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Abstract. Cystic fibrosis is a lethal, hereditary, until re-
cently little understood disease, which leads to progres-
sive functional disturbances in various organs, including
the lungs, liver and pancreas. Knowledge of the genetic
and cellular abnormalities is rapidly progressing, but
therapy is still symptomatic and based on insufficiently
controlled and short-term studies. At present the thera-
peutic approach aims to combat respiratory infections by
optimal antibiotic therapy, combined with techniques to
promote sputum evacuation. Additional measures at-
tempt to optimise both nutritional state and physical
condition. Median survival has imporved from approxi-
mately 1 year to about 25 years during the past 3 de-
cades. This article summarises present information on
disease mechanisms and treatment.
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Introduction

Cystic fibrosis (CF) was first described in the 1930s {3,
20], and was only clearly defined in the mid 1950s with
the development of the sweat test [81]. The fundamental
defect in CF appears to be a dysfunction of epithelial
cells leading to abnormal secretions which cause obstruc-
tion of organ ducts [82]. CF involves a variety of organs,
particularly the lungs and abdominal organs. The mani-
festations and severity of CF vary considerably between
patients, a feature that has not yet been satisfactorily ex-
plained. CF is found in all ethnic groups, but most fre-
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quently amongst Caucasians. High incidences have been
reported in Europe, as well as in areas populated by emi-
grants from European countries, such as North America
and Australia. The prevalence in Europe is around 1:3000
and varies between 1:500 (Scotland) and 1:15,000 (Italy).
CF is the most common lethal, autosomal recessive dis-
order among Caucasians.

The abnormal gene has recently been cloned and the
biochemistry of the cellular defect largely unravelled. New
information on molecular genetics and cellular physio-
logy, as described in the first of two review articles on
CF [36], provides a better understanding of the patho-
physiology and may lead to new therapeutic approaches.

This second article will discuss current opinion about
respiratory, gastrointestinal and hepatic function in CF.

Pathophysiology of respiratory abnormalities

The pulmonary infections in CF are unique because of
the underlying disorder, the host defence factors in-
volved, the role of certain bacterial species, and the
chronicity of infection, with potential for immunopatho-
logical damage.

A vicious circle operates in CF between mucous plug-
ging of the airways, infection and inflammation. The
underlying cause is probably a defective regulation of
the chloride channel, which is located in the apical mem-
brane of the epithelial cells {7, 36]. This results in desic-
cation of secretions, increase in the viscosity of mucus
and a decrease in mucociliary clearance. Exaggerated in-
flammatory processes’are usually found in CF patients
and host defence factors seem to play a role in tissue
damage.

The level of serum IgG is related to the disease state
[122]. Early in the course of the disease, serum IgG
levels are relatively low. With progression of the disease,
IgG concentrations usually rise to high values which may
lead to immune-complex formation [123]. Immune-com-
plexes activate granulocytes and macrophages, resulting
in the release of a variety of mediators. The presence of
immune-complexes and granulocyte elastase in bron-



chial secretions [107] and plasma [41], and the amount of
urinary collagen metabolites [2] correlate with a poor
clinical condition. High levels of enzymes such as elas-
tase and myeloperoxidase may be responsible for the de-
struction of pulmonary tissue [34]. Immune-complexes
(possibly together with other mechanisms) are thought
to be responsible for extra-pulmonary manifestations in
CF such as arthritis and vasculitis.

Bacterial factors may further modify tissue and im-
mune responses. A remarkable characteristic of the strains
of Pseudomonas aeruginosa colonising CF patients is the
production of a mucoid exopolysaccharide which increases
adherence to the respiratory tract and which has an anti-
phagocytic effect [76]. Suppression of phagocytosis by
both polymorphonuclear leucocytes and alveolar macro-
phages by exopolysaccharide [80, 88] and by exotoxin A
[77, 121] has been reported. Other products of P. aerugi-
nosa, such as elastase and other proteases, might also
compromise host defences or lead to tissue destruction
[24, 46].

Thus, both specific and non-specific host immune re-
sponses seem to contribute to pulmonary disease [108].

The bacterial species involved in the early phase of
the disease are usually Staphylococcus aureus and, some-
times, Haemophilus influenzae. The explanation for the
preference for S. aureus is unknown. It has been suggest-
ed that infection with S. aureus induces chronic lung dis-
ease and predisposes to Pseudomonas infections, but
this remains to be proven. The detection of H. influenzae
may be difficult due to overgrowth of other micro-organ-
isms.

Pseudomonas infections are increasingly important in
advancing disease. With age, colonisation becomes more
prevalent and exacerbations tend to become more fre-
quent [17]. P.aeruginosa once present, is virtually im-
possible to eradicate.

Respiratory tract colonisation with P. cepacia, a highly
resistent strain, has increased in several CF centres. It
has been associated with shortened survival [112].

Some micro-organisms, such as respiratory viruses,
Chlamydia and Mycoplasma, are reported to be associ-
ated with pulmonary exacerbations [39]. Peterson et al.
[75] observed respiratory syncytical virus relatively often
in relation with exacerbations in patients colonised with
P. aeruginosa [1]. This suggests a synergistic relationship
between virus and bacteria, possibly explained by de-
pression of host defence induced by the virus [28].

Assessment of bronchial inflammation

Symptoms of an infectious exacerbation include increased
coughing and an increase in the amount, purulence and
viscosity of sputum, as well as in dyspnoea, particularly
after exercise. Malaise, decrease in appetite and loss of
weight nearly always accompany respiratory exacerba-
tions. Fever or leukocytosis are only occasionally pre-
sent.

Culture of sputum identifies the causative micro-organ-
isms, and quantitative cultures may be helpful in assess-
ing the severity of infections [111]. A recent develop-
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ment is the application of DNA probes to identify micro-
organisms [116]. The major advantages of this technique
are specificity, the absence of interference by prior anti-
biotic therapy, and the possibility of identifying bacteria
in mixed cultures. The application of radioactive labels
for DNA probes hampers its routine use; nonradioactive
labeling methods are being developed.

The extent of the inflammatory process is reflected
by radiological abnormalities and by lung function. The
most reliable means of detecting exacerbations are a de-
crease in the forced expiratory volume in 1s (FEV;) and
the forced vital capacity. In mild, or intermediate sever-
ity, the radiological abnormalities usually correlate with
pulmonary function. In advanced disease this correlation
1s usually poor, because at this stage radiological abnor-
malities are so severe that further changes are barely de-
tectable and lung function becomes a better guide to as-
sess the severeity of the lung process.

The most widely used scoring system is that described
by Shwachman and Kulczyski [89] in which four aspects
are assessed: activity, physical examination, nutrition
and the chest roentgenogram, but this system does not
include lung function results.

Treatment of respiratory infections

General considerations

Antimicrobial therapy for CF has largely developed em-
pirically. Uncertainty remains concerning the indications
for treatment, the benefits of prophylactic administra-
tion of antibiotics, the kinds of drugs to use [31], and the
optimal dosage and duration of treatment.

The aims of treatment are to reduce the severity and
duration of the exacerbations, to prolong exacerbation-
free periods and to minimise lung damage.

Criteria which may be used to monitor the effective-
ness of treatment are a reduction in the volume and
purulence of sputum, an improvement in lung function
and an increase in body weight. The return of FEV; and
weight to pre-exacerbation values are good indicators of
recovery.

The optimal duration of therapy is still uncertain.
Weekly pulmonary function tests and assessment of other
indicators are useful in determining improvement. We
find that 2-3 weeks of treatment are often necessary,
particularly for severe infections.

The clinical efficacy of a particular antibiotic may be
different from the potency in in-vitro tests. This discre-
pancy may be explained by mixed bacterial populations
of susceptible and resistant strains, by variation in pene-
tration and by local interactions with cells and proteins
[62], as antibiotic activity can be antagonised by factors
in sputum [78]. Thus, although in-vitro measurements
are important in the choice of antibiotics, treatment
must be guided by an evaluation of the clinical response.
The pharmacokinetics of many antibiotics are different
in CF patients, and relatively low serum and sputum
levels (especially of aminoglycosides [42, 56] and ureido-
penicillins) are often found. This is caused by an increase
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Table 1. Antibiotic treatment in the case of an infectious exacerbation

Choice Antibiotic Dose (mg/kg/24 h) Gifts Guideline
per24h
Staphylococci
Oral 1. (Flu)cloxacillin 50-100 4
2. Erythromycin 50 4
iv. 1. (Flu)cloxacillin 150 4
2. Erythromycin 50-100 3
3. Vancomycin 50-100 4 control serum level
Heamophilus Influenzae

Oral 1. Amoxicillin 50 i.v. 100-150 4
Amoxicillin and clavulanic acid
(if lactamase +)

2. Cotrimoxazole 6/30 3
3. Cephalosporin (Cefuroxime) 30 i.v.100-150 2
Pseudomonas

Oral 1. Ciprofloxacin 30 3

Inhalation 1. Aminoglycoside
Tobramycin 80 mg each inhal. 2-3

2. + Ureidopenicillin 5000 mg each inhal.

L.v. 1. Aminoglycoside adjust: serum peak
Tobramicine 10 3 8-10, though 1-2mg/1
or Amikacin 30 3 adjust: serum peak

25-30, trough < 5mg/1
Combined with:  Ticarcillin/ Azlocillin 450 4
or continuous infusion
or combined with: Ceftazidime 300 4
Cefsulodine 200 or continuous infusion
2. Ceftazidime 300 4
3. Imipenem 100 4

in total body clearance or a relatively large volume of
distribution [35]. Measurement of serum levels, espe-
cially for aminoglycosides, is important to ensure that
therapeutic, but non-toxic concentrations are achieved.

The usually strategy in therapy is to prescribe anti-
biotics once an exacerbation is detected. Alternatively
prophylactic therapy, using continuous or intermittent
antibiotics on a regular basis, may be applied. Prophylac-
tic therapy in preventing staphylococcal colonisation has
not been sufficiently studied to determine its value [40,
86, 110].

Prophylaxis against Pseudomonas with aminoglyco-
sides or ceftazidime sprays is currently under study. On
a short-term basis this seems to be effective [12, 85], but
long-term studies are needed. Oral anti-pseudomonal
antibiotics, the quinolones, recently became available.
Their benefit on a long-term basis has to be established.

Whether i.v. antibiotic courses with aminoglycosides
or cephalosporins at regular intervals are capable of mod-
ifying the course of the disease in the long run, and wheth-
er this outweighs the risks and costs of such treatment is
still a matter of debate.

The development of bacterial resistance to antibiotics
is an increasing problem, especially in patients with ad-

vanced disease who require frequent treatment. Anti-
biotic therapy may lead to selection of pre-existing mu-
tant resistent organisms. Combinations of antibiotics, or
periodical changes in regimens may reduce the occur-
rence of such resistance [9, 21, 50, 92].

Choice of antibiotics (see Table 1)

Alternative choices of antibiotics are given in the Table,
listed for the bacteria commonly observed in CF pa-
tients.

The various aminoglycosides [38, 58], and the various
ureidopenicillins (azlo-, meslo- and piperacillin) [64, 73,
84] do not seem to have clear differences in efficacy.
Piperaciilin may produce serum-sickness-like symptoms,
and these seem to be relatively common in CF patients
[104]. Other regimens need to be considered. Firstly, re-
sistance to ureido-penicillin is increasing. Resistance to
ticarcillin has increased to 62% in some studies [60],
whereas resistance to cephalosporins, such as ceftazidime,
is currently appreciably lower [59]. Secondly, aminogly-
cosides are potentially oto- and nephrotoxic [71]. Rela-
tively high doses and repeated courses gradually increase



the risk of toxic effects. The dose of aminoglycosides
should be based on measurements of serum levels [42].

The cephalosporins, ceftazidime and cefsulodin, can
be prescribed alone or in combination with tobramycin.
Ceftazidime monotherapy has been found to produce
similar improvement in respiratory function and clinical
conditions to the combination of an ureidopenicillin and
an aminoglycoside [10, 70]. Ceftazidime is of particular
importance for the treatment of P. cepacia. P. cepacia is
not sensitive to aminoglycosides, but often has a good
in-vitro sensitivity to cotrimoxazole, ceftazidime, cipro-
floxacin [32, 43], amiloride plus tobramycin [14] and
chloramphenicol.

The quinolones, e.g. ciprofloxacin, given orally have
been found to have excellent tissue penetration and to
be active against Pseudomonas [93, 98]. Ciprofoxacin
seems to be a major advance because of its efficacy as
oral therapy, facilitating home treatment. Side-effects,
namely cartilage abnormalities, have been reported in
animal studies, but little information about the effects
and side-effects in children is available. Resistence has
already been found.

Imipenem is effective in the treatment of pulmonary
infections in CF patients [49]. However, resistance de-
velops in many patients after a short treatment period
(49, 72].

Treatment of CF respiratory disease includes, apart
from antibiotics, inhalation and physiotherapy. In gen-
eral the beneficial effects of physiotherapy have been
difficult to demonstrate objectively, but some patients
report subjective improvement [48].

Inhalation therapy consists of saline sprays with or
without a mucolytic agent and a bronchodilator. Chest
physiotherapy attempts to compensate for impaired mu-
cociliary clearance. A number of new techniques have
been added to conventional physiotherapy (chest per-
cussion, vibration and compression, together with post-
ural drainage and assisted coughing). Autogenic drain-
age and the forced expiration technique (both special
cough techniques) try to avoid airway compression dur-
ing expiration by feducing positive expiratory transthora-
cic pressures [109].

Positive expiratory pressure mask physiotherapy
achieves the same goal by expiring against an exter-
nal airflow resistence (individually adapted between 10—
15emH,0) [117]. Physical exercise promotes clearance
of the lungs and improves the physical condition of CF
patients [69].

The newly developed techniques which need active
co-operation of the patient are often difficult to use in
very young children and in some older patients, espe-
cially those with severe disease. An advantage of these
techniques is the improved independence of the patients.

Complications

Major respiratory complications in CF include haem-
optysis, pneumothorax, cor pulmonale, and respiratory
failure.

Haemoptysis occurs in approximately 5% of CF pa-
tients, mostly in those with pronounced pulmonary ab-
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normalities [102]. An infectious exacerbation is often the
direct trigger of haemoptysis. Localisation of the site of
bleeding is not always easy, although some patients may
indicate the region by localising sensations of fullness,
gurgling and pain. Arteriography is not often helpful in
determining the site of the bleeding. Bronchoscopy is
the best method of localising the haemorrhage and allows
removal of blood from bronchi and haemostasis either
by vasoconstrictive agents or by tamponade. Clinical ex-
perience has shown that vasopressin (either as an i.v.
bolus, or continuous infusion) may stop the bleeding
[55].

Bronchial artery embolization is very successful in
preventing recurrence of haemoptysis [23]. Foam gel or
other vessel obstructive agents are passed via a catheter
into the bronchial arteries supplying the involved lobes.
The procedure is relatively safe if the bronchial and spi-
nal arteries are clearly identified in order to avoid block-
ing of the latter. Many patients experience minor bleed-
ing from mucosal lesions which usually heals rapidly and
requires no specific therapy.

Pneumothorax is probably related to the develop-
ment of subpleural blebs, and airway obstruction by
tenacious secretions. Patients present with subacute or
acute shortness of breath, chest pain and cyanosis. When
spontaneous improvement does not occur or symptoms
are severe, pneumothorax should be treated by chest
drainage. However a large pneumothorax and/or marked
symptoms may require more definitive therapy. A chest
drain usually results in the resolution of the pneumo-
thorax, but recurrences can occur. In such cases addi-
tional procedures can be considered, including applica-
tion of chemical agents in the plural cavity or surgical
stripping of the parietal pleura. Both methods appear to
be equally effective [44, 94, 100, 103]. The use of tech-
niques leading to pleural adhesions should be balanced
against the problems of performing lung-transplantation
[90] after pleurectomy.

Allergic bronchopulmonary aspergillosis (ABPA)
occurs in some CF patients. Aspergillus fumigatus col-
onises many CF patients and induces IgG and IgFE anti-
bodies. The Toronto group evaluated a large group of
patients for immunological criteria suggestive of ABPA,
including positive skin testing for Aspergillus [22].
ABPA indicators were found in 10% of their patients,
most of whom had advanced disease. The Copenhagen
group estimated an ABPA incidence of about 0.9 per
100 CF patients per year [87]. ABPA can be diagnosed if
bronchospasm and variable pulmonary infiltrates are
found in addition to eosinophilia and the presence of
specific IgG and IgE antibodies. The clinical and radio-
logical signs, however, may be difficult to distinguish
from the usual symptoms of CF lung disease. The levels
of Aspergillus 1gG antibodies are closely related to pul-
monary function [26]. Maguire et al. [57] treated ABPA
patients successfully with corticosteroids daily for 1-5
months, followed by a alternate-day scheme for 6 months.

Hypoxaemia becomes more pronounced with progres-
sion of lung function abnormalities, with the subsequent
development of hypercapnia. This may be asymptomatic
for a long time. Hypoxaemia may be accompanied by
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symptoms such as morning headache, due to a fall in
nocturnal oxygen saturation. Hypoxia may also worsen
with exercise in patients with advanced airways disease.
A FEV; below 60%—-65% of the expected value corre-
lates with a risk of hypoxia [119]. Hypoxaemia (O, sat-
uration below 85%-90%) can be treated with supple-
mentary oxygen, although its long-term benefit is not
clear. Recurrent periods of hypoxia produce or aggra-
vate pulmonary hypertension and cor pulmonale and
may be a risk under conditions such as air travel [54].
Clinically manifest cor pulmonale usually indicates a
short survival time.

Gastro-intestinal abnormalities

The CF defect affects potentially all abdominal organs
with a secretory function [27, 51, 83]. The function of the
exocrine pancreas and the intestine is almost always com-
promised, but liver function is less frequently impaired.

Several studies have shown chloride impermeability
of apical membranes of crypt cells in the small intestine
and the rectum from CF patients after stimulation with
cyclic adenosine monophosphate Ca*" [33]. A conse-
quence of the defect in chloride secretion of the crypt
cells, is probably dehydration of the mucus layer, pro-
ducing decreased transport and creating a risk of luminal
obstruction, as in the bronchial tree.

Malabsorption is very common in CF with only 10%
of patients showing a normal fat absorption.

Pancreatic insufficiency is present at birth in over
80% of patients due to an impairment of chloride and
bicarbonate secretion [47]. Gasser et al. [30] recently
found Cl™ secretion in the zymogen granules in pancreas
and salivary glands in the rat and one may speculate on
the importance of chloride secretion for the enzyme re-
lease in the human pancreas. The output of the digestive
enzymes, particularly lipase, colipase and trypsin is di-
minished. Lingual lipase partly compensates for the defi-
ciency of pancreatic lipase. This enzyme is acid resistent,
and only inactivated at pH <2.0-2.2, which makes it
very effective in the stomach and, in CF-patients, also in
the duodenum.

Carbohydrate digestion is not disturbed because of
the amylase from other origins, particularly from swal-
lowed saliva.

Although pancreatic enzyme deficiency is accepted
as the most important factor in malabsorption, other fac-
tors have to be considered.

Fat absorption is considerably facilitated by micelle
formation and its migration to the surface of the entero-
cyte [52]. In CF the mucus layer is increased, and forms
a barrier for macro-molecules and aggregates such as
micelles [99].

Bile salts play an important role in micelle formation.
CF patients suffer from bile salt deficiency as result of an
increased loss of bile salt in the stools. The cause of the
increased faecal bile salt concentration is not clear. The
uptake of individual bile salts studied in isolated mem-
brane vesicles from the terminal ileum is normal in con-
trast to measurements on whole cells [25, 81]. In vivo up-

take of single conjugated bile salts in the distal ileum is
normal in CF [114]. Taurine deficiency in CF increases
the glycine conjugated fraction of bile salts. The lower
solubility of glycine conjugates may hamper the overall
bile salt absorption and secondarily the fat absorption.

Intestinal transport, as estimated by the oral to caecum
transit time, is 2-3 times longer than normal in CF [5].
This is probably related to the abnormal behaviour of
the mucus. The consequences are variable, i.e. prolonged
contact time has potentially beneficial effects on absorp-
tion, but also facilitates bacterial overgrowth.

Malnutrition and deficiencies are the consequence of
malabsorption, infections, a diminished appetite, or more
usually, the combination of these. Resting energy expen-
diture is significantly increased and correlates negatively
with pulmonary function and nutritional status [118]. If
severe enough, malnutrition may compromise immune
responses and constitute a risk for infections, thus estab-
lishing a vicious circle.

Many CF-patients are deficient in essential fatty acids
(EFA) and fat soluble vitamins, in particular vitamin E.
Plasma of patients shows a decrease of the linoleic acid
level and an increase of the palmoleic acid and oleic acid
level. The EFA deficiency may be the consequence of fat
malabsorption but could be directly related to the basic
defect, a suggestion that is supported by the observation
that EFA deficiency is also found in the absence of
steatorrhoea [105]. Vitamin E deficiency is most pro-
nounced under conditions of both pancreatic insuffi-
ciency and bile salt deficiency. Symptoms caused by vita-
min E deficiency are rare and manifest only after long-
standing extremely low serum levels. Deficiency of vita-
min A is common in CF and symptoms of night blindness
have been described. Vitamin D deficiency is rare, in
particular in sunny climates. Vitamin K deficiency oc-
curs in association with liver disease, inadequate intake
and with the use of antibiotics.

Liver and bile duct pathology

Although approximately 30% of the CF patients older
than 10 years of age have hepatomegaly, only a few have
abnormal liver function tests (10%) or oesophageal var-
ices (1%) [74]. The histopathology of the liver is charac-
terised by focal biliary fibrosis which is probably due to
progressive obstruction of the bile ducts [96]. Chloride-
bicarbonate exchange and chloride conductance have
been demonstrated in the canalicular membrane of bile
ducts [61, 79], and these may play a role in bile forma-
tion. Malnutrition, bile salt deficiency and EFA defi-
ciency are probably also involved in the pathogenesis of
liver cirrhosis in CF. Large amounts of conjugated bile
salts are lost in the stools resulting in depletion of the
taurine pool [113] and domination of glycine conjugates
which are less soluble.

Recent studies describe abnormalities of the extra-
hepatic bile ducts, which can contribute to the develop-
ment of cirrhosis [29, 66, 106]. Gaskin et al. [29] found
symptoms of liver disease in 40% of 153 CF patients. The
majority of these patients showed abnormalities in the
biliary tract when studied by scintigraphy and cholangio-



graphy. The disorders ranged from strictures in the com-
mon bile duct to narrowing and beading of the intra-
hepatic ducts.

A severe complication is portal hypertension and
upper gastro-intestinal haemorrhage. Death may occa-
sionally be due to liver failure.

Therapy for malabsorption and malnutrition

Malabsorption in CF can be improved by giving pancrea-
tic extracts with meals [6, 97]. An important advance has
been enteric coated microspheres resistant to acid which
significantly enhances the enzyme activity in the duo-
denum. Instead of large amounts of pancreatic powder,
only two or three capsules a meal are required for cor-
rection of malabsorption. However, intestinal absorp-
tion can only partly be corrected in most of the patients.
Possible explanations for this are bile salt deficiency and
the mucus barrier, which also limits absorption. Several
investigators suggested that taurine supplementation im-
proved fat absorption [15], but these results were not
confirmed by others [115]. At present the usefulness of
taurine supplementation is a subject of further investiga-
tion.

A high energy intake is necessary for many patients,
but this is often difficult to achieve [118]. Several meth-
ods have been introduced to increase energy supply [8,
95]. The efficacy of additional calories on nutritional
status and pulmonary function has been investigated by
many studies [118]. Most investigations on nutritional
rehabilitation are short-term studies and show only tran-
sient improvement in nutritional status. In most studies
the pulmonary function either did not change or showed
a gradual decline. Long term hyperalimentation how-
ever may prevent further deterioration of lung function
[8,95]. A comparison between different dietary strategies
in two populations revealed that a normal fat intake was
associated with a higher survival age and a taller stature
compared to a restricted fat intake, but had no influence
on lung function [16]. It is our experience that lung infec-
tions are often accompanied by a decrease in body weight
[67]. To what extent maintenance of optimal nutritional
condition will prevent pulmonary deterioration has not
yet been answered. Important points are: a strict adher-
ence to the diet; involvement by a team of food-techni-
cians, dieticians and nurses; and most importantly palat-
able food.

An increase in recommended daily allowance with
30%-50% for compensation of the extra losses and
the increased energy expenditure is recommended. Fat
should provide 40% of the daily energy in the diet and
EFA 2%-5%. Medium chain triglyceride fat is not re-
commended because of poor taste and high costs. Poly-
unsaturated fatty acids are preferred because of their in-
creased digestibility. If extra calories are needed, glu-
cose polymers may be used. Vitamin supplements are
necessary and should preferably given in water soluble
form (Table 2). Trace elements, particular zinc, are only
prescribed in young infants with growth failure and dur-
ing parenteral nutrition.
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Table 2. Daily vitamin supplements in CF (serum levels in pmol/1)

Normal Moderate Severe
deficient deficient
Vitamin A serum level  1.2-3.9 0.5-1.2 <0.5
Dosage 1300-2400 9000 IU 18000 IU
Vitamin D serum level  30-100 10-30 <10
Dosage 400-800 300010 6000 1U
Vitamin E serum level  18-37 10-18 <10
Dosage 50mg 125mg 250 mg

The vitamin preparations must be prescribed in the water soluble
form. In case of deficient serum level and high dosage, the levels
must be controlled regularly.

The administration of enteric nutrients in practice is
complicated.

Nasogastric tube feeding at night is an effective pro-
cedure, but continuous pancreatic enzyme supplementa-
tion is a problem and therefore an elemental diet is ad-
vocated. Not all patients tolerate a nasogastric tube, and
in addition, it may promote gastro-oesophageal reflux
[91] with a potential risk for aspiration.

Gastrostomy feeding has similar drawbacks. Jejunos-
tomy is often well tolerated but continuous infusion is
necessary to prevent dumping. Recurrent surgical proce-
dures and anaesthesia may be required in many patients
and an abdominal fistula is a psychological burden for
most patients.

Parenteral nutrition is difficult to perform and needs
a skilled team. To make a decision for an individual pa-
tient one has to balance the need to supply extra calories
and the feasibility of the various procedures for that par-
ticular patient [4, 53]. In practice these procedures have
to be considered in patients with a markedly depressed
appetite and severe malnutrition, although there is an
ongoing discussion on the potential benefit of interven-
tion at an earlier stage.

Complications

Intestinal motility and abstruction. It is important to con-
sider the possibility of gastro-oesophageal reflux in CF
patients with upper abdominal symptoms or complaints
of progressive respiratory symptoms. Regurgitation and
heartburn were significantly more frequent in CF pa-
tients as compared with normals [91]. Pathological reflux
studied with 24 h oesophageal pH monitoring was found
in approximately 25% of the patients, but signs of aspi-
ration were not detected.

Meconium ileus (MI) is the presenting symptom in
10% of CF patients. The mortality was high until the es-
tablishment of reliable surgical techniques 20 years ago;
thereafter a pronounced increase in survival (from 55%
to 96%) in the Ist year of life was observed [45]. MI is
more frequent in families with other siblings suffering
from CF. Although it is speculated that children with MI
have a different haplotype, these patients show a similar
course of the disease as patients without MI [65].
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Intestinal obstruction may occur later in life, when it
is described as either the “meconium ileus equivalent
syndrome” or, better “distal intestinal obstruction syn-
drome” (DIOS). This condition is due to mucus impac-
tion, comparable to the situation in MI. Abdominal pain
is the most common manifestation. DIOS is estimated to
occur in approximately 20% of the older CF patients,
and is limited to patients with pancreatic insufficiency,
suggesting a direct relationship with malabsorption of
nutrients. An indirect relationship is supported by the
fact that intestinal obstruction does not occur in non-CF
types of exocrine pancreatic insufficiency [37].

The conventional therapy for DIOS consists of oral
N-acetyl-cystein, but the results are often disappointing.
Lactulose is sometimes helpful. DIOS can be treated by
gastrografin enema of the colon, but this treatment is
painful and has the risk of dehydration and intestinal
perforation. Oral gastrografin dosages were effective in
a dosage of 50ml in children under 8 years of age and
100 ml in older children and adults, diluted in a 4 fold
volume of water [68]. In two studies [13, 18] the use of a
rapid gastrointestinal lavage with a balanced electrolyte
solution was found to be effective. Most of the children
were able to drink up to 1000 ml/h with a total volume of
4-61but nausea was a frequent side-effect.

Portal hypertension

Until the 1970s portal hypertension and oesophageal
varices were treated by porto-caval shunts and spleno-
renal shunts. Although most of these patients were at
risk because of diminished lung function, the results
were satisfactory [120]. Sclero-therapy is usually found
to prevent recurrent bleeding [101} and is presently con-
sidered a first choice.

Liver insufficiency in CF patients must be treated as
in non-CF patients with protein restricted diet, diuretics
and lactulose. Some patients with terminal liver insuffi-
ciency recieved transplantation [63]. This approach raises
many technical and ethical questions, which are pre-
sently under discussion.

Perspectives

Rapidly developing knowledge of the pathophysiology
of CF will probably result in new possibilities in diag-
nosis and treatment in the not too distant future. Sensi-
tive indices to assess disease activity will facilitate opti-
mal therapy. Therapy at home will reduce the necessity
for frequent hospitalisation thereby improving the qual-
ity of life [11,19]. Prenatal diagnosis by DNA technology
and screening will ultimately result in a lower incidence
of CF. Correction of the basic defect (gene therapy) may
also be considered a possibility.
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