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Recent advances in neonatal and pediatric intensive care 
management have resulted in a growing number of children 
who successfully survive serious respiratory illness, but remain 
dependent on mechanical ventilation and/or a tracheostomy. 
Fraser and co-authors [1] reported that in England, children 
dependent on ongoing mechanical ventilation tend to remain 
hospitalized for prolonged periods even though home ventilation 
technology has advanced to the point at which children, and 
even neonates, can now be ventilated safely and effectively at 
home. This is of particular relevance in light of the finding by 
Fields et al. [2] that psychosocial development and quality of 
life for mechanically ventilated children is better in the home 
than in hospital settings. A survey by Jardine and colleagues 
[3] identified inadequate home-nursing services and difficult 
family socioeconomic circumstances as the major impediments 

to successful home discharge of chronically ventilated children 
in England.

In Israel, a national pediatric Respiratory Rehabilitation Unit 
was established at Alyn Hospital in Jerusalem in January 2000 
to provide respiratory rehabilitation services and general reha--
bilitation services for children with chronic respiratory difficulty. 
Respiratory rehabilitation in the unit comprises all modalities 
of rehabilitation therapy for the child as well as education and 
training of the parents in preparation for discharge of a child 
with chronic respiratory disease – often with the need for ongo--
ing mechanical ventilation at home. Although the unit initially 
comprised 10 beds, due to a constant demand for pediatric re--
spiratory rehabilitation services the unit almost doubled in size 
during the course of its first 4 years of existence. The length 
of time required to discharge patients after completion of their 
rehabilitation therapy, however, continued to strain the resources 
of the unit and impede its ability to accept new patients in need 
of rehabilitation. As a result, the current study was undertaken 
to determine the amount of time required to discharge pediatric 
patients after completion of respiratory rehabilitation, and to 
identify the factors that may be associated with a protracted or 
failed discharge process.

Subjects and Methods
A retrospective chart review was performed to identify all patients 
less than 17 years old who were admitted to the Respiratory 
Rehabilitation Unit at Alyn Hospital in Jerusalem between January 
2000 and December 2003, who needed at least one week of 
rehabilitation therapy and who were sufficiently stable to be 
discharged home upon completion of their rehabilitation pro--
gram. For each patient, sociodemographic characteristics [Table 
1], medical diagnoses, and the patient’s respiratory condition 
upon admission were recorded. In addition, the source of referral, 
the outcome of the hospitalization, and a discharge timeline (the 
time from admission until a decision to discharge was taken and 
the time from the discharge decision until its actual implementa--
tion) was recorded for each patient. Frequency was calculated for 
discreet variables, the median and range were calculated for the 
discharge timeline variables, and mean and standard deviation 
were calculated for all other continuous variables. Associations 
between sociodemographic characteristics, ventilation character--
istics and outcomes were calculated as odds ratios, using the 
chi-square test to determine the significance of associations. 
Differences in the length of time taken to implement a discharge 
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once a decision to discharge had been taken were subjected to 
the Mann-Whitman U test, with a P value of < 0.05 considered 
significant. 

Results
Forty-eight patients were identified in the survey. Table 1 lists 
the demographic characteristics of the cohort. The mean age 
at the time of admission was 46 months. Although the ages of 
the patients at the time of admission ranged from 2 months to 
17 years, approximately three-quarters of the group as a whole 
(73%), and all of the Moslem patients within the cohort, were 
under the age of 4 years. Ten percent of the children came from 
single-parent families. The number of family members ranged 
from 3 to 14, the most frequent number of children per family 
being 4. In 21% of the families there was an additional family 
member with significant physical disability. In over half the fami--
lies, at least one parent was not generating a monthly income.

Only three of the patients had been referred for admission 
from home; the remaining 45 had been transferred from other 
hospitals. Referring diagnoses included complications of pre--
mature birth in 10 patients (23%), congenital neuromuscular 
disease in 22 (46%), and status post-trauma or severe infection 
necessitating ventilation in 16 (33%). Thirty-eight patients (79%) 
were tracheostomized and 28 (58%) were on full-time mechanical 
ventilation at the time of admission. It was also found that 31 of 
the children (65%) were being fed via a gastrostomy tube and 13 
children (19%) exhibited severe neurologic deficit with minimal 
responsiveness to external stimulation.

Table 2 summarizes the discharge characteristics and outcome 
for the 48 patients in the cohort. The median time until a deci--
sion to discharge a patient was taken was 6 months (range 0–24 
months). At the time of the decision to discharge, 7 of the initial 
38 children (18.4%) with tracheostomies had undergone success--
ful decannulation, while 4 of the initial 10 children who had not 
been admitted with tracheostomies required tracheostomy inser--
tion during the course of their treatment. Consequently, when 
the decision to discharge was taken, 35 of the children (72.9%) 
had a tracheostomy in situ. In addition, 2 of the 28 children who 
were ventilated at the time of admission had been fully weaned 
from ventilation when the decision to discharge was taken, and 
a further 15 had been weaned to night-time ventilation only. Of 
the 20 patients who had not been ventilated initially, 7 began 
mechanical ventilation during the course of their hospitaliza--
tion. Consequently, a total of 33 patients (69%) were receiving 
mechanical ventilatory support at the time that discharge was 
deemed feasible. Of these patients, 13 were on full-time ventila--
tion and 20 were being ventilated only at night.

Once the decision to discharge a patient had been taken, the 
median time taken to implement discharge home was 4 months 
(range 0–17 months). Of the 48 subjects identified for inclusion 
in the study, 21 (43.8%) were successfully discharged home, 13 
(27.1%) remained hospitalized in the Respiratory Rehabilitation 
Unit at Alyn Hospital on an ongoing basis despite their medi--
cal suitability for discharge home, 6 (12.5%) were transferred 
to long-term nursing facilities, 4 (8.3%) were transferred to the 

general rehabilitation ward of Alyn Hospital, from which 3 were 
subsequently discharged home successfully, and 4 (8.3%) died 
prior to discharge. 

In situations in which ongoing hospitalization was not 
medically necessary, we were able to identify several predictors of 
failure to discharge home [Table 3]. The single strongest predictor 
was the need for ongoing mechanical ventilation. As indicated 
above, while none of the 15 non-ventilated patients remained 
hospitalized long term, 13 of the 33 ventilated patients (39%) 
continued to be hospitalized on an ongoing basis (P < 0.01). The 
likelihood of a child remaining in the Respiratory Rehabilitation 
Unit on an ongoing basis was also significantly higher if the 

Table 1. Sociodemographic characteristics (n=48)

%No.

62.530Male 

37.518Female

93.845Israeli-born

 6.2 3Born outside Israel

77.137Jewish

22.911Moslem

10.4 5Single parent family

20.910Additional disability in family

33.516Unemployed father 

60.429Non-working mother

Table 2. Discharge characteristics and outcome (n=48) 

RangeMedianTime elapsed

0–24 months6 monthsFrom admission until decision to discharge

0–17 months4 monthsFrom discharge decision until implementation

%No.Respiratory status at time of decision to discharge

72.9

68.7

35 

33

Tracheostomy

Mechanical ventilation (13 fulltime; 20 only at night)

Eventual outcome

43.8

27.1

12.5

 8.3

 8.3

21

13

 6

 4

 4

Discharged home

Remained hospitalized in the unit

Transferred to chronic facility

Transferred to general rehabilitation ward

Died prior to discharge

Table 3. Predictors of ongoing hospitalization in the Respiratory 
Rehabilitation Unit (n=44)*

P 

DischargedRemained

%n=31 %n=13Predictor

0.0225.8861.58Unemployed father

0.0310.3338.55Additional disability in family

<0.0158.11810013Ongoing mechanical ventilation

*Excludes four children who died during hospitalization.

Original Articles



475  •  Vol 8  •  July 2006 Discharge after Respiratory Rehabilitation

father was unemployed (odds ratio = 4.6, P = 0.02) or if there 
was an additional disability in the family (OR = 5.8, P = 0.03).

In those cases in which discharge was eventually successful, 
the discharge process took significantly longer if the patient was 
still being ventilated, with a mean of 2.8 months longer than 
for non-ventilated patients (P = 0.04). Unlike the findings for 
failed discharges, paternal unemployment or additional physical 
disability in the family did not significantly prolong the success--
ful discharges. The number of successful discharges in cases of 
families with an additional physical disability, however, may be 
too small (n=3) to enable meaningful statistical analysis of this 
variable [Table 4].

Discussion
Discharge of pediatric patients in need of respiratory rehabilita--
tion can be arduous and time-consuming, and the failure rate 
is substantial. This study found that the need for ongoing me--
chanical ventilation, paternal unemployment, and the existence 
of additional physical disabilities in the family were predictors 
of failure to discharge a child who, from a medical point of view, 
could be managed at home. 

Our finding that approximately one-quarter of patients 
remained hospitalized on an ongoing basis despite their suit--
ability for discharge home is similar to those reported previously 
[4,5]. Community factors such as unsuitable housing and lack of 
financial support to cover the expense of maintaining a ventilated 
child at home have been cited as the primary impediments to 
discharging chronically ventilated children [6]. In a review of 
18 families with home-ventilated children in the United States, 
Quint et al. [7] found that even when the patient’s health insur--
ance ostensibly covered the costs of home ventilation, the family 
labored under a heavy financial burden. In another study, parents 
of home-ventilated children identified the difficulty in obtaining 
funding for their ongoing ventilation-related expenses from their 
health services provider as a major source of distress [8]. Our 
observation that paternal unemployment increased the likeli--
hood that the parents would be unable to take their child home 
corroborates these findings, as it highlights the financial burden 
entailed in supporting a child on chronic ventilation at home.

With regard to the successfully discharged patients, it was 
found that paternal unemployment, and possibly additional dis--
ability in the family, did not significantly prolong the process of 
discharge. This indicates that the process of discharging venti--
lated children home is lengthy not because of family economic 
stresses, but primarily because of bureaucratic issues. In our 
experience, delayed discharge home was generally caused by 
prolonged negotiations between parents and the health services 
provider over the nature and extent of the financial, nursing and 
technical support that the family would receive once they took 
their ventilated child home. Although a legal definition prescrib--
ing services for children ventilated at home would prevent the 
need for such negotiations, no such legislation exists in Israel 
at present. As a result, negotiations are often long and arduous, 
with unreasonable demands being made by both sides.

After recognizing that non-medical factors often prolong 
the discharge process, we at Alyn decided to begin to address 
the issue of discharge as soon as possible after the patient’s 
admission to the Respiratory Rehabilitation Unit, rather than 
at the point at which a formal decision to discharge had been 
taken. This proactive process typically begins 2–4 weeks after 
admission. Early discharge planning not only allows the parents 
to prepare themselves emotionally and psychologically for the 
negotiations and challenges looming before them, but also brings 
them to an often startling realization: that their family life can be 
functional and meaningful despite their child’s chronic disability. 
Our impression is that proactive and early discharge planning 
creates a positive mind-set in the parents, thus contributing to 
a successful outcome.

As the number of chronically ventilated children in Israel 
can be expected to continue to grow, and as the psychosocial 
development of these children is optimal in a home environment 
rather than an institution, there is a need for appropriate legisla--
tion defining the process of chronic pediatric home ventilation. 
In addition, families of low socioeconomic status due to unem--
ployment, or families with additional disabled members, are at 
higher risk for being unable to care for their child at home and 
may benefit from more organized community support services. 
In order to minimize the delay in discharging patients who are 
ready for home ventilation and help parents navigate this chal--
lenging transition, we recommend that the initial steps towards 
discharging respiratory-compromised children be taken shortly 
after their admission and not deferred until completion of their 
rehabilitation program. 
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Table 4. Predictors of a prolonged discharge process (n=31 successful 
discharges)

P 
(Mann-
Whitney U)

Mean time from 
discharge decision 

until implementation

(mos ± SD)NPredictor

0.044.7 ±5.3 

2.5 ± 2.6

18

13

Ventilation status

Ongoing ventilation 

No mechanical ventilation

0.845.7 ± 4.6

3.6 ± 3.9

8

23

Paternal employment status

Unemployed father

Employed father 
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0.6 ± 1.7

3

28

Additional disability in family

Additional disability

No additional disability
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Systemic lupus erythematosus (SLE) is an autoimmune 
disease in which B cells produce antibodies directed against 
self components of the cell, in particular, nucleic acids and 
their associated proteins. Two studies offer clues to genes 
that may influence B cell responses and susceptibility to 
SLE. Pisitkun and co-workers (Science 2006;312:1669) studied 
a genetically well-defined mouse model for SLE, in which a 
male-specific increase in the severity of disease is associated 
with the duplication of a particular X-chromosomal segment 
on the Y chromosome, termed the Y-linked autoimmune 
accelerator (Yaa). In bone-marrow mixing experiments, 
the autoantibodies generated by Yaa-positive cells were 

specific for RNA-related nucleolar antigens. These antigens 
also act as ligands for Toll-like receptors (TLRs), includ--
ing TLR7, and further genetic characterization revealed 
that the duplication of the TLR7 gene by the Yaa region 
made the B cells in these mice more sensitive to TLR7 
activation. Kumar et al. (p. 1665), who also used a mouse 
SLE model, observed that a particular allelic form of the 
signaling protein encoded by Ly108 made B cells proliferate 
rather than die in response to signals that would normally 
maintain B cell tolerance, and allowed the B cells to make 
self-reactive antibodies.

Eilat Israeli

Capsu le

Genetic clues into lupus

Any future HIV (human immunodeficiency virus) vaccine 
will rely on inducing either antibodies that neutralize the 
virus or cell-mediated immunity by cytotoxic T lymphocytes 
(CTLs). The former initiative is being frustrated by the 
ability of the virus to mutate and escape antibody binding. 
Although a related problem of viral escape is faced by 
CTLs, it does appear that a robust cell-mediated immune 
response can lower the levels of replicating virus after 
acute infection, and this set-point is known to affect the 
course of subsequent infection and progression to AIDS. 

Using infection of monkeys with the pathogenic SIV, the 
simian cousin of HIV, Letvin and co-authors offer direct 
experimental evidence that generation of a robust cellular 
response by vaccination corresponds with increased survival. 
This finding also correlated with the persistence of high 
numbers of so-called central memory T cells and suggests 
that finding ways of preserving these important lymphocytes 
may help in improving cell-mediated HIV vaccines.

Science 2006;312:1530
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Capsu le

Lesson from SIV vaccine

One has to be a lowbrow, a bit of a murderer, to be a politician, ready and willing to see 
people sacrificed, slaughtered, for the sake of an idea, whether a good one or a bad one.

Henry Miller (1891-1980), U.S. novelist, whose works are anarchic celebrations of life and liberty
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