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LEARNING OBJECTIVES

Upon successful completion of this

lesson, you should be able to:

1. describe the pathogenesis of cystic

brosis (including genetic and molecular
mechanisms)

2. discuss the pathophysiology and
clinical manifestations of cystic brosis,
including the diagnostic tests for this
disease

3. explain aspects of care for patients with
cystic brosis, including nonpharmaco-
logic and pharmacologic treatment
modalities

4. outline the interprofessional team
approach for this disease, including the
pharmacist s role for cystic brosis
patients and their care providers

INSTRUCTIONS

1. After carefully reading this lesson, study
each question in the post-test and
select the one option you believe is the
best answer. Although more than one
option may be considered acceptable,
only one option is the best answer.

2. To pass this lesson, a grade of at least
70% (14 out of 20) is required. If you
pass, your CEU(s) will be recorded with
the relevant provincial authority(ies).
(Note: some provinces require
individual pharmacists to notify them.)

ANSWERING OPTIONS

A. For immediate results, answer online
at www.pharmacygateway.ca.

B. Mail or fax the printed answer card
to (416) 764-3937. Your reply card
will be marked and you will be
advised of your results within six
to eight weeks in a letter from
Pharmacy Practice.
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Cystic Dbrosis: an update
By Rebecca M.T. Law, Pharm.D.

-

Cystic brosis (CF), a multisystem disease,
is one of the most common inherited dis-
eases. Although found in all ethnic groups,
it is most common among Caucasians, with
a disease frequency of about one in 2000
3000 live births and a calculated carrier
frequency of about ve per cent.! The rst
symptoms typically occur in early child-
hood, but a subset of patients are not diag-
nosed until adulthood. Historically, CF
was associated with very early mortality.
Patients often did not survive past teenage
years. With new advances in the under-
standing of disease mechanisms and in
the management of patients with CF, sur-
vival has signi cantly improved and
patients can often live beyond their third
decade. As aresult, it is now common for
clinicians caring for these patients to
manage other concomitant chronic disease
conditions unrelated to CF.

This article will review the pathogenesis
of CF (including genetic and molecular
mechanisms), discuss its pathophysiology
and clinical manifestations, and focus on
management aspects, in particular, advances
in both nonpharmacologic and pharmaco-
logic treatments. It should be emphasized

that for CF, the nonpharmacologic treat-
ments are equally, if not more important
than pharmacologic treatment modalities.

Pathogenesis

In 1989, the CF susceptibility gene was
discovered by a group of researchers at the
Hospital for Sick Children in Toronto, and
named the cystic brosis transmembrane
conductance regulator (CFTR) gene.**
Mutations were identi ed in this gene in
patients with CF. Since that time, much
effort has been made to correlate the clini-
cal presentation of this disease to speci ¢
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mutations, to identify polymorphisms, and
to target treatments.®

The CFTR gene has about 180,000 base
pairs on the long arm of chromosome 7.8
CF is inherited in an autosomal (nonsex-
linked) recessive manner. Both parents
must be carriers of CF, resulting in a 25%
risk of a child having CF. There is equal
likelihood of a male or female child being
born with CF. It is important to tell parents
that each pregnancy carries the same risk
of having a child with CF, regardless of
what happened in prior pregnancies.

The CFTR gene codes for the CFTR
protein, which contains 1480 amino acids.
It is part of the ATP-binding cassette
(ABC) gene family. ABC proteins are
mediators of organic solute transport.
CFTR protein conducts chloride across
the cell membrane. Other functions of
CFTR include down-regulation of tran-
sepithelial sodium transport, and regula-
tion of calcium-activated chloride chan-
nels and potassium channels.®

It was in 1990 that researchers linked
mutations in the CFTR gene to the chloride
channel defect in CF, responsible for the
hallmark clinical presentation.®> Subse-
quently, it was found that point mutations
in the CFTR gene caused subtle alterations
in ion-channel selectivity, single-channel
conductance, channel gating and other
changes.® To date, over 1300 mutations and
putative mutations of the CFTR gene have
been identi ed.® Mutations are classi ed
based on how they in uence CFTR-
mediated anion secretion.®® Class I, Il
or Il mutations cause complete loss of
chloride-channel function due to various
molecular mechanisms. Class IV and V
mutations result in reduced activity, and
Class VI mutations result in defective CFTR
stability at the cell surface.®®

Class I, Il or Il mutations are also
strongly associated with pancreatic insuf -
ciency. Inabout two per cent of CF patients
diagnosed on clinical grounds, symptoms of
recurrent acute or chronic pancreatitis
develop, often rst occurring in adolescence
or adulthood.® Furthermore, some patients
with idiopathic pancreatitis or chronic pan-
creatitis due to alcoholism or metabolic
disease actually have CFTR mutations.®
These would be atypical, milder CF
patients often diagnosed in adulthood. There
are also mutations associated with milder
forms of lung disease in CF patients.'

The most common disease-causing mutation
is Delta F508, accounting for about 70% of all
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mutant CFTR chromosomes worldwide®>%8
and about 90% of CF in the U.S.® Thisis a
Class 11 defect that causes the CFTR protein
to be rapidly degraded after synthesis, before
it can reach its site of action.® Other common
mutations include G542X, G551D, N1303K
and W1282X.58 Some mutations have a
higher frequency in certain ethnic groups.

Pathophysiology

The primary pathophysiologic feature of CF is
the production of thick, tenacious mucous,
obstructing exocrine glands and small airways
of the lung. This can lead to glandular hyper-
plasia and dilatation of gland ducts. Luminal
dilatation by mucous is one of the earliest dis-
cernible changes in the lungs of newborns and
children with CF® Patients with CF have
airway surfaces lled with thick, viscous,
neutrophil-dominated mucopurulent debris
and submucosal gland hyperplasia, as well as
ductular dilatation, accompanied by in am-
matory changes and scar tissue.

Pulmonary in ammation is a major cause
of the decline in lung function in CF. In the
airways of CF patients, there are elevated
levels of in ammatory mediators including
interleukin-8 (a neutrophil chemoattractant),
interleukin-6, tumour necrosis factor-alpha,
and leukotriene B,, along with reduced levels
of anti-in ammatory cytokines and proteases.®
These and other in ammatory changes in u-
ence the progression of lung disease. End-
stage lung disease is a major cause of death.
Chronic hypoxia leads to cor pulmonale (asso-
ciated with right-sided heart failure).

The presence of thick, tenacious mucous
in the lungs allows bacterial pathogens to
colonize and cause infections. The most
common pathogens include Pseudomonas
aeruginosa, Staphylococcus aureus, Hemo-
philus in uenzae and Burkholderia cepa-
cia.® These can become entrenched in the
airways of CF patients and become dif cult
to eradicate. P. aeruginosa can adapt to
the pulmonary environment by forming
macrocolonies (or bio Ims) and by produc-
ing a capsular polysaccharide which
inhibits bacterial cell penetration by anti-
biotics.® Chronic lung infections lead to
persistence of a neutrophil-predominated
in ammatory response, followed by a
perpetuating cycle of infection and in am-
mation. Upper respiratory tract infections
such as sinusitis (due to P. aeruginosa,
H. in uenzae, streptococci or anaerobes)
and nasal polyps are also common.®

In the pancreas, the thick, tenacious
mucous leads to mucinous impaction and

thick concretions within pancreatic ducts,
which can result in chronic brosis, fatty
replacement of the gland, or both. Pancreatic
acinar cells are destroyed. CFTR abnor-
malities lead to abnormal transmembrane
uid and electrolyte movement. De ciency
of pancreatic bicarbonate uid lowers the
duodenal pH, precipitating bile salts and
inactivating pancreatic enzymes.*?

There are numerous gastrointestinal prob-
lems associated with CF. At birth, about 10%
of CF patients have meconium ileus, an intes-
tinal obstruction. Meconium, normally present
at birth, usually becomes digested by trypsin
and other digestive pancreatic enzymes and is
passed in the feces after birth. The CF patient
hasade ciency of trypsin and other digestive
pancreatic enzymes, resulting in meconium
ileus. This is fatal if left untreated.® In later
life, intestinal obstruction may also occur (dis-
tal intestinal obstruction syndrome [DIOS]) as
a result of fecal impaction, intussusception,
strictures and adhesions.®* Other intestinal
complications can include volvulus, GERD,
perforation, and rectal prolapse.

In most patients with CF, de ciency of
pancreatic enzymes results in the early
onset of typically severe intestinal mal-
absorption. In a series of screened infants,
malabsorption affected 59% of infants by
seven weeks, 79% by six months, and
92% by one year.*2!* This is termed pan-
creatic insuf ciency: thereis insuf cient
pancreatic function to allow normal intes-
tinal absorption of fat and nitrogen. These
patients will require pancreatic enzyme
replacement therapy (PERT) for life.
However, there is a small percentage of
CF patients with milder CFTR mutations
(e.g., R117H, R334W and P574H), who
may be pancreatic-suf cient.®*?

Increased amounts of precipitated bile
salts are lost in feces.** Obstruction of
bile canaliculi and constriction of the
common bile duct may occur. Abnormal
mucin in the gall bladder and malabsorp-
tion in CF patients with pancreatic insuf-

ciency result in a higher frequency of
gallstones. Gallstones are more prevalent
than in the general population, even in
CF patients with pancreatic suf ciency.
About 15% of young CF adults have gall-
stones, regardless of the status of their
pancreatic function.*® Obstruction of bile
canaliculi frequently causes hepatic damage,
including biliary cirrhosis.® Obstructive
cirrhosis may be complicated by esophageal
varices, portal hypertension, splenomegaly
and hypersplenism.*3
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Clinical presentation of cystic brosis

Gastrointestinal
issues

At birth: meconium ileus (10% CF patients),®!%¢ less commonly delayed meconium passage (> 24 48 hours after birth); prolonged
cholestatic jaundice (elevated serum bilirubin may persist for up to 6 months);>*® volvulus, intestinal atresia, perforation, meconium
peritonitis'®

Older infants and children: abdominal distension, steatorrhea (frequent, poorly formed, pale, bulky, foul-smelling, greasy stools that oat
in water and are dif cult to wash away),'*'¢ excessive atus,® GERD, intussusception, strictures, adhesions, rectal prolapse (may be the
presenting manifestation especially in the undiagnosed child 1 2 years old);* history of jaundice or abdominal pains; pancreatitis
(> 1 year old to adults)®

Hepatobiliary: gallstones, obstructive liver cirrhosis, esophageal varices, hepatosplenomegaly*1®

Malabsorption
issues

failure to thrive (may be the sole manifestation in an infant with cystic brosis),'® inadequate weight gain and growth in children and
adolescents, low body mass index (BMI) in adults, dry skin (vitamin A de ciency), cheilosis (vitamin B complex de ciency),*®
hypoproteinemia, poor growth pattern (decreased subcutaneous tissue and muscle mass in spite of normal or voracious appetite),¢
possible deleterious effects on cognitive function*®

Pulmonary
issues

chronic/recurrent cough (dry hacking or productive), recurrent wheezes/crackles, recurrent pneumonias, atypical asthma, chronic
bronchiolitis, bronchiectasis, rhinitis, chronic sinusitis, nasal polyps; tachypnea, hyperin ation and hyperresonant chest on percussion,
cyanosis, clubbing, characteristic ground glass or bubbly appearance on chest X-ray'®

Cardiovascular
issues

cor pulmonale (due to chronic hypoxia), heart failure (a delayed complication)

Endocrine issues

sterility (males);® decreased fertility (females); late onset puberty; amenorrhea (female patients with severe pulmonary involvement or
extreme malnourishment);** diabetes of insidious onset (in adolescents or adults, usually with Delta F508 mutation plus pancreatic
insuf ciency); pancreatic beta cells typically spared, but function decreases with age, resulting in hyperglycemia and increased need for
insulin

Electrolyte

depletion of sodium (hyponatremia) and chloride (hypochloremia), chronic hypoelectrolytemia (Pseudo-Barter syndrome), hypokalemic

issues

metabolic alkalosis, dehydration; salt crystals on child s skin and salty sweat due to excessive salt loss from sweating*®

Glandular obstruction of the vas deferens
can occur in the male fetus in utero. This
causes involution of the wolf an duct, vas
deferens and associated structures, resulting
in infertility. Furthermore, CFTR mutations
have a variant causing congenital bilateral
absence of the vas deferens, also resulting in
infertility.5 *> Females with CF are less fertile
due to increased viscosity of the cervical
mucous, making sperm migration more dif-

cult; however, many have borne children.
Although normal pregnancy is possible,
patients with more advanced CF can have poor
outcomes, and pregnancy should be avoided
when patients have pulmonary hypertension
or cor pulmonale, or when reduced lung func-
tion is predicted.'”

In contrast, sweat glands in CF patients
generally do not become obstructed. Instead,
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there is abnormal sodium chloride transport.
A defective CFTR reduces the reabsorption of
chloride (the anion) from sweat ducts, conse-
quently limiting the amount of sodium (the
cation) reabsorbed. Since there is no other
pathway for effective chloride reabsorption in
the duct, sodium is equally poorly reabsorbed
and sweat emerging on the skin surface con-
tains a high salt content.

Clinical presentation

Signs and symptoms of CF can usually be seen
withinthe rstyear after birth for most patients
since the most common CFTR mutation, Delta
F508, is almost always associated with early
clinical signs and pancreatic insuf ciency.
Patients with many other CFTR mutations may
have later, milder or atypical clinical presenta-
tions. However, one cannot predict the outcome

of a patient with CF, even when the precise
mutation is known. Some patients have rapid
progression of their lung disease despite an
early diagnosis and appropriate treatment,
while others may have a slow disease progres-
sion and reach adulthood. Advances in clini-
cal care have improved survival, resulting in
an increased mean age of CF patients, but also
an increased incidence of later-in-life compli-
cations, formerly thought to be uncommon in
CF, including diabetes and severe liver disease
(Table 1).1

Diagnosis

Newborn screening for CF is recommended
by the Centers for Disease Control and Pre-
vention and the Cystic Fibrosis Founda-
tion.® 22 A joint report published in 2004
concluded that screening is justi ed based
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on evidence of moderate bene tand low risk
of harm. Newborn screening is not diagnos-
tic  if screening results are positive, further
tests must be done to either rule out or con-
rm a diagnosis of CF; only a fraction of
newborns who screen positive are ultimately
diagnosed with CF.2 Early detection has
conclusive evidence of nutritional bene t,
including greater height,2 but mixed evi-
dence of bene tin pulmonary status. Early
detection minimizes the consequences of
misdiagnosis and the adverse psychosocial
effects for the childs family due to a delay
between the appearance of CF-related symp-
toms and a de nitive diagnosis.?® Delayed
diagnosis allows more extensive/permanent
lung damage to occur, postpones treatment
and deprives the family of time to adjust to
a chronic disorder.162
One method of newborn screening
currently used is measurement of immuno-
reactive trypsinogen (IRT). IRT is a
pancreatic enzyme precursor in infant
blood, secondary to pancreatic ductular
obstruction and leakage of enzyme into
the circulation; however, false-positive
results are frequent.® IRT results should
never be used to con rm a CF diagnosis;
this must be done via genotyping or a
sweat test. Infants with elevated IRT
can be screened for 25 genetic muta-
tions and those with a positive screen
may undergo a sweat chloride test for
con rmation.?® Genotyping that reveals
two known CF-causing mutations con-
rms the diagnosis;® however, among
the more than 1,300 mutations are pri-
vate ones, which may occur in one
family only, and would not be identi ed
by commercial genotyping.®
The sweattest ( sweat chloride test )
is the gold standard for diagnosing CF. It
must be performed and evaluated in a
laboratory by experienced technicians for
accurate test results. The quantitative
pilocarpine iontophoresis test (QPIT) is
currently considered to be the only ade-
quately sensitive and speci c type of
sweat test.® It is the most useful initial
diagnostic test in an adult suspected of
having CF.? When done properly, sweat
chloride concentrations < 40 mmol/L rule
out CF; values between 40 and 60 mmol/L
are borderline, and values > 60 mmol/L
are consistent with a diagnosis of CF.%132627
The test is repeated to con rm a positive
result;® a sweat test with an initial nega-
tive result is also repeated if clinical signs
and symptoms suggest CF.** CF patients
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will generally have a positive sweat test
from birth, remaining consistently posi-
tive throughout their lifetime and
unaffected by other illnesses.?” For
patients diagnosed with CF in adulthood,
> 90% will have a positive sweat test.?
Adults with a borderline or normal sweat
test, yet suspected of having CF, should
undergo CFTR mutation analyses.?

Management

Management of this multisystem disease
includes pancreatic enzyme supplements,
antibiotics, nutritional supplements and
vitamins, physical and inhalational
therapies, anti-in ammatory agents and
exercise.

CONTROL OF MALABSORPTION
Pancreatic insuf ciency resulting in mal-
absorption should be con rmed before
starting PERT. Some patients may have
mild or no clinical signs of malabsorption,
but have pancreatic insuf ciency. Con-

rmation is ideally done by estimating
fecal pancreatic elastase 1 (EL 1), the
most suitable method to demonstrate pan-
creatic insuf ciency.!2?® Patients with
normal pancreatic functions will have
values > 200 g/g of feces, whereas
patients with pancreatic insuf ciency will
have very low values; there is usually a
clear distinction. The EL 1 test can be
performed after the age of two weeks. It
is not affected by PERT and can be used
in patients being reinvestigated for pan-
creatic status, even if they are already
taking enzymes. It can also be used for
annual monitoring of CF patients who
have been pancreatic suf cient to identify
the onset of pancreatic insuf ciency.!2?

Measurements of fecal fat excretion or
fecal fat content by various methods (e.g.,
fecal microscopy for fecal fat content) can
be used to estimate the severity of intestinal
fat malabsorption prior to and during PERT.
There should be no neutral fat and only a
1+ or 2+ split fat in two to three randomly
collected fecal samples if PERT is appro-
priately provided; monitoring could be done
every few months and during an annual
assessment of the disease.® A 13 carbon
mixed-triglyceride breath test also assesses
fat digestion, however this is expensive and
not readily available.*?

Who should receive PERT? All CF
patients with obvious GI symptoms/signs
of malabsorption (e.g., inadequate weight
gain) and evidence of a pancreatic insuf-

ciency and intestinal malabsorption are

candidates for PERT.*? If in doubt, a more
rigorous 72-hour fecal fat analysis can be
performed.*? For newly diagnosed adult
CF patients, the 72-hour fecal fat collection
should be done, with the patient receiving
a xed oral fat intake, or with dietary
records. Fecal fat excretion (grams of fat
excreted/grams of fat ingested x 100%) can
be calculated. A fecal fat excretion of
> 7% indicates steatorrhea in an adult and
mandates the initiation of pancreatic
enzyme and vitamin supplementation.

How much PERT should be given?
Regardless of which enzyme preparation is
used, the most important consideration is to
provide the minimum dose suf cient to con-
trol GI symptoms and intestinal malabsorp-
tion.*? Doses should be individualized based
on patient symptoms, age and weight, and
then adjusted according to clinical symp-
toms, fecal fat and nitrogen content.® Cur-
rent pancreatic enzyme (pancrelipase)
preparations contain various proportions of
lipase, amylase, and protease. These are
formulated as capsules containing enteric-
coated microencapsulated enzymes, in
microspheres or microtablets, and are
usually available in multiple strengths.
Microencapsulated products protect the
enzymes from destruction by gastric acid.
Substituting one brand for another should
not be done since this may result in vastly
different clinical responses despite equal
enzyme doses.” Co-administration with H,-
blockers or proton pump inhibitors to reduce
gastric acid production may help optimize
pH for enzyme activity, especially in the
patient on high doses,**? and is also useful
if giving powdered enzymes, since their
enzymatic activity is largely destroyed in the
acidic environment of the stomach.*

PERT is given with each meal and each
snack. The number of capsules taken should
be divided between the beginning, middle
and end of the meal, although some patients
may be able to take all the capsules at the
beginning of the meal with no GI problems.
Ideally, enzyme dosing is best calculated
based on the amount of fat being ingested
with each meal or snack. In general, patients
require 500 4000 U lipase/g of fat ingested
per day. This dosing method mimics the
bodys response to adjusting pancreatic
enzyme excretion, but can become tedious
to calculate.?

Although less physiologic, it is more
practical to use the patients body weight
to determine the appropriate dose. The
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usual dose of pancrelipase is 500 2000 U
lipase/kg body weight/meal and generally
should not exceed 2500 U lipase/kg body
weight/meal.**2 It is recommended to not
exceed a total daily dose of 10,000 U
lipase/kg body weight, regardless of the
enzyme preparation used.*>?¢ Exceeding
this daily dose should be done cautiously,
since there is a risk of brosing colono-
pathy with higher doses.!?262 \WWhen com-
pared to doses < 24,000 U lipase/kg body
weight/day, the relative risk of brosing
colonopathy is 10.5:1 for doses between
24,001 and 50,000 U lipase/kg body
weight/day and 199.5:1 for doses > 50,000 U
lipase/kg body weight/day.?® Fibrosing
colonopathy presents as colonic strictures
characterized by severe submucosal

brous tissue, intraluminal narrowing,
slight to no in ammation and occasional
ascites.®

Patients should begin with about 500 U
lipase/kg body weight/meal, and half of
that with snacks, then adjust based on
symptoms and fecal fat testing. If this ini-
tial dose provides good control of fat mal-
absorption, then try to reduce to the mini-
mum effective dose. If not well-controlled,
the dose should be increased in 150 250
U lipase/kg body weight/meal increments
until satisfactory control is reached, to a
recommended maximum dose of 2500 U
lipase/kg body weight/meal (or 4000 U
lipase/g fat/day).?® These doses should be
effective for most patients to provide ade-
quate control of malabsorption. Patients
using doses > 2500 U of lipase/kg/meal
should be re-evaluated for other possible
reasons for continuing symptoms, and
attempts should be made to reduce the
dose. These are recommendations from the
Cystic Fibrosis Foundation/FDA.*?

For infants, an initial dose is approxi-
mately 2500 U lipase (e.g., using one-
quarter to one-half of a capsule) for every
120 mL of infant formula or breast milk.
These doses equate to approximately
400 800 U lipase/g dietary fat. Micro-
spheres should not be mixed or sprinkled
on the whole meal or feed, but mixed with
a little formula, breast milk or fruit pur@e
and given from a spoon immediately after
mixing, preferably in one swallow, not
crushed or chewed. Ideally, each dose
should be divided among the beginning,
middle and end of the feed, with the dose
increased, as needed, based on clinical
signs and symptoms, until controlled. As
the child ages, monitor weight gain and
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growth, as well as fat malabsorption.*?

Satisfactory PERT should allow the
patient to eat a normal to high-fat diet
without unpleasant GI symptoms, such
as abdominal pain and distension. In
a healthy person, > 95% of ingested fat
is absorbed. Thus, a goal of PERT is to
achieve at least 85% ingested fat
absorption in all CF patients, hopefully
with many achieving > 90%.%? Also,
bowel habit and stool characteristics
should both be normal.

Adverse effects of pancreatic enzymes,
besides brosing colonopathy, include
perianal irritation (if enzyme dose is exces-
sive or intestinal transit time is rapid),
soreness of the mouth (for powdered prepa-
rations, rinsing the mouth may help),
severe constipation and abdominal pain or
intestinal obstruction (due to too rapid an
increase in enzyme dose), and various
allergic reactions ranging from mild and
insigni cant to severe acute and chronic
gastric allergic reactions. 2

NUTRITIONAL SUPPLEMENTATION
With appropriate PERT, most patients can
tolerate a normal or high-fat diet. In some
patients, increasing their bre intake may
reduce any remaining abdominal symp-
toms. In children with well-controlled
absorption and few chest infections, a nor-
mal energy intake will be adequate for
normal weight gain and growth. Body
weight, height and growth rate should be
measured and charted at every clinic visit
and compared to population norms. If any
abnormalities are noted, the diet should
provide in excess of 120 150% of the
recommended daily amount, with high-
energy, high-protein dietary supplements,
as needed.?3 The clinical dietitian is an
important member of the interprofessional
care team for these patients.

Daily regular vitamin supplements
of vitamin A 1500 8000 IU,**?8 vita-
min D 400 800 IU,*28 vitamin E 25
200 1U,Band vitamin K 1 g/kg body
weight®? have been recommended.
(Optimal vitamin K doses have yet to
be determined.) These are readily
available in Canada in various multiple
vitamin and mineral supplements.

IMPROVING LUNG FUNCTION:
PHYSICAL THERAPIES

Physical therapies are various airway
clearance techniques and physical exer-
cises, with the goal of reducing pulmonary

disease progression. These techniques
consist of chest/conventional physiother-
apy (CCPT) including postural draining
with percussion and vibration, active cycle
of breathing techniques (ACBT), forced
expiration technique (FET), positive
expiratory pressure (PEP), airway oscillat-
ing device (AOD) utter, AOD with intra-
pulmonary percussive ventilation, auto-
genic drainage (AD), high-frequency chest
compression (HFCC), mechanical percus-
sion, pursed-lip breathing, and noninva-
sive ventilation (NI1V). Evidence for bene-
ts from these techniques were recently
reviewed in ve Cochrane systematic
reviews, with some evidence to support the
inclusion of physical therapies in the
management of CF patients.32%

IMPROVING LUNG FUNCTION:
INHALATIONAL THERAPIES
Inhalational therapies are often used in
conjunction with physical therapies. Beta,-
agonists given prior to physiotherapy pro-
vide bronchodilation and promote easier
clearance of secretions.®® Inhaled hyper-
tonic saline, preceded by a bronchodilator
or used alone, additionally increases muco-
cillary clearance and has recently been
shown in two randomized, double-blind
controlled trials to improve lung-related
issues in CF patients.® % Inhaled anti-
biotics are used for prophylaxis and treat-
ment of lung infections. Besides beta -
agonists, other inhaled agents include
corticosteroids, DNase and amiloride.

Twice daily inhalations of hypertonic
saline (4 mL of 7% sodium chloride
[NaCl]) given over 48 weeks in CF
patients resulted in signi cantly fewer
exacerbations requiring intravenous (1V)
antibiotic therapy and signi cantly fewer
days absent from work or school, or
inability to participate in usual activities,
when compared with normal saline inha-
lations (0.9% NaCl). There was a small
improvement in overall lung function.®*
Inhalational amiloride given before
hypertonic saline decreases the bene -
cial effect seen.® It is postulated that
hypertonic saline provides sustained
airway surface hydration, allowing
increased mucociliary clearance, result-
ing in its bene cial effects.3 3¢

Inhaled recombinant human DNase
(rhDNase or dornase alfa) may improve
airway clearance and pulmonary func-
tion,®” and may be superior to hypertonic
saline in lung function improvements.®®
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When given twice daily, it also reduced
the age-adjusted risk of exacerbations
requiring parenteral antibiotics.*” rhDNase
reduces the viscoelasticity and surface
tension of thick, purulent secretions.” The
usual dose is 2.5 mg once or twice daily
via nebulizer;**¥ alternate day therapies
are also effective.® It is not recommended
in children under ve. Adverse effects of
rhDNase include alteration in voice (mainly
hoarseness), pharyngitis, laryngitis, rash
and chest pain.t®%

IMPROVING LUNG FUNCTION:
ANTI-INFLAMMATORY THERAPIES
Anti-in ammatory drugs started early in the
disease course, before extensive/irreversible
lung damage has occurred, are bene cial.*
Azithromycin is a safe and effective anti-
in ammatory treatment for maintenance
of lung function in CF patients, although
it has been studied mostly in patients
> 13 years old with chronic P. aeruginosa
colonization.®* The need for therapeutic
drug monitoring and toxicity concerns has
limited the use of ibuprofen.® Ibuprofen
inhibits cyclooxygenase and, at high doses,
lipoxygenase. Anti-in ammatory effects in
CF patients occur only when peak ibu-
profen concentration exceeds 50 g/ml
(lipoxygenase pathway), while concentra-
tions <50 g/ml hasten cystic brosis lung
deterioration.®® Corticosteroid use, espe-
cially oral, is also limited by signi cant
chronic adverse effects.*

MANAGEMENT OF

PULMONARY INFECTIONS

Early infections in patients with CF are fre-
quently caused by S. aureus, H. in uenzae,
and P. aeruginosa.**4t Many patients are
colonized with at least one of these bacteria
by the time they are one year old. One
longitudinal study noted that 72.5% of
patients had P. aeruginosa demonstrated by
culture during their rst three years; if com-
bined culture and serologic evidence of
infection were considered, the percentage
increased to 97.5%.%? P. aeruginosa infection
was found to be a major predictor of morbid-
ity and mortality.** Although early infections
are usually due to nonmucoid P. aeruginosa
and may be transient, the bacteria later tran-
sitions to a mucoid state, and most patients
by their teenage years will be chronically
colonized with P. aeruginosa.*’ Early acqui-
sition, especially of mucoid P. aeruginosa,
has been associated with poorer survival.*
Thus, there are eradication strategies using
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various oral, inhaled, or IV antibiotics which
aim to eradicate P. aeruginosa during early
infections, before the bacterium becomes
entrenched.® These strategies include
inhaled tobramycin administered twice
daily,*>“¢ oral cipro oxacin plus inhaled
colistin,” and others. Speci c antibody titer
testing is being evaluated for usefulness in
monitoring patients with early infection and
the ef cacy of eradication strategies.*®

Inhaled tobramycin 300 mg BID for 28
days eradicated P. aeruginosa from the lower
airways of CF patients (8/8, 100% ef cacy)
when compared to placebo (1/13 patients,
8% ef cacy).® Ninety-eight children were
to be randomized; however, the trial was
stopped early due to evidence of asigni cant
positive microbiological treatment effect,
although clinical indices were not different.
In a study of pediatric patients > 4 years of
age given inhaled tobramycin 80 mg BID
for 12 months, patients had P. aeruginosa-
negative cultures after an average of 1.89
months; 89% (8/9) of patients receiving
inhaled tobramycin were still culture nega-
tive at 12 months, compared with 20% (1/5)
of patients receiving placebo.®® No adverse
effects of tobramycin such as abnormal
serum creatinine or audiometry, or signi -
cant bronchospasm were observed in either
study. 46

Oral cipro oxacin is the most commonly
used quinolone in CF, and has excellent bac-
tericidal activity against P. aeruginosa; its
effect may be additive with aminoglycosides.*
Resistance may occur with prolonged mono-
therapy (>3 4 weeks).** Its widespread use
in CF children (unapproved due to concerns
relating to cartilage abnormalities in animal
studies) has not shown irreversible arthro
pathies (arthralgia only).

Currently, antibioticsare rstused during
early lung disease to delay the onset of
chronic colonization with P. aeruginosa.**
Secondly, once patients are colonized with
pathogens such as P. aeruginosa, chronic
maintenance antibiotics are given to slow
the decline in pulmonary function and
reduce the frequency and morbidity of
exacerbations.** Maintenance therapy for
patients colonized with P. aeruginosa
includes quarterly 1V antipseudomonal anti-
biotics, inhaled antibiotics, oral quinolones
or macrolides.** Thirdly, at the time of exac-
erbations, intensive antibiotic regimens such
as IV treatments are used.** Itis critical to
identify causative organisms at times of
exacerbations. Frequent bacterial pathogens
in the U.S. CF Patient Registry in 2001

include P. aeruginosa (58.7%), S. aureus
(48%), H. in uenzae (15.9%), Stenotropho-
monas maltophilia (8.4%), Achromobacter
xylosaxidans (4.4%) and Burkholderia cepa-
cia (3.1%).“4*° Recommended antibiotics
for these and other bacteria are described
indetail inarecent review.** Standard treat-
ment includes the use of two antibiotics 1V
for 14 21 days.** The volume of distribution
and clearance of antibiotics are often
increased in CF patients, thus necessitating
higher doses. Home IV therapy to complete
a course is common and seems as effective
as inpatient management, with proper train-
ing and supervision.*%

OTHER MANAGEMENT CONCERNS

As life expectancy of these patients increases,
long-term complications and related medical
conditions can emerge and need to be
managed. These include gallstones,
esophageal varices, CF-related diabetes and
CF-related bone disease (50 75% of CF
adults have low bone density and increased
fracture rates).>

The pharmacist’s role

Due to the nature of this disease, it is crucial
for the patient to have interprofessional care
that includes clinical dietitians, physio-
therapists, social workers, nurses, respira-
tory therapists, pharmacists, physicians and
others. Each member has a substantial role
and the pharmacist should work together
with the other team members caring for these
patients to optimize patient care. Issues
particularly pertinent to the pharmacist may
include drug recommendations and consul-
tation, patient education and followup
monitoring that includes checking on adher-
ence, effectiveness, side effects and drug
interactions. Adherence may be a concern
due to the number of medications, diet, chest
physiotherapy and exercise requirements.*?
As the patient ages, it is also important to
consider eventual transitioning from a pedi-
atric- to an adult-care setting to ensure
seamless care.554

Summary

Cystic brosis is a serious heritable disease
with multiorgan manifestations. With co-
operation from the patient/caregiver and an
interprofessional team approach, manage-
ment can be optimized toward the ultimate
goal of prolonging survival. Life expectancy
of these patients is increasing. @
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Questions

Genetic abnormality in CF is related to
the:
a) CF mutagenicity gene
b) CF chloride conduction regulator gene
c) CF ATP-binding conduction regulator gene
d) CF transmembrane conductance regulator gene

AB is a two-year-old boy with CF. This
means that:
a) His father must have CF.
b) His brother would have a 50% chance of having
CE
c) His sister would have a 25% chance of having CF.
d) His son would have a 50% chance of having CF.

AB was found to have the Delta F508
mutation. He most likely would already have
experienced:

a) meconium ileus at birth
b) pancreatic insuf ciency
c) diabetes

d)yaandb

e)a, bandc

AB has thick, tenacious mucus in his
lungs. The predominant type of white blood
cells in his lungs would be:

a) neutrophils b) eosinophils
c) basophils d) lymphocytes

The most common bacterial pathogen to
colonize AB s lungs would be:
a) Pseudomonas aeruginosa
b) Burkolderia cepacia
c) Xenotrophomonas maltophilia
d) Streptococcus pneumoniae

AB has not been gaining weight well and
has consistently been at the fth to tenth
percentile for his age with respect to height
and weight measurements. He is not a picky
eater and enjoys his food. You would recom-
mend:

a) a low fat, high carbohydrate diet

b) a low fat, high protein diet

c) a normal to high fat, high carbohydrate diet

d) a normal to high fat, high protein diet

b) consistently at 100% of the recommended daily
amount

c) at 80% of the recommended daily amount

d) variable AB should eat whatever he wants
each day

The best method to con rm pancreatic
insuf ciency in a patient with CF would be:
a) measuring the amount of fecal fat
b) measuring the amount of fecal pancreatic EL 1
c) a and b would be equally effective

The best method to routinely monitor
malabsorption in AB would be:
a) measuring the amount of fecal fat
b) measuring the amount of fecal pancreatic EL 1
c) a and b would be equally effective

Clinical manifestations of malabsorption
in AB may include:
a) steatorrhea, hypoproteinemia, dry skin
b) hypoproteinemia, brosing colonopathy, rectal

prolapse

c) dry skin, meconium ileus, steatorrhea
d)aandc
e) none of the above

Optimal administration of pancreatic
enzyme replacement therapy (PERT) for AB
would be:

a) at the beginning of his feed

b) at the beginning, middle and end of his feed
c) in his milk bottle throughout his feed

d) at the end of his feed

Exceeding recommended doses of PERT
may result in:
a) distal intestinal obstruction syndrome (DIOS)
b) higher frequency of gallstones
c) brosing colonopathy
d) severe diarrhea

The usual dose of pancreatic enzyme

s:
a) 500 2000 U lipase/g fat ingested/meal

b) 500 2000 U lipase/kg body weight/meal

c) 5000 20,000 U lipase/g fat ingested/meal
d) 5000 20,000 U lipase/kg body weight/meal
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symptoms. The most appropriate initial
recommendation would be:

a) Add an H,-blocker.

b) Reduce his fat intake by 20%.

c) Increase hisPERT dose by 20%.
d)aand b
e)bandc

AB is receiving hypertonic saline inhala-
tions. Which of the following agents should
not be used?
a) beta,-agonists
c) tobramycin

b) colistin
d) amiloride

AB is not receiving inhaled rhDNase. This
drug:
a) is inferior to hypertonic saline
b) does not reduce the number of severe exacer-
bations
c) should not be used in young children such as AB
d) increases viscoelasticity and surface tension of
lung secretions

Adverse effects of rhDNase include:
a) hoarseness, pharyngitis, chest pain
b) pharyngitis, sterility, chest pain
c) chest pain, hoarseness, cor pulmonale
d)aandb
e) none of the above

AB is found to have nonmucoid P. aeru-
ginosa in his lungs. You would recom-
mend:

a) Do nothing; it is not causing an infection.
b) Observation; repeat cultures in six months.
c) Give inhaled tobramycin.

Studies have shown that an appropriate
inhaled tobramycin dose for eradication of
P. aeruginosa would be:

a) 300 mg twice daily b) 30 mg twice daily
c) 30 mg once daily d)bandc
e) none of the above

Because of his CF, when AB reaches
adulthood he would be more prone than the
general population to have:

a) kidney stones

The caloric intake of AB s diet should be: b) gallstones
a) greater than 120% of the recommended daily AB is currently on the maximum recom-  c) gout
amount mended PERT dose but is still having Gl d) urinary tract infections
e facul
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