figure 3
demonstrate that PEEP use was different based upon the
subject’s eventual disposition (P � .001). When only com-
paring disposition to home versus a long-term facility,
approximately 20% of subjects discharged home were sent
on PEEP, while nearly 40% of those discharged to a sub-
acute facility were sent while on PEEP (P � .02). In
contrast, the need for supplemental oxygen was not dif-
ferent based upon disposition (P � .52), even if comparing
only home versus long-term facility (P � .35).

Multivariate linear regression of the parametrically trans-
formed variables demonstrated that younger age was found
to be significantly associated with longer total and post-
tracheostomy stay in the PICU (P � .001). Additionally,
this analysis confirmed that there was a decreased stay in
the PICU after tracheostomy placement over the 26-y pe-
riod (P � .001). There was not a significant association
noted between stay in the PICU and ventilator settings
including breathing frequency, peak inspiratory pressure,
and PEEP.

Discussion

Since its advent in 1977, the home mechanical ventila-
tor has evolved with changes in technology, changes in
practice, and the growing complexity of the patient pop-
ulation. A Canadian study summarized trends in a long-
term mechanically ventilated pediatric population over a
20-y study period.11 They hypothesized that a combination
of improvements in equipment, more aggressive care in
children who would have previously died, as well as grow-
ing understanding of the family-centered benefits of living
at home has led to increased home mechanical ventilation
of this population. In 2010, Edwards et al18 examined
outcomes and causes of death in children with home me-
chanical ventilation, finding that 61% of their study pop-
ulation survived and 18% were able to be weaned from
ventilator support. Many of the deaths were unexpected
and were from causes not directly related to their primary
reason for chronic respiratory failure.18 Our study demon-
strated a 4% in-hospital mortality rate of all subjects tran-
sitioned to a home mechanical ventilator. These studies
support the findings of our study, (ie, medically complex
patients supported on home mechanical ventilation are in-
creasing in numbers) and highlight the importance of un-
derstanding this population.

Mallory and Stillwell19 suggest that younger patients
with chronic pulmonary disease may require a hospital
setting for long-term care, while patients with neuromus-
cular or central respiratory disorders may benefit from

Table 3. Ventilator Settings and PICU Length of Stay

Ventilator Settings
Breathing frequency, breaths/min 23 (16–28)
PIP, cm H2O 28 (24–30)
PEEP, cm H2O 0 (0–4)
FIO2

0.28 (0.21–0.35)
PICU Length of Stay

Total PICU length of stay, d (n � 164) 39 (19–103)
Pre-tracheostomy length of stay, d (n � 116) 20.5 (9–40.5)
Post-tracheostomy length of stay, d (n � 116) 17 (8–52)

Data are expressed as median (interquartile range).
PICU � pediatric ICU
PIP � peak inspiratory pressure delivered by a ventilator
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discharge to home.19,20 While our study demonstrated that
subjects who were younger had a longer PICU length of
stay, the eventual disposition did not appear to differ by
the primary diagnosis alone. However, our data demon-
strated that the use of PEEP and the need for supplemental
FIO2

were associated, and subjects with chronic respiratory
disease received more supplemental FIO2

and PEEP. Fur-
thermore, PEEP use and discharge to a long-term facility

were associated with each other and increased over time,
even though supplemental FIO2

did not. As such, it would
seem that an increased availability of home ventilators
with PEEP in the 1990s, combined with the increased
availability of long-term facilities, might have allowed the
use of both of these in subjects who previously were sent
home with supplemental oxygen alone. While the diagno-
sis was not related to disposition overall, it was associated
with PEEP use and oxygen supplementation. These pat-
terns likely reflect a combination of patient-related factors
(eg, diagnosis and need for oxygen supplementation), tech-
nological changes (eg, available home-ventilator PEEP),
and resource availability (eg, increasing long-term facili-
ties), some of which changed over time, while others did
not. The finding that neither the proportion of diagnoses
nor the need for supplemental oxygen changed over time
bolsters the hypothesis that the increased use of PEEP
reflected changes in technology and management prac-
tices. The complex interaction between relatively static
patient factors and more dynamic external factors are no-
table here. The finding that subjects with chronic respira-
tory disease received higher FIO2

and PEEP, while not
surprising, highlights how patient diagnosis, availability of
resources, and ventilator support needs should be consid-
ered when advising families of patients considering home
mechanical ventilation. For example, Edwards et al21 dem-
onstrated the importance of considering patient factors by
demonstrating the poor outcomes seen with home mechan-
ical ventilation in subjects with congenital heart disease.

It is worth noting that the time period when the use of
PEEP increased (Fig. 1) was concordant with the ARDS
Network recommendations in the late 1990s regarding the
use of PEEP in patients with ARDS. Furthermore, the
advent of internal PEEP in home ventilators during this
same time may have further accelerated the use of PEEP.
It is unclear how much technology alone, versus the use of
in-patient PEEP, instigated the availability of home ven-
tilators capable of PEEP use. However, multivariable re-
gression shows that the set PEEP did not appear to corre-
late with the length of PICU stay over that time. While the
length of PICU stay did improve since 1993 compared to
before, this may have been confounded by the creation of
an acute-care ventilator ward. The increased use of PEEP

Table 4. PICU Length of Stay Before and After Initiation of a Ventilator Ward

Before Ventilator Ward After Ventilator Ward P

Total PICU length of stay, d (n � 164) 70 (30–142) 36 (18–67) .02
Pre-tracheostomy length of stay, d (n � 116) 17 (10–37) 21 (9–41) .51
Post-tracheostomy length of stay, d (n � 116) 39 (21–120) 14 (7–45) .007

Data are expressed as median (interquartile range). The ventilator ward was implemented in 1993.
PICU � pediatric ICU

Fig. 1. Trends over time in PICU length of stay after tracheostomy
(� � �0.38, P � .001), percent use of PEEP (� � 0.57, P � .001),
and percent of subjects transferred to a long-term facility (� �
0.19, P � .01). Minimum n � 25 per time interval.

Fig. 2. Distribution of disposition over time. Data expressed as
percentage of total subjects per time interval (P � .02, disposition
to facility compared to home over time).
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may suggest that changes in acute management of patients
with respiratory disease can impact long-term chronic re-
spiratory management of patients, including those disposed
on home mechanical ventilation. The benefit of such trans-
mitted management styles for chronically ventilated pa-
tients is unclear and is worthy of investigation.22–25

Our study also demonstrated that more children have
been discharged to sub-acute facilities over the past
26 years. It’s likely that an increased number of pediatric
sub-acute facilities became available during this time. In
southern California, 5 pediatric sub-acute facilities serve
the Los Angeles, Orange, and San Bernadino counties.
One facility was established as early as 1984, while the
others were established in the late 1990s and 2000s. The
increase in the proportion of children on home mechanical
ventilation disposed to such facilities appears temporally
related to the creation of these facilities. These facilities
not only provide skilled nursing care to this high-risk pop-
ulation but can also provide respite care and rehabilitation
activities for the children and families to participate in
together.19,26-28 Arguably, the creation of such facilities
has made it more plausible for patients with higher venti-
lator settings who may be less appropriate for home dis-
position to leave the hospital setting. The discovery that
higher settings were used in those subjects going to such
facilities may support this hypothesis. Additionally, the

technology advancements in home mechanical ventilators
include more portable and compact machines that allow
for customized ventilator settings, such as the use of PEEP.
This may have provided greater ease for patients to main-
tain their mobility, families to provide home care for their
children, and children to benefit from more tailored ven-
tilator settings for their disease process.19,27

Ambrosio et al7 demonstrated that chronic ventilator-
dependent children could be safely cared for in a non-ICU
setting. This allowed for a more tailored plan of care for
this unique subset of patients and provided a period of
transition for patients and families to adjust to the needs of
their ventilator-dependent child. Furthermore, there is a
substantial difference in hospital costs between ICU and
non-ICU settings as well as increasing availability of ICU
beds for more critically ill children.7 Our study demon-
strates that there was an overall decrease in the length of
stay in the PICU over this 26-y period and that the imple-
mentation of a ventilator ward was highly associated with
this trend. In 1993, the advent of a ventilator ward at our
institution was associated with a decreased length of stay
in the PICU after tracheostomy placement by nearly 3-fold.

Limitations and Future Directions

Our study is limited by its retrospective design. The
number of subjects to analyze is inconsistent from year to
year, with more subjects in later years in the investigation
period. In addition, the data available were limited, includ-
ing demographic data and lack of index for severity of
illness. Furthermore, long-term outcome data such as mor-
bidity and mortality based on diagnosis and disposition
were not available. The addition of this information may
play an important role in guiding clinicians and advising
families regarding the future of their ventilator-dependent
child.

Conclusions

The population of children requiring home mechanical
ventilation has grown in number and complexity since the
advent of the home mechanical ventilator nearly 40 years
ago. The creation of a home mechanical ventilator ward
augmented a shorter ICU length of stay over the years, and
the increasing availability of skilled nursing facilities seems
to have increased disposition to such facilities over time.
Changes in home mechanical ventilation technology and
clinical practice may have contributed to the increasing
use of PEEP in subjects discharged on home mechanical
ventilation. However, the translation of acute-care venti-
lator management methods to those with chronic respira-
tory failure is of unclear benefit. Such observational anal-
yses are a first step in better understanding this growing
population of pediatric patients.

Fig. 3. Distribution of PEEP use by disposition to home or skilled
nursing facility.

Table 5. Disposition and Use of PEEP

Disposition With PEEP, n (%) Without PEEP, n (%)

Home (n � 117) 25 (21) 92 (79)
Facility (n � 40) 16 (40) 24 (60)
Died (n � 6) 6 (100) 0
Unknown (n � 1) 0 1 (100)

PEEP use differs based on eventual subject disposition (P � .001). PEEP use was greater in
those going to a facility than in those going home (P � .02).
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