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Abstract

Objective To review the diagnosis of patients with atypical cystic fibrosis (CF).

Sources of information A comprehensive search of MEDLINE (1950 to the third week of May 2009), MEDLINE
In-Process and Other Non-Indexed Citations and Cases (1950 to the third week of May 2009), and EMBASE (1980
to the fourth week of March 2009). The Cystic Fibrosis Canada website was also reviewed and the most recent
patient data registry report was consulted.

Main message Atypical CF is a milder form of the CF disorder, which is associated with mutations of the
cystic fibrosis transmembrane receptor gene. Instead of having classic symptoms, individuals with atypical
CF might only have mild dysfunction in 1 organ system and might or might not have elevated sweat chloride
levels. Atypical CF is a very diverse disorder affecting different organ systems to varying degrees. The symptoms
patients experience can also fluctuate over time; however, certain clinical signs and symptoms affecting the
respiratory, gastrointestinal, endocrine and metabolic, and genitourinary systems should alert physicians to the
possibility of CF. Patients with atypical CF often have fewer hospitalizations during childhood than those with
classic CF do, and the disorder can remain undiagnosed for many years,

at times into adulthood. : KEY POINTS Cystic fibrosis (CF) affects
Conclusion Although patients diagnosed with atypical CF have : about1in 2500 Canadians; the incidence
longer life expectancies than individuals with classic CF, the long-  : of atypical CFis unknown and debatable.
term expected outcome for many individuals with atypical CF is  : The carrier frequency of cystic fibrosis
unknown. It is important to counsel patients about the possibility - transmembrane receptor gene mutations
of future illness. Education about CF can help patients understand - isupto 1in 25. Atypical cystic fibrosis
their symptoms, modify their lifestyles to optimize health, reduce the  : (CF)is not uncommon, and individuals
incidence of complications, and receive family planning counseling  : with atypical CF can have normal sweat
when appropriate. . chloride levels. Atypical CF can affect the

respiratory, gastrointestinal, endocrine
. and metabolic, and genitourinary organ

ith a carrier rate of up to 1 in 25 among the people with north- + systems. Cystic fibrosis is diagnosed through
Wem European ancestry,' virtually all family physicians in Canada - newborn screening or, when suspected

will encounter patients who possess a recessive gene for cystic  © clinically, through sweat chloride testing
fibrosis (CF). Abnormalities of the cystic fibrosis transmembrane recep- - with or without genetic analysis. Patients
tor (CFTR) primarily affect the respiratory, gastrointestinal, endocrine with atypical CF might or might not have
and metabolic, and genitourinary systems.2® Although most people : clevated sweat chloride levels; sweat
with classic CF in Canada will have the disorder detected through new-  : chloride testing, nasal potential difference,
born screening or symptoms in early childhood, atypical forms of CF are - and genetic analysis in combination can be
increasingly being recognized in older children and adults. Unlike classic + beneficial to confirm or refute a diagnosis.
CF, atypical CF might only affect 1 organ system®¢’” and symptoms might  : After an index case is diagnosed, family
not develop until late childhood, adolescence, or adulthood.>¢” When  © members should be offered screening for
symptoms do develop, most people with atypical CF will seek the advice - the disorder. With appropriate treatment,
and care of their family physicians. Identification of patients with atypi-  : patients diagnosed with CF will suffer
cal CF is of particular importance for family physicians because appro-  : lessacute and long-term morbidity and
priate referral and treatment can substantially affect quality of life and ~ : mortality and can receive family planning
life expectancy. In addition, identification and counseling of family mem- . counseling, if appropriate.
bers about this common recessive disorder is
important for additional case detection and This article is eligible for Mainpro-M1 credits. m
reproductive planning. To earn credits, go to www.cfp.ca and click on the Mainpro link.
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Case

A 43-year-old white woman (Ms M.) presented with
chronic productive cough, occasional wheezing,
and recurrent lower respiratory tract infections. She
had smoked 1 pack of cigarettes per week for more
than 20 years and had been exposed to second-hand
smoke since childhood. Her medical history was rel-
evant for asthma, chronic sinusitis, septorhinoplasty,
environmental allergies, and infertility. Seven years
previously, Ms M. saw a respirologist after a visit to
the emergency department for pleuritic chest pain,
sputum production, and hemoptysis. Bronchoscopy
results were positive for Staphylococcus aureus,
Haemophilus influenzae, and light-growth Escherichia
coli. A computed tomography scan revealed bron-
chiectasis in both upper lobes. Ms M. was diagnosed
with pneumonia and her symptoms resolved with
antibiotic treatment.

Ms M. later presented for a complete physical
examination. At that time, the practice in which she
was a patient was involved in a study examining pul-
monary function in people older than 40 years of age
with a history of smoking. Ms M. participated in the
study. She underwent spirometry, reversibility, lung
volume, and diffusion testing and was found to have
hyperinflation with substantial airway obstruction, nor-
mal diffusion capacity, and no change in obstruction
following bronchodilator use. Owing to these findings,
the lead respirologist involved in the study assessed
Ms M. and found that she had wheezing, increased
forced respiratory time, and digital clubbing.

The differential diagnosis included immotile cilia
syndrome and CF. The patient underwent a computed
tomography scan of the sinuses and chest and sweat
chloride testing, which was performed at the Hospital
for Sick Children in Toronto, Ont. Results of sweat
chloride testing and subsequent genetic analysis were
both positive for CF. Her family history was relevant
for recurrent sinusitis in Ms M.’s father but was other-
wise unremarkable.

Sources of information

A comprehensive search of MEDLINE (1950 to the third
week of May 2009), MEDLINE In-Process and Other Non-
Indexed Citations and Cases (1950 to the third week of
May 2009), and EMBASE (1980 to the fourth week of
March 2009) was performed to capture as many articles
as possible focusing on cases of atypical CF, CF diag-
nosed in adulthood, and cases of CF identified in family
practice. Cystic Fibrosis Canada was also contacted for
their most recent patient data registry report.

Altogether, the initial search produced 908 titles and
abstracts, which were reviewed when available; 127 met
the initial inclusion criteria. Full-text copies of 119 arti-
cles were obtainable, and these were closely assessed,

along with the Cystic Fibrosis Canada patient data regis-
try report, for quality, relevance, originality, and import-
ance to primary care practice in Canada. A total of 38
articles, including the Cystic Fibrosis Canada website
and patient data registry report (www.cysticfibrosis.
ca/en/aboutCysticFibrosis/NBS.php), were reviewed
in this study. These consisted of review articles of CF,
atypical CF, or CF diagnosed in adulthood, !5 2 primary
research studies on CF diagnosis,*!° 1 diagnostic review
article, 1 diagnostic consensus guideline,!! 1 review
article focusing on the dermatologic effects of CF,'2 1
primary research study on atypical sinusitis,'® 1 primary
research study on bronchiectasis and pulmonary infec-
tion,' 3 primary research studies on fertility in CF,'s"
3 epidemiologic studies,'®2° 2 qualitative studies on the
effects of diagnosis on individuals,?!?? adolescent and
adult case studies selected based on originality,>>¢ and
3 comprehensive database and chart reviews.37.%

Main message
Cystic fibrosis is an autosomal recessive disorder char-
acterized by impaired chloride transport across the
apical membrane of cells as a result of mutations of
the CFTR gene.® It is the most common recessive dis-
order among people of northern European ancestry,
with a carrier rate of approximately 1 in 25 to 1 in 28.!
Although less common, CF is found in virtually all eth-
nic populations.t Therefore, every family physician in
Canada will come into contact with patients who are
carriers of CF-causing gene mutations, some of whom
might potentially have an atypical form of the disorder.
In 2000, the CF birth rate in Canada was 1 in 3600.'8
Classically, CF is a childhood disease characterized
by chronic lung disease, sinusitis, nasal polyposis,
pancreatic insufficiency causing diarrhea and mal-
nutrition, meconium ileus, rectal prolapse, and ele-
vated sodium and chloride concentrations in sweat.>57
Since the 1960s, a milder form of CF with atypical fea-
tures has been known to exist?%; it is often not diag-
nosed until adolescence or adulthood.>?* Individuals
with mild or atypical symptoms of CF pose a diag-
nostic challenge to clinicians and can suffer substan-
tial morbidity as a result of not receiving appropriate
diagnosis and treatment.

What is atypical CF? Atypical CF is a milder form of
the CF disorder, which is a result of mutations of the
CFTR gene. Individuals with atypical CF usually have
1 severe mutation and 1 less common mutation?® or
abnormality of trinucleotide repeats on their other CFTR
gene.?¢ Instead of having classic symptoms, individu-
als with atypical CF might only have dysfunction in 1
organ system and of a much milder degree than those
with 2 severe mutations.>#¢!* They might or might not
have elevated sweat chloride levels.>'* As a result, these
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individuals often have fewer hospitalizations during
childhood than those with classic CF do,?' and the dis-
order can remain undiagnosed for many years, at times
into adulthood.>#¢ Individuals as old as 70 years have
been diagnosed.?” Over time, individuals with atypical
CF can develop additional symptoms?® or discover that
other pre-existing health issues are symptoms of CF that
were not properly identified as such.*

What signs or symptoms should make me suspect atyp-
ical CF in my patients? Atypical CF is a very diverse
disorder affecting different organ systems to varying
degrees. The symptoms patients experience can also
fluctuate over time; however, certain clinical signs and
symptoms affecting the respiratory, gastrointestinal,
endocrine and metabolic, and genitourinary systems
should alert physicians to the possibility of CF.

The respiratory system is the primary system phys-
icians associate with CF. In classic CF, patients suffer
from chronic and recurrent sinus and respiratory infec-
tions, nasal polyposis, bronchiectasis, digital clubbing,
and symptoms of progressive respiratory obstruction
beginning in childhood.?” In atypical CF, respiratory
symptoms are often more mild and might not begin
until adulthood but still include recurrent pneumonia,
progressive obstruction possibly identified as asthma or
chronic obstructive pulmonary disease, chronic sinusitis,
or nasal polyposis.21314.20.37

One of the earliest signs of CF is meconium ileus in
infancy, and a history of this should always alert the clin-
ician to the possibility of the diagnosis.? Other gastro-
intestinal manifestations of classic CF include exocrine
pancreatic insufficiency causing steatorrhea, fat-soluble
vitamin deficiency, difficulty gaining weight,>* cirrho-
sis, portal hypertension, and rectal prolapse.?® In atyp-
ical CF, however, gastrointestinal effects can be subtle
and include chronic constipation or diarrhea,?®?” and
chronic or recurrent pancreatitis with mild or no respira-
tory symptoms. 293034

The endocrinologic and metabolic effects of CF over-
lap with the gastrointestinal effects through pancreatic
dysfunction. Endocrine pancreatic dysfunction can be

Table 1. Affected systems and symptoms in atypical CF

the primary presentation of CE3! In addition, individuals
with CF can also present with electrolyte abnormalities,
primarily hypochloremia, hypokalemia, and metabolic
alkalosis, which most commonly occur in the context of
dehydration or heat stroke 25323

The genitourinary manifestations of CF are primar-
ily related to fertility and are often not apparent until an
individual is trying to conceive. For men, suspicion of CF
might arise after the finding of azoospermia on semen
analysis as a result of congenital bilateral absence of
the ductus deferens!'2¢2%%; the abnormality occurs in
approximately 97% to 98% of men with classic CF.*
Women with CF are usually fertile but tend to have more
difficulty conceiving than women without CF. This is
most often attributed to thickened cervical mucus,!®'
although there is also evidence of abnormal ovarian
cycling and reduced ovarian reserve.!* Other less com-
mon presentations of CF include dermatitis secondary
to nutritional deficiencies, early aqueous wrinkling, and
angiitis.'? Table 1 summarizes the systems affected in
and symptoms of atypical CF.

How is CF diagnosed? Cystic fibrosis is routinely
screened for at birth in Alberta, Ontario, Saskatchewan,
British Columbia, and Manitoba (www.cysticfibro-
sis.ca/en/aboutCysticFibrosis/NBS.php). Although
screening will identify a substantial number of infants
with CF, there was no screening in Canada before 2007
and this, in addition to high immigration rates and a lack
of a natural screening program, means most individu-
als in Canada have not been screened for the disorder.
Further, it is possible that infants with negative screen-
ing results for CF might later develop symptoms. The
diagnosis should not be overlooked simply because of
previous screening results negative for CF.4

Case identification requires a high index of suspicion
for the disorder, and individuals with CF can be diag-
nosed in 1 of 3 ways: 1) newborn screening, 2) clinical
suspicion based on symptoms, or 3) screening of family
members of individuals who have been diagnosed,
including possible prenatal testing. When suspected,
physicians should begin with sweat chloride testing at

SYSTEM SYMPTOMS

Respiratory
digital clubbing

Gastrointestinal

Chronic sinusitis, nasal polyposis, poorly controlled obstructive lung disease, recurrent pneumonia,

Meconium ileus, rectal prolapse, atypical acute pancreatitis or chronic pancreatitis, diarrhea,

constipation, weight loss or poor weight gain, nutritional deficiency

Endocrine and metabolic
Genitourinary
Other

Diabetes mellitus, hypochloremia, hypokalemia, metabolic alkalosis
Azoospermia in men, reduced fertility in women

Dermatitis secondary to nutritional deficiencies, unexplained anemia, early aqueous wrinkling

CF—cystic fibrosis.
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a CF reference centre, followed by genetic analysis or
nasal potential difference (NPD) testing if required to
clarify the diagnosis.?® Results of sweat chloride tests in
adults are considered positive for CF when the chloride
level is greater than or equal to 60 mmol/L.4!" At a level
of 70 mmol/L or greater, the sensitivity and specificity of
the test both approach 100%.!° Chloride levels between
40 and 59 mmol/L are considered intermediate, and at
values of 39 mmol/L or less, CF is unlikely.!" Follow-up
and repeat testing at 6- to 12-month intervals is appro-
priate until a definitive diagnosis is made.!!

While most individuals with CF will have positive
sweat chloride test results, there are cases, particularly
with atypical CF, in which individuals with 2 genetic
mutations for the disorder will have sweat chloride test
results negative for CE.%!42° In patients with atypical CF,
NPD test results might be positive for CF or have values
between those of unaffected individuals and individ-
uals with CE”?

At present, more than 1500 CFTR mutations have
been identified, but most of these are not associated
with the disease.!! Twenty-three genes have been identi-
fied as conferring substantial dysfunction to produce CF,
and 2 of these are identifiable in about 85% of those with
the disorder.!" This means that genetic analysis might
not provide a definitive diagnosis in approximately 15%
of patients with CE.!' Therefore, sweat chloride testing,
NPD, and genetic analysis in combination can be benefi-
cial to help confirm or refute a diagnosis in some instan-
ces.? Table 2 summarizes these diagnostic tools.

What are the benefits and implications of diagnosis

for my patients? 1t is important to diagnose CF for
patients as well as for their families, but the diagnosis

Table 2. Diagnostic investigations in CF

is not benign. Individuals and families might react dif-
ferently on receiving a diagnosis, ranging from relief at
having an explanation for symptoms* to anger, family
stress, and concern regarding potential economic con-
sequences.? It is important to explore some of the pos-
sible psychosocial effects that might result when the
disease is suspected and the diagnosis is pursued both
for the individual and for family members who might be
affected or be carriers of the disorder. Ultimately, how a
person comes to be diagnosed has a substantial effect
on his or her emotional response to diagnosis and com-
pliance with medical care.?!

Delays in diagnosis can result in substantial mor-
bidity and hospitalizations that might otherwise have
been avoided.*® It is important to recognize that there
are excellent treatments for the various symptoms of
CF, including chest physiotherapy, antibiotic therapy,
diet modification, and pancreatic enzyme replacement.
With these interventions the course of the disease can
be favourably modified.?°2¢37 In addition, close follow-
up with specialists can help identify complications and
exacerbations early and allow for appropriate treat-
ments proven effective for CF to reduce morbidity and
mortality. Although adults diagnosed with atypical CF
have longer life expectancies than individuals with clas-
sic CF,* the long-term outcome for many individuals
with atypical CF is unknown,* and it is important to
counsel patients about the possibility of future illness.
Finally, education about CF can help patients understand
their symptoms, modify their lifestyle to optimize health,
reduce the incidence of complications, and receive
family planning counseling when appropriate.'32° It
is important to remember that there are wide varia-
tions in phenotypes of CF among individuals and family

TEST POSITIVE RESULTS FOR CF

ADVANTAGES AND DISADVANTAGES OF TEST

ADVANTAGES DISADVANTAGES

Sweat chloride >60 mmol/L indicative of CF

A high sweat chloride

It is possible to have CF and

levels <39 mmol/L unlikely to be CF level is very strong intermediate or low sweat chloride
40-59 mmol/L considered intermediate evidence for CF levels; intermediate levels are common
in atypical CF and require repeat sweat
chloride level testing or further testing
of NPD or genetic analysis
NPD >30 mV suggestive of CF Can add strength to Not definitive for diagnosis alone owing

diagnosis of atypical
CF or help rule out CF

to overlap between normal values and
values in CF

Relevant response to zero-chloride
perfusate with isoproterenol might help
rule out CF

Identification of 2
known CFTR gene
mutations provides
strength to diagnosis

Genetic analysis Presence of 2 CFTR gene mutations known
to cause disease in trans arrangement on 2
separate chromosomes (cis arrangement on
the same chromosome is not associated

with disease)

Up to 15% of individuals with CF have
rare or unidentified CFTR gene
mutations

CF—cystic fibrosis, CFTR—cystic fibrosis transmembrane receptor, NPD—nasal potential difference.
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members, even with the same genotype.®34 Therefore,
individualization of diagnosis, treatment, and expected
outcome is crucial to best meet unique patient needs.

Conclusion

Atypical CF is not a commonly considered differen-
tial diagnosis in family practice, but most family phys-
icians in Canada will see 2 to 3 cases of CF during their
careers (assuming a patient population of 1800 and 5%
patient variability per year). Atypical CF can present as
chronic symptoms within the respiratory, gastrointes-
tinal, endocrine and metabolic, or genitourinary sys-
tems. Understanding CF and identification of atypical
cases is important because diagnosis and treatment can
substantially improve quality of life and life expectancy
for those affected and their families.

Dr Schram is a family physician at Women'’s College Hospital in Toronto, Ont,
and Lecturer at the University of Toronto.

Competing interests
None declared

Correspondence

Dr Carrie A. Schram, Women's College Hospital Family Practice,

76 Grenville St, Toronto, ON M5S 1B2; telephone 416 323-6060; e-mail
carrie.schram@wchospital.ca

References

1. Quinzii C, Castellani C. The cystic fibrosis transmembrane regulator gene and
male infertility. ] Endocrinol Invest 2000;23(10):684-9.

2. Paranjape SM, Zeitlin PL. Atypical cystic fibrosis and CFTR-related diseases.
Clin Rev Allergy Immunol 2008;35(3):116-23.

3. Gan KH, Geus WP, Bakker W, Lamers CB, Heijerman HG. Genetic and clinical
features of patients with cystic fibrosis diagnosed after the age of 16. Thorax
1995;50(12):1301-4.

4. Voter KZ, Ren CL. Diagnosis of cystic fibrosis. Clin Rev Allergy Immunol
2008;35(3):100-6.

5. Brusilow SW. Cystic fibrosis in adults. Annu Rev Med 1970;21:99-104.

6. Kerem E. Atypical CF and CF related diseases. Paediatr Respir Rev
2006;7(Suppl 1):S144-6. Epub 2006 Jun 5.

7. De Boeck K, Wilschanski M, Castellani C, Taylor C, Cuppens H, Dodge J, et al.
Cystic fibrosis: terminology and diagnostic algorithms. Thorax 2006;61(7):627-
35. Epub 2005 Dec 29.

8. Quinton PM. Cystic fibrosis: lessons from the sweat gland. Physiology
(Bethedsa) 2007;22:212-25.

9. Wilschanski M, Famini H, Strauss-Liviatan N, Rivlin J, Blau H, Bibi H, et al.
Nasal potential difference measurements in patients with atypical cystic fibro-
sis. Eur Respir J 2001;17(6):1208-15.

10. Hall SK, Stableforth DE, Green A. Sweat sodium and chloride concentra-
tions—essential criteria for the diagnosis of cystic fibrosis in adults. Ann Clin
Biochem 1990;27 (Pt 4):318-20.

11. Farrell PM, Rosenstein BJ, White TB, Accurso FJ, Castellani C, Cutting GR, et
al. Guidelines for diagnosis of cystic fibrosis in newborns through older adults:
Cystic Fibrosis Foundation consensus report. / Pediatr 2008;153(2):S4-14.

12. Bernstein ML, McCusker MM, Grant-Kels JM. Cutaneous manifestations of
cystic fibrosis. Pediatr Dermatol 2008;25(2):150-7.

13. Coste A, Girodon E, Louis S, Pruliére-Escabasse V, Goossens M, Peynegre
R, et al. Atypical sinusitis in adults must lead to looking for cystic fibrosis and
primary ciliary dyskinesia. Laryngoscope 2004;114(5):837-43.

14. Ziedalski TM, Kao PN, Henig NR, Jacobs SS, Ruoss SJ. Prospective analysis
of cystic fibrosis transmembrane regulator mutations in adults with

bronchiectasis or pulmonary nontuberculous mycobacterial infection. Chest
2006;130(4):995-1002.

15. Hodges CA, Palmert MR, Drumm ML. Infertility in females with cystic
fibrosis is multifactorial: evidence from mouse models. Endocrinology
2008;149(6):2790-7. Epub 2008 Mar 6.

16. Oppenheimer EA, Case AL, Esterly JR, Rothberg RM. Cervical mucus
in cystic fibrosis: a possible cause of infertility. Am J Obstet Gynecol
1970;108(4):673-4.

17. Schoyer KD, Gilbert F, Rosenwaks Z. Infertility and abnormal cervical mucus
in two sisters who are compound heterozygotes for the cystic fibrosis (CF)
DeltaF508 and R117H/7T mutations. Fertil Steril 2008;90(4):1201.€19-22. Epub
2008 sep 7.

18. Dupuis A, Hamilton D, Cole DE, Corey M. Cystic fibrosis birth rates in
Canada: a decreasing trend since the onset of genetic testing. J Pediatr
2005;147(3):312-5.

19. Widerman E, Milner L, Sexauer W, Fiel S. Health status and sociodemo-
graphic characteristics of adults receiving a cystic fibrosis diagnosis after age
18 years. Chest 2000;118(2):427-33.

20. Hubert D, Fajac I, Bienvenu T, Desmazes-Dufeu N, Ellaffi M, Dall’ava-
Santucci J, et al. Diagnosis of cystic fibrosis in adults with diffuse bronchiecta-
sis. J Cyst Fibros 2004;3(1):15-22.

21. Widerman E. Pathways to adult diagnosis of CF: the impact of pre-
diagnosis experience on post-diagnosis responses and needs. Patient
Educ Couns 2004;52(1):69-77.

22. Kharrazi M, Kharrazi LD. Delayed diagnosis of cystic fibrosis and the family
perspective. J Pediatr 2005;147(3 Suppl):S21-5.

23. Gilljam M, Bjorck E. Cystic fibrosis diagnosed in an elderly man. Respiration
2004;71(1):98-100.

24. Coates EO Jr. Characteristics of cystic fibrosis in adults: a report of seven
patients. Dis Chest 1966;49(2):195-204.

25. Davé S, Honney S, Raymond J, Flume PA. An unusual presentation of cystic
fibrosis in an adult. Am J Kidney Dis 2005;45(3):e41-4.

26. Alghisi F, Angioni A, Tomaiuolo AC, D'Apice MR, Bella S, Novelli G, et al.
Diagnosis of atypical CF: a case-report to reflect. J Cyst Fibros 2008;7(4):292-4.
Epub 2008 Jan 3.

27. Van Biezen P, Overbeek SE, Hilvering C. Cystic fibrosis in a 70 year old
woman. Thorax 1992;47(3):202-3.

28. Akl ME, Mallory G. A 16-year-old girl with cough and abdominal pain. Ann
Allergy Asthma Immunol 1995;75(1):15-8.

29. Vanderbruggen K, De Waele K, Van Biervliet S, Van Der Cruyssen G,
Robberecht E. Cystic fibrosis: an unusual cause of chronic pancreatitis. Acta
Gastroenterol Belg 2003;66(3):260-2.

30. Masaryk TJ, Achkar E. Pancreatitis as initial presentation of cystic fibrosis in
young adults. A report of two cases. Dig Dis Sci 1983;28(10):874-8.

31. Starkman H, Das S. Cystic fibrosis presenting as new onset diabetes mellitus
in adolescent twins. Pediatr Diabetes 2004;5(2):99-101.

32. Augusto JF, Sayegh J, Malinge MC, Illouz F, Subra JF, Ducluzeau PH. Severe
episodes of extra cellular dehydration: an atypical adult presentation of cystic
fibrosis. Clin Nephrol 2008;69(4):302-5.

33. Mainz J, Hammer U, Rokahr C, Hubler A, Zintl F, Ballmann M. Cystic fibro-
sis in 65- and 67-year-old siblings. Clinical feature and nasal potential dif-
ference measurement in patients with genotypes F508del and 2789+5G—A.
Respiration 2006;73(5):698-704. Epub 2006 Jun 6.

34. Mussaffi H, Prais D, Mei-Zahav M, Blau H. Cystic fibrosis mutations
with widely variable phenotype: the D1152H example. Pediatr Pulmonol
2006;41(3):250-4.

35. De Rose AF, Giglio M, Gallo F, Romano L, Carmignani G. Congenital bilat-
eral absence of the vasa deferentia and related respiratory disease. Arch Ital
Urol Androl 2003;75(4):214-6.

36. Lotem Y, Barak A, Mussaffi H, Shohat M, Wilschanski M, Sivan Y, et al.
Reaching the diagnosis of cystic fibrosis—the limits of the spectrum. Isr Med
Assoc ] 2000;2(2):94-8.

37. Gilljam M, Ellis L, Corey M, Zielenski J, Durie P, Tullis DE. Clinical mani-
festations of cystic fibrosis among patients with diagnosis in adulthood. Chest
2004;126(4):1215-24.

38. Steinraths M, Vallance HD, Davidson AG. Delays in diagnosing cystic fibrosis.
Can we find ways to diagnose it earlier? Can Fam Physician 2008;54:877-83.

VOL 58: DECEMBER * DECEMBRE 2012 | Canadian Family Physician - Le Médecin de famille canadien 1345




