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ABSTRACT:  Intravenous antibiotics and enteral tube feeding at home for the
treatment of pulmonary exacerbations and underweight condition in cystic fib-
rosis (CF) patients have become tools that are used in many cystic fibrosis centres.
The experience with home care programmes from different countries is quite
conclusive.  If the necessary preparations are made, such as training of staff
and patients, and financial support is arranged, home care is easy to put into practice.
Optimal patient compliance is also necessary. 

Home care is as effective as hospital treatment for selected patients, and less
expensive.  Experience has increased during many treatment periods in differ-
ent cystic fibrosis centres, and only a few adverse events have been recorded, indica-
ting that home care is safe.  However, the most important gain for cystic fibrosis
patients is the reduction of hospital admission time, which means a definite im-
provement in the quality of life.
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The improved survival in cystic fibrosis (CF) patients
is mainly the result of an earlier diagnosis of the dis-
ease, and of a better control of pulmonary exacerbations,
growth and nutritional status.  Recent developments in
the therapy of CF patients, such as lung transplantation,
and future developments, such as gene therapy, may
further extend survival.   Intravenous antibiotic treatment
of pulmonary exacerbations, especially in older pati-
ents with more advanced pulmonary disease, and hy-
peralimentation formerly required weeks of hospital
admission.  Home therapy has been developed by a
number of CF centres and primarily improves the quali-
ty of life for patients and their relatives [1].

When CF was first described in the 1930s, few child-
ren suffering from the disease survived beyond 5 yrs of
age.  In recent years, this has been extended to almost
30 yrs of age, and the estimated life expectancy of pati-
ents who are born at present is 40 yrs [2, 3].  This
increased life expectancy is mainly attributable to im-
proved pulmonary management [2], but also to a better
understanding of the nutritional problems [4], better
physical training programmes [5], centre care and a multi-
disciplinary approach [6, 7].  

The drawback of increased life expectancy is the
necessity of intensive therapy, with numerous weeks of
hospitalization per year, reducing the quality of life.
Frequent hospital admissions are necessary for intrave-
nous antibacterial treatment of pulmonary exacerba-
tions, and for enteral tube or intravenous feeding in case

of malnutrition, especially during the end-stage of the
disease.  For patients, the advantage of receiving this
treatment at home is that they can continue to work or
attend school.

Home care

Benefits 

Home therapy has been developed in several CF cen-
tres in different countries during the last two decades
and has the following obvious advantages:  1) reduction
in the number of hospital admission days, and, therefore,
improved quality of life;  2) better compliance to treat-
ment by earlier intervention in the course of exacerba-
tions; 3) increased independence from the hospital; and
4) reduced risk of cross-infections with Pseudomonas
aeruginosa. 

The financial benefits depend upon the insurance
programmes in the different countries, and the organiza-
tion of home care.  Studies from most countries report
financial benefits [8–10].

Disadvantages 

A potential disadvantage is that home care could be
experienced as a further therapeutic burden at home.
Home care provokes the risk that patients do not have
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the discipline to intensify their chest physiotherapy.
Moreover, home treatment has the potential risk of the
development of serious allergic reactions to antibiotics.
The antibiotics employed at home should have been used
during hospital admissions on earlier occasions by all
patients.  During each home treatment course, the initial
doses of antibiotics have to be given in hospital.  These
safety measures certainly reduce the risk of allergic re-
actions.

Another risk of home care is that, for convenience
sake, dosing schedules of antibiotics are used which do
not conform to the pharmacokinetic characteristics of the
drug.  Monotherapy for instance, has the potential risk
of inducing early antibiotic resistance.

Organization of the programme 

Different organizational forms of home care program-
mes are used.  In some hospitals, physicians are involved
in every aspect of the programme [10] but, in general,
specially trained nurses play a major role in home care
[1, 11–15].  These are extremes of a wide range of
possibilities.  A home care organization must guaran-
tee year round 24 h continuity in patient care.  The
financial consequences of health care have become very
important today, and the use of existing organizations
to implement programmes, such as Cross Societies invol-
ved in community health care, can help to keep expenses
down.  An existing organization can provide continuity
in care, in contrast to a special programme with one or
two specially appointed nurses.  Moreover, additional
nurses will lead to increased costs. 

Our CF team started a home care programme in 1991,
in collaboration with KITTZ, a Dutch Institute for
Quality and Applied Home Care Innovation.  The
programme was meant to introduce i.v. treatment and
enteral tube feeding at home.  KITTZ developed from a
former Cross Society; its aim is to increase the possi-
bilities for self-support.  As part of a wide range of
innovative projects, KITTZ has developed new options
in home care; resulting in a Home Care Programme.
Following implementation of the programme in our
hospital, it was transferred to various local hospitals
and adjusted to their individual situation and facilities.
Our hospital continued the programme and set up a
home care co-ordination team for various chronic disea-
ses.  In addition to CF, these include chronic obstructive
pulmonary diseases, multiple sclerosis, and rheumatoid
disorders.  A team of nurses, in collaboration with the
subdivisions responsible for the various patient groups,
performs home care for all these groups.  The advan-
tage is that a larger group, which is part of an existing
organization, provides continuity, and that further devel-
opment in home care is guaranteed for a longer period. 

Besides physicians and nurses, hospital or local chem-
ists must also participate, and be prepared to deliver the
various antibiotic solutions in the application devices
within one or two days.  Moreover, general practition-
ers, local physiotherapists and dieticians should be in-
formed that i.v. treatment and/or enteral tube feeding is
being administered at home.

Conditions for home care in cystic fibrosis 

Comprehensive planning of all aspects of home care
for patients with CF is essential to minimize medical and
emotional risk for patients and their relatives, and to
prevent unforeseen financial burdens.  Several studies
have addressed this subject before starting home care
[16].  Aspects that should be standardized are patient
selection criteria, information and training before enrol-
ment in the programme, financial arrangements, and
equipment and supplies.

Patient selection 

For every patient, and for every treatment course, the
pros and cons should be considered.  Patients and their
relatives should be able to choose between treatment
at home or in hospital each time.  During home treat-
ment, the hospital must be prepared to admit the patient
whenever this is requested.  

From a medical point of view, it should be clear that
entering a home programme does not mean that the
patient can always receive home treatment.  The pati-
ent's condition must be stable and should not be expo-
sed to extra risks.  If patients and relatives are unable to
carry out home treatment, it should be discontinued.

Information and training 

Before home treatment is started, the paediatrician
or pulmonologist should provide extensive verbal and
written information about all aspects of home treat-
ment.  This information should include the names and
phone numbers available 24 h a day, or the numbers of
teletracers, of the responsible doctors and supportive
nursing staff.

After having received and understood the informa-
tion, patients and relatives should be given the opportu-
nity to practice the necessary skills when the patient is
in a stable phase of the disease.  We set up a "Skills
Laboratory", where patients can practise with the differ-
ent tools.  A log-book with all the necessary instruc-
tions is distributed.  Patients can use this log-book to
record their use of medication, and any minor problems
during home treatment.  All actions are repeated several
times during the hospital admission preceding home
treatment.  

Before discharge, the doctor responsible should thor-
oughly verify whether patients or relatives are able to
execute all actions.  The first day after discharge, pati-
ents and relatives are again instructed by one of the
nurses of our home care organization.

Financial arrangements 

Intravenous therapy or enteral tube feeding is expen-
sive, and should not be an extra financial burden for CF
families.  In most countries, home treatment is only
possible with the permission of health insurance compa-
nies.  Health insurance companies in The Netherlands



refused to pay for antibiotics which were administered
at home and were supplied by the hospital chemist [17].
Fortunately, most of the companies in our country have
changed their rules on this subject over the last few years.

Equipment and supplies 

Equipment must be light and easy to handle.  In our
adult programme we used ordinary i.v. cannulae, or a
subcutaneous implanted central venous access port  (Port-
A-Cath, Kabi Pharmacia, Woerden, The Netherlands).
For children without a Port-A-Cath, we used flexible
silastic lines (Per-Q-Cath 1, 9 Fr, Laprolan, Beuningen,
The Netherlands), originally developed for neonates.
These lines are inserted approximately 10 cm into a
peripheral vein.  In smaller children, they provide the
advantage of allowing them to walk about freely, with-
out being bothered by a splint. 

In all cases of i.v. treatment, we used the CADD plus
pump (Kabi Pharmacia, Woerden, The Netherlands)
for continuous infusion of ceftazidime and the Inter-
mate® 200 (Baxter, Utrecht, The Netherlands) or the
Homepump® (NPBI, Amstelveen, The Netherlands) for
intermittent application of aminoglycosides, such as
tobramycin.  Intermate® and Homepump® are drug-
filled balloons (elastomere infusion devices) inflated by
the injected solution.  They can be connected to the i.v.
system, and are emptied as a result of the wall tension
of the balloon within approximately half an hour.

Implementation 

The implementation of most programmes has encoun-
tered only minor complications.  This is mostly due
to the fact that patients and their families are well-
informed and well-trained.  All CF centres that started
an i.v. home programme have reported that the program-
me is a success with regard to effectiveness, cost bene-
fits, and most of all, with regard to an improvement in
the quality of life.  Adverse effects are scarce and of
minor importance.

Effectiveness  

Some 15 yrs ago, KUZEMKO and co-workers [8, 18] set
up a programme of out-patient i.v. treatment, and in
1982 developed it into home management, with the aim
of improving quality of life.  DONATI et al. [9] demonstrat-
ed, in a prospective controlled study, that both i.v. hospital
treatment and i.v. home treatment resulted in significant
improvement of pulmonary function and arterial oxy-
gen tension PaO2 values.   In 1984, WINTER et al. [19]
demonstrated that self-administration of i.v. antibiotics
reduced hospital stay, and that this therapy was not
associated with an increased rate of recurrent infections.
MARTINEZ et al. [20] reported an improvement in pulmo-
nary function and body weight in adult patients.  More
recently, CF centres from other European countries

have found that home treatment is as effective as hospi-
tal treatment [1, 14, 15, 21].

In addition, as part of their therapeutic regimen, CF
patients are offered training programmes in order to
prevent muscle mass loss and decline in exercise toler-
ance.  Exercise tolerance can be improved in CF pati-
ents [22, 23], and, probably more important, can be
maintained on an out-patient basis [24].  

Nevertheless, despite all these positive study results,
it should be realized that these data are potentially biased
by the fact that patients treated at home are only a sub-
sample of the entire CF population.

Cost benefits 

With regard to financial costs, the literature is un-
ambiguous.  Studies from Sweden [1], the UK [8], The
Netherlands [10], France [9], and the USA [25], evaluating
this subject from different backgrounds, all indicate that
home treatment provides substantial economic savings.

Quality of life 

The social benefits of home treatment are evident, but
difficult to quantify.  Improvement in the quality of life
has been reported in many studies.  STRANDVIK et al.
[1] reported that 96% (all except one) of patients prefer-
red this type of treatment.  Data from BAKKER et al. [10]
and GILBERT et al. [15] agree with this finding.

Adverse events 

Most CF groups have reported few and minor adverse
events during home care.  Our own experiences from
October 1991 to December 1993, with 131 i.v. treatment
periods in 20 patients, are in agreement with other find-
ings.  At the start of our programme, two patients had a
deprogrammed infusion pump, which was replaced
by the company.  Another patient, who ran out of infusion
solution on one occasion, kept his silastic line open with
a heparin lock.  A more general problem was that the
infusion time for the intermittent aminoglycoside ap-
plication was longer than expected (+1 h).  On three
occasions, an adult patient had to return to hospital be-
cause of an obstructed i.v. cannula.  A 16 year old girl
had recurrent obstructed i.v. cannulae and silastic lines,
without a demonstrable reason, during a single treat-
ment period of 3 weeks.  After implantation of a venous
access port, these problems were resolved.  STRANDVIK

and co-workers [1] reported that one inserted venous
cannula could be used for the whole treatment period
in 30% of the courses.  SOLA et al. [26] investigated
complications of 22 implanted access ports in 15 CF
patients.  The overall complication rate was low.  Infecti-
ous and mechanical complications were extremely in-
frequent.  However, superior vena cava syndrome or
deep venous thrombosis were associated with 3 out of
22 catheters.  SOLA et al. [26] advised the prescription
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of aspirin.  Frequent flushing of the device (once a month)
and the use of a heparin lock may also prevent this serious
complication.

The strikingly low complication rate at home may be
a consequence of a combination of selection and training
of patients, and of the proper use of long indwelling
lines and implanted venous access devices.  The fact that
patients take care of, and are responsible for, their own
infusion system is another important factor.

In conclusion, the option of i.v. antibiotics and enteral
tube feeding at home for the treatment of pulmonary
exacerbations and malnourishment in CF patients has
become a tool that is used in many CF centres.  The
results of home care programmes from different coun-
tries are conclusive.  If the necessary preparations are
made, such as training of staff and patients, and finan-
cial support is arranged, home care is easy to put into
practice.  Optimal patient compliance is also necessary.
Home care is as effective as hospital treatment for selec-
ted patients, and less expensive.  Experience has in-
creased during many treatment periods in different CF
centres, but only a few adverse events have been ob-
served, indicating that home care is safe.  In addition to
all these positive factors, the most important gain for
CF patients is the reduction of hospital admission time,
which means a definite improvement in quality of life. 

Before the start of home therapy, careful planning of
the programme is necessary.  A programme should be
standardized in such a way that it can be executed in
different locations.  The use of existing extramural
organizations, such as Cross Societies, or a larger home
care team taking care of different patient groups gives
long-term continuity and keeps expenses low.
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