The Basement Flight

The approach to clinical conundrums by an expert clinician is revealed through the presentation of an actual patient’s case in an
approach typical of a morning report. Similar to patient care, sequential pieces of information are provided to the clinician, who is
unfamiliar with the case. The focus is on the thought processes of both the clinical team caring for the patient and the discussant.

[i] This icon represents the patient’s case. Each paragraph that follows represents the discussant’s thoughts.
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A 14-year-old girl with a history of asthma presented to

the Emergency Department (ED) with three months of
persistent, nonproductive cough, and progressive shortness
of breath. She reported fatigue, chest tightness, orthopnea,
and dyspnea with exertion. She denied fever, rhinorrhea,
congestion, hemoptysis, or paroxysmal nocturnal dyspnea.

Her age and past medical history of asthma are incongruent
with her new symptoms, as asthma is typified by intermittent ex-
acerbations, not progressive symptoms. Thus, another process,
in addition to asthma, is most likely present; it is also important
to question the accuracy of previous diagnoses in light of new
information. Her symptoms may signify an underlying cardiopul-
monary process, such as infiltrative diseases (eg, lymphoma or
sarcoidosis), atypical infections, genetic conditions (eg, variant
cystic fibrosis), autoimmune conditions, or cardiomyopathy. A
detailed symptom history, family history, and careful physical ex-
amination will help expand and then refine the differential diag-
nosis. At this stage, typical infections are less likely.

She had presented two months prior with nonproduc-

tive cough and dyspnea. At that presentation, her tem-
perature was 36.3°C, heart rate 110 beats per minute, blood
pressure 119/63 mm Hg, respiratory rate 43 breaths per min-
ute, and oxygen saturation 86% while breathing ambient air.
A chest CT with contrast demonstrated diffuse patchy multi-
focal ground-glass opacities in the bilateral lungs as well as a
mixture of atelectasis and lobular emphysema in the depen-
dent lobes bilaterally (Figure 1). Her main pulmonary artery
was dilated at 3.6 cm (mean of 2.42 cm with SD 0.22). She
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was diagnosed with atypical pneumonia. She was adminis-
tered azithromycin, weaned off oxygen, and discharged after
a seven-day hospitalization.

Two months prior, she had marked tachypnea, tachycardia, and
hypoxemia, and imaging revealed diffuse ground-glass opac-
ities. The differential diagnosis for this constellation of symp-
toms is extensive and includes many conditions that have an
inflammatory component, such as atypical pneumonia caused
by Mycoplasma or Chlamydia pneumoniae or a common re-
spiratory virus such as rhinovirus or human metapneumovirus.
However, two findings make an acute pneumonia unlikely to
be the sole cause of her symptoms: underlying emphysema
and an enlarged pulmonary artery. Emphysema is an uncom-
mon finding in children and can be related to congenital or ac-
quired causes; congenital lobar emphysema most often pres-
ents earlier in life and is focal, not diffuse. Alpha-1-anti-trypin
deficiency and mutations in connective tissue genes such as

FIG 1. Coronal Chest CT demonstrating diffuse patchy ground-glass opacities
in the left lung, particularly the left upper lobe. Multifocal ground-glass opaci-
ties are also noted throughout the right lung.
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FIG 2. Axial Chest CT demonstrating diffuse centrilobular ground-glass opaci-
ties and patchy areas of lobular air-trapping with mosaic attenuation seen most
prominently in the bilateral lower lobes.

those encoding for elastin and fibrillin can lead to pulmonary
disease. While not diagnostic of pulmonary hypertension, her
dilated pulmonary artery, coupled with her history, makes pul-
monary hypertension a strong possibility. While her pulmonary
hypertension is most likely secondary to chronic lung disease
based on the emphysematous changes on the CT, it could still
be related to a cardiac etiology.

[ The patient had a history of seasonal allergies and
— well-controlled asthma. She was hospitalized at age six
for an asthma exacerbation associated with a respiratory in-
fection. She was discharged with an albuterol inhaler, but sel-
dom used it. Her parents denied any regular coughing during
the day or night. She was morbidly obese. Her tonsils and
adenoids were removed to treat obstructive sleep apnea
(OSA\) at age seven, and a subsequent polysomnography was
normal. Her medications included intranasal fluticasone pro-
pionate and oral iron supplementation. She had no known
allergies or recent travels. She had never smoked. She had
two pet cats and a dog. Her mother had a history of obesity,
OSA, and eczema. Her father had diabetes and eczema.

The patient’s history prior to the recent few months sheds little
light on the cause of her current symptoms. While it is possible
that her current symptoms are related to the worsening of a
process that had been present for many years which mimicked
asthma, this seems implausible given the long period of time
between her last asthma exacerbation and her present symp-
toms. Similarly, while tonsillar and adenoidal hypertrophy can
be associated with infiltrative diseases (such as lymphoma),
this is less common than the usual (and normal) disproportion-
ate increase in size of the adenoids compared to other airway
structures during growth in children.
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[ ~] She was admitted to the hospital. On initial examination,
— her temperature was 37.4°C, heart rate 125 beats per
minute, blood pressure 143/69 mm Hg, respiratory rate 48
breaths per minute, and oxygen saturation 86% breathing
ambient air. Her BMI was 58 kg/m2. Her exam demonstrated
increased work of breathing with accessory muscle use, and
decreased breath sounds at the bases. There were no wheez-
es or crackles. Cardiovascular, abdominal, and skin exams
were normal except for tachycardia. At rest, later in the hos-
pitalization, her oxygen saturation was 97% breathing ambi-
ent air and heart rate 110 bpm. After two minutes of walking,
her oxygen saturation was 77% and heart rate 132 bpm.
Two minutes after resting, her oxygen saturation increased
to 91%.

Her white blood cell count was 11.9 x 10%/L (67% neutro-
phils, 24.2% lymphocytes, 6% monocytes, and 2% eosino-
phils), hemoglobin 11.2 g/dL, and platelet count 278,000/
mm?®. Her complete metabolic panel was normal. The C-re-
active protein (CRP) was 24 mg/L (normal range, < 4.9) and
erythrocyte sedimentation rate (ESR) 103 mm/hour (normal
range, 0-32). A venous blood gas (VBG) showed a pH of 7.42
and pCO2 39. An EKG demonstrated sinus tachycardia.

The combination of the patient’s tachypnea, hypoxemia, respi-
ratory distress, and obesity is striking. Her lack of adventitious
lung sounds is surprising given her CT findings, but the sensi-
tivity of chest auscultation may be limited in obese patients.
Her laboratory findings help narrow the diagnostic frame: she
has mild anemia and leukocytosis along with significant inflam-
mation. The normal CO, concentration on VBG is concerning
given the degree of her tachypnea and reflects significant al-
veolar hypoventilation.

This marked inflammation with diffuse lung findings again
raises the possibility of an inflammatory or, less likely, infec-
tious disorder. Sjogren’s syndrome, systemic lupus erythema-
tosus (SLE), and juvenile dermatomyositis can present in young
women with interstitial lung disease. She does have exposure
to pets and hypersensitivity pneumonitis can worsen rapidly
with continued exposure. Another possibility is that she has an
underlying immunodeficiency such as common variable immu-
nodeficiency, although a history of recurrent infections such as
pneumonia, bacteremia, or sinusitis is lacking.

An echocardiogram should be performed. In addition, labo-
ratory evaluation for the aforementioned autoimmune causes
of interstitial lung disease, immunoglobulin levels, pulmonary
function testing (if available as an inpatient), and potentially a
bronchoscopy with bronchoalveolar lavage (BAL), and biopsy
should be pursued. The BAL and biopsy would be helpful in
evaluating for infection and interstitial lung disease in an ex-
peditious manner.

[ ~] A chest CT without contrast was done and compared to
— the scan from two months prior. New diffuse, ill-defined
centrilobular ground-glass opacities were evident through-
out the lung fields; dilation of the main pulmonary artery was
unchanged, and previously seen ground-glass opacities had
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FIG 3. Spirometric Flow Volume Loops Before and After Exposure Removal. (A) At admission: FVC 1.07L (35% predicted); FEV1: 1.07L (39% predicted); FEV1/FVC
100%. (B) two months postremoval: FVC 2.00L (66% predicted); FEV1: 188L (69% predicted); FEV1/FVC: 94%. (C) 6 months postremoval: FVC: 2.74 L (95% predicted);

FEV1: 2.03L (78% predicted), FEV1/FVC: 74%.

resolved. There were patchy areas of air-trapping and mosaic
attenuation in the lower lobes (Figure 2). Transthoracic echo-
cardiogram demonstrated a right ventricular systolic pres-
sure of 58 mm Hg with flattened intraventricular septum
during systole. Left and right ventricular systolic function
were normal. The left ventricular diastolic function was nor-
mal. Pulmonary function testing demonstrated a FEV1/FVC
ratio of 100 (112% predicted), FVC 1.07 L (35% predicted)
and FEV1 1.07 L (39% predicted), and total lung capacity was
2.7L (56% predicted) (Figure 3). Single-breath carbon monox-
ide uptake in the lung was not interpretable based on 2017
European Respiratory Society (ERS)/American Thoracic Soci-
ety (ATS) technical standards.

This information is helpful in classifying whether this patient’s
primary condition is cardiac or pulmonary in nature. Her normal
left ventricular systolic and diastolic function make a cardiac
etiology for her pulmonary hypertension less likely. Further, the
combination of pulmonary hypertension, a restrictive pattern
on pulmonary function testing, and findings consistent with in-
terstitial lung disease on cross-sectional imaging all suggest a
primary pulmonary etiology rather than a cardiac, infectious,
or thromboembolic condition. While chronic thromboembolic
hypertension can result in nonspecific mosaic attenuation, it
typically would not cause centrilobular ground-glass opacities
nor restrictive lung disease. Thus, it seems most likely that this
patient has a progressive pulmonary process resulting in hy-
poxia, pulmonary hypertension, centrilobular opacities, and
lower-lobe mosaic attenuation. Considerations for this process
can be broadly categorized as one of the childhood interstitial
lung disease (chILD). While this differential diagnosis is broad,
strong consideration should be given to hypersensitivity pneu-
monitis, chronic aspiration, sarcoidosis, and Sjogren’s syn-
drome. An intriguing possibility is that the patient’s “response
to azithromycin” two months prior was due to the avoidance
of an inhaled antigen while she was in the hospital; a detailed
environmental history should be explored. The normal poly-
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somnography after tonsilloadenocidectomy makes it unlikely
that OSA is a major contributor to her current presentation.
However, since the surgery was seven years ago, and her BMl is
presently 58 kg/m? she remains at risk for OSA and obesity-hy-
poventilation syndrome. Polysomnography should be done
after her acute symptoms improve.

~] She was started on 5 mm Hg of continuous positive air-

way pressure (CPAP) at night after a sleep study on room
air demonstrated severe OSA with a respiratory disturbance
index of 13 events per hour. Antinuclear antibodies (ANA),
anti-neutrophil cytoplasmic antibody (ANCA), anti-Jo-1 anti-
body, anti-RNP antibody, anti-Smith antibody, anti-Ro/SSA
and anti-La/SSB antibody were negative as was the histoplas-
min antibody. Serum angiotensin-converting enzyme (ACE)
level was normal. Mycoplasma IgM and IgG were negative.
IgE was 529 kU/L (normal range, <114).

This evaluation reduces the likelihood the patient has Sjogren’s
syndrome, SLE, dermatomyositis, or ANCA-associated pulmo-
nary disease. While many patients with dermatomyositis may
have negative serologic evaluations, other findings usually
present such as rash and myositis are lacking. The negative
ANCA evaluation makes granulomatosis with polyangiitis and
microscopic polyangiitis very unlikely given the high sensitivi-
ty of the ANCA assay for these conditions. ANCA assays are
less sensitive for eosinophilic granulomatosis with polyangiitis
(EGPA), but the lack of eosinophilia significantly decreases the
likelihood of EGPA. ACE levels have relatively poor operating
characteristics in the evaluation of sarcoidosis; however, sar-
coidosis seems unlikely in this case, especially as patients with
sarcoidosis tend to have low or normal IgE levels. Patients with
asthma can have elevated IgE levels. However, very elevated
IgE levels are more common in other conditions, including aller-
gic bronchopulmonary aspergillosis (ABPA) and the Hyper-IgE
syndrome. The latter manifests with recurrent infections and
eczema, and is inherited in an autosomal dominant manner.
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However, both the Hyper-IgE syndrome and ABPA have much
higher IgE levels than seen in this case. Allergen-specific IgE
testing (including for antibodies to Aspergillus) should be sent.
It seems that an interstitial lung disease is present; the waxing
and waning pattern and clinical presentation, along with the
lack of other systemic findings, make hypersensitivity pneumo-
nitis most likely.

r_} The family lived in an apartment building. Her symptoms
' started when the family’s neighbor recently moved his
outdoor pigeon coop into his basement. The patient often
smelled the pigeons and noted feathers coming through the
holes in the wall.

One of the key diagnostic features of hypersensitivity pneu-
monitis (HP) is the history of exposure to a potential offending
antigen—in this case likely bird feathers—along with worsen-
ing upon reexposure to that antigen. HP is primarily a clinical
diagnosis, and testing for serum precipitants has limited value,
given the high false negative rate and the frequent lack of clini-
cal symptoms accompanying positive testing. Bronchoalveolar
lavage fluid may reveal lymphocytosis and reduced CD4:CD8
ratio. Crackles are commonly heard on examination, but in this
case were likely not auscultated due to her obese habitus. The
most important treatment is withdrawal of the offending anti-
gen. Limited data suggest that corticosteroid therapy may be
helpful in certain HP cases, including subacute, chronic and
severe cases as well as patients with hypoxemia, significant
imaging findings, and those with significant abnormalities on
pulmonary function testing (PFT).

r_} A hypersensitivity pneumonitis precipitins panel was
— sent with positive antibodies to M. faeni, T. Vulgaris, A.
Fumigatus 1 and 6, A. Flavus, and pigeon serum. Her symp-
toms gradually improved within five days of oral prednisone
(60 mg). She was discharged home without dyspnea and nor-
mal oxygen saturation while breathing ambient air. A repeat
echocardiogram after nighttime CPAP for one week demon-
strated a right ventricular systolic pressure of 17 mm Hg con-
sistent with improved pulmonary hypertension.

Three weeks later, she returned to clinic for follow up. She
had re-experienced dyspnea, cough, and wheezing, which
improved when she was outdoors. She was afebrile, tachy-
pneic, tachycardic, and her oxygen saturation was 92% on
ambient air.

Her steroid-responsive interstitial lung disease and rapid im-
provement upon avoidance of the offending antigen is consis-
tent with HP. The positive serum precipitins assay lends further
credence to the diagnosis of HP, although serologic analysis
with such antibody assays is limited by false positives and false
negatives; further, individuals exposed to pigeons often have
antibodies present without evidence of HP. History taking at
this visit should ask specifically about further pigeon exposure:
were the pigeons removed from the home completely, were
heating-cooling filters changed, carpets cleaned, and bedding
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laundered? An in-home evaluation may be helpful before con-
ducting further diagnostic testing.

r_} She was admitted for oxygen therapy and a bronchosco-
— py, which showed mucosal friability and cobblestoning,
suggesting inflammation. BAL revealed a normal CD4:CD8
ratio of 3; BAL cultures were sterile. Her shortness of breath
significantly improved following a prolonged course of sys-
temic steroids and removal from the triggering environment.
PFTs improved with a FEV1/FVC ratio of 94 (105% predicted),
FVC of 2.00 L (66% predicted), FEV1 of 1.88L (69% predicted)
(Figure 3B). Her presenting symptoms of persistent cough
and progressive dyspnea on exertion, characteristic CT, ster-
ile BAL cultures, positive serum precipitants against pigeon
serum, and resolution of her symptoms with withdrawal of
the offending antigen were diagnostic of hypersensitivity
pneumonitis due to pigeon exposure, also known as bird fan-
cier's disease.

COMMENTARY

The patient’s original presentation of dyspnea, tachypnea, and
hypoxia is commonly associated with pediatric pneumonia
and asthma exacerbations.! However, an alternative diagnosis
was suggested by the lack of wheezing, absence of fever, and
recurrent presentations with progressive symptoms.

Hypersensitivity pneumonitis (HP) represents an exaggerat-
ed T-cell meditated immune response to inhalation of an of-
fending antigen that results in a restrictive ventilatory defect
and interstitial infiltrates.? Bird pneumonitis (also known as bird
fancier's disease) is a frequent cause of HP, accounting for ap-
proximately 65-70% of cases.® HP, however, only manifests in a
small number of subjects exposed to culprit antigens, suggest-
ing an underlying genetic susceptibility.* Prevalence estimates
vary depending on bird species, county, climate, and other
possible factors.

There are no standard criteria for the diagnosis of HP,
though a combination of findings is suggestive. A recent pro-
spective multicenter study created a scoring system for HP
based on factors associated with the disease to aid in accu-
rate diagnosis. The most relevant criteria included antigen
exposure, recurrent symptoms noted within 4-8 hours after
antigen exposure, weight loss, presence of specific IgG an-
tibodies to avian antigens, and inspiratory crackles on exam.
Using this rule, the probability that our patient has HP based
on clinical characteristics was 93% with an area under the re-
ceiver operating curve of 0.93 (96% Cl: 0.90-0.95).° Chest
imaging (high resolution CT) often consists of a mosaic pat-
tern of air trapping, as seen in this patient in combination
with ground-glass opacities.® Bronchoalveolar lavage (BAL)
is sensitive in detecting lung inflammation in a patient with
suspected HP. On BAL, a lymphocytic alveolitis can be seen,
but absence of this finding does not exclude HP>7# Pulmo-
nary function tests (PFTs) may be normal in acute HP. When
abnormal, PFTs may reveal a restrictive pattern and reduction
in carbon monoxide diffusing capacity.” However, BAL and PFT
results are neither specific nor diagnostic of HP; it is important
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to consider results in the context of the clinical picture.

The respiratory response to inhalation of the avian antigen
has traditionally been classified as acute, subacute, or chron-
ic.? The acute response occurs within hours of exposure to the
offending agent and usually resolves within 24 hours after an-
tigen withdrawal. The subacute presentation involves cough
and dyspnea over several days to weeks, and can progress
to chronic and permanent lung damage if unrecognized and
untreated. In chronic presentations, lung abnormalities may
persist despite antigen avoidance and pharmacologic inter-
ventions.*'® The patient’s symptoms occurred over a six-month
period which coincided with pigeon exposure and resolved
during each hospitalization with steroid treatment and remov-
al from the offending agent. Her presentation was consistent
with a subacute time course of HP.

The dilated pulmonary artery, elevated right systolic ventric-
ular pressure, and normal right ventricular function in our pa-
tient suggested pulmonary hypertension of chronic duration.
Her risk factors for pulmonary hypertension included asthma,
sleep apnea, possible obesity-hypoventilation syndrome, and
HP-associated interstitial lung disease.™

The most important intervention in HP is avoidance of the
causative antigen. Medical therapy without removal of antigen
is inadequate. Systemic corticosteroids can help ameliorate
acute symptoms though dosing and duration remains unclear.
For chronic patients unresponsive to steroid therapy, lung
transplantation can be considered.*

The key to diagnosis of HP in this patient—and to minimiz-
ing repeat testing upon the patient’s recrudescence of symp-
toms—was the clinician’s consideration that the major impe-
tus for the patient’s improvement in the hospital was removal
from the offending antigen in her home environment. As in
this case, taking time to delve deeply into a patient’s environ-
ment—even by descending the basement stairs—may lead to
the diagnosis.

LEARNING POINTS

e Consider hypersensitivity pneumonitis (HP) in patients with
recurrent respiratory distress, offending exposure, and reso-
lution of symptoms with removal of culprit antigen.
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* The most important treatment of HP is removal of the of-
fending antigen; systemic and/or inhaled corticosteroids are
indicated until the full resolution of respiratory symptoms.

* Prognosis is dependent on early diagnosis and removal of
offending exposures.

e Failure to treat HP might result in end-stage lung disease from
pulmonary fibrosis secondary to long-term inflammation.
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