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42-Year-Old Man With Asthma Symptoms and
Recurrent Bronchitis
Benjamin R. Grifﬁn, MD; Christopher R. Stephenson, MD; and Mark E. Wylam, MD

A

42-year-old man from southern Iowa
presented to our institution for evaluation of symptoms of asthma and
recurrent bronchitis. The patient’s body mass
index was 17.0, and he had never smoked.
Since high school, he had had a persistent, productive cough. Asthma had been diagnosed
years previously, and over the years, multiple
medications were prescribed including ﬂuticasone/salmeterol HFA, montelukast, albuterol,
other inhaled glucocorticoids, and ipratropium/albuterol nebulization. The medications were minimally effective at controlling
respiratory symptoms.
In addition, he reported frequent (several
per year) pneumonias (frequently afebrile),
which occurred in various lung lobes. Each
episode responded symptomatically to antibiotics. He noted that over the years, respiratory
secretions had become progressively more
difﬁcult to clear and that the frequency of respiratory exacerbations was increasing. A recent
trial of guaifenesin had been useful.
In 2000, he was treated for acute pancreatitis
ascribed to gallstones. Further evaluation by
computed tomography (CT) revealed an atrophic pancreas. He continued to have periodic
“abdominal pain attacks,” which he described
as epigastric pain. He reported chronic bloating
with foul-smelling, ﬂoating stool exacerbated
by fatty or greasy foods. He had tried to limit
his intake of these foods and also took probiotics.
He was currently having one normal stool per
day and experienced abdominal pain attacks
once or twice per month.
During the past year, he had noted increasing
fatigue and weight loss of 4.5 to 6.75 kg. He
became exhausted early in the day and frequently
slept through much of the weekend before
returning to work on Monday. He had also
begun to have drenching night sweats.
The patient had no history of excesive
alcohol consumption and had been abstinent
since his episode of pancreatitis in 2000. He
reported no intravenous (IV) drug use and

had no other risk factors for human immunodeﬁciency virus (HIV) or sexually transmitted diseases. He was sexually active with his wife of
many years and had no children despite not using contraception. Infertility was ascribed to his
wife’s polycystic ovary syndrome, although no
formal infertility evaluation had been pursued.
No one in the patient’s immediate family had
chronic respiratory disease.
Physical examination revealed a tall, thin
(180.1 cm, 55.3 kg; body mass index, 17.0)
man with soft crackles predominantly in the
upper lung ﬁelds. Mild digital clubbing was
noted in his extremities. Examination of the
heart, abdomen, and other systems yielded
unremarkable ﬁndings.
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1. Which one of the following is the most
likely cause of this patient’s recurrent
respiratory symptoms?
a. Autosomal recessive chloride channel
abnormality
b. Airway inﬂammation, intermittent airﬂow
obstruction, and airway hyperresponsiveness
c. Autosomal codominant deﬁciency of
elastase inhibitor
d. Retrovirus infection targeting CD4 cells
e. Autosomal recessive defect in ciliary
function
The patient’s constellation of symptoms
including chronic bronchitis, pancreatic insufﬁciency, and infertility in a man suggests cystic
ﬁbrosis (CF), an autosomal recessive disease
caused by mutation of the CF transmembrane
conductance regulator (CFTR) protein. The
CFTR transports chloride across epithelial
cell membranes. Although airway inﬂammation, intermittent airﬂow obstruction, and
airway hyperresponsiveness are features of
asthma, our patient’s response to asthma medications was limited. Moreover, asthma is not
likely to explain his gastrointestinal (GI)
symptoms. a1-Antitrypsin (A1AT) deﬁciency
caused by mutations in the SERPINA1 gene
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elicits panacinar emphysema due to diminished elastin cleavage by neutrophil elastase.
Neutrophil elastase is normally inhibited by
the A1AT protein. a1-Antitrypsin deﬁciency
may cause biliary cirrhosis and portal hypertension but is unlikely to cause pancreatic disease. In A1AT deﬁciency, the hepatocellular
disease is due to intrahepatocyte accumulation
of misfolded A1AT molecules. Although there
are cases of latent HIV/AIDS caused by a retrovirus targeting CD4 cells, it would not explain
our patient’s symptoms dating back to high
school. Primary ciliary dyskinesia, also known
as immotile cilia syndrome, is a rare autosomal
recessive defect in ciliary function that causes
bronchiectasis and infertility. When associated
with situs inversus primary ciliary dyskinesia,
it is called Kartagener syndrome. Chronic
recurrent respiratory infections, including
sinusitis, bronchitis, pneumonia, and otitis
media, lead to progressive damage to the respiratory system beginning in early childhood.
Primary ciliary dyskinesia does not have GI
manifestations.
Initial blood work included a complete
blood cell count, electrolyte panel, and thyrotropin, HIV, and fat-soluble vitamin testing.
The test results revealed deﬁciencies in vitamins
A and E but were otherwise unremarkable.
2. At this point, which one of the following is
the best test to conﬁrm the suspected
diagnosis?
a. CT scan of the chest and abdomen
b. Pulmonary function test
c. Sweat chloride testing
d. Genetic testing for CF mutation
e. Fecal fat testing
A CT scan may reveal ﬁndings suggestive of
CF such as upper lobeepredominant bronchiectasis or fatty atrophy of the pancreas, but
these ﬁndings are not diagnostic. Similarly, pulmonary function tests may reveal an obstructive
pattern with hyperinﬂation, but these results
are not speciﬁc for a diagnosis of CF. Sweat
chloride testing remains the criterion standard
as the primary test for diagnosis of CF because
it measures a functional effect of CFTR. Sweat
is induced by pilocarpine iontophoresis, and
2 specimens, each with a minimum volume
of 100 mL, must be collected for the test to
be considered valid. For a person older than
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6 months of age, normal concentrations of
chloride in sweat are less than 40 mmol/L.
Values greater than 60 mmol/L are consistent
with a diagnosis of CF. Values between 40
and 60 mmol/L are considered indeterminate.
Detection of 2 disease-causing mutations on
DNA analysis can also establish the diagnosis
and is often used as a conﬁrmatory test after
positive or indeterminate results are obtained
on the sweat chloride test. It is not the initial
test of choice because of its substantially
increased cost over sweat chloride testing. In
adults, quantitative fecal fat testing, or measurement of the fecal elastase-1 level, may suggest
pancreatic insufﬁciency but cannot diagnose CF.
Pulmonary function testing revealed severe
airway obstruction without bronchodilator
response. The ratio of forced expiratory volume in the ﬁrst second of expiration (FEV1)
to forced vital capacity ratio was 54%. The
FEV1 was 29% of predicted. Diffusing capacity
was at 56% of predicted. A CT scan of the
chest illustrated bilateral bronchial wall thickening and upper lungepredominant cylindrical and cystic bronchiectasis.
Sweat chloride testing was positive for CF
with a value of 90 mmol/L. Conﬁrmatory genetic
testing by multimutation method (106-mutation
panel) revealed 2 copies of the most common disease-causing mutation in whites, the
F508del mutation (c.1521_1523delCTT by Human Genome Variation Society nomenclature).
When the patient was informed of the results, he was surprised that he had a “childhood” disease. He wondered if there would be
any difference in his clinical course compared
with those diagnosed at a young age.
3. Which one of the following is true regarding
this patient’s prognosis compared with that
for a patient diagnosed during childhood?
a. He is at higher risk for Pseudomonas aeruginosa infection
b. He is at higher risk for severe lung disease
c. He is at higher risk for pancreatic
insufﬁciency
d. He is at higher risk for pancreatitis
e. He is at higher risk for the F508del
mutation
Clinical manifestations of CF diagnosed in
adults range widely from subclinical disease in
a single organ system to the full classic

April 2015;90(4):527-531

n

http://dx.doi.org/10.1016/j.mayocp.2014.09.012
www.mayoclinicproceedings.org

RESIDENTS’ CLINIC

phenotype.1 In general, patients who have
late presentation of CF are more likely to
have lower incidences of P aeruginosa infection, less severe lung disease, and higher rates
of pancreatic sufﬁciency.2,3 Because these patients have functioning pancreases, they are
more likely to have development of pancreatitis. In fact, idiopathic pancreatitis can be the
presenting symptom of late presentation CF.
Although homozygous F508del mutation is
still seen in most patients with CF diagnosed
in adulthood, the percentage appears to
be signiﬁcantly less than the 86.7% having
at least one copy in the CF population at
large.4,5
A sputum culture grew Escherichia coli,
P aeruginosa, and methicillin-sensitive Staphylococcus aureus. The organisms isolated were
widely susceptible to antimicrobial agents.
4. Which one of the following is the most
appropriate antibiotic regimen?
a. IV vancomycin, IV cefepime, and IV
tobramycin
b. IV cefepime and IV tobramycin
c. IV cefepime
d. IV cefepime and IV colistin
e. IV cefepime and inhaled tobramycin
Given that the patient’s culture isolated
methicillin-sensitive S aureus rather than
methicillin-resistant S aureus, vancomycin is
unnecessary. Pseudomonas should be “double
covered” with 2 agents of different classes to
which it is susceptible. There is insufﬁcient evidence to recommend the use of a single antibiotic as being equivalent to the use of more than
one antibiotic class for treatment of Pseudomonas infection during an acute exacerbation
of pulmonary disease. A b-lactam and an aminoglycoside is the best option for this patient.
Cefepime as a single agent would be inappropriate because it would not double cover Pseudomonas. Intravenous colistin is associated with
serious adverse effects including renal toxicity
and should not be used if there is an aminoglycoside available for which there is no resistance.
Inhaled tobramycin is generally thought to be
less effective than the IV form because of inhomogeneous distribution of absorption within
the lung, although it is sometimes used in addition to IV tobramycin in severe cases. Inhaled
tobramycin and aztreonam are US Food and
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Drug Administrationeapproved to reduce CF
respiratory exacerbations.
Airway clearance therapy should be
increased as part of the treatment of an acute
exacerbation of pulmonary disease. The Cystic
Fibrosis Foundation recommends against delivery of IV antibiotics for the treatment of
an acute exacerbation of pulmonary disease
in a nonhospital setting unless resources and
support equivalent to the hospital setting can
be assured.6 The volume of distribution of
aminoglycosides is considerably higher in patients with CF, who typically require larger
doses. The Cystic Fibrosis Foundation recommends that once daily dosing of aminoglycosides is preferable to 3 times daily dosing for
treatment of an acute exacerbation of pulmonary disease.6 The optimal duration of antibiotic treatment of an acute exacerbation of
pulmonary disease is not certain, but 2 to 3
weeks is most often seen in practice.
The patient was admitted to the chest service for an inpatient “tune-up,” and treatment
with IV cefepime and IV tobramycin was
initiated.
5. In addition to antibiotics, which one of the
following is the next most appropriate
treatment?
a. Ivacaftor
b. Lung transplant
c. Systemic glucocorticoids
d. Ibuprofen
e. Inhaled DNase
Mutations in the CFTR gene can be categorized into 5 classes according to the mechanism by which they disrupt the production,
conduction, regulation, or processing of
CFTR. Ivacaftor is a drug that is speciﬁcally
designed to increase the open probability of
the chloride channel in patients who have 1
of 9 class IV mutations (such as G551D) that
abolish adenosine triphosphateedependent
gating of the channel. It is not approved for
patients with the F508del mutation; however,
this group is being studied. Lung transplant
is an option in CF but is usually reserved for
patients with an FEV1 of less than 30%,
increasingly frequent exacerbations requiring
hospitalization, and refractory or recurrent
pneumothorax. Our patient has not had any
of these events so would not be treated
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immediately with transplant. Systemic glucocorticoids have not been found to be effective
either in long-term management or in acute
exacerbations of CF. Ibuprofen use in CF
began in 1995 with publication of the results
of a Cystic Fibrosis Foundationesupported
4-year, double-blind, placebo-controlled trial
of ibuprofen in patients with CF who were 5
to 39 years of age.7 The study found that
ibuprofen slowed the rate of pulmonary
decline over a 4-year period. However, the
drug has diminished in use because of GI
and renal toxicity. Inhaled DNase promotes
secretion clearance by degrading the long
strands of DNA primarily from polymorphonuclear cells that increase the viscosity of
mucus and is the best option in this case.
The patient returned home after hospital
dismissal. In the 6 months since, he has
done well and has not had any CF exacerbations requiring emergency care or inpatient
management.
DISCUSSION
Cystic ﬁbrosis is the most common lethal
inherited disease among white populations.8
It is autosomal recessive, affecting the CFTR
protein, and has an incidence of 1 in 3500
live births in the United States.9 Although CF
was once routinely fatal in childhood, patients
with CF now have a predicted median survival
of 40.7 years according to data from the Cystic
Fibrosis Foundation 2013 report.9,10
Most new cases of CF in the United States are
diagnosed via newborn screening. Most states
currently begin with a measurement of immunoreactive trypsinogen from a heel stick blood specimen, and if the result is high, a gene mutation
test is performed. Routine statewide testing was
ﬁrst initiated in Colorado and Wyoming in
1989. Not until 2009, however, did all 50 states
have a routine screening program. Minnesota, for
instance, did not adopt screening until 2006. It is
not surprising then that 7% of patients with CF
are adults at the time of diagnosis,11 with the oldest patient with a new diagnosis in 2012 being 76
years of age.
Because of the more than 1400 different
gene mutations or polymorphisms noted so
far in CF clinical manifestations, clinical presentations in CF diagnosed in adults vary
signiﬁcantly.1 In general, patients with late
presentation of CF tend to have less severe
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disease and to live longer than age-matched
peers.2,3 Clinical features that should prompt
consideration of CF in the adult population
include allergic bronchopulmonary aspergillosis, chronic parasinusitis or nasal polyposis,
bronchiectasis, hemoptysis, portal hypertension, delayed puberty, and azoospermia due
to bilateral absence of the vas deferens.12
Newborn screening can also identify patients with CFTR-related metabolic syndrome,
deﬁned as having intermediate sweat chloride
test results on 2 occasions and fewer than 2
CF-causing mutations or a normal sweat chloride test result and 2 CFTR mutations, at least
1 of which is not clearly categorized as causing
CF.13 These patients will have variable symptoms ranging from asymptomatic to mild CF
and can present with atypical symptoms
such as isolated pancreatitis or recurrent sinusitis. Because this condition is increasingly
identiﬁed by newborn screening, physicians
who treat adults will need to be able to identify and treat these patients appropriately using Cystic Fibrosis Foundation guidelines.13
Although a variety of diagnostic guidelines
exist, in general patients are required to manifest clinical symptoms consistent with CF in
at least one organ system and have evidence
of CFTR dysfunction by sweat chloride testing,
positive genetic test results, or abnormal nasal
transepithelial potential difference.14 Nasal
transepithelial potential difference is the direct
measurement of voltage across the nasal epithelium that results from transepithelial ion transport, and it reﬂects in part CFTR chloride
transport.
Diagnosis of CF can be challenging in the
adult patient because results of sweat chloride
testing can be normal.11 Multiple studies have
shown that sweat chloride values tend to be
lower in this group and can be normal in up
to a third of patients.11 In patients with highly
suspicious features, genetic or nasal impedance testing should be pursued despite a
normal sweat chloride test result.9 Conversely,
a small subset of patients with highly suggestive phenotypic features will have novel mutations and/or mutations of undetermined
signiﬁcance and thereby do not meet classic
diagnostic criteria.15 Nasal transepithelial potential difference may be useful in this population, although its effort-intensive nature and
low availability can be barriers.
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CONCLUSION
Although CF is rightly considered a disease of
childhood, diagnoses in adult patients are not
uncommon. Because newborn screening was
not universally adopted in the United States
until 2009, CF should be considered in adult
patients with suspicious pulmonary or GI
ﬁndings.
Correspondence: Address to Mark E. Wylam, MD, Division
of Pulmonary and Critical Care Medicine, Mayo Clinic, 200
First St SW, Rochester, MN 55904 (wylam.mark@mayo.edu).
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