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Vignette

KZ, who recently celebrated her 50th birthday, had become accus-
tomed to issues with her bones. She grew up an avid sports player,
but her progressively worsening scoliosis forced her to quit early.
Schroth exercises to align the curvature of her spine proved to be
insufficient and an operation was inevitable. KZ underwent surgi-
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cal correction, and a Harrington rod was screwed into her spine to
align and support it. Harrington rods have been the gold standard
treatment for severe scoliosis since the 1960s [1], but they carry
significant risk, especially if placed in a young child. When these
patients hit their adolescent growth spurts, they can outgrow the
rigid device. This was the case for KZ, and she eventually required
it to be removed. Despite these difficulties, she was able to remain
strong and live a relatively normal life—until 1 day her hips sud-
denly gave way.

It turns out she also had a congenital problem, and her hips had
degenerated to the extent that bone grinded against bone! Among
orthopedic injuries, hip injuries are notoriously dangerous. A
third of patients over the age of 65 may not survive a year after
such an injury [2]. A young and otherwise robust individual, KZ
fortunately had the odds in her favor. First the surgeons fixed the
right side without problems. Then they did the left. For both of her
hip replacement procedures, metal-on-metal prostheses were
placed. It is named as such because the two components of the
joint, the socket of the hip and the head of the femur, are both
recreated using metal alloys. The durability is astounding, making
it the prosthesis of choice in younger patients who will be relying
on it to bear their full weight for years to come. No stranger to
metal prosthetics, KZ was determined to make her hip a problem
of the past.

Days after the second procedure, she felt pain on the left; it was
excruciating, and she felt and heard a pop in her socket. Her leg
was dangling out! In desperation, her teenage daughter helped
force it back in place. This was subluxation.

She also could not feel anything over the outside of her left
thigh. Days went by and her sensation never returned. Instead, it
was replaced by pain that worsened every time she tried to walk.
To make matters worse, she could not move her leg the way she
wanted. Just lifting it to get out of the car became a struggle. What
was going on?

In the medical field, this syndrome is well known. We call it
meralgia paresthetica (MP), a condition which occurs when the
lateral femoral cutaneous (LFC) nerve is compressed for any
reason. In the USA where obesity is an epidemic, this is often
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caused when the weight of an individual’s abdomen applies
downward pressure on the nerve. Tight clothing like belts and
skinny jeans can have a similar effect. However, none of these
common causes applied to KZ. The timing was too perfect. She
suspected the surgery was to blame.

The surgeon who had placed the prosthesis did not think the
symptoms were related to the hip surgery. He commented that he
had taken an anterior approach to the hip replacement, which theo-
retically spares any permanent damage to the muscles or nerves. Yet
the surgical approach does cut the fascia of the tensor fascia latae
[3]. He told her, “it must be a problem stemming from your scoli-
otic spine.” The surgeon believed that the nerve was being pinched
between two vertebrae immediately as it exited the spinal cord and
refused to do any more. But KZ pressed on and did independent
research on the complications that can arise in a hip surgery.

A year later, her efforts finally paid off. It turned out that the
surgeon had neglected KZ’s anterior pelvic tilt during the proce-
dure. A pelvis that is tilted forward significantly limits the opera-
tive workspace and increases the susceptibility of delicate
structures to being injured. To make up for this, he agreed to per-
form a revisional procedure to correct her pelvic tilt free of charge.
After a year of incessant pain, KZ was finally going to find relief.
This tightened her up and she no longer felt the instability of sub-
luxation anymore.

Yet the same numbness remained. Her spine had not been the
cause of her nerve compression. Frustration was high and hope
was low. She went through physician after physician who were
unable to pinpoint a cause for her condition. Finally, she found an
orthopedic spine surgeon who offered to inject a numbing medi-
cation, composed of lidocaine and a steroid, directly into the
burning area on her leg.

Instant relief.

The pain was gone. Her sensation was back. She could fully
move her leg again! The doctor said this treatment would only last
a month or so before she would need another injection. That was
fine by KZ. Four days later, the pain and numbness returned in full.

The next step for KZ was to get an MRI of the nerves in her
legs to assess the state of her LFC. The short-lived success of the
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lidocaine injection encouraged us that the nerve was still salvage-
able, but also that it was being significantly compressed. Whether
this was from inflammation, scar tissue, or something else
remained difficult to determine.

Hydrodissection was used to split the LFC from the surround-
ing tissue and give it some room to breath. The procedure was
technically a success, but it did not provide the relief that KZ was
looking for. The nerve was free from its adhesions, but it had likely
suffered permanent damage from being compressed for so long.

KZ was understandably frustrated. Her quest to seek escape
from pain had thus far been unfruitful and she was on the verge of
giving up. In this moment of darkness, a final opportunity pre-
sented itself—nerve regeneration using platelet-rich plasma
(PRP). Mostly studied in healing muscle tendons and ligaments,
PRP still has a largely experimental role in repairing nerve dam-
age. Yet, we are given hope by promising preliminary data show-
ing PRP to enhance growth of peripheral nerves, likely through its
rich supply of growth factors [4].

Modern medicine has come a long way. We can bring people
back to life when their hearts have stopped beating. We can create
artificial limbs controlled by electrical impulses from the brain.
Yet sometimes we are perplexed by seemingly straightforward
cases such as KZ’s meralgia paresthetica. As we near the limits of
what our technologies can offer, only time will tell whether KZ
becomes a perpetual victim of her disease or a pioneer in the field
of regenerative medicine.

In the end, the problem was solved by straightening the curva-
ture of the spine to eliminate scoliosis and improving the anterior
tilt by stretching the hip flexor muscles.

Background/Salient Features

Meralgia paresthetica refers to entrapment of the lateral femoral
cutaneous nerve, which subsequently leads to burning, coldness,
numbness, and/or tingling over the anterolateral thigh. Nerve
damage is a notable complication of hip replacements and numer-
ous case reports have recorded meralgia paresthetica directly
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caused by such procedures [5, 6]. KZ’s case is especially signifi-
cant because she had multiple risk factors for having a difficult,
complicated procedure.

The outcome of a hip replacement is largely dependent on
proper placement of the prosthesis. Pelvic tilt is a common condi-
tion which can compromise a hip replacement by throwing off its
center of gravity. Anterior pelvic tilt can cause impingement
between the hip and the femur or dislocate the prosthetic joint
anteriorly [7]. The success of the procedure is also affected by
spinal deformities. KZ had significant scoliosis, which can cause
malalignment of the head of the femur within the acetabular cup
[8]. Interestingly, scoliosis can often cause pelvic tilt as a com-
pensatory mechanism for the body to balance itself. The effects of
these problems can be minimized by implementing tilt-adjustment
to compensate for the rotated pelvis, though such techniques are
not standardized and vary by manufacturer [9].

Hydrodissection is a cutting-edge non-surgical procedure
which utilizes pressurized saline to separate planes of tissue. This
technique is widely used in the treatment of carpal tunnel syn-
drome [10], and its efficacy in treating other nerve pathologies is
under investigation. Only a handful of case studies exist which
observe the use of hydrodissection in the treatment of meralgia
paresthetica [11, 12]. A physician may choose to use hydrodissec-
tion over traditional surgical decompression to better avoid inad-
vertent injury to the nerves, though no studies evaluating its safety
for nerve injections currently exist. It should be noted that this
technique carries the added benefit of separating soft tissue adhe-
sions through the creation of new surgical planes [13]. Typically,
this procedure is performed by an orthopedic surgeon under ultra-
sound guidance with the use of local anesthetics.

Platelet-rich plasma involves taking blood from a patient and
concentrating the platelet portion into an injectable solution [14].
Using ultrasound guidance, the PRP is injected into a site of injury
to accelerate healing. Contrary to steroid injections which aim to
reduce inflammation, PRP enhances the inflammatory response
by recruiting reparative cells to the area. The human body is good
at healing acute injuries, but tends to struggle with those that are
chronic. Structures with poor blood supply such as tendons, liga-
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ments, and nerves often fall victim to incomplete repair when
damaged. The growth factors and cytokines that are highly con-
centrated in PRP remind the body that damage exists so that the
innate restorative mechanisms can be activated and bring about a
natural recovery.

Diagnosis

Meralgia paresthetica is diagnosed clinically, meaning it is deter-
mined by a combination of the physical exam and the patient’s
medical history. It should be suspected when a patient presents
with pain, numbness, and/or paresthesia of the skin in the distri-
bution of the upper outer thigh. Risk factors such as obesity and
diabetes often clue medical practitioners to the etiology. It is
important to evaluate the sensation along the distribution of the
lateral femoral cutaneous nerve as part of the physical exam, and
the Tinel test is often used for this purpose. It consists of tapping
along the course of the nerve, and a test is considered positive if it
reproduces the symptoms of pain or paresthesia. Confirmatory
testing can be done with a nerve conduction study or ultrasound
imaging of the nerve.

Treatment

The two most common causes of MP are obesity and tight cloth-
ing. Often, the only treatment required is the cessation of wearing
belts and skinny jeans. Other potential causes for compression
include but are not limited to: pregnancy, fibroids, ascites,
long-distance walking/cycling, and groin trauma. In such cases,
greater than 90% of patients see symptomatic improvement
through a combination of removing tight clothing, limiting physi-
cal activities that extend the hip, applying ice to the affected area,
and taking over-the-counter NSAIDs for up to 1 week [15].
Though easier said than done, weight loss is a highly successful
treatment modality in patients whose nerve compression stems
from central adiposity.
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There are certain causes of MP that are less easily fixed.
Chronic exposure to lead can lead to permanent nerve damage. A
less obvious neurotoxin is glucose, which over time can poison
the nerves of diabetic patients. Most pertinent to our case are iat-
rogenic causes, where medical practitioners inadvertently injure
the LFC nerve while performing procedures in the area.

In cases where the damage cannot be reversed, anticonvulsant
medications such as carbamazepine, phenytoin, and gabapentin
may help relieve the neuropathic pain. Similar to KZ’s experi-
ence, sensations from the nerve can be blocked through the injec-
tion of anesthesia and steroids over the affected area. The last line
of treatment is surgery. In patients with intractable pain that has
not responded to other modalities, a surgeon can cut the entire
nerve out [16]. This removes not only the feeling of pain but also
the sensation of anything else. After such a procedure, the patient
will have a permanent area of numbness over the distribution of
the nerve.

There are newer treatments being tried that have seen variable
success. Surgeons have tried to decompress the LFC nerve by cut-
ting parts of the inguinal ligament. KZ underwent hydrodissec-
tion, where pressurized water is used to free the nerve from the
surrounding tissue. While not considered common practice, there
have been cases of success stories where patients saw immediate
and permanent relief right after the procedure. Finally there is
platelet-rich plasma, a therapy that takes the novel approach of
regenerating damaged nerves. With all sources of nerve compres-
sion gone, KZ now must rely on her body to heal itself with time.
If all goes accordingly, she will be able to escape her pain and
move on to the next chapter of her life.

Fun Facts

® Meralgia paresthetica is a feeling of pain and/or numbness in
the upper outer thigh caused by external compression of the
lateral femoral cutaneous nerve.

@ Orthopedic procedures of the hip can be complicated by spinal
pathology, such as severe scoliosis and anterior pelvic tilt.

© Hydrodissection is a new technique that can treat refractory
MP without resorting to transection of the LFC nerve.
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Multiple Choice Questions

1. A 47-year-old man presents with numbness and burning pain
over the left upper thigh for the past 3 weeks. His symptoms
are worse with prolonged physical activity, especially climb-
ing stairs. BMI is 34 kg/m?. Which of the following is the best
initial treatment for this patient?
(a) Anticonvulsant
(b) Neurectomy
(c) Weight loss
(d) NSAIDs

2. A 54-year-old woman presents to the emergency department
because of numbness and burning pain in her right hand for 8 h.
Her symptoms developed while she was working overtime at
her office job, but have not subsided with rest. The pain is
located over the thenar eminence and palmar surface of the first
and second digits. An electrodiagnostic study would provide the
best representation of muscle denervation if performed within:
(a) 2h
(b) 2 days
(c) 2 weeks
(d) 2 years

3. Each of the following conditions are risk factors for hip sur-
gery complications except for:
(a) Osteoarthritis
(b) Rheumatoid arthritis
(¢) Pelvic tilt
(d) Scoliosis

Answers

1. (¢
In this patient who is obese and has recent onset of meralgia
paresthetica (MP), the source of his nerve compression is most
likely due to his weight. Initial management includes reducing
pressure over the groin area (avoiding tight clothing) and
weight loss, as these are the most common causes of the condi-
tion.
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(a) Most cases of MP resolve spontaneously and do not
require pharmacologic treatment. If symptoms persist for
more than a couple months, use of anticonvulsants can be con-
sidered to reduce possible neuropathic pain.

(b) Neurectomy of the lateral femoral cutaneous nerve is
considered last-line therapy for MP and is not yet indicated in
this patient with new-onset symptoms and possibility for spon-
taneous recovery.

(d) NSAIDs may provide temporary symptomatic relief but
would not help with managing the etiology of this patient’s
MP. Additionally, it is important to treat the underlying cause
to avoid complications of prolonged use of NSAIDs.

. (0

After a nerve is injured, the degree of damage cannot be fully
assessed until Wallerian degeneration is complete. The time-
line for this can be anywhere from 1 week to 4 weeks, depend-
ing on the length of the injured axon [17].

(a) In severe axonal damage, EMG findings can become
abnormal immediately. However, the patient’s benign presen-
tation and lack of an abrupt or traumatic cause for her symp-
toms are not suggestive of significant injury.

(b) See above.

(d) Damaged nerves require growth factors released by
viable muscle tissue for recovery. Conversely, muscle depends
on electrical activity to function properly. Chronically dener-
vated muscle tissue will degenerate and become fibrotic within
2 years, making this too long of a time period to wait.

. (a)

OA is one of the most common indications for hip surgery, and
almost all patients undergoing a hip replacement procedure
will have some degree of OA in their femoroacetabular joint.
A hip replacement is the only treatment that provides the
removal of degenerative damage in order to restore function.
(b) While rheumatoid arthritis (RA) most commonly affects
the small joints of the hands and feet, patients with this disease
are more susceptible to infections in all joints of the body rela-
tive to the general population. Known as septic arthritis, this
condition can be potentially limb-threatening and life-
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threatening if not caught early. This susceptibility is thought to
stem from chronic immunosuppression from glucocorticoids
and biologic agents used in the treatment of RA.

(c) and (d) As mentioned previously, any form of spinal
deformity can significantly change the pelvic anatomy and
increase the number of complications associated with hip sur-
gery. Patients with scoliosis are particularly prone to develop-
ing femoroacetabular impingement, where irregular bone
growth in the femoroacetabular joint causes the head of the
femur and acetabulum to rub against each other during move-
ment, resulting in irritation.
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Elderly patient with severe weight loss and history of severe cavitary disease

Vignette

Agatha Erlynne is a 72-year-old Caucasian lady who presented to
the office with a chief complaint of unexplained profound “weight
loss” (20 Ib). Associated symptoms included: fatigue, weakness,
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Fig.2.1 CT chest, 2003. Left upper lobe showing increasing cavitation. Left
lower lung showing small nodules

low grade fever, mild shortness of breath, and abdominal pain. Per
her primary care physician, extensive workup was done in search
of malignancy. Her chest X-ray and CT-scan revealed stable but
extensive cavitation in the left upper lobe and small nodules in the
left lower lobe (Fig. 2.1).

Agatha has a history of heavy smoking (1-2 packs per day for
over 40 years), chronic obstructive pulmonary disease (COPD),
an abdominal aortic aneurysm (AAA) repair, and 2 separate
symptomatic Nontuberculous Mycobacteria (NTM) infections.
Three years earlier she had weight loss, fever, and similar CT
findings with progressive cavitation in the left upper lobe and
nodular disease in the left lower lobe (Fig. 2.2).

At this time, she was diagnosed with a lung infection due to
Mycobacterium avium Intracellulare (MAI) via bronchoscopy,
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Fig.2.2 CT chest, 2000. Right upper lung showing severe emphysema. Left
upper lung showing large cavitation. Interesting to note Aspergillus fungus
ball formation in the middle of the cavity in the left lung. Lower left lung
showing small nodules (3—5 mm)

which is a long-tubed instrument inserted into the trachea and
lungs to visualize the airways and collect tissue samples. Twelve
years before that, at the age of 56, also had weight loss, fever, and
a cough. A chest X-ray revealed bilateral apical infiltrates and
multiple small cavities in the left upper lobe. At this point in time,
she was diagnosed with M. kansasii by the means of a bronchos-
copy and sputum testing. This was a different infection that fell
into the same category of atypical Mycobacterium.

Could this presentation be MAI or M. kansasii again, or was it
cancer?

Background/Salient Features of the Case

The most common Nontuberculous Mycobacteria (NTM) is
Mycobacterium avium Complex (MAC). MAC consists of several
different species, the most prevalent being M. avium and M. intra-
cellulare. Diagnosis and treatment are the same for both and
differentiation between the two is difficult. MAC and
Mycobacterium avium Intracellulare (MAI) are terms used inter-
changeably. The second most common NTM found in patients is
M. kansasii. It is not uncommon for a patient to be diagnosed with
several different species of NTM.
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MALI has been commonly found in aerosolized water, piped hot
water systems, bathrooms, dust, soil, and in some components of
cigarettes such as the tobacco, filter, or paper. MAI is a versatile
organism and can be found in both fresh and saltwater around the
world (Fig. 2.3). Conversely, M. kansasii has not been found in
natural water sources nor soil but has been found in tap water in
cities that have prevalent cases [1].

Atypical Mycobacterium can present in different manners,
specifically MAI can present in three clinically different ways.
First, it can resemble typical Mycobacterium tuberculosis (MTB).
This presentation of MAI is usually seen in middle aged to elderly
white men with symptoms that can include cough, weight loss,
and upper lobe infiltrates and cavities. The second clinical presen-
tation is nodular bronchiectasis, which has no gender specific
association and is typically seen in patients that have no history of
smoking, but may have a history of MTB, cystic fibrosis, or other
causes of chronically damaged lungs. Finally, the third clinical
presentation of MAI is Lady Windermere Syndrome, which is
quite interesting and historical. Lady Windermere Syndrome is
most commonly seen in immunocompetent, elderly, low body
mass index (BMI), nonsmoking women with no preexisting lung
disease. These women demonstrate interstitial patterns on a chest
X-ray. Lady Windermere syndrome was coined after the character
in Lady Windermere’s Fan, A Play About a Good Woman by Oscar
Wilde (Fig. 2.4) due to women in the Victorian-era believing
coughing and spitting were ill-mannered acts; by not clearing
their lungs they developed a respiratory disease. Although not a
part of this discussion, MAI also occurs in the immunocompro-
mised host, such as patients with HIV/AIDS. NTM is commonly
thought to be most prevalent in HIV/AIDS patients due to their
immunocompromised state; however, the majority of pulmonary
NTM seen today is in immunocompetent patients.

To a public health professional, NTM and MTB present differ-
ent problems. NTM is widespread and can be a severe disease, but
unlike MTB, NTM is not transmitted from person to person;
instead, it is transmitted through environmental sources via
inhalation of the Mycobacterium through the respiratory tract or
ingestion through the gastrointestinal tract. After entering the
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“Not worthy of a
mament’s sorrow !
That's what “society” said of the one they
condemned.  Yet the woman whom their
leader threatened to publicly disgrace com-
promised herself that happiness should ex
ist for the one who sought to disgrace her.
Such is the valor of mother-love. An appeal to heart
interest in the screen classic—

Prescnied by Triamgle

“Lady Windermere's Fan"

OSCAR WILDE

Give your audiences what they
demand—a photoplay production
of the most poweriul drama by
our most remarkable author

Releared June 151h
Triangle Distributing
Corp oration
New York

Fig. 2.4 Ad for the 1919 film release of the Lady Windermere’s Fan in the
USA [6]

body, MAI proceeds to infect pulmonary macrophages and
spreads via the lymphatic system. In terms of non-specific symp-
toms, pulmonary MAI infection manifests in immunocompetent
hosts, typically with weight loss, cough, sputum production,
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fever, lethargy, and night sweats. Other non-specific symptoms
may include malaise, dyspnea, chest discomfort, and hemoptysis.
Many patients will only present with a chronic cough with puru-
lent sputum production. These symptoms may last weeks to
months.

When a patient comes in with symptoms that could be consis-
tent with mycobacterial disease, there are several steps before
diagnosis of NTM can be made. In terms of radiographic diagno-
sis, a chest X-ray may demonstrate cavitary disease in the lung. A
CT scan is more sensitive than a routine chest X-ray and is more
likely to show other changes such as nodular bronchiectasis.
High-resolution computerized tomography (HRCT) scan can
show multifocal bronchiectasis and multiple small nodules. In
radiographic images, NTM and MTB can both present themselves
as apical diseases of the lungs, although NTM is frequency seen
in the right middle lobe and lingular segments, which are also the
most common areas to find bronchiectasis. This may be related to
the angle of the right mainstem bronchus which facilitates aspira-
tion.

In terms of bacteriological diagnosis, an acid fast bacilli (AFB)
smear such as the Ziehl-Neelsen acid fast stain would be con-
ducted to determine presence of Mycobacterium (Fig. 2.5). Blood
cultures are only useful in patients with HIV in determining the
presence of Mycobacterium; however, analysis must be directly
requested as there is a distinct media, and enough time needs to be
allowed for growth to occur. Only after 6 weeks of allowing for
growth in sputum or blood to occur can a culture be deemed nega-
tive with no evidence of Mycobacterium present [1]. If mycobac-
teria are detected, further diagnostic tests are needed to determine
which Mycobacterium (NTM or MTB) is present. Diagnosis is
reliant on analysis of sputum, lung tissue, or other tissues.

While AFB smear is useful to aid in direction of diagnosis, a
diagnosis of MAI can only be made with isolation of a sputum
culture and nucleic acid amplification (PCR) or with the use of
nucleic acid probes. In order to diagnose a patient with MAI, two
or more sputum cultures must be positive, or at least one culture-
positive bronchial washing or lavage or tissue sample. A patient
could also be diagnosed via a biopsy with histopathologic features
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Fig. 2.5 Ziehl-Neelsen Acid Fast Stain Positive for Mycobacterium [7]

consistent with mycobacterial infections such as granulomatous
inflammation or a positive AFB stain and a positive culture result.
Most laboratories testing for MAI currently use highly specific
nucleic acid probes which can identify the presence of MAI and
yield results within a day of noticeable growth [1].

Treatment requires a holistic review of the patient due to the
difficulty, cost, and possible side effects of treatment. For exam-
ple, in a patient with a positive AFB smear and no symptoms,
treatment would not be decided until results of the culture came
back. On the contrary, a patient with a positive AFB smear and
symptoms such as fever or weight loss may be treated for MTB,
due to the infectious nature of MTB, while they wait for the results
of the culture. Once the culture results come back, the treatment
could stay the course if it revealed MTB or be modified if it
revealed MAI. MTB and MAI treatments are similar; therefore,
there is no real harm in starting a patient who has MAI with anti-
MTB treatments. The treatment benefits need to outweigh the
possible side effects.

Spontaneous culture conversion has occurred in about 40-50%
of cases, demonstrating not all cases require treatment. To prevent
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avoidable treatment, physicians should assess several factors before
deciding on a treatment path. These include: (1) the patient is at risk
for disease progression; (2) has cavitary lesions; (3) low BMI, (4)
poor nutrition; or (5) a positive AFB smear. Continual monitoring
of the disease progression is important, as a patient originally not
needing treatment could later develop the need for medication [8].

Many NTM strains are resistant to conventional antibiotics;
thus, the treatment regimen consists of multiple antibiotics, most
commonly a combination of three or more antibiotics. This treat-
ment may last as long as 2 years. As stated previously, the side
effects of multiple antibiotics could cause difficulty in manage-
ment. Monitoring of patients receiving treatment is imperative.
MALI can be difficult and require three to five medications to suc-
cessfully treat [9].

The American Thoracic Society/Infectious Diseases Society of
America (ATS/IDSA) recommends treatment using a three-drug
combination regimen. This three-drug combination includes a
macrolide (either clarithromycin or azithromycin), rifampin, and
ethambutol. If this combination is not effective or the patient is
found to have progressive disease despite treatment, the regimen
can be bolstered with an injectable drug of streptomycin or ami-
kacin. Depending on the patient’s case, the treatment regimen can
consist of taking the prescribed medications three times per week
or daily. The recommended duration of treatment is to continue
therapy until 12 months of continuous sputum cultures are nega-
tive [8]. This means frequent sputum cultures, starting about 6-9
months after treatment initiation and about every 3—6 months, are
done during treatment. In rare cases, surgical management via an
adjuvant lung resection surgery may be used for those with
localized cavitary disease. This is usually for those with drug
intolerance or failure and requires an exhaustive risk-benefit
assessment and a very experienced surgeon [8].

Diagnosis

On all three occasions Agatha had extensive workup for infection
and malignancy. The workup for malignancies all came back neg-
ative. Chest X-rays and CT scans of the chest revealed cavitation
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and nodules as well as three sputum cultures tested positive for
MALI with moderate acid fast bacilli (AFB) on a smear. She was
diagnosed for the second time with MAIL On all three occasions
NTM was discovered: the first time was M. kansasii, and the sec-
ond and third time was MAI Diagnosis was made by sputum
evaluation and bronchoscopy which demonstrated the presence of
Mycobacterium.

Treatment

In Agatha’s case, she was originally treated for M. kansasii for 18
months with INH, Rifampin, Ethambutol until she presented
with radiographic resolution and negative cultures. Following
her treatment, she demonstrated no pulmonary symptoms. After
about 10 years of being symptom free, she was diagnosed with
MALI for the first time and treated for 22 months with
Azithromycin, Rifampin, and Ethambutol. Azithromycin, instead
of Biaxin, was used in Agatha’s case due to her intolerance of
Biaxin. Following treatment, there was complete resolution of
symptoms, but based on radiographic images, residual cavitation
in the left upper lobe was present. When she was diagnosed for
the second time with MAI 3 years later, she was treated once
again with the three-drug combination regimen of Azithromycin,
Rifampin, and Ethambutol. One could argue her second MAI
infection was due to failure to resolve her first MAI infection,
and this subsequently resulted in re-infection. It could also be
argued that because she had it 3 years prior, she required a more
aggressive treatment the second time.

Conclusion

Agatha is a 72-year-old woman with 3 different NTM diagnoses,
starting with M. kansasii, MALI for the first time, and then MAI
again for the second instance. MAI is the most common NTM,
followed by M. kansasii. Diagnosis is a multi-step process.
Treatment is long and rigorous, consisting of several drugs and
continuing until patients have negative sputum results for a year.
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Fun Facts

® Clinical observations in non-smokers versus smokers slightly
differ; nodular bronchiectasis is more common in non-smokers
and cavitary disease is more common in smokers.

@ Studies have shown states with a higher water vapor content
have a higher burden of NTM infection [9].

© Pectus excavatum (sunken breastbone), scoliosis, mitral valve
prolapses [1], and hypersensitivity pneumonitis (hot tub lung)
are clinical observations correlated with diagnosis of MAL

Multiple Choice Questions

1. Nontuberculous mycobacteria (NTM) infections are consid-
ered contagious.
(a) True
(b) False

2. Who is most likely to be diagnosed with Lady Windermere
syndrome?
(a) Young, Caucasian, female
(b) Elderly, Asian, male
(c) Elderly, Caucasian, female
(d) Elderly, African American, female

3. A positive AFB smear automatically indicates a patient has
MAL
(a) True
(b) False

4. If a three-drug treatment regimen has not proven to be effec-
tive, what should a physician do?
(a) Double the dose of current medication
(b) Perform an adjuvant lung resection surgery
(c) Strengthen the regimen with streptomycin or amikacin
(d) Stop treatment
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Answers
1. (b)
2. (¢)
3. (b)
4. (¢)
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Milton Glen is a 52-year-old woman who was referred to Dr.
Szema for “pain over my entire body” and constantly feeling
more tired than usual.

A few months ago, she visited a neurologist for some non-
specific symptoms that she had never experienced before. Her
husband was actually the first one to notice her symptoms—she
started kicking him in her sleep.
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Over the next few weeks, her sleep quality progressively
declined, which drained her energy, mood, and concentration.
Other symptoms began to develop as well. She had deep muscle
aches all over her body. Standing up, walking, and performing the
most menial tasks made her dizzy—to the point that she had to
take breaks in between gardening for the backyard to wait for the
world to stop spinning. Occasionally, her heart would often start
pounding and she would sweat and shake, as if someone had just
injected her with adrenaline. Worst of all, she just felt sick all the
time.

Dr. Szema contemplated. One of the most common problems
for a woman at this age is menopause. The signs and symptoms of
perimenopause are numerous and highly variable from person to
person. Perimenopause could fit. But Milton Glen mentioned to
Dr. Szema on routine questioning that she was already in meno-
pause, and it had been 2 years since her last symptoms. Even more
than that, this did not feel the same. No previous treatment with
hormone replacement therapy, either, which, if taken, could have
caused her symptoms was identified. Perhaps it is not menopause,
then.

Dr. Szema looked back to her original referral note. Her neu-
rologist had written down Shy-Drager syndrome (Fig. 3.1) with
two question marks—an uncertain diagnosis, but a troubling one
if the neurologist’s initial assessment was right.

A diagnosis of Shy-Drager corresponded with nearly all of her
complaints, but pain is not a typical feature of Shy-Drager. There
was still nothing that explained her pain. The neurologist took a
thorough interview and examined Milton Glen head to toe—noth-
ing was out of the ordinary. After the neurologist had excluded any
organic causes of her constant body aches, he gave her a clinical
diagnosis of exclusion: fibromyalgia. Fibromyalgia is a chronic
disease characterized by widespread pain in the muscles, liga-
ments, and tendons. What makes fibromyalgia special is that there
is nothing from the patient’s history, physical exam, or laboratory
tests that could be identified as a cause for the pain. Tissue biop-
sies of patients with fibromyalgia will show no abnormalities and
no evidence of inflammation. Given only when doctors have ruled
out any other possible causes (Fig. 3.1).
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Progression of Shy-Drager Syndrome

2

i N disorders, Cognitive impairment,
dysfunction tremors, sleep progressive motor decline
disorders

Onset 2.5 years after 6 - 10 years
onset after onset

Fig. 3.1 Shy-Drager syndrome. Shy-Drager syndrome is a nervous system
disease that first appears with dizziness, mood changes, problems sleeping,
and a dysfunctional autonomic nervous system [1]. It is classified as a neuro-
degenerative disease, a broad category of diseases which means that some-
thing is causing neurons to die. Moreover, Shy-Drager is classified as a
“Parkinson-plus” disease because it has the features of Parkinson’s disease
with additional features. As with all other neurodegenerative diseases, there is
no cure, and the disease becomes progressively worse and ultimately leads to
death. The majority of patients die within 10 years after the symptoms appear

Despite how common, debilitating, and extensively researched
fibromyalgia is, we still do not have a clear understanding of what
it is caused by. Could Shy-Drager be related to Milton Glen’s
fibromyalgia? Both are disorders of the brain, both are poorly
understood, both appeared in Milton Glen at around the same
time. It would not be far-fetched to think they were somehow
connected. However, there have only been a handful of reports
of the two diseases together in the medical literature. Physicians
are trained to be vigilantly wary of their own biases—human psy-
chology tends to favor explanations that tie everything together
neatly rather than accepting coincidences. But in reality, with the
lack of evidence, Milton Glen’s two conditions could be inter-
preted as coincidence rather than a single unified disease.

The neurologist prescribed gabapentin and duloxetine, two
medications that alter nerve function and are the classic first-
line therapy for fibromyalgia. Milton Glen took the medicine
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as directed, but by the end of the 4 grueling weeks, nothing had
changed. She returned to the neurologist, who referred her to Dr.
Szema for an in-depth investigation into her pain.

Dr. Szema is a specialist in adult and pediatric allergy/immu-
nology and pulmonary disease. But in more than 20 years of prac-
tice, he has also gained a reputation in the medical community for
working with patients with serious but ambiguous problems. He
is a doctor, but sometimes he works more like a medical detective.
Dr. Szema asked Milton Glen to tell her story from the beginning.
Her aching pains first started after being hospitalized for severe
pneumonia. At that time, her pain was mild and tolerable, so she
tolerated it with the expectation that it would resolve on its own.
Instead, the pain gradually worsened, and she started to notice
increased fatigue throughout the day.

It is important that doctors gain as much information from
the patients as possible, even when it seems like there is noth-
ing left for the patient to mention. “Anything else that you can
remember?” Dr. Szema asked. She finally noted that her sinuses
have also been more congested recently: “it seems like I’'m get-
ting a new cold every other day now.” Aside from Shy-Drager
syndrome, her medical history included a benign nodule on her
adrenal gland and chronically low blood pressure. She added
she was allergic to peanuts and thought she might have seasonal
allergies.

This is where most clinicians would wrap up their conversa-
tion. In the consideration of time and efficiency, most clinicians
rely on what they consider as the high yield questions—questions
that have the highest chance of obtaining diagnostically relevant
information while de-emphasizing the questions that have a low
chance of being important. High yield questions include, “Has
anyone else in your family ever experienced this before?” and
“any fevers or chills recently.” Most doctors do not ask patients if
they use air conditioning.

Dr. Szema has a different approach, as he is often the last line
for patients seeking answers. He focuses on topics that others
have overlooked and leaves no stone unturned. As a result, his
diagnoses involve factors that would seem harmless to most. Dr.
Szema carried on with his questioning.
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Dr. Szema asked about her sleep with fervent attention to the
details. Milton Glen slept in the same bed with her husband and
four dogs. Her blankets were made from cotton, and her pillows
had feather stuffing. He pressed for details—what were the mate-
rials used for her bed? Feather pillows and cotton blankets. How
often do you clean your drapes? She looked at him, stunned, won-
dering whether he was being serious. “Never,” she replied.

What does the house look like? When was it built? Milton
Glen’s house was relatively old—built in the 1950s—and Milton
Glen could not remember the last time the air filter was changed.
Her house has air conditioning, which was continuously running
in the hot summer months.

A story began to form. Milton Glen suffered from seasonal
allergies even when she was healthy. Dogs are notorious produc-
ers of allergens. Cotton and feather objects have the unfortunate
tendency to trap allergens. Drapes are a source of allergens that
few people think about. Older houses carry more dust and mold,
and a dirty air filter would disperse allergens into the air rather
than clean it. An air conditioner, with a failed home air filter, can
aerosolize and recirculate allergens back into the house. She was
constantly exposed to allergens at home, and there had not been
any efforts to address the poor air quality. Milton Glen mentioned
frequent colds, which could be caused by inflammation of the
nasal passages from chronic allergen exposure. Allergens can
cause reactive airway disease, where the constriction of the air-
ways reduces air flow into the lungs and negatively impacts the
ability for the body to receive oxygen.

Dr. Szema moved on to the physical exam and started by check-
ing her vital signs. Milton Glen had an unusually low blood pres-
sure and a high heart rate, which suggested to Dr. Szema that there
was something wrong with her circulatory system. He followed
his hunch and tested her with an orthostatics exam (Fig. 3.2).

Milton Glen failed the orthostatic exam, which indicated to
Dr. Szema that her sympathetic nervous system was not respond-
ing normally. This was likely due to her Shy-Drager syndrome,
which is associated with defects in the autonomic nervous system.
Having an abnormally low blood pressure can mean that the brain
is being deprived of blood flow than it needs to perform optimally.
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Orthostatic hypotension test
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Fig.3.2 Orthostatic hypotension test. An orthostatics exam is a non-invasive
test to see how the body responds to being in different positions. Normally
when a person stands up, blood from the legs and feet have a harder time
fighting gravity to reach the heart. If nothing was done, blood would quickly
begin to pool in your lower body. Blood pressure would be in the upper body,
and there would be a loss of blood flow to vital organs such as the heart and
brain. Our bodies have adapted to this challenge to preserve blood flow when
standing. As soon as a person stands, their brains sense the decreased blood
pressure and reflexively signals to constrict the blood vessels in the lower
extremities. Blood that would have pooled in the legs forced out of the lower
limbs and back to the heart. But in some people, this reflex is weakened,
which can cause lightheadedness, dizziness, blurred vision, fatigue, and prob-
lems concentrating. People can be at risk of passing out just from standing up

Dr. Szema ordered a comprehensive battery of preliminary
tests before their first meeting, which included a test for Lyme
disease and an erythrocyte sedimentation rate. The Lyme disease
test indicated that there was no active infection, but showed there
was exposure to Lyme disease in the past. Milton Glen denied any
Lyme symptoms but did endorse going on the occasional hike.
“Any contact with wild animals?” Milton Glen thought for a min-
ute. “I did work with wild animals in my previous job, I quit about
2 months before these symptoms started.” Even when a Lyme
infection has run its course, people exposed to Lyme disease are
at risk of “Post-Lyme disease syndrome,” which is a constellation
of non-specific symptoms all around the body—including fatigue.
Dr. Szema looked at the erythrocyte sedimentation rate, a non-
specific indicator of inflammation in the body (Fig. 3.3).
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How the Sed Rate Test Works
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Fig. 3.4 Milton Glen’s previous erythrocyte sedimentation rates

It was suspiciously elevated. Dr. Szema looked back at Milton
Glen’s previous tests and found that the ESR had been consistently
high for the past few months, suggesting a chronic inflammatory
process. Something—whether it was her allergies, or post-Lyme
disease syndrome, or some other unknown condition—was caus-
ing her body to be inflamed (Fig. 3.4).

Fibromyalgia, chronic exposure to allergens, low blood pres-
sure, post-Lyme disease syndrome and inflammation can all cause
fatigue. Fatigue is a well-known trigger for the pain symptoms
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Normal Snoring OSA

During normal sleep, the When these muscles If the muscles relax too

muscles that control the relax, the airway narrows. much, the airway can
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hold the airway open. and breathing difficulties. blocked, obstructing
breathing.

Fig.3.5 Sleep apnea

of fibromyalgia. Dr. Szema was still skeptical—none of these
explains why she is kicking her husband in her sleep. Dr. Szema
sent Milton Glen for a sleep study. After being monitored for
a night in the sleep lab, Milton Glen was found to have mild
sleep apnea (Fig. 3.5), with 28 separate instances of hypopnea,
abnormally shallow or slow breathing. They also confirmed that
she was kicking in her sleep: 15 times per hour and had abnor-
mally increased movements throughout the night.

Diagnosis

Chronic fatigue caused by fibromyalgia, mild obstructive sleep
apnea, periodic limb movement, upper airway resistance syn-
drome, neurogenic orthostatic hypotension from Shy-Drager syn-
drome, allergic rhinitis, and possible exposure to Lyme disease.

Salient Features

This case highlights the multimodal approach to investigating and
treating a patient with multiple causes for fatigue. There are
countless reasons for why someone might be tired all the time,
and many of them can be managed through simple changes to the
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patient’s lifestyle. Here we identify each trigger and elaborate on
the recommended therapy.

Shy-Drager syndrome or multi-system atrophy (MSA) is a neu-
rodegenerative disease that results in the destruction of the parts
of the brain that control for movement, coordination, and the auto-
nomic nervous system [1]. At this time there is no cure, and the
primary treatment is symptom relief through physical rehabilita-
tion and medications that improve signaling of the neurotransmit-
ter dopamine (dope-ah-meen). A significant clinical manifestation
of Shy-Drager syndrome is postural hypotension, where the auto-
nomic nervous system is unable to maintain blood pressure in
upright positions such as standing or exercising. A chronically
low blood pressure can lead to the feeling of fatigue and cog-
nitive slowing simply because there is less blood perfusing the
brain. Pharmacologic treatments target two different components
of blood pressure: retaining more fluid within blood vessels and
improving autonomic nervous system responsiveness, which are
enacted by steroids fludrocortisone and alpha-adrenergic agonists
such as midodrine, respectively. There are also important non-
pharmacological ways to increase blood pressure, such as taking
in more salt in diet and wearing compression stockings that force
more blood to the head.

In this case, Milton Glen’s sleep disturbances can also be con-
nected to her Shy-Drager syndrome. Normally when we sleep,
we suppress the signaling between our brains and muscles. This
allows us to imagine ourselves moving in our dreams without
moving in the real world. In some diseases there is a lack of sig-
nal suppression, which causes patients to act out their dreams.
This can manifest as talking, sleep, sleepwalking, or perform-
ing other tasks during sleep. In Milton Glen’s case, the condition
manifested as flailing her limbs in her sleep which caused her to
occasionally kick her husband (Fig. 3.6 and Table 3.1).

Milton Glen’s tests also suggested that she was exposed to
Lyme disease at some point in her life. Post-Lyme disease syn-
drome presents with any number of subjective and non-specific
symptoms such as fatigue, widespread musculoskeletal pain, and
cognitive decline [5]. Lyme disease is most often associated with
patients who traveled or lived in the Northeastern United States,
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Fig. 3.6 Periodic limb movements during sleep

which is the case for Milton Glen. Despite the classic localiza-
tion to the New England area, Lyme disease has been found all
over the world: in the Northern hemisphere, in central Europe,
Asia, and North America. There have also been case reports
from Northern Africa and South America. The disease is severely
underdiagnosed, and many are unaware of their previous expo-
sure. About 30,000 cases of Lyme disease in the USA are reported
to the Centers for Disease Control and Prevention (CDC) each
year, but the CDC notes the actual number of cases could be
upward of 300,000 new cases per year [6].

Obstructive sleep apnea can cause tiredness and fogginess
throughout the day even if the patient has a normal oxygen satura-
tion when awake. Studies have found that women with fibromy-
algia may also have a high likelihood of breathing disorders in
their sleep [7]. One hypothesis states that problems with breathing
during sleep are involved in the development and aggravation of
fibromyalgia [7].

Obstructive sleep apnea is very common in the general popula-
tion with an estimated one in five adults affected and is associ-
ated with aging and obesity [8]. As such, the incidence has been
steadily increasing over the last few decades due to the growing
obesity epidemic. At a normal body mass index of 23, Milton Glen
does not have the classic risk factor associated with obstructive
sleep apnea. Even so, a surprising one in four people with sleep
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Table 3.1 MSA vs. Parkinson’s vs. Lewy body dementia vs. MS
Epidemi-  Pathophysiol- Clinical pre-
Disease  ology ogy sentation Treatment
Parkin- Common Dopaminer-  “Parkinson- Medications to
son’s dis- gic neuronal  ism’: Bra- increase dopa-
ease [2] degeneration  dykinesia, mine
in substantia ~ resting tremor,
nigra in brain  rigidity
Shuffling gait Deep brain stim-
ulation
Sleep disor- Physical therapy
ders
Dementia (late Evaluation for
stage) depression
Evaluation for
sleep disorders
Multiple  Rare Dopaminer-  Symptoms of Medication to
system (preva- gic neuronal  Parkinson’s increase blood
atrophy  lence degeneration  disease (“Par- pressure
of 2=5 in substantia ~ kinsonism”)
people per nigra in brain
100,000)
Autonomic Physical therapy
dysregulation
Sleep disor- Evaluation for
ders depression
Dementia (late Evaluation for
stage) sleep disorders
Lewy Common  Build-up of  Visual halluci- Behavioral
body (second Lewy bodies  nations therapy
dementia most (alpha-synu-
[3] common  clein-positive
cause of  particles) in
neurode-  glia cells in
generative  brain
dementia)

Cortical atro-
phy of brain

Episodes of
paranoia

Dementia

Sleep disor-
ders

Physical therapy

Medications for
parkinsonian
symptoms
Medications for
dementia symp-
toms

(continued)
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Table 3.1 (continued)

Epidemi-
ology
Common
(preva-
lence of
100=150
people per
10,000 in
the USA)

Disease

Multiple
sclerosis

(4]

Pathophysiol-
ogy
Autoimmune
disease lead-
ing to demy-
elination and
inflammation
in the central
nervous sys-
tem

Clinical pre-

sentation Treatment

Fatigue Steroids during
acute exacerba-
tions (“flares™)

Depression Various immune-
modifying medi-
cations to prevent
flares

Generalized

pain

Vision prob-
lems such as
temporary
vision loss and
double-vision
Motor weak-
ness and
coordination
and balance
problems
Electric
shock-like
sensations
running down
the spine
when flex-
ing the neck
(Lhermitte
sign)
Sensitivity to
heat (Uhthoff
phenomenon)
All of the
above are
relapsing
symptoms
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apnea is non-obese [9]. Non-obese OSA patients tend to be more
difficult to treat than obese patients, but the same treatment rec-
ommendations are given for both groups: use of breathing assis-
tance devices such as continuous positive air pressure (CPAP)
machine and weight loss. In fact, CPAPs are so safe and effective
for treating obstructive sleep apnea that experts have pushed for
all patients with severe obstructive sleep apnea to be treated with
CPAP [10]. In addition to treatments, patients with obstructive
sleep apnea are cautioned to avoid alcohol, sedative sleep medica-
tions, and opioids, as these depress central respiratory signaling
and can exacerbate problems with breathing during sleep.

Unfortunately, CPAP machines are expensive, cumbersome
to use, and disruptive for partners sleeping next to patients. For
these reasons, CPAPs have been found to have adherence rates of
13-71%, even though they are effective treatments for obstruc-
tive sleep apnea [11]. Recent advances in obstructive sleep apnea
management have resulted in effective alternatives to CPAP
devices. For example, a landmark 2014 study published in the
New England Journal showed that obstructive sleep apnea could
be effectively treated with surgically implanted pacemakers [12].
These pacemakers stimulate the hypoglossal nerves, nerves that
can move the tongue out of the airway, when the device senses a
breath being taken during sleep. They work best with non-obese
obstructive sleep apnea patients, since the fundamental defects
in this group are more likely to be related to tongue obstruction
rather than airway collapse (Table 3.2).

Conclusion

After going over the sleep study results, Dr. Szema prescribed
medicines and lifestyle changes for Milton Glen. Initially, her
treatments seemed to be working. One medication he prescribed,
Northera, stabilized her blood pressure. He ordered a continuous
positive airway pressure (CPAP) machine for her which improved
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Table 3.2 Plan of action

Cause of fatigue
Fibromyalgia

Obstructive sleep
apnea

Periodic limb
movements during
sleep

Upper airway
resistance syndrome
and allergic rhinitis

Neurogenic
orthostatic
hypotension from
Shy-Drager syndrome
Post-Lyme disease
syndrome

Management

1. Pain relief: neurontin, cymbalta

2. Address causes of fatigue, which trigger
fibromyalgia

Weight loss, CPAP machine, dental devices,
hypoglossal pacemaker

Drugs that suppress muscle contractions

Weight loss

Identify common environmental allergens: dust,
mold, pollen, pet dander

Address environmental allergens: dust mite proof
mattress covers, pillow case covers, cleaning home
surfaces that are often overlooked, HEPA air filter,
home furnace inspection and filter replacement,
not letting pets sleep on bed

Avoid alcohol

Droxidopa (drug)

TED compression stockings

None, usually disappears within 6 months after
Lyme infection is cured

Dr. Szema’s treatment plan for Milton Glen

her sleep quality and greatly reduced fatigue. In their last appoint-
ment, she was cheerful, pain free, and back to her normal energy

levels.

But when Dr. Szema reached out for an update years later,
Milton Glen stated that the chronic fatigue returned. She found
a new job, one that provided different insurance than the one she
had before. Her new insurance company refused to cover the use
of CPAP for her apnea and discontinued her Northera. At the pres-
ent she is back on Northera and remains mildly fatigued through-

out the day.
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Fun Facts

® Multiple system atrophy, previously known as Shy-Drager
Syndrome is a progressive, systemic failure of multiple organs,
beginning with the autonomic nervous system (excessive
sweating, postural hypotension), sexual dysfunction, bladder
and bowel incontinence, and dementia.

@ Living in an endemic region such as Long Island, NY, and CT
during the temperate seasons with associated constellation of
symptoms—Iassitude, malaise supports the concept of testing
for Lyme disease.

@ Occam’s Razor may not apply in 2020 with all the causes of
fatigue. There can be many different causes superimposed onto
each patient, and each of them may require a different treat-
ment modality.

Multiple Choice Questions
1. What is the main difference between Parkinson’s disease and
multiple system atrophy/Shy-Drager syndrome?
(a) Presence of significant autonomic dysfunction in multiple
system atrophy
(b) Tremors are absent in multiple system atrophy
(c) Parkinson’s disease is a central nervous system disorder,
while multiple system atrophy is a peripheral nervous sys-
tem disorder
(d) Multiple system atrophy is curable, unlike Parkinson’s
disease

2. Which of these is not a known cause of chronic fatigue?
(a) Type 2 diabetes
(b) Chronic cocaine use
(c) Daily afternoon coffee
(d) Use of opioids, sedatives, or sleeping pills
(e) Working night shifts or rotating shifts
(f) All of the above can cause chronic fatigue

3. Which region of the world is Lyme disease most endemic to?
(a) Northeast United States
(b) Central China
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(c) Eastern Europe
(d) South America

Answers

1. (a)

2. ()

3. (a)
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Introduction

Doc was a troubled gentleman who came to see Dr. Szema after
struggling to find a cure to his chronic stomach pain. Previously,
he had been treated for what his medical provider thought to be
ulcerative colitis. His team tried everything to help Doc get back
to his normal life—even going as far to perform a colectomy,
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which involves removing his colon and leaving an ostomy bag (to
hold his feces) hanging off his stomach. This is a difficult decision
to make for anyone, but the thought that it would help cure him of
his pain, made it all worth it ... However to their dismay, his pain
never resolved. At this point, he had traveled to several providers,
bringing his medical records and stating that he had ulcerative
colitis. This anchored his diagnosis in his provider’s minds to
ulcerative colitis. Since they had already been primed to believe
this patient had ulcerative colitis, this made it hard to look past
and consider different rare diagnoses that could explain why his
pain never resolved with typical treatments.

This is the story of how Doc found his pain relief through fur-
ther evaluation, and how being anchored to a certain diagnosis
could do more harm than good. It is for this reason that we must
continue to reevaluate each patient that comes into our office or
clinic to ensure nothing—no matter how rare—gets missed.

Vignette

Once upon a time, there was a young man named Doc who tossed
and turned at night, not knowing why his body was seeming to
revolt against him at every turn. He had already exhausted every
over-the-counter treatment he could think of, and yet had received
no relief. At the end of the day, all he wanted was to return to his
daily life as a normal person, doing the things he loves, exploring
life—not laying in bed writhing in pain.

He had previously served valiantly in the military defending
freedom in Vietnam. He was a hero to his country and made his
family proud with his hard working spirit. Troubled times hit
though, and Doc was suddenly plagued with always being sick,
losing weight, not eating. His condition continued to worsen to a
chronic disability and led to his inability to work. This defender of
freedom was now unemployed, and without health insurance.

(Drawing of an overweight young man in uniform walking
through a village, one hand on stomach, the other in his pocket,
looking sadly downward).

His life was not always like this—he used to fit in with those
he was deployed with and his days off were filled with joy and
laughter. He never slacked about and always made sure his work
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was complete on time. Slowly but surely, his life started changing.
At first it started with a strange abdominal pain after he finished a
meal. Although inconvenient, that was not a major problem and
he was always able to work through the discomfort. It was not
long until that discomfort turned into diarrhea and vomiting. Even
though he tried to avoid certain foods and take herbal supple-
ments, his symptoms did not seem to get any better. He started to
lose interest in eating all together since he knew the symptoms
that would soon follow.

He could no longer attend the weekly poker nights his friends
put on and he would often need to cancel plans to get off base due
to his increasing fatigue. How could he regain his strength if he
could not eat? It seemed like everything that once made him
happy was causing him pain and discomfort. He wanted nothing
more than to go out and rejoin his friends and family, or even
return to work.

Doc was a very strong willed, stubborn man, who tried for
months to withstand the pain and frequent diarrhea. He began
dropping weight at such a dramatic pace that his trousers began
falling off of him. He estimated that he must have dropped 100
pounds in just the last year alone! He was in despair when he was
no longer able to keep up with his work duties and needed to
return home. This disappointment made him even more deter-
mined to take his future in his own hands. He was not about to
bow out due to an unknown illness. He knew that there were no
longer new herbs or self-care he could try that would fix his prob-
lem. That is when he decided to embark on a journey of a lifetime.

He jumped on his computer and scoured the internet for medi-
cal providers. He was determined to find someone in this world
that would have some idea of what was going on inside of him.

His primary care provider told him to travel to both a medium
sized public tertiary care hospital and medical school, as well as a
regional veteran affairs hospital to see if experienced, specialized
physicians could help. Although he knew that it would be difficult
to travel and he did not have much money, he was determined to
seek out a physician that would be able to get his old life back. He
sat down with each provider and explained the massive toll this
has had on his life. The first doctor listened and decided to run
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some tests that Doc did not completely understand. He was more
concerned with finding an answer than quizzing the physician on
his thought process.

It was this healer that diagnosed him with ulcerative colitis. It
was the doctor’s thought that his diarrhea, abdominal pain, fatigue,
and weight loss were pointing toward this fairly common diagno-
sis. It is estimated that 1.3% of the US population is suffering
from ulcerative colitis or Crohn’s disease.! It would make sense
that this common disease that causes inflammation of the large
intestine with open sores could cause these symptoms. Ulcerative
colitis is a type of autoimmune condition, when your immune sys-
tem does not recognize your intestines, and starts treating it like a
foreign invader. Doc returned home with the steroids and aspirin
he was prescribed to decrease his body’s immune response to his
intestines. Doc was aware that the new medications he was on
would likely not cure his chronic disease, but would likely cure
him of his symptoms, so he felt comfortable returning home in the
hopes that he would feel better.

Doc patiently waited at home for the new medications to take
effect. He waited ... and waited ... and waited ... However, his
symptoms never went away. The physician had given him such
high hopes that the medications would be able to give him back
his old life. He soon began worrying that something was not
working the way it should have. He had lost hope in that doctor
and borrowed his neighbor’s car to travel to the big city. There, he
would meet with a second physician that might uplift his dwin-
dling hope for a cure.

This physician took a look at Doc and decided to run a stool
ova and parasite exam (O&P) just to rule out any parasitic infec-
tions in his gastrointestinal tract. This ended up being negative,
meaning he did not have any parasites living in his bowels.
Therefore, the physician took another look at him, and thought
once again that he had to have ulcerative colitis. The symptoms
Doc presented with and the lack of alternative explanations just
seemed to line up with a diagnosis of ulcerative colitis. This phy-

'“Data and Statistics”
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sician explained to Doc that when patients with ulcerative colitis
do not respond to steroids, they are termed “refractory,” which
means that they are hard to treat. This is when medical teams nor-
mally have to take a more aggressive approach on treatments.

Doc was still having the same symptoms and the doctor was
growing even more concerned about his nutrition at this point. He
had already lost so much weight, and his continued disrupted eat-
ing would surely leave him deficient in more than one vitamin.
This doctor took a long look at his case, made the heavy recom-
mendation for Doc to get his colon removed—a procedure known
as a colostomy.

Since he did not have health insurance, a kind surgeon at a
community hospital agreed to do the procedure for him. The
colostomy procedure would hopefully be able to remove all of the
inflamed parts of his bowels and reroute his fecal matter to a
colostomy bag that would hang off his stomach.

With a heavy heart, Doc proceeded forward with the surgery.
He knew that this would be life changing—but that is exactly
what he needed. He needed a change, to be able to get back to
normal life. To return to his friends and family and be able to work
again. Ultimately, he needed to be able to eat—regardless of what
it cost him.

It was after the colostomy, and after he traveled home, when his
troubles restarted. He was convinced that he just needed to wait it
out for the procedure to work. More waiting—just what Doc was
used to. However, it never worked. He was still producing diarrhea,
had unbearable abdominal pain, and still could not eat. The pain
continued to be so bad, that one particularly bad day his family
rushed him to a local emergency room in the middle of the night.

The community hospital surgeon called Dr. Szema with the
astonishing pathology report—over 80 eosinophils per high power
field on colon biopsy! This means that when they took a sample of
his colon and looked at the composition of the tissue under a
microscope, it was full of inflammatory cells, known as eosino-
phils. You may know these cells as the mediators of allergic
responses and other autoimmune conditions. The physicians were
expecting to see a large amount of lymphocytes (another type of
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immune cell in your body) in the sample if it were truly ulcerative
colitis—not tons of eosinophils!

This was not ulcerative colitis like Doc’s previous physicians
had speculated. This was eosinophilic colitis! Dr. Szema was
shocked! It is common to see a few eosinophils in ulcerative coli-
tis, but in the sample there should be many more lymphocytes.
This is a very rare condition, and certainly not one that is on the
top of many physician’s minds. Many medical schools do not
even teach about eosinophilic colitis due to the small amount of
information known about it, and the small amount of the popula-
tion that suffers from it.

Luckily Doc had been taken off all his medication after the
colectomy, so his condition was much easier to visualize on the
microscope—remember, he was previously on steroids which
suppressed his immune system. Fewer eosinophils would have
shown up if he was still on steroids. This would have made it even
harder for other physicians to come up with an accurate diagnosis.

Although eosinophilic colitis is very rare, it is something that
can be treated by downregulating IL-5 (an eosinophil activator),
steroids, or also by downregulating interleukins (key factors in the
allergic response). These drugs may seem familiar, because they
are often also used in many allergic responses, or asthma, which
also need to downregulate eosinophils.

Theoretically steroids could have helped him, but since they
were not effective, other treatment options, like IL-5 inhibitors,
are available for those resistant to steroid therapy.

Lucky for Doc, this was the end of his horrible journey to find-
ing his way back to his “normal.” With off label use, and approval
from the hospital medical director, the head of pharmacy approved
the asthma medication, anti-IL-5 receptor alpha or reslizumab,
was able to take his eosinophil count from 20% to 0%. He was
able to start eating again, which allowed him to gain most of the
weight he had lost back and allowed him to get back to work.
Although he had many trials along the way, his doctors never gave
up and uncovered the answers to his mystery. This saved him
many more years of pain, with the use of a single drug.

And just like that, he was able to return to his family and
friends, a new man with joy back in his eyes. He was not expect-
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ing to be able to completely recover from his chronic condition;
however, it was a nearly miraculous recovery! Even Dr. Szema
was amazed by his impressive results. Ultimately, with his low
eosinophil count (nearly 0%!), his symptoms quickly resolved,
which allowed him to eat, recover his energy, and reenter society.
With the proper treatment and follow-up, he was essentially able
to return to life as normal once again. The continuation of the drug
was the issue. Since his IL-5 inhibitor was only approved for use
in asthma, this was a bit of yellow tape his medical team needed
to cut through. So to get approved, Doc filed with the VA hospital
for the first time. Next he and Dr. Szema sent paperwork to get the
medication covered there. Thankfully, they finally approved usage
of this unique drug for his eosinophilic colitis, but only within the
VA by a hematologist (a specific type of physician).

Background/Salient Features of the Case

So why is it so important that we take a closer look at a rare dis-
ease like eosinophilic colitis? Well, first of all, it might not be as
rare of a disease as it first appears, because physicians are so
unaccustomed to seeing it, that it might get easily passed up as it
did in this case. In cases that do not seem to be resolved with tra-
ditional treatment plans, it is essential for the medical team to
keep looking forward to new explanations. Although there are
refractory cases of ulcerative colitis that require a colectomy, this
was not one of those. It is very difficult to distinguish between
nearly identical presentations of symptoms, but by not labeling
patients, or “anchoring” them to certain diagnoses, it is only then
that physicians are able to think outside of the box and uncover
the true causes of these mystery cases.

In this case, because his physicians never stopped looking for
answers, he was accurately diagnosed and was able to receive a
simple, one drug treatment that essentially cured him of all his
symptoms. Since treatment is so readily available, and non-
invasive, it is important that we take a closer look at this disease
and add it to our running list of potential problems when similar
patients come into our offices. If you are not a physician, then it is



4 Eosinophilic Colitis: Unforeseen Consequence of the Vietnam... 53

certainly something to bring into the conversation if you feel like
you are having similar symptoms as this case—because it might
not have made it onto their running diagnoses for your condition.

So let us take a closer look at how eosinophilic colitis func-
tions.

Eosinophils are specialized white blood cells that function to
protect the body against parasites, or toxins (such as seen in aller-
gic responses). Eosinophilic colitis is seen when we do not have
an underlying cause for these cells to be active. So there are no
toxins or parasites that we know of, but suddenly these cells show
up and start using the body’s resources to fire an “allergic” reac-
tion. This is something that we know of as a “idiopathic
response”—AKA we do not know why this response is happen-
ing. Since there is nothing causing the eosinophilic response,
there is nothing we can remove to make it go away. For example,
if you had a splinter, we could remove the splinter and the wound
would heal and the response of our body to the foreign object
would eventually go away. It is notable that sometimes EC does
coincide with specific food allergies—meaning it can show up in
people with food allergies. Since both require the action of eosin-
ophils this should make sense. Many of the pathways in our body
overlap with one another!

The hygiene hypothesis postulates that if a person was exposed
to more germs/bacteria/endotoxin as a child, then their immune
system would be able to develop better and thus end up with
reduced allergic responses. An example would be East German
farmers with low rates of asthma living above their barns before
the fall of the Berlin Wall. Since eosinophils are known to be
overly sensitive in both eosinophilic colitis and allergies, it could
stand to reason that eosinophilic colitis could also be subject to
the germ exposure patients have in their childhood. Additionally,
some individuals can react to medications, especially aspirin,
which results in an allergic response. Since aspirin works system-
atically, it could present with similar symptoms as eosinophilic
colitis.

So we have eosinophils infiltrating our colon, so why is this a
problem? Well they can cause quite a few non-specific problems,
including:
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e Abdominal pain.

* Nausea.

e Vomiting.

* Diarrhea.

* Gastrointestinal bleeding.

e Obstruction.

e Malabsorption.

*  Weight loss.

e Ascites (fluid buildup in the abdomen).

As you can imagine, having a bunch of unnecessary inflamma-
tion (this is a response from your immune system after all), and
excess cells hanging out in your colon all of the time, it can really
mess with your digestion and completely destroy your eating hab-
its. Chronic inflammation is NEVER a good thing for your body
to handle!

Diagnosis

To diagnose eosinophilic colitis, we first need to identify gastro-
intestinal symptoms, the presence of increased eosinophils in the
blood, ascites, with no known causes of the eosinophilia. If there
are increased eosinophils, then it is necessary to check the patient
medication list to see if there could be an inciting factor, such as
aspirin sensitivity. Since Doc was off of all his medications, this
step was omitted from Dr. Szema’s differential diagnosis. We then
need to follow up with endoscopy to visualize the colitis and take
a sample to view under a high powered magnifying glass. There is
no defined cutoff, but if we see more than 20 eosinophils per high
power field (AKA microscope picture), then it is consistent with a
working diagnosis of eosinophilic colitis. It is notable that eosino-
philic colitis should be consistent with eosinophils in the colon
only, and not throughout the body. This is why we are going to
largely see gastrointestinal symptoms.
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Treatment

The current treatment for eosinophilic colitis has been largely
corticosteroids—however, as you can see from this case, it was
not effective for Doc and posed the risk of attendant side effects
of steroids. It is our thought that more specific anti-eosinophilic
medications, such as (benralizumab) would be better for eosino-
philic colitis patients. Benralizumab acts to interrupt cellular
signaling to eosinophils to mature. These signals, called cyto-
kines, are used by your body in all sorts of inflammatory pro-
cesses, but it is the I1-5 specific cytokines that eosinophils know
to react to. By blocking the maturation of eosinophils, we can
ultimately block the overload that is present in the colon of
patients like Doc. No eosinophil reaction—no more symptoms!
Since this blocks the single, it will not cure you from having
eosinophilic colitis, but it will prevent the symptoms that follow.
In other words, if you stop blocking the signal, the eosinophiles
will start returning to your colon and so will your symptoms.

Fun Facts

® Eosinophils mediate inflammatory responses such as in the
context of clinical allergies and parasitic infections.

@ Eosinophilic colitis results from dysregulated enhanced
recruitment of eosinophils to the colon, resulting in chronic
inflammation.

@ Eosinophils are potentiated and activated by the cytokine, I1-5,
so the plausibility of drugs that block IL-5 (benralizumab,
mepolizumab, reslizumab) has a scientific rationale.

Questions

1. Would the eosinophil cell count be increased if Doc had a par-
asite infection, like tapeworms?
(a) Yes.
(b) No.

2. Why would an asthma medication work on a patient with
eosinophilic colitis?
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(a) People with asthma get eosinophilic colitis secondarily.

(b) The reactions use similar mediators and cell types.

(c) Asthma medication in particular works on a bunch of dif-
ferent unrelated conditions.

3. Why would a colectomy not work in a patient like Doc?

(a) It would in a portion of patients, lan was just unlucky.

(b) Colectomies are curative for eosinophilic colitis, but he
just needed to wait longer for it to work.

(c) Only a portion of his colon was removed—so there were
still parts that had large amounts of eosinophils built up.

(d) The problem was not actually in his colon, but caused
from his asthma.

Answers
1. (a)
2. (b)
3. (¢)

Where to Find More Information:

1. Del Arco CD, et al. Eosinophilic colitis: case series and literature review.
Pathol Res Pract. 2018;214(1):100-4. https://doi.org/10.1016/j.
prp.2017.09.029.

2. IBD. Data and statistics 2020. https://www.cdc.gov/ibd/data-statistics.
htm.

3. Barnes PJ. How corticosteroids control inflammation: quintiles prize lec-
ture 2005. Br J Pharmacol. 2006;148(3):245-54. https://doi.org/10.1038/
sj.bjp.0706736.

4. Okpara N, Aswad B, Bafty G. Eosinophilic colitis. World J Gastroenterol.
2009;15(24):2975-9. https://doi.org/10.3748/wjg.15.2975.
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Case Presentation

Mr. Cheyenne du Boeuf, an 84-year-old gentleman, presented to
the emergency department (ED) in late September for new-onset
facial swelling and rash after eating sausage. This was the first
time this had ever happened to him; however, he had a past history
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Table 5.1 Laboratory studies for initial presentation

Patient’s Reference
Laboratory study value range Interpretation
Serum IgE 641 IUmL <25 IU/mL Very high
Cl1 esterase inhibitor 16 mg/dL 21-39 mg/dLL.  Low
C4 complement level 19 mg/dL 1040 mg/dL.  Normal

Galactose-a-1,3-galactose ~ 44.6 kKU/L <0.35 kU/L Very high
IgE

of allergic reactions to erythromycin—an antibiotic—and poison
ivy. Before this sausage incident, he had recently received treat-
ment following exposure to poison ivy. His hobbies included gar-
dening, and he had suspected exposure to deer as a result. To
better understand the cause of his condition, physicians in the ED
ordered a few laboratory studies. Table 5.1 summarizes their find-
ings. He also had a complete blood count (CBC) with differential
orders, but it was unrevealing. Typically, a CBC with differential
analyzes the different types of cells in the bloodstream and is use-
ful for detecting abnormalities caused by disease states ranging
from cancer to infection.

When physicians are faced with challenging, or really even
boring cases, a differential diagnosis needs to be constructed. This
consists of a list of possible diagnoses that fit the clinical picture
created by a patient, his/her story, physical exam findings, and
laboratory studies. Given the history of facial swelling and rash
following meat consumption, allergic angioedema was placed on
the differential diagnosis, and the markedly elevated galactose-o-
1,3-galactose IgE level supported this train of thought. His history
of definite exposure to wooded areas and gardens in the Northeast
U.S. put him at increased risk for arthropod bites, specifically
ticks. Strangely enough, cases of new-onset meat allergies sec-
ondary to Amblyomma spp. (Lone star tick) bites have been
reported [1], and this patient’s story was deemed to be consistent
with such reports. An antigen (e.g. galactose-a-1,3-galactose) is a
target of sorts that the immune system can generate antibodies
against, and Fig. 5.1 outlines how this process happens after a tick
bite. First, a tick bites a deer and takes in the deer’s blood. The
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same tick then bites a human and transfers deer carbohydrate—
the antigen—during that bite. The poor human then makes aller-
gic antibodies to the carbohydrate.

For our patient, he was eventually discharged from the ED
with antihistamines and an epinephrine auto-injector prescription
in case he experienced similar symptoms in the future.

Roughly 1 month after his initial evaluation, he presented to an
outpatient clinic with complaints of a rash in his gluteal region.
The area in question was noted to have localized redness with
some evidence of hyperpigmentation. He had been avoiding red
meat and milk products, so the new symptoms were unlikely to be
related to his previous visit to the ED. Given his known exposures
to ticks and the outdoors, Lyme disease was considered [2]. As a
result, he was empirically treated with a course of doxycycline, an
antibiotic. Serology labs (which check for antibodies to the bacte-
ria responsible for Lyme disease) were subsequently negative for
Lyme disease, and his CI esterase inhibitor function test for
hereditary angioedema was found to be normal (90%; ref.
range > 67%). Repeat labs were drawn 10 days later and found to
be normal. Altogether, the workup was negative.
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He was seen at a follow-up appointment 1 month later and had
been doing well. Despite the meat allergy, he had been enjoying
ice cream and meatballs regularly. No episodes of angioedema,
urticaria (in layman’s terms—hives), or anaphylaxis (a serious
allergic reaction involving multiple body systems) had occurred.

Unfortunately, in late December, he experienced an episode of
urticaria accompanied by shortness of breath. Meats, sweets, and
temptations abound during that time of the year, and his symp-
toms likely stemmed from his mammalian meat allergy.
Fortunately, they resolved after taking antihistamines and using
his epinephrine auto-injector. A repeat galactose-a-1,3-galactose
IgE level was persistently elevated (16.10 kU/L), and his cow
milk IgE level (6.30 kU/L; ref. range < 0.10 kU/L) was also ele-
vated. Meat and milk products remained dangerous for this
patient.

Diagnosis

Allergic angioedema secondary to galactose-a-1,3-galactose
allergy.

ANAPHYLAXIS

©O

antigen

immune cell
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Salient Features

This case concerns an 84-year-old gentleman who initially pre-
sented with facial swelling and rash suggestive of allergic angio-
edema. The next question: Why did this happen? Given his history
of gardening and tick exposures, he likely sustained a tick bite
from a member of the Amblyomma spp. and developed a new-
onset galactose-a-1,3-galactose allergy [1]. This allergen is found
within mammalian meat products like steak, lamb, or pork. Of
note, his angioedema was new. This symptom is generally defined
as nonpitting edema of subcutaneous or submucosal tissue found
in nearly any region of the body [3]. It may or may not be accom-
panied by pruritus (itching), urticaria, or anaphylaxis. Bradykinin
is the main vasoactive mediator behind attacks for patients with
hereditary angioedema, but general angioedema involves several
proteolytic cascades [3].

The differential diagnosis for angioedema is broad and includes
hereditary angioedema, allergic angioedema, angiotensin con-
verting enzyme (ACE) inhibitor-associated angioedema, and sev-
eral other types [3]. Our patient was not taking any ACE inhibitor
medications (e.g. lisinopril), excluding the diagnosis of ACE
inhibitor-associated angioedema. Hereditary angioedema usually
presents in adolescence and rarely involves urticaria [3], so this
diagnosis is also unlikely. His C1 esterase inhibitor test (level and
function) was normal, excluding the diagnosis. Patients with
hereditary angioedema experience several “attacks” over the
course of their lifetimes, and the condition is challenging to diag-
nose due to its variable features. Overall, the diagnosis of allergic
angioedema is favored by his newly diagnosed allergy, a past his-
tory of allergies, and urticaria during his second incident.

Galactose-a-1,3-galactose allergies have been shown to stem
from lone star tick bites, although the exact mechanism is
unknown [1]. Allergic symptoms usually appear a few hours after
exposure to mammalian meat products and may include urticaria,
angioedema, gastroenteritis (e.g. nausea and diarrhea), or anaphy-
laxis. The delay in time between exposure and symptom onset is
thought to stem from the time delay between breakdown of
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galactose-a-1,3-galactose oligosaccharides (chains of sugars) in
the intestinal tract and circulation of allergenic forms in the blood
[1].

Interestingly, patients with mammalian meat allergies have
allergic reactions to cetuximab, a monoclonal antibody used in
the treatment of colorectal cancer, for it too has allergenic oligo-
saccharides [1, 4]. The first person to offer an explanation was Dr.
Thomas Platts-Mills of the University of Virginia [5]. He first
characterized the mammalian meat allergy—using himself as
patient zero—and realized that wooded areas and ticks might just
account for why residents of rural states are more likely to experi-
ence these phenomena relative to urbanites from NYC (Fig. 5.2).
Aside from this, cetuximab is notorious for being the wonder drug
containing galactose alpha 1,3 galactose that brought down
Martha Stewart in an insider-trading scandal [4].

A final takeaway point from this case deals with Lyme disease,
an infectious process caused by a spirochete (e.g. spiral-shaped
bacteria) called Borrelia burgdorferi [2]. Lyme disease was first
discovered in Lyme, Connecticut, and it is transmitted by the bite
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Fig.5.2 Dr. Thomas Platts-Mills’ connection
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_Centers for Disease Control and Prevention, http://phil.cdc.gov/phil/,

Fig. 5.3 Erythema migrans. (image in public domain)

of Ixodes spp. ticks. It leads to a variety of symptoms ranging
from headache to heart block and classically causes a bullseye
rash known as erythema migrans (Fig. 5.3).

Not all patients have this rash after being inoculated by a tick,
so deciding whether or not to treat Lyme disease without diagnos-
tic certainty is something physicians need to consider when prac-
ticing in endemic regions.

Treatment

The definitive treatment for new-onset allergies is avoidance of
the inciting allergen. In this patient’s case, that means avoidance
of mammalian meat products (e.g. beef, pork, lamb, dairy, etc.).
In the event of anaphylaxis, an epinephrine auto-injector ought to
be used. Other therapies include steroids, antihistamines, and
intravenous fluids [1].
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Fun Facts

® Lone star tick bites are rare causes of mammalian meat allergy
L.

@ Despite allergies to mammalian meat, one can safely eat
chicken, eggs, and turkey (avian).

© Whenever outdoors, prevention of tick bites can be accom-
plished with insect repellant (e.g. eucalyptus spray) and per-
methrin-treated clothing.

Multiple Choice Questions
1. Which of the following is an appropriate screening test for
hereditary angioedema?
(a) Cl1 inhibitor level.
(b) C4 complement level.
(c) Total serum IgE.
(d) Serum bradykinin level.
(e) All of the above.

2. The following antibody class is responsible for type I hyper-
sensitivity reactions and commonly implicated with allergies:
(a) IgA.

(b) IgD.
(c) IgE.
(d) IgG.
(e) IgM.

3. You find yourself practicing medicine in Connecticut. After
noticing a bullseye rash and experiencing malaise, a patient
presents to your outpatient clinic. She tells you about her hob-
bies of gardening and hiking. Which infectious process is most
likely underway?

(a) Leptospirosis.

(b) Lassa fever.

(c) Babesiosis.

(d) Lyme disease.

(e) Rocky mountain spotted fever.
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Answers
1. (b)
2. (¢)
3. (d)
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Imagine this...

You are on the porch of your grandparents’ farmhouse in South
Carolina; overlooking the vast wheat fields in 1975. The after-
noon sun is beating down on you as you try to relax. Your clothes
stick to you as they are damp with sweat from the unforgiving
heat and humid environment. You are lethargic and contemplating
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Table 6.1 Different products or food that may contain Balsam of Peru

Fragrances Flavorings Medicinal purposes

* Perfumes » Citrus fruit e Oral/lip medication

e Deodorants peels ¢ Topical medicine for burn,

e Aftershave e Vanilla wounds, and hemorrhoids
lotion ¢ Cloves ¢ Dental cement

e Sunscreens e Pimento ¢ Tincture of benzoin

* Essential oils * Nutmeg
¢ Cinnamon
e Paprika
e Chocolate
¢ Tomatoes
¢ Wine/beer

if you should go for a quick dip in the pond behind your
grandparents’ property. After a couple of minutes, and utterly
tired of the heat, you say to yourself: “Why not?! This is the best
idea I had all day!” But before you take that walk to the pond you
decide to get a drink.

You walk to your fridge and crack open a can of orange soda.
You take a swig of the soda and quickly feel your throat tightening
up and collapse to the floor. You are gasping for air—hopelessly
waiting for someone to come to your aid. Your spouse rushes to
your side; frantically trying to call 911 and the professionals do
not know what to do. The soda contained a flavoring agent known
as Balsam of Peru.

Some patients can develop an allergic reaction to this sub-
stance, and you do not want it contacting your esophagus. Balsam
of Peru (BOP) is a contact allergen and is used in a variety of dif-
ferent ways such as flavorings in our foods, to being used in fra-
grances, and being used for medicinal purposes. Table 6.1 shows
a variety of products that may contain BOP.

Background

Balsam of Peru is a naturally occurring balsam that is derived
from the bark of the Myroxylon tree, which is found in both
Central and South America—specifically El Salvador. In the sci-
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entific community, this liquid is referred to as Myroxylon
Pereirae (MP). It is dark brown in color and is known to be
extremely viscous as well as sticky. The composition of Balsam
of Peru is 60-70% cinnamon and the remaining 30%—-40% are
resins of unknown substances. These cinnameins are a combina-
tion of cinnamic acid, benzyl cinnamate, benzyl benzoate, ben-
zoic acid, vanillin, and eugenol. These constituents within
Balsam of Peru are also contact allergens and may lead to reac-
tions that we see that are associated with Balsam of Peru immune
reactions.

Derivatives in Food

While Balsam of Peru in of itself has mostly been discontinued in
most products, there are some instances when they are still being
used. Most manufacturing companies will not blatantly say
Balsam of Peru on its products label; instead, there are a variety of
different names that can be used. Many consumers will either not
know what the meaning of it is or think it is an entirely different
ingredient. The names that you may see on packages are Balsamum
peruvianum, Black balsam, China oil, Honduras balsam, Indian
balsam, Surinam balsam, Myroxylon pereirae klotzsch resin,
Myroxylon pereirae klotzsch oil, Myrosperum pereira balsam,
Toluifera pereira balsam. Most of these names will be associated
with flavoring of different foods or—more commonly—with fra-
grance products.

As aforementioned, Balsam of Peru has mostly been discontin-
ued in many products; however, the derivatives, or constituents, of
BOP are still being used to this day. The most common derivatives
that are used are vanillin, eugenol, and benzoic derivatives such as
benzoates and benzoic acid. While most of the constituents of
BOP are extracted and added to other food products, there are
instances in which they are naturally occurring. One of those
instances are tomatoes. Tomatoes contain constituents of BOP
which may lead to a trigger of a reaction in an individual that is
MP-sensitive. Those constituents are coniferyl alcohol and cin-
namic alcohol.
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Fig. 6.1 Hershey milk chocolate nutrition facts and ingredients list

Other than tomatoes, there are constituents present in a variety of
foods and beverages that we either see or have on a daily basis. One
of the most popular: chocolate. Many of the chocolate brands that
we see—Hershey, Ferro Rocher, Kit Kat—have the BOP constituent
of Vanillin as seen in Fig. 6.1. Vanillin is described as an artificial
flavoring when listed as ingredients on most products [1, 2].

Immune Response

When the skin comes into contact with allergens or irritants, we
think of basic symptoms that usually occur such as the area
becoming red, sore, and even itchy at the point of contact [3]. In
the case of MP-sensitive patients we also may see the patient has
regional swelling or inflammation. These symptoms are most
commonly associated with irritant contact dermatitis. This type of
dermatitis can happen to anyone; all that is needed is an irritant
and chronic exposure [4]. The type of immune reaction that we
see when dealing with Balsam of Peru sensitive patients is allergic
contact dermatitis (ACD). This type of dermatitis is associated
with delayed onset of a type IV immune reaction. This reaction is
known to be a hypersensitive reaction. A person’s body will react
to the allergen in the most extreme and exaggerated way possible.
There will be a rash and then extreme swelling [5]. Type IV reac-
tions are characterized by cell-mediated responses which differ
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from the norm. The cells that are responding to the presence of
antigens are T-lymphocytes. These lymphocytes will incite other
white blood cells to rush to the point of contact in order to coordi-
nate a huge immune response which will lead to swelling and
inflammation of the contact area.

Conclusion

Balsam of Peru can cause one of the most exaggerated immune
responses and may be fatal depending on where the contact area
of the allergen is. While Balsam of Peru is not used as a whole in
today’s society, there are still many of its constituents that are
being used in many products today. These constituents may lead
to allergic reactions that we are used to see in MP-sensitive
patients. Doctors may be able to conduct patch testing to see
which constituent specifically elicits a hypersensitive immune
response. Through this, they may be able to give their patients a
more accurate way of avoiding these contact allergens.

Fun Facts

® Balsam of Peru is a flavoring agent in foods.

@ Balsam of Peru is not only used for its aromatic and fixative
(i.e. delays evaporation) properties but also for its mild anti-
septic, antifungal, and antiparasitic attributes.

© Balsam of Peru has 3 main uses: fragrance in perfumes and
toiletries; flavoring in food and drink; healing properties in
medicinal products.

Question
Is Balsam of Peru still in Orange Crush Soda?

Answer

No, but it used to be. A patient with a positive patch test to Balsam
of Peru may have had throat irritation with imbibing beverages
containing it.
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Vignette

At age 14, I visited my optometrist for my annual eye exam to
obtain a new prescription for reduced vision. I had worn correc-
tive lenses for myopia (nearsightedness) and astigmatism (irregu-
lar shape of the cornea, the clear structure at the front of the eye
that is responsible for two-thirds of the eye’s optical power) since
second grade. However, I had also recently found that my vision
was asymmetric; the visual acuity through my right eye was sig-
nificantly worse than that through my left. When attempting to
light a candle, I found myself missing multiple times, suggesting
that my depth perception was severely weakened. I also noticed
that when I attempted to view small or bright objects, such as car
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headlights, with my right eye, I instead perceived several distorted
versions of them in a circle centered around the true position of
the object.

Sclera

* White part of the eye
* Provides structural
integrity

Lens
 Adjusts focus
for sharp near
and far vision

Iris

» Contracts and relaxes
to control light through
pupil

Cornea
 Front of the eye
* Major refractive

surface

Despite corrective glasses, my vision was never correctable to
20/20. T had never had any other eye conditions, and I had never
sustained any ocular injuries. I do, however, have seasonal grass
and oak tree pollen allergies, and exposure may cause rashes, as
well as tearing up and redness in the eye. With regard to family
history, my father wears eyeglasses for myopia and astigmatism,
though with no asymmetry; my mother had only begun wearing
reading glasses within the previous year. My younger brother also
wears eyeglasses for myopia and was later diagnosed with and
treated for the same condition as me, though at an earlier stage.
Additionally, various relatives have unknown conditions with low
visual acuity and distorted images.
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Diagnosis

At my optometrist’s office, I underwent standard Snellen eye
chart and slit-lamp microscopy exams. In the Snellen exam, I was
found to be unable to see the large E (20/200) while wearing cor-
rective eyeglasses with my right eye; the actual findings returned
20/125 and 20/500 in the left and right eyes, respectively. Under
the slit-lamp, my optometrist found corneal scarring in my right
eye. My optometrist suspected that I had keratoconus, a condition
in which the cornea (clear tissue on the front of the eye) bulges
outward. He referred me to a corneal ophthalmologist for corneal
topography scans that would help confirm the diagnosis.

On the corneal topography scan, my corneas were extremely thin
and irregularly shaped in both eyes, with the thinnest and steepest
areas slightly below the pupils. A normal cornea has uniform curva-
ture and thickness of approximately 43D (diopters, units of curva-
ture such that a circle with a radius of %2 m has constant curvature of
2D) and 550 pm respectively (Fig. 7.1) [1]. In my scans, the maxi-
mum curvature was found to be 68.4D and 88.7D in the left and right
eyes, respectively, and the minimal corneal thickness was found to
be 421 pm and 349 pm (Fig. 7.2). Thus, my ophthalmologist con-
firmed my optometrist’s suspicion of keratoconus, supported by
more curvature and a thinner cornea.

See Fig. 7.2a and b.

Keratoconus is a progressive corneal disorder characterized by
an abnormal cornea. The cornea may show thinning, and irregular
astigmatism (bulging), and in severe cases, scarring, and may
result in myopia (nearsightedness) and image distortion [1]. It
normally begins during the second decade in affected individuals,
though it is difficult to detect in early stages, so the patient often
receives no treatment apart from that for myopia and regular
astigmatism [2]. In more advanced keratoconus, the astigmatism
becomes more irregular, resulting in a cone-shaped protrusion
below the pupil and results in low and distorted vision that cannot
be fully corrected through corrective lenses [2].

Keratoconus can result from both genetic and environmental
influences. Environmental factors include the wearing of contact
lenses and eye rubbing, which may also lead to increased occur-
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Fig. 7.1 This shows the curvature map of a patient with a relatively normal
cornea. It is to be noted that the curvature is relatively constant throughout the
eye near 45D (fully green). There is slight astigmatism at 0.7D demonstrated
by the yellow hourglass shape, but this cornea is not keratoconic. (Provided
by Ronald F. Luxenburg, OD)

rence of conjunctivitis [2-5]. Correlational studies on the herita-
bility of keratoconus indicate an autosomal dominant inheritance
pattern; despite several candidate genes, however, the genetic cau-
sation has not been clinically determined [4]. I believe my risk
factors for keratoconus entail:

1. Genetic susceptibility as I have relatives with unknown eye
conditions characterized by low visual acuity and distorted
image production, and

2. Eye rubbing, especially in response to redness and tear pro-
duction caused by allergies [5].
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Fig. 7.2 (top): My diagnostic corneal topography scans in the left eye for
curvature (top) and thickness; (bottom): My diagnostic corneal topography
scans in the right eye for curvature (top) and thickness (bottom). The signifi-
cant red in the curvature scans demonstrates steepening of the corneas slightly
below the center of the pupils. The corneas are also extremely thin, as indi-
cated by the large red and yellow areas in the thickness maps. (Provided by
Martin L. Fox, MD, FACS)

Although early stages of keratoconus can be treated with cor-
rective lenses, advanced keratoconus requires surgical interven-
tion. Treatment options can include collagen cross-linking (CXL),
wherein ultraviolet light is used to create cross-links between col-
lagen subunits that make up the cornea in order to prevent further
progression; implantation of intrastromal ring segments
(INTACS®), which are semicircular plastic half-rings inserted to
flatten the cornea in hopes of improving vision; and, in the most
severe cases, corneal transplantation [4, 6]. Either deep anterior
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lamellar keratoplasty (DALK), which is a partial-depth corneal
transplant, or penetrative keratoplasty, which is a full-depth cor-
neal transplant, may be performed [4, 6].

Treatment

My ophthalmologist, my parents, and I decided on a two-step plan
for my keratoconus treatment. In order to limit the progression of
keratoconus, I first underwent cross-linking (CXL) in both eyes.
Afterward, I was also implanted with ring segments in the right
eye in hopes of regaining functional vision.

In preparation for the surgeries, I was prescribed gatifloxacin
(one drop each at breakfast, lunch, dinner, and bedtime) for 1
week preceding the surgeries. During the CXL procedure, I was
first given two drops of riboflavin in each eye every 2 min for a
half-hour. Afterward, under topical lidocaine for anesthesia, the
epithelium was removed, and ultraviolet light (370 nm, 3 mW/
cm?) was applied for 5 min in both eyes [2]. During the INTACS®
procedure, a stromal tunnel was created using the 60 kHz IntralLase
femtosecond system, into which the semicircular ring segments
were inserted [7]. Afterward, a soft contact lens was inserted in
order to prevent friction between the lids and the cornea.

Postoperatively, I was required to wear shields on the eyes
while sleeping for 1 week in order to prevent external pressure on
the eyes during the healing process. I was prescribed gatifloxacin,
an anti-inflammatory drug to prevent conjunctivitis (pink-eye),
four times daily; ketorolac tromethamine, a nonsteroidal
anti-inflammatory drug for management of inflammation and
pain, two drops daily; and pregabalin to manage pain as needed,
with a maximum of four 75 mg tablets a day. This continued for 4
weeks. I was also given prednisolone acetate (one drop each at
breakfast, lunch, dinner, and bedtime), a corticosteroid to prevent
scarring during the epithelial healing process, for 1 week, which
was replaced afterward with fluorometholone, a weaker cortico-
steroid, for 3 months, starting at four times a day and reducing to
three times a day after 1 month and once a day after 2 months.

See Fig. 7.3a and b.
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Fig. 7.3 (left): My postoperative corneal topography scans in the left eye for
curvature (top) and thickness (bottom); (right): My postoperative corneal
topography scans in the right eye for curvature (top) and thickness (bottom).
Compared to the diagnostic scans, the maximum curvature is greater in the left
eye at nearly 73D, and there are larger areas of red, indicating thinning. This
may be due to advancement between the date of diagnosis and the surgeries,
which happened for 9 months. (Provided by Martin L. Fox, MD, FACS)

There were no complications or side-effects from the surgeries
(Fig. 7.3). After my eyes healed completely, and no progression
was determined after 6 months, my ophthalmologist recom-
mended that I speak with my optometrist about contact lenses, as
he expected that it would provide better corrected vision than
glasses. My optometrist fitted me with scleral lenses, which are
large lenses that extend partially over the sclera (white part of the
eye). Five years after the operation, my corneal thickness and cur-
vature was found to be stable, and my corrected vision in both
eyes was 20/25, though slightly worse in my right eye (Fig. 7.4).

See Fig. 7.4a and b.
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Fig. 7.4 (top): My 5-year postoperative corneal topography scans in the left
eye for curvature (top) and thickness (bottom); (bottom): My 5-year postop-
erative corneal topography scans in the right eye for curvature (top) and thick-
ness (bottom). There appears to be no major differences between the 5-year
and the immediate postoperative scans, indicating success in halting the pro-
gression of the disorder. (Provided by Martin L. Fox, MD, FACS)

Discussion

Keratoconus is a progressive corneal degenerative disease that
often presents at puberty and is characterized by the thinning
and steepening of the cornea due to the change in the structure
of collagen, the protein that composes it [3, 5]. One of the fac-
tors that increases the likelihood of developing keratoconus, and
increases its rate of progression, is eye rubbing [3]. Additionally,
several studies have found a high prevalence of skin allergy,
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allergic conjunctivitis, and asthma in keratoconus patients [3].
Patients with vernal keratoconjunctivitis have been shown to
have earlier onset of keratoconus with more severe thinning and
also show increased intraocular pressure (pressure exerted on
the eye by fluid produced within) [5]. Allergy has also been
found to increase the risk of hydrops (leakage of fluid from
within the eye) [3].

Early stages of keratoconus may not be distinguishable from
general myopia and regular astigmatism; however, corneal topog-
raphy is useful as it can be used to detect mild keratoconus [3].
After my surgeries, my younger brother, then age 11, had his cor-
nea scanned, even though he had no other signs indicating kerato-
conus as well. He was found to have keratoconus as well. He
received CXL in both eyes to halt its progression but did not need
further treatment. Thus, it can be recommended that patients
known to be at risk for keratoconus and astigmatic adolescents
with a history of allergy to be screened during routine eye exams
with corneal topography scans [3]. This can be helpful in arresting
the progression of keratoconus early on and preventing severe
visual acuity loss and image distortion.

Fun Facts

& Keratoconus may present with myopia and astigmatism that
cannot be corrected with eyeglasses.

© Corneal scarring may be observed under the slit lamp; diagno-
sis of keratoconus can be made through corneal topography.

© Treatment options include scleral contact lenses, CXL intra-
stromal ring segment implants, and corneal transplantation.

Questions
1. Which of the following statements about keratoconus is
INCORRECT?
(a) Keratoconus is primarily a genetic disorder.
(b) Keratoconus causes myopia, cone-shaped irregular astig-
matism, and scarring.
(c) Early stages of keratoconus are often treated similarly to
myopia and astigmatism.
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(d) Patients with advanced keratoconus may need corneal
transplants.
(e) The cone-shaped protrusion often occurs inferior to the

pupil.

2. Which of the following treatments is NOT commonly used to
treat keratoconus?
(a) Corneal collagen cross-linking (CXL).
(b) Penetrating keratoplasty (PK).
(c) Intrastromal ring segments (INTACS®).
(d) Deep anterior lamellar keratoplasty (DALK).
(e) Laser-Assisted In Situ Keratomileusis (LASIK).

3. Which of the following is matched with its CORRECT pur-
pose?
(a) Eye shield; prevention of ocular trauma.
(b) Prednisolone acetate; pain management.
(c) Ketorolac tromethamine; prevention of scarring.
(d) Pregabalin; anti-inflammatory drug.
(e) Gatifloxacin; pain management.

Answers

1. (a)
2. (e)
3. (a)
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A Candyman’s Popcorn 8
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Vignette

Ten-feet, 20-feet, 30-feet high walls laden with colorfully-sugared
assortments, punctuated with sweet aromas, embody candy-filled
fantasies of candy-filled factories. For Caramelo Golosina, such
factories lured him into its dizzying spell as a candyman after high
school. His days meant stirring pots of bubbling flavors, concom-
itantly inhaling flooding vapors (Fig. 8.1).
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Fig. 8.1 Boiling candy
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After several years of employment, 25-year-old Caramelo pre-
sented to our pulmonary office complaining of shortness of breath,
after walking as little as one block or a flight of stairs, with occa-
sional wheezing. These symptoms had been present for approxi-
mately 3 months. He had been well, with no history of pulmonary
or cardiac diseases, without asthma, and he was not on regular
medications. He was a life-long city resident of North Philadelphia
employed as a candy factory worker.

Mr. Golosina’s physical examination was unremarkable except
for expiratory wheezing heard as a high-pitched moan akin to an
orca crying. Medically, expiratory wheezing results from a nar-
rowing of the lower airways, common in asthma and tobacco-
related pulmonary illnesses, like Chronci Obstructive Pulmonary
Disease (COPD).

A pulmonary function test (PFT), a quantitative evaluation of
the patient’s breathing, revealed severe obstructive airways dis-
ease. Simply put, the patient could inhale but could not exhale
normally due to narrowed airways (Fig. 8.2). His PFT showed that
he could only expire 40% of his air in 1 second, compared to the
normal 70-80%. There was no improvement after inhalation of a
bronchodilator (albuterol). Additionally, his elevated residual vol-
ume of 125% of predicted indicated air trapping (air can enter, but
not exit) (Fig. 8.2). Hyperinflation seen on the chest X-rays was
consistent with air trapping (Fig. 8.3).

After an extensive workup, which had failed to yield a diagno-
sis, or improvement with standard asthma treatments, a lung
biopsy was conducted. Surprisingly, the biopsy revealed signifi-
cant luminal narrowing, swelling, and scarring of the small air-
ways, indicating an inflammatory and fibrotic small airway
disease (Figs. 8.4 and 8.5). Caramelo’s symptoms, together with
his PFT results, radiographs, and lung biopsy were consistent
with the unexpected diagnosis of obliterative bronchiolitis—the
question of how and why, nonetheless, remained.
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Fig.8.2 (a) Posterior—anterior chest X-ray, showing hyperinflation indicated
by mild diaphragm flattening in another patient with obliterative bronchiolitis
(OB) [1]. (b) Lateral chest X-ray, showing hyperinflation indicated by mild
diaphragm flattening in an OB patient [2]
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Fig. 8.3 Pulmonary function test (PFT) results



92 T.C.Olsen and R. A. Promisloff

Pulmonary
Respiratory
branchiole

==|nflarmmatory
cells

Fig.8.4 The top left and right sections are distal bronchiole sections: normal
bronchiole (a) vs. obliterative bronchiolitis affected bronchiole (b). The mid-
dle image (c) illustrates the anatomy of the lower respiratory system. The
terminal bronchioles lead to the alveol or air sacs, where, inside, gas-exchange
occurs. The bottom left and right images are cross-sections of a normal bron-
chiole (d) and a diseased bronchiole (e). Notice the narrowing and constric-
tive properties caused by obliterative bronchiolitis (e) [3]
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Fig. 8.5 Lung biopsy of a distal bronchiole illustrating constriction of air-
way, growth of polypoid nodule of immature connective tissue, and fibro-
blasts [4]

Background/Salient Features of the Case

To understand the etiology behind Mr. Golosina’s case, one must
analyze his clinical presentation. Surprisingly, the least relevant
fact that he self-disclosed was critical—he worked in a candy
factory.

Caramelo’s likely exposure to an artificial flavoring agent,
diacetyl, plausibly incited his inflammatory lung disease while
working in a North Philadelphia candy factory. Diacetyl is com-
monly used to impart a buttery flavor to foods, such as butter-
scotch and toffee flavored candy, and most widely, popcorn.
Toxicity stems from the diacetyl vapors escaping its yellow-green
bath and entering the victims’ lungs (not wearing a mask). Once
inside, the chemical agent can form harmful connections with
cells, breaking down proteins, and even untangling DNA
(Fig. 8.6). Over time, the vapors can accumulate and irreversibly
inflame the small airway bronchioles. In turn, chemically prompt-
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Fig. 8.6 One of diacetyl’s (red) mechanisms of toxicity: diacetyl can link
with guanosine, a fundamental building block of DNA

ing the lining cells to secrete mucus abundantly and attracting
white blood cells further feeds lung inflammation (Fig. 8.4).
Mucus plugs consisting of dead cells, pus, and scar tissue can then
form and create de facto one-way valves, trapping air, and disrupt-
ing oxygen-blood diffusion. Caramelo’s wheezing and obstruc-
tive lung function are thus pathologically explainable and shared
among other patients similarly plagued with obliterative bronchi-
olitis.

Other fumes that cause comparable airway scarring and nar-
rowing, while rare, include nitrogen oxides used in fertilizer pro-
duction, sulfur mustard gas used post-Iran-Iraq War (1980-1988),
and sulfur dioxide gas used in the Iran-Iraq War and WWI (1914—
1918). In urban and low socioeconomic strata areas, sulfur dioxide
and nitrogen oxides are common pollutants from automobile
exhaust and fossil fuel-powered factories. In the atmosphere, these
oxides can form acid rain and increase the infectivity of viruses.
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In infants under 2 years of age, lower airway fibrosis and
inflammation can commonly result from RSV, influenza, adenovi-
rus, measles, and mycoplasma. Infant bronchiolitis can become so
severe that lips, fingers, and toes eerily become cyanotic-blue
from a lack of oxygen. In older individuals, obliterative bronchi-
olitis commonly follows lung transplants, hematopoietic stem cell
transplants (HSCT), and connective tissue disorders, such as
rheumatoid arthritis. The believed cause for transplant patients is
either host rejection of the donated organs (lung transplant
patients) or an overreaction of the received donor stem cells
against native lungs (HSCT patients). In rheumatoid arthritis, an
autoimmune disorder that damages joints, inflammatory damage
can also be directed against the lungs’ small airways, hence bron-
chiolitis.

Our patient is unique by not fitting these demographics or
medical histories; yet, this is not an entirely isolated case. From
1993 to 2000, eight workers at a Missouri popcorn factory began
complaining of increasing difficulty breathing, lethargy, dry
cough, and night sweats. They saw varying physicians, including
allergists and pulmonologists. Eventually, in May of 2000, the
eight cases were reported as severe obliterative bronchiolitis to
the Missouri Department of Health, bearing investigations into
the popcorn factory. As a result, the investigations found diacetyl
as the likely cause [5].

Furthermore, the workers responsible for mixing the 130 °F
(54 °C) butter-substitute solutions, vaporized and inhaled, were
most susceptible—a position similar to Mr. Golosina’s butter-
scotch mixing post. News of this disease caught the attention of
the media and nation, colloquially becoming known as popcorn
lung and popcorn workers’ lung. In response, many food industry
factories have adopted new ventilation precautions and have
phased out diacetyl from their ingredients for workers’ safety [5].
However, many e-cigarette companies are still utilizing the caus-
ative agent in their liquid cartridges—potentially posing a threat
to their production workers and their customers who purposely
inhale the vaporized liquids (Figs. 8.7 and 8.8).
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Fig. 8.7 Popcorn [6]
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Fig. 8.8 Butterscotch candy [7]

Diagnosis

In Mr. Golosina’s case, he presented as a young, previously-
healthy individual with severe shortness of breath on exertion and
severe obstruction on PFTs. There was no history of pulmonary or
cardiac disease, nor of tobacco or drug use. Additionally, there
was no immediate family history of a hereditary cause of emphy-
sema, alphal-antitrypsin deficiency. In this 25 year old’s age
group, asthma would be the most common cause of shortness of
breath, wheezing, and obstructive PFTs. However, this patient had
no previous history of asthma or allergies, nor markers for either.
Only until the analysis of Caramelo’s lung biopsy together with
his previous tests was his rare diagnosis of obliterative bronchiol-
itis confirmed.

Treatment/Conclusion

Treatment for obliterative bronchiolitis is challenging due to the
irreversible accumulation of fibrotic scar tissue in the airways. As
a result, the aim of its treatment often focuses on decreasing dis-
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ease progression. It should be apropos to the cause and person.
Medications range from immunosuppressants to macrolide anti-
biotics. Such antibiotics, like azithromycin, interestingly, serve
not only the typical function against bacterial infections but also
the concomitant one in reducing neutrophil-induced inflamma-
tion, i.e., self-damage from the immune system.

As noted earlier, in transplant patients, rejection serves as a
significant cause of bronchiolitis. Drugs that help transplant
patients reduce or prevent bronchiolitis from organ rejection
include immunosuppressants, such as tacrolimus. By suppressing
the immune system, tacrolimus can reduce airway inflammation
and hyperactive immune responses toward the host’s lungs.

Additionally, inhaled bronchodilators, corticosteroids, and leu-
kotriene antagonists are other treatment options that can assist
airway patency. There is no one-size-fits-all treatment for this dis-
order and care may often require a long-term combined therapeu-
tic approach.

Caramelo was followed-up for 18 years after his initial presen-
tation, treated with a combination of bronchodilators, inhaled cor-
ticosteroids, and leukotriene antagonists. Exposure to toxins from
his workplace also ceased immediately. Over these 18 years, his
clinical status and lung function remained stable but strikingly
low.

While there is no definitive treatment, stopping exposure at the
workplace was the main factor in Caramelo living a relatively
stable life. His case highlights the importance of not passively
accepting common diagnoses like asthma at the sound of wheez-
ing and is why our one time candymaker remains stable today. An
apt quote made in the 1930s by physician Chevalier Jackson
indeed rings true today, “all that wheezes is not asthma.”

Fun Facts

) Diacetyl can be sourced both naturally as a byproduct of fer-
mentation (found in dairy products like butter, cheese, milk,
bread, coffee, brandy, and rum) and artificially (found in candy,
baked goods, cake mixes, and butter-flavoring for popcorn)

[8].
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@ No cases of OB have been reported in consumers of butter-
scotch candy.

O R. Mileret al. reported a staggering 38 out of 49 US soldiers as
having constrictive bronchiolitis (obliterative bronchiolitis),
plausibly from the inhalation of toxic aerosols released from a
2003 sulfur-mine fire in Iraq and from burn pits while also
deployed in Afghanistan [9].

Multiple Choice Questions
1. Which statement is false?

(a) Obliterative bronchiolitis is a distinct pattern of small air-
way disease characterized by subepithelial inflammation
and narrowing of the bronchioles.

(b) The most common cause of expiratory wheezing in adults
is obliterative bronchiolitis.

(c) Treatment is different for asthma and bronchiolitis.

(d) Obliterative bronchiolitis most commonly presents in
infants under 2 years of age.

(e) Diacetyl vapors, sulfur mustard gas, and RSV can cause
obliterative bronchiolitis.

2. What is/are diacetyl’s mechanisms of action vis-a-vis oblitera-
tive bronchiolitis?

(a) Diacetyl acts as a nucleophile against guanosine, binds,
and initiates untangling of DNA.

(b) Arginine’s guanidino group acts as a nucleophile against
diacetyl, forming arginine-diacetyl adducts among pro-
teins found in the respiratory tract’s epithelial and subepi-
thelial cells.

(c) Diacetyl acts as an electrophile against arginine’s aliphatic
3 carbon chain, binds, and disrupts structures and func-
tions of proteins lining the respiratory tract.

(d) Choices (a) and (b) are correct.

(e) Choices (b) and (c) are correct.
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3.

How is obliterative bronchiolitis definitively diagnosed?

(a) An FVC <79%

(b) AnFEV1 <79%

(c) A radiograph image indicating hyperinflation, seen in the
flattening of the diaphragm.

(d) A distal airway biopsy indicating constriction and fibrosis.

(e) Either (a), (b), or (c).

Answers

1.

(b)

The most common cause of wheezing in adults is obliterative
bronchiolitis.

(b)

Note: (a) Diacetyl acts as an electrophile against guanosine.
(b) Diacetyl acts as an electrophile against arginine’s guanid-
ino group.

. (d)

Note: while (a), (b), and (c) are likely to present in obliterative
bronchiolitis, they are neither necessary nor sufficient criteria
for the diagnosis of OB. Oftentimes soldiers present with tech-
nically normal PFT and radiographic images, but when biop-
sied, reveal fibrotic constriction of the lower airways [9].
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Abbreviations

BMI Body mass index

CT Computed tomography

GERD  Gastroesophageal reflux disease
IgE Immunoglobulin E

SOB Shortness of breath

Case Presentation

A 53-year-old Caucasian woman with a history of asthma and
gastroesophageal reflux disease (GERD) presented to her primary
care physician with concerns of cough and worsening shortness of
breath (SOB), the latter occurring in association with anterior
chest pressure. She is a lifelong nonsmoker and denies regular
consumption of alcohol. She remembered her asthma beginning
when she was 8 years of age, but she had not required any form of
treatment until adulthood. She shared with us that her asthma
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symptoms are mostly seasonal and were well-controlled with the
help of her albuterol rescue inhaler until March. Now a month
later, she had become progressively short of breath, which she and
her primary care physician initially attributed to worsening
asthma, and her rescue inhaler was no longer cutting it: She now
had exertional breathlessness when walking on level ground for as
short a distance as 100 ft. She even revealed to us that her breath-
lessness was sometimes occurring at rest.

The cough with which she was now presenting was nonpro-
ductive; that is, it is not producing any gunk. Now, what do I mean
by gunk? I really mean that when she coughs, she is not coughing
anything up; this includes blood (also called hemoptysis) and
mucus, which could be gray, green, yellow, or rusty in color—and
still other variations are possible. Although she was not experi-
encing any coughing that would awaken her at night, the cough
was described as being worse first thing in the morning (i.e., upon
waking) and in the midafternoon. She reported that she had an
upper respiratory infection in January of this same year (2014) but
denied having been sick since then. At the initial encounter, her
primary care physician believed this presentation—that of increas-
ing shortness of breath or SOB (or dyspnea) and nonproductive
cough not associated with any signs that would suggest an infec-
tious etiology—to be most compatible with, and after an unsuc-
cessful trial of prednisolone, she was placed on Symbicort®, an
inhaler for persistent asthma that contains two medications:
budesonide and formoterol. This combination is intended to pro-
vide lasting relief of SOB by budesonide-mediated reduction in
airway inflammation and by formoterol-mediated dilation of air-
ways—which is the same mechanism as her albuterol rescue
inhaler mentioned earlier with the caveat that formoterol sustains
airway dilation for longer than albuterol. Note, combining an
inhaler whose effects are long-lasting, such as Symbicort®, with
an albuterol rescue inhaler allows for reduced frequency of asthma
attacks (i.e., asthma attacks will not occur as often) and the ability
to manage symptoms of asthma attacks (e.g., SOB and wheezing)
when they strike, respectively. Getting back to our patient, addi-
tion of the Symbicort® inhaler provided only modest improve-
ment. What else could be going on?
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It is worth noting that our patient also complained of chest
heaviness and had a history of GERD, a disease characterized by
reflux of stomach acid into the esophagus. The esophagus was not
designed to receive acid from the stomach. Consider for a minute
that one of the most effective strategies employed by our innate
immune system—the branch of our immune system that is general
in its response to pathogens and lacks immunologic memory (i.e.,
knowledge about which cell surface proteins were most ideally
suited to defend against specific pathogens that our immune sys-
tem has seen before from previous skirmishes)—is to kill microbes
that invade our upper respiratory tract and oral cavity by having us
swallow such invaders, ultimately exposing them to the caustic
environment of the stomach. We can then imagine that this same
caustic environment spilling over into the esophagus could reason-
ably be predicted to cause irritation of the esophageal lining.

Despite her current regimen of omeprazole, a medication that
reduces acid production in the stomach, she was still experiencing
occasional reflux. Her primary care physician also observed that
she has gained a “moderate amount of weight” secondary to
dietary indiscretion and documented her body mass index (BMI,
a measurement of one’s mass per one’s height) as 37.8 kg/m?
(obesity: BMI > 30.0) but additional information (e.g., how much
weight the patient has gained) was not made available.
Accumulation of fat around the abdomen (subcutaneous fat) and
inside the abdominal cavity (visceral fat) increases the pressure in
the abdominal cavity, which favors efflux of stomach acid into the
esophagus by pressing the contents of the stomach through the
gastroesophageal sphincter—a sphincter between the stomach
(gastro-) and esophagus (—esophageal) that is normally con-
tracted (closed) and relaxes (opens) only to allow passage swal-
lowed substances into the stomach. Although unlikely to be
helping with her GERD, she had endorsed regular consumption of
1 cup of coffee per day for which we encouraged discontinua-
tion—coffee consumption reduces the tone of the lower esopha-
geal sphincter, thereby facilitating reflux of stomach acid into the
esophagus.

Classically, however, acid reflux of GERD causes burning
pain in the epigastric region (i.e., the area of the abdomen that
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overlies the stomach) and is associated with belching, whereby
one can often taste refluxing acid. Since her discomfort is atyp-
ical for GERD. When asked to describe the quality of the chest
pain again, she described it as a chest tightness, which con-
trasts with its initial character—anterior chest pressure.
Anterior chest pressure, particularly when the patient clarifies
the pressure to be crushing and/or substernal (i.e., localizing
to directly beneath the sternum) and describes the pain as radi-
ating (traveling), especially to either the left arm or neck,
would have increased our concern for angina because it would
be more consistent with an acute coronary syndrome. Her pri-
mary care provider also notes that there was no edema on our
patient’s physical exam. This, in combination with our patient’s
cough and SOB occurring over the span of a month and no
recent history of travel involving prolonged immobilization or
surgery reduced our concern for deep venous thrombosis lead-
ing to pulmonary embolism (i.e., formation of a blood clot in
the deep veins of the leg and fragmentation of the clot that
lodges in the pulmonary vasculature, respectively).

Regarding our patient’s social history, she has been employed
for several years as a veterinary technician and reports tending to
mice, rats, turkeys, rabbits, guinea pigs, dogs, cats, chimpanzees,
and sheep intended for use in basic science research. She also had
many pets at home—including dogs, cats, and several birds—stat-
ing that she had always been around animals at work and at home
and denying that there had been any recent changes in either the
number or type of animals to which she is exposed in either set-
ting. Despite this, her primary care physician persisted; she
revealed that the birds she was keeping in the home were pigeons.
Once privy to this information, he began her on 60 mg prednisone
daily to reduce inflammation presumably associated with...
*drumroll please*...... pigeon breeder lung disease! Pigeon
breeder lung disease is a form of hypersensitivity pneumonitis
(a fancy way of saying inflammation of the lungs [preumonitis]
due to immunologic oversensitivity [hypersensitivity] to an envi-
ronmental allergen or irritant)—and he strongly recommended
that she remove the pigeons from her home at once.
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Remarkably, removal of the birds in the home led to complete
resolution of our patient’s cough and SOB within a few days. It is
also worth noting that she continued to work as a veterinary tech-
nician which was felt may put her at risk of pneumonitis—and
potential recurrence of respiratory symptoms—secondary to
exposure to other environmental allergens, such as those present
in dust in the enclosures of other birds. We must at this time note
that pigeon breeder lung disease is not limited in etiological scope
to allergens present in the dust of pigeon droppings, as is classi-
cally the case; rather, people can have immunological hypersensi-
tivity to a multitude of airborne avian antigens derived from a
myriad of bird species not limited to pigeons. It is for this reason
that pigeon breeder lung disease actually encompasses a more
general inhalational lung injury that can occur secondary to
immunologic hypersensitivity and is also known as bird fancier’s
lung.

When she was referred to our office for allergy and pulmonary
function testing—roughly a year after she first presented to her
primary care physician—we began with testing for hypersensitiv-
ity to a panel of common environmental allergens as well as with
spirometry, the test of choice to assess for defects in ventilation
associated with the large airways. Our patient tested positive for
guinea pig, rat, rabbit, dust mite, weeds, and grass. Notably, she
tested negative to chicken, duck, and goose feather allergens. At
this time, her spirometry revealed a mild obstructive ventilatory
defect with only mild improvement after bronchodilator (Fig. 9.1,
Table 9.1); in plain English, this means she has a difficulty evacu-
ating air from her lungs and only had slight improvement in doing
so with the help of a medication that increases the caliber of her
respiratory passages. This is compatible with her history of
asthma, one of the most common forms of obstructive lung dis-
ease—the other being chronic obstructive lung disease. Her
asthma symptoms (e.g., wheezing, SOB) were well controlled for
another year. What happened?

On review of systems, her cough was noted to be chronic and
dry. She also reports becoming increasingly SOB and experienc-
ing occasional chest pain with breathing but cannot pinpoint
exactly when this all began. She states it has been gradual in
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Fig. 9.1 Spirometry Pre pre-bronchodilator, Post post-bronchodilator, Vol
volume

Table 9.1 Spirometry, September 2015

%0 (Pre/ % (Post/  9o(Post/
Predicted Pre-BD Predicted) Post-BD Predicted) Pre)
FVC 3.10 1.89 61 1.96 63 103
FEV1 243 1.64 67 1.77 73 108
FEV1%M 79 86 109 91 114 105
FEF25- 3.10 2.02 65 2.68 87 132

75%

BD bronchodilator, FVC forced vital capacity, FEVI forced expiratory vol-
ume in 1 s, FEVI%M percent of the FVC accounted for by the forced expira-
tory volume in I s (i.e., 100% * FEV1/FVC), FEF25-75% forced expiratory
flow over the middle half of the FVC
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onset, over several months. What could be going on? What a
perfect opportunity to talk to the patient and to gather more
information!

Her exposures now included animal exposures, potentially to
airborne fecal matter, and dust from ongoing construction in her
workplace that allegedly lingers as a result of poor ventilation.
Aside from her pets—she at this point still had six dogs and six
cats—her home exposures were significant for asbestos and the
dust of industrial metals. Our patient had been living in housing
located in Calverton, New York that had been formerly subsidized
and reserved for employees of the now-defunct Grumman
Aerospace Corporation, whose claim to fame arguably was their
engineering of the Apollo Lunar Module and production of mili-
tary as well as civilian aircraft. When she first moved into her
housing unit, she noted that there was a film of metallic dust on
the walls and ceilings, presumably from industrial workers bring-
ing the dust home on their clothing.

After learning all of this, we ordered a chest X-ray and com-
puted tomography (CT) scan of her chest to take a look under the
hood, as is commonly the expression. At this time, nearly 2 years
after worsening of her asthma symptoms were thought to have
arisen secondary to hypersensitivity pneumonitis, her chest X-ray
demonstrated infiltration of the lingula and lower lobe of the left
lung with diffuse bronchial wall thickening. The radiologist read
this as suggestive of pneumonia, yet our patient denied having a
recent history of systemic signs of illness, such as fatigue, fever,
and chills; denied having any sick contacts; and was constitution-
ally well-appearing on physical exam. Although gradual onset
certainly does not exclude the possibility of an acute pneumonia
superimposed on insidious development of an underlying lung
disease, the time course of our patient’s symptoms does not fit
well with the narrative of pneumonia. Her chest CT scan showed
interstitial lung disease with some scattered ground-glass opaci-
ties more pronounced in the lingula and lower lobe of the left lung
as compared to that of the right lung. The radiologist was clear as
day in his impression: “I suspect underlying pneumonitis.”
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Diagnosis

Our patient underwent wedge biopsy of the upper lobe of the left
lung (aka left upper lobe [LUL]J) that was sent for histopathologi-
cal interpretation and showed the following: chronic bronchiolitis
(i.e., longstanding inflammation involving the small airways),
peribronchial metaplasia (i.e., reversible change in the type of
cells from that which normally predominates in a given tissue to
another cell type that is part of the tissue adaptive response to
chronic irritation but is usually detrimental; a classic example of
metaplasia is the loss of ciliated lining of the respiratory tree in
smokers in favor of a more rugged lining that predisposes to infec-
tion secondary to reduced microbial clearance), mucostasis (trap-
ping of mucus in the small airways—literally, the stasis of
mucous), and bronchiectasis (permanent dilatation [increase in
caliber]| of the small airways) as well as patchy airway centered
and peripheral interstitial fibrosis (i.e., patchy scarring of the
lung). Given our patient’s history of asbestos exposure, we also
considered it necessary to rule out asbestosis—a restrictive pat-
tern of lung disease that usually manifests as a fibrotic interstitial
lung disease with a usual interstitial pneumonia-like pattern. This
pattern was not observed in the biopsy and no asbestos bodies
(filament-like structures that suggest one has inhaled asbestos)
were noted.

What does all of this mean? And, most importantly, what does
all of this mean for our patient? First, a wedge biopsy is a method
of sampling the lung whereby a surgeon removes a wedge of tis-
sue for review by a pathologist. The pathologist interpreted the
sample they received as compatible with the above findings,
which represent small airway disease and irreversible scarring of
the lung. In a manner similar to how statistics draws conclusions
from a sample for which collection of data is logistically feasible
and conclusions made on the basis of these data extrapolated to a
population, if we consider the pathological findings which corre-
spond to the wedge biopsy sample to be representative of a much
larger chronic inflammatory process involving lungs—as sug-
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gested by our previous chest CT scan showing diffuse ground-glass
opacities—we reasonably infer that our patient has a progressive
and irreversible restrictive pattern of lung disease that most likely
arose from hypersensitivity pneumonitis leading to eventual inter-
stitial pulmonary fibrosis.

Treatment

The only definitive treatment option for our patient is lung trans-
plant. Unfortunately, her BMI of 37.7 kg/m? caused her to be
ineligible for lung transplantation at the time of referral. Frankly,
her obesity (BMI > 30.0 kg/m?) is such that the risk of harm asso-
ciated with transplantation outweigh the potential benefits thereof.
We then counseled the patient regarding nutrition, regular exer-
cise, and weight reduction in order to reach a goal BMI of 34, at
which point we plan to reconsider lung transplantation.

In the meantime, since our patient plans to continue working as
a veterinary technician, we have advocated on her behalf to ensure
she equipped with a respirator such that she may minimize her
inhalation of allergens which would otherwise exacerbate her
hypersensitivity pneumonitis; this will, in theory, slow progres-
sion of her pulmonary fibrosis by limiting inflammation associ-
ated with allergic hypersensitivity.

Key Points

1. Interstitial pulmonary fibrosis is an insidious restrictive pro-
cess whose development occurs over the span of years and
may present only as progressively worsening SOB + cough.

2. Although hypersensitivity pneumonitis is treatable by avoid-
ing exposure to inciting environmental allergens to which the
patient has hypersensitivity, interstitial pulmonary fibrosis
may arise as a complication of hypersensitivity pneumonitis.

3. The only definitive cure that is currently available for intersti-
tial pulmonary fibrosis is lung transplantation.
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Multiple Choice Questions
1. Which of the following is NOT a form of restrictive lung dis-
ease?
(a) Idiopathic pulmonary fibrosis.
(b) Asthma.
(c) Hypersensitivity pneumonitis.
(d) Pneumoconiosis.

2. Which test is preferred for the assessment of large airway dis-
ease?
(a) Impulse oscillometry.
(b) Spirometry.
(c) Exhaled nitric oxide.
(d) Methacholine challenge.

Answers
1. (b)
2. (b)
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Vignette

Ms. Kleinfaser walked into the office in hopes of finally resolving
the constant pain she had been enduring for the last couple of
years. At 55 years old, Ms. K had been suffering from excruciat-
ing pain in her hands and legs. K had already been through a lot in
her life and these symptoms exacerbated her stress along with her
pre-existing medical conditions. Due to an unfortunate car acci-
dent, she broke her wrist in 2013 and was diagnosed with shingles
the following year. Ever since then, she has been riddled with pain
and burning sensations in her hands and feet. Her hands would
crawl and itch almost as if there were thousands of needles in her
skin. At times she would get frustrated to the degree where she
would deliberately bang her hands on tables and walls to relieve
the pain. However, this was not all of K’s worries. She had noticed
that lately she had been feeling more tired than usual. K was con-
fused; she woke up and went to bed everyday feeling fatigued and
tired. Even eating was becoming uncomfortable for her. Her
stomach would churn and jolt every time she ate. She knew she
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had underlying thyroid problems, but attributing her recent symp-
toms of burning pain, fatigues, and discomfort to her previously
managed health problems did not make sense. Her deteriorating
health took a heavy toll on her as she started to quickly gain
weight. K ultimately slipped into depression. Her self- esteem had
dropped and she no longer went outside, partake in hobbies, or
even socialized with her friends and family. The pain and stress
became too much for K to even get out of bed. She gained weight.
Her constant fatigue kept her bound to her home. K wanted to
relieve herself of this pain and most importantly get her old life
back. After her previous doctors failed to come to a diagnosis, she
was referred to allergist Dr. Szema, in hopes that a diagnosis and
treatment can soon be reached.

When Ms. K presented herself to Dr. Szema, she was experi-
encing lots of fatigue in the mornings and nights along with par-
esthesia, a painful burning sensation in her hands and legs. She
slapped the table, she says, “in order to get rid of the pain.”
Repeatedly she kept on slapping the table with her hands. Over
the past couple of months, she had gained a lot of weight and had
an accompanying rash. Her medical history revealed idiopathic
urticaria, Hashimoto’s thyroiditis, asthma, and hypertension.
Hashimoto’s disease is an autoimmune disease that causes inflam-
mation of the thyroid gland. She developed two thyroid nodules,
weight gain, and very dry skin. K already had urticaria, a chronic
form of hives that resulted in occasional itchy flare ups. She was
already under omalizumab(anti-IgE) administration and observa-
tion to treat her urticaria, a series of injections over the span of
2—4 weeks. Nevertheless, KN’s skin was under a lot of stress and
coupled with her weight gain, her mental health suffered along
with her physical. The feeling of pins and needles up and down
her arms discouraged her from going outside, hence she stayed
home for weeks at a time. Blood tests revealed that Vitamin D
levels had dropped due to lack of sunlight. After reviewing her
previous blood tests and cytology reports, we concluded that K
had her asthma, hypertension, and Hashimoto’s thyroiditis under
control. Her thyroid nodules were benign and her rash was con-
trolled with antihistamines. Yet her paresthesia still subjected her
to immense pain and burning sensations.
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While going through a plethora of tests and medical records,
Dr. Szema came across her nerve fiber density test. The biopsy
revealed that KN had reduced intra-epidermal nerve fiber density,
a strong marker for diagnosing small fiber neuropathy (SFN).
SEN is characterized by damage to the peripheral nerves thus
causing neuropathic pain [1]. This pain presented itself as pares-
thesia in KN’s hands and feet often subjecting her to sensations of
burning pain or pins and needles. After understanding the cause
behind KN’s symptoms, Dr. Szema proceeded to treat her with an
intravenous immunoglobulin treatment (IVIG). Within a week
KN started to feel better, her pain had decreased and she no longer
felt fatigued when waking up or going to bed. The relief had
improved her mental health and she was ready to jump back into
her life. Her intravenous therapy took 3 days and she had to come
back and repeat the treatment every 3 weeks. However, to KN,
this was a very small price to pay. The anguish and burden of not
knowing the causes behind her pain and how to stop it was much
worse than a couple more trips to the doctor’s office. KN started
socializing again and spending time with her family and friends.
With supplements and ample time outside in the sunlight, her
Vitamin D levels were also starting to increase. After a long while
she finally started to feel some relief. After 2 weeks she felt better
than she ever had during these past years. After years of dead ends
and lack of explanations, KN finally managed to get a piece of her
life back.
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Background/Salient Features of the Case
Small Fiber Neuropathy

Small fiber neuropathy occurs as a result of peripheral nerve dam-
age involved in somatic and autonomic functions. Symptoms
include burning pains or sensations similar to pins and needles,
gastric problems, dry mouth and eyes, abnormal sweating, fatigue,
and syncope [2]. Damage to the myelinated A fiber nerves and
unmyelinated C fiber nerves can result in the loss of small nerve
fibers or display abnormal nerve structure in the upper and lower
extremities [2]. These fibers are primarily mechano thermal and
polymodal nocireceptors. Hence they warp the sensations of pain
and tingling both with and without contact to external stimuli [2].
The disease often creates diagnostic confusion as symptoms and
markers are not entirely clear. Patients are almost always neuro-
logically asymptomatic with the exception of sensory and recep-
tive symptoms evident of autonomic dysfunction. These can range
from dry mouth, dry eyes, gastric problems, abnormal sweating,
and dry cracked skin in certain affected areas. The most common
cause of developing small fiber neuropathy is diabetes mellitus;
however, other physiological factors play a significant role in
increasing the risk factor such as hyperlipidemia, abnormal glyco-
lytic metabolism, and autoimmune conditions such as Hashimoto’s
thyroiditis [3]. Also included are genetic diseases such as Fabry’s
disease and other non-hereditary diseases such as HIV, celiac dis-
ease, and hepatitis. Although the pathology behind small fiber
neuropathy is not fully understood, the commonality among most
patients is the intense instances of pain associated with other sen-
sory symptoms.

Diagnosis

KN had extensive workup done with multiple doctors in order to
pinpoint the cause of her pain. Numerous blood tests, cytology
reports, and sonograms were conducted to rule out the cause as
her Hashimoto’s thyroiditis and low vitamin D levels. It was not
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until a skin biopsy with Dr. Klein did the true diagnosis come
forth. The skin biopsy was taken for a nerve fiber density test
(epidermal nerve fiber density or ENFD)) and KN’s test showed
that she had reduced intraepithelial nerve fiber density. KN had a
lower than normal number of epidermal nerve fibers than the
average person. This is a hallmark of small fiber neuropathy and
the ENFD test itself is a common practice to assist in diagnosing
[4]. The biopsies are subjected to high powered magnification to
assess the dilation of the small nerve fibers in the skin. This allows
health professionals to visualize and calculate how many fibers
are present per surface area. A low density will indicate that there
are reduced fibers or some have been damaged [5]. Like KN,
patients often feel a version of sensory disruption. Loss of density
or damaged nerve fibers are what causes the abnormal peripheral
functions, such as KN’s burning sensations in her hands and feet.

Treatment

Treating SFN includes addressing the underlying cause for its
development. Some causes include diabetes mellitus or patients
who are pre-diabetic and unable to manage their blood sugar. In
these cases, managing diet and using insulin to control blood
sugar usually results in a decrease of symptoms. However, there
are many cases of SEN in which patients do not suffer diabetes.
KN did not have diabetes nor did her blood tests show any indica-
tion of prediabetes. Some cases of small fiber neuropathy are con-
sidered “idiopathic” or in simpler terms, cause is unknown.
Another viable proposal is an autoimmune response resulting in
SFEN. Autoimmune responses involve the patient’s immune sys-
tem targeting its own tissues causing damage to the peripheral
fibers. Since KN was not diabetic and did not show any indication
of prediabetes, the cause of her SFN was narrowed to idiopathic
and autoimmune causes. To treat this type of SFN, an immuno-
modulation therapy proves to be highly efficacious. KN was
treated through intravenous delivery of immunoglobulin (IVIG).
IVIG is an antibody mostly responsible for humoral and patho-
genic immunity. KN was administered IVIG-in high doses to
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decrease the potential immune response causing her SFN and act
as an anti-inflammatory agent. KN immediately felt better and her
pain had reduced substantially. After almost 2 weeks, KN told Dr.
Szema she had not felt this good in months. As of now, treatment
for SFN is still being studied since not much is known about the
underlying causes. However, IVIG is proving to be a potential
therapeutic treatment to alleviate pain in SFN patients. We also
now administer immunoglobulin G subcutaneously, so we do not
need to use an intravenous line.

Fun Facts

® Almost 40 million people in the USA are currently diagnosed
with either small or large fiber neuropathy.

@ Chances of developing small fiber neuropathy are approxi-
mately 52 per 100,000 people.

© Prevalence of small fiber neuropathy is higher in men and the
elderly.

Multiple Choice Questions
1. Which of the following is a viable cause for developing small
fiber neuropathy?
(a) Diabetes.
(b) Asthma.
(c) Kidney stones.
(d) Poor diet.

2. Which of the following is the appropriate procedure to diag-
nose small fiber neuropathy?
(a) Blood test.
(b) MRI scan.
(c) Nerve fiber density test.
(d) Colonoscopy.

3. Which of the following conditions is an autoimmune disease?
(a) Alzheimer’s.
(b) Osteoporosis.
(c) Arthritis.
(d) Hashimoto’s thyroiditis.
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Answers
1. (a)
2. (¢)
3. (d)
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Vignette

In late March of 2018, a male in his late 40s, Paul Lups, came into
the office with a chief complaint of a swollen lip from taking aspi-
rin. Mr. Lups informed us at the visit that he is an electrical con-
tractor. In his profession, he is exposed to a variety of job sites
ranging from warehouses to dirt pits to old vents and sheds. This
means that he is bombarded with many potential allergens such as
dust mite antigens and mold in dirt. Mr. Lups had been hard at
work, during the day, helping lay down the foundation for electri-
cal lines in the ground outside in the grueling weather. Mr. Lups
was exhibiting symptoms of nasal polyps earlier in the year and
decided to see an Ear Nose Throat (ENT) surgeon so that he may
immediately seek resolution. The ENT surgeon would remove the
polyps diagnosed earlier that month and refer him to Dr. Szema to
help prevent something similar from occurring again.

M. Shigri (<)
New York College of Podiatric Medicine, New York, NY, USA

A. M. Szema
Donald and Barbara Zucker School of Medicine at Hofstra/Northwell,
Hempstead, NY, USA

R. A. Promisloff
Medicine, Drexel University College of Medicine, Bryn Mawr, PA, USA

© The Author(s), under exclusive license to Springer Nature 121
Switzerland AG 2023

A. M. Szema (ed.), Unusual Diseases with Common Symptoms,
https://doi.org/10.1007/978-3-031-40280-7_11


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-40280-7_11&domain=pdf
https://doi.org/10.1007/978-3-031-40280-7_11

122 M. Shigri et al.

Mr. Lups has a past medical history of asthma and bronchitis
and the polypectomy procedure completed earlier that month.
During the time of his visit he had not taken any antihistamines in
the last 7 days. He denied food allergies but was allergic to cock-
roach, mold, dust, penicillin, and even aspirin. He was so sensitive
to aspirin that he would break out in hives with swelling lips and
a scratchy throat. This adverse reaction to aspirin is commonly
referred to as aspirin exacerbated respiratory disease (AERD) or
Samter’s triad.

During his examination, the doctor recommended that Mr.
Lups complete a series of tests to obtain a better picture of his
current condition. He was first given a self-examination sur-
vey form for his asthma symptoms (Asthma Control Test or ACT),
which displayed that he had well-controlled asthma. Next, he was
given an exhaled nitric oxide test for his asthma. This test would
measure levels of nitric oxide in his breath, which is used as an
indicator for inflammation in patient airways. In the last respira-
tory test, Dr. Szema would do a spirometry/bronchodilator study.
Mr. Lups had been able to keep his asthma under control but still
had lingering nasal problems that he told Dr. Szema about. He
said that he often felt congested in both his nostrils and would
have to go about his day with a persistent stuffy nose. On top of
that, he would feel pain in his right nostril. He recalled with sor-
row how he progressively lost the ability to smell but is still thank-
ful that he can taste food to an extent. With the data at hand, Dr.
Szema would go on to conclude that the most effective method to
help Mr. Lups would be aspirin desensitization.

Background/Salient Features of the Case
Aspirin Exacerbated Respiratory Disease

The first known case of adverse reaction to aspirin was docu-
mented in 1902 and the disease was studied in 1922 by Ferdinand
Widal. Widal and colleagues were able to demonstrate the effects
of the disease with help from volunteers ingesting aspirin and
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NSAIDs. Although publishing his study in the French journals in
1922, the study did not get much recognition until Samter and
Beers released their own study in 1968 [1]. Patients with AERD
are often prescribed acetaminophen alternatives at a low dose (up
to 500 mg) [2]. Although many medical therapies are available
patients still often need nasal polyp surgeries. Physicians recom-
mend aspirin desensitization shortly after the procedure to reduce
future nasal polyp growth and recurrence [1].

Aspirin exacerbated respiratory disease (AERD) is a medical
condition that is most classified by a triad of symptoms including,
asthma, nasal polyps, and a reaction to aspirin. These core symp-
toms, made famous by Max Samter, is the reason that disease is
also commonly known as Samter’s Triad. AERD can be a tricky
disease to navigate as it manifests suddenly during adulthood
(although any age group can have it) and can have a wide range of
symptoms from skin reactions to vomiting [1]. AERD also
requires a clinical diagnosis, which means that currently there is
no one test that can determine whether you have it and relies on
the patient’s symptoms and medical history [2].

Once the diagnosis of AERD is confirmed, one of the first
treatment options are leukotriene modifiers. Leukotrienes are
inflammatory compounds which are produced by leukocytes
(white blood cells) which induce inflammation, leading to vascu-
lar permeability—hence a runny nose. Patients with AERD pro-
duce high levels of leukotrienes which are accentuated by
consuming aspirin and non-steroidal anti-inflammatory drugs
(NSAIDs), such as Ibuprofen [1]. Two FDA-approved leukotriene
modifiers are: (1) Zileuton, which is a 5-lipoxygenase inhibitor
that blocks leukotriene formation, and (2) Montelukast, a leukot-
riene B4 receptor antagonist which blocks leukotriene function.
The most common medication prescribed to patients is montelu-
kast. Zileuton is an effective alternate to montelukast but it is pre-
scribed less frequently. This may be due, in part, to cost, more
frequent dosing, and the necessity to get liver function testing.
Montelukast recently received an FDA black box warning for
potential cognitive/behavioral dysfunction.
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Diagnosis

The diagnosis of aspirin exacerbated respiratory disease (AERD)
is derived from a patient having three main concurrent symptoms.
The triad of symptoms includes asthma, nasal polyps, and sensi-
tivity to aspirin and other NSAIDs. AERD can be extremely dif-
ficult to diagnose because of the wide variety of symptoms that
may be presented as well as the fact that those symptoms develop
over time. Many patients with AERD may be diagnosed later in
their lives due to physicians treating symptoms independently
rather than as a cause for AERD. When a patient presents with a
reaction to aspirin/NSAIDs physicians may ask the patient to try
an aspirin challenge to confirm it.

The aspirin challenge involves exposing the patient to aspirin
and monitoring the reaction. The procedure will be done under the
care of a respiratory specialist in a controlled setting with ade-
quate equipment to ensure the patients safety. Aspirin challenge is
a useful tool in identifying if a spontaneous reaction to aspirin has
been developed as well as testing if other allergy symptoms are
aggravated by aspirin. A past study illustrated the effectiveness of
the aspirin challenge as it found that 42% of patients with asthma
and other underlying nasal conditions tested positive despite not
having reactions to NSAIDs in the past [1].
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Treatment
Aspirin Exacerbated Respiratory Disease

Aspirin desensitization is commonly regarded as the most effec-
tive treatment for AERD [1]. Past clinical research has shown that
87% of patients who participated in aspirin desensitization treat-
ment experienced improvement of their symptoms [3]. The treat-
ment has various protocols, but the crux of it involves the patient
taking doses of aspirin, starting with small doses and gradually
moving up. Examples of variant protocols include: 1 day 6-h pro-
tocol, two-day protocol, and three-day protocol. When starting, it
is important that the patient be in stable condition and have an
FEV1, forced expiratory volume in 1 s, higher than 70% of pre-
dicted. For patient safety, the environment should also have intu-
bation equipment, EpiPen, and a defibrillator on standby.

Mr. Lups had his aspirin desensitization treatment conducted
in an ICU environment. He was treated with the 1 day 6-h proto-
col for aspirin desensitization. This plan starts the patient off with
a 10 mg dose once and then allows 20 min for any potential symp-
toms to manifest. If there are no symptoms in the given time, then
the patient’s dose is doubled, in this case now to 20 mg, and the
process is repeated until the target dose is met (162 mg). Once the
patient was able to comfortably tolerate the target dose, he was
sent home with 81 mg Ecotrin coated aspirin to take once a day
with food.

Aspirin dose Time of dose

Aspirin 10 mg dose If no symptoms for 20 m, then proceed
Aspirin 20 mg dose If no symptoms for 20 m, then proceed
Aspirin 40 mg dose If no symptoms for 20 m, then proceed
Aspirin 81 mg dose If no symptoms for 20 m, then proceed
Aspirin 162 mg dose If no symptoms for 20 m, then proceed

Reference from Catherine R Weiler, MD, PhD (Mayo Clinic Rochester,
AAAAI)
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Discussion

On June 26, 2019 the FDA-approved interleukin 4 receptor alpha
antagonist called dupilumab as treatment for adult nasal polyps
[4]. A nasal polyp is a noncancerous overgrowth of the sinuses
that may obstruct the ostiomeatal complex, the region of drainage.
Nasal polyps are often associated with other respiratory disorders
such as asthma, chronic sinusitis, and asthma. Functional endo-
scopic sinus surgery (FESS) was introduced in the USA in the
1980s to combat the symptoms of chronic sinusitis [S]. FESS uti-
lizes small thin tubes with cameras called endoscopes to provide
vision into the nasal pathways. There are no incisions or openings
required as the surgeon will use another thin tube with surgical
instruments to treat the site of disease. The surgeon will target
abnormalities in the sinus to help improve drainage without dam-
aging the cilia in the nasal mucus. The procedure may take up to
4 h and any pain can be treated with OTC medication but displays
90% improvement of symptoms [5].

This is a significant advancement in medicine as nasal polyp
growth is difficult to control, often requiring surgery. Even in the
event of surgical removal of nasal polyps (polypectomy) there is
often regrowth that may require surgery again. Dupilumab func-
tions by targeting the type 2 inflammatory response, inflammation
that is triggered by type 2 cytokines such as IL.-4 and IL-13 [4]. It
blocks IL-4 function in T2 inflammation to break the positive
feedback loop leading to mast cell histamine production. Type 2
is a common response in patients with asthma and nasal polyps.

Dupilumab is given as a subcutaneous injection and is recom-
mended as a 300 mg dose every other week for nasal polyposis
[4]. Dupilumab was used in a 52-week clinical study with 722
adult subjects that had chronic rhinosinusitis with nasal polyposis
(CRSwNP) [4]. Patients have seen significant progress in lung
function in as little as 2 weeks. Dupilumab also has some side
effects including gastritis, insomnia, toothache, conjunctivitis,
and arthralgia. From the clinical study referenced previously, the
occurrence of adverse reactions was between 1% and 3% with
injection site side effects being the outlier at 6% [4].
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Dr. Szema will obtain a clinical image of the nasal polyp

Fun Facts

®20% of patients with AERD go undiagnosed, while the most
common age of an AERD diagnosis is 34 [1].

D 97% of patients with AERD report decreased or absent sense
of smell, which can heavily affect the patient’s romantic
endeavors, as body odors subconsciously guide picking a part-
ner [6, 7].

o Although named aspirin exacerbated respiratory disease,
patients with AERD have persistent and chronic problems,
despite avoiding aspirin and other NSAIDs.

Multiple Choice Questions
1. Which following medication is the BEST treatment for nasal
polyposis AERD patients?
(a) Aspirin desensitization.
(b) Oxymetazoline (Afrin®).
(¢) Leukotriene modifiers.
(d) Corticosteroids.
(e) Dupilumab.

2. What is an existing condition that may lead to the development
of nasal polyposis?
(a) Upper respiratory infection.
(b) Emphysema.
(c) Pleural effusion.
(d) Cystic fibrosis.
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3. Which of the following statements is true?

(a) Improvement of FEV1 after use of albuterol is the sole
requirement of asthma diagnosis.

(b) Dupilumab is an FDA-approved medication for nasal pol-
yposis.

(c) A patient cannot have an AERD flare up without the pres-
ence of an aspirin or NSAID.

(d) One of the dangers of FESS is that the patient may retain
permanent damage in nasal mucosa cilia.

Answers

1. (e)
Oxymetazoline (b) is an alpha-1 and alpha-2 adrenergic recep-
tor agonist which is prescribed for treating nasal congestion
not AERD. Corticosteroids (d) is the incorrect choice because
they are commonly prescribed to relieve asthma/allergy symp-
toms. Corticosteroids are flexible and can be prescribed as
inhalers, injections, and nasal sprays. Leukotriene modifiers
(c) are also commonly prescribed as they target leukotrienes,
inflammatory substances contributing to AERD symptoms,
and aim to reduce inflammation in patients but are not cura-
tive. Aspirin desensitization (d) is sometimes effective treat-
ment for combatting AERD and is shown to have significant
improvement in patients’ symptoms. However, the correct
answer for medical treatment of nasal polyposis is dupilumab
(e), which is an anti IL-4, anti IL-13 blocker that is FDA-
approved for nasal polyposis.

2. (d)
An upper respiratory infection (a) (URI) is a viral infection
that can cause cough, sore throat, and nasal discharge. URIs
are more frequent during fall and winter but are usually
resolved within a few days, they do not cause formation of
nasal polyps. Emphysema (b) is the incorrect choice as it is
chronic obstructive pulmonary disease (COPD) that damages
the alveoli in the lung. Emphysema is commonly acquired
from smoking but can also be genetic. Pleural effusion (c) is
when an excess of fluid is collected in the pleural cavity, which
is the space between the lung and chest. This answer choice is
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incorrect as pleural effusion can occur from pneumonia or
heart complications and does not commonly lead to complica-
tions in the upper respiratory tract. Cystic fibrosis (d) is the
correct answer choice because chronic sinusitis commonly
develops associated with CF which leads to the formation of
nasal polyps.

. (b)

(a) is incorrect because albuterol is used as medicine for
patients with asthma, so an improvement in FEV1 indicates
the patient likely has asthma. (b) is the correct answer choice
as patients with AERD often have high levels of leukotrienes
and are prescribed dupilumab for nasal polyposis. As men-
tioned previously in the chapter, it is a common misconception
that the presence of aspirin is required for an AERD reaction.
This makes (c) incorrect. (d) is incorrect because one of the
major benefits of FESS is that it preserves as many nasal cilia
as possible. Studies have also shown an increase in cilia den-
sity in following weeks of the FESS.
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Vignette

Missing teeth, bloody gums, a sore mouth—this was Ms.
Jones’s reality! With the condition of her mouth slowly worsen-
ing, Ms. Jones sought out help from the dean of one of the two
most prestigious dental schools in the largest city in Beantown, so
she could restore her once radiant smile. She believed a beautiful
set of expensive acrylic dentures would be the answer to her
prayers. Unfortunately, what was supposed to be a happy ending
turned into a living nightmare. Ms. Jones’s new smile was quickly
ruined by a painful infection. Little did she know, this infection
would be the first of many.

In 2013, Ms. Jones, now a 93-year-old woman, walked through
the doors of Dr. Szema’s office after suffering from multiple
mouth infections, ultimately leading to multiple broken teeth and
dentures. Furthermore, Ms. Jones also had a long history of bacte-
rial bloodstream infections. For over a decade, she had a slowly
growing lymphoma which remained untreated. She once was
diagnosed with Babesiosis, a tick-borne infection, and recalled
multiple episodes of bacterial pneumonia.

Members of Ms. Jones’s family also suffered from certain
health complications. The family has had a long history of cancer
within its blood line. Her brother had lung cancer and her child
had an unspecified cancer. The daughter was diagnosed with com-
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mon variable immune deficiency (CVID), and just like her mother,
she suffered through multiple episodes of pneumonia. In regard to
her parents, Ms. Jones’s father has diabetes and her mother noted
a history of hypercholesterolemia.

Why is it that Ms. Jones kept experiencing these recurring infec-
tions? Was age the determining factor here? As you hit a certain age,
do you become more susceptible to infections? It is true that as one
ages they will develop more comorbid conditions, such as arthritis.
Along with comorbid conditions, a person’s immune activity will
also tend to decrease with age. This cocktail of comorbidities along
with a weaker immune system can leave a person more vulnerable to
infections. However, Ms. Jones’s recurring battle with mouth infec-
tions was not necessarily caused solely by her age. Like mother, like
daughter, the main source behind Ms. Jones’s recurring visits to the
doctor’s office can be attributed to hypogammaglobulinemia, or more
commonly called, common variable immune deficiency (CVID).
Patients with this condition are unable to make enough antibodies
called immunoglobulins such as IgA, IgM, IgE, and IgD [1].
Normally, these antibodies are responsible for neutralizing a patho-
gen which may enter the body making it easier for that said pathogen
to be destroyed (Fig. 12.1). This deficiency in immunoglobulins
leaves a patient more vulnerable to a pathogenic attack causing recur-
ring infections (Fig. 12.2). Patients with CVID often remain undiag-
nosed. The conventional way to make a diagnosis is via a blood test
which measures total [gG immunoglobulin serum levels. These IgG
serum levels are typically less than or equal to 50% the lower limit of
normal in association with two episodes of pneumonia.

Her IgG levels were seemingly “normal” measuring within the
reference range of 635-1741 mg/dL at 741.5 mg/dL (Table 12.1).

Her IgA level was low: 14 mg/dL (range of 70400 mg/dL)
(Table 12.1).

To the uninitiated, the answer to her complications seems simple
in nature. Treat Ms. Jones with IgA to increase her level. The answer,
however, is a bit more complex. It is fraught with peril to treat a
patient who has CVID with IgA because if their body produces even
the slightest amount of allergic antibody called IgE, it could poten-
tially induce anaphylaxis. Even though her IgG level was within nor-
mal range, this concentration was not sufficient to fight her sundry
recurrent infections. To bring her IgG serum level to an appropriate
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Common Variable Immune Deficiency (CVID)

Plasma cell (blue) is unable to
produce a sufficent amount of
antibodies (purple) leaving a
person more vunerable to a
pathogenic attack.

Fig.12.1 CVID

Fig. 12.2 Adaptive immune response

Table 12.1 Ig serum levels of Ms. Jones

Ig type Serum levels mg/dL. Reference range mg/dL.  Status

1gG 741.5 645-1741 Normal
IgA 14.1 66-433 Low
IgM 57.6 45-281 Normal

level immunoglobulin therapy, known as immunoglobulin infusion
10% subcutaneous (human with recombinant human hyaluroni-
dase), was used. As far as infections go, many patients who suffer
from CVID are usually treated with some form of antibiotic that will
attack the bacterial infection that is present [2].
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Background/Salient Features of the Case

What other symptoms come along with CVID? Besides experi-
encing recurring infections, a patient with CVID could develop a
second autoimmune disorder due to the impairment of the immune
system. This impairment results in the body attacking its own tis-
sues and organs. This means that a patient suffering from CVID
could develop disorders such as immune thrombocytopenia—an
abnormal bleeding disorder caused by a decrease in blood clotting
cells, or even autoimmune hemolytic anemia—a condition caused
by the destruction of of red blood cells [1]. Patients with CVID
could even develop rheumatoid arthritis and also have a greater
chance of developing non-Hodgkin’s lymphoma [1].

Ms. Jones was no exception to the possibility of developing an
autoimmune disorder. As is the case with many CVID patients, Ms.
Jones suffers from non-Hodgkin lymphoma. Lymphoma is a class of
cancers that affects the body’s lymphatic system which plays a cru-
cial role in the body’s ability to fight off any invading pathogen that is
potentially harmful. Lymphoma can start anywhere in the body
where there is lymph tissue such as the lymph nodes, spleen, and bone
marrow [4]. There are two possible non-Hodgkin’s lymphomas that a
patient can have, and both types depend on the type of lymphocyte
that is affected. Patients with B-cell lymphoma experience abnor-
malities in their B-cells [4]—a type of lymphocyte that creates anti-
bodies that attach to the harmful pathogen marking it so other cells
know to destroy the invader. Patients with this type of lymphoma may
be unable to produce an adequate amount of antibodies, which results
in recurring infections. Another type of non-Hodgkin lymphoma is
T-cell lymphoma [4] whereby the patient experiences abnormalities
within their T lymphocytes. These lymphocytes can have multiple
roles, such as directly attacking the invading pathogen or helping
boost/slow down the activity of other immune cells. Ms. Jones suffers
from B-cell lymphoma which has been slowly growing and is care-
fully monitored. Considering the fact that lymphocytes (white blood
cells) are an essential component of the immune system, it makes
sense that a patient, such as Ms. Jones, who has CVID, would be
more susceptible to developing cancers that involve components of
the immune system, such as non-Hodgkin’s lymphoma [4].
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Diagnosis

After discovering low IgG serum levels through a blood test, Ms.
Jones was diagnosed with common variable immune deficiency
(CVID), also called hypogammaglobulinemia. This autoimmune
disorder affects the body’s immune response by affecting the pro-
duction of antibodies which are crucial in helping fight off any
pathogenic attack. As a result of this weak immune response,
Ms. Jones is highly susceptible to recurring infections within
the lungs, ears, sinuses, etc. Due to her condition, Ms. Jones is
much more likely to develop other autoimmune disorders and cer-
tain cancers. Ms. Jones was also diagnosed with non-Hodgkin’s
lymphoma which could be linked with her CVID condition. To be
more specific, Ms. Jones suffers from B-cell lymphoma where her
B-cells are unable to make an adequate amount of antibodies to
fight off a pathogen.

Treatment

Patients who suffer from CVID usually undergo antibiotic ther-
apy paired with immunoglobulin therapy. As previously men-
tioned, Ms. Jones could not be treated for her low

IgA levels due to there being a high risk of her going into anaphy-
lactic shock. However, Ms. Jones is currently being treated with a
form of immunoglobulin therapy called, immunoglobulin infusion
10% subcutaneous (human with recombinant human hyaluroni-
dase). The purpose of this treatment is to elevate her IgG levels help-
ing her body fight off bacterial infections or other pathogenic attacks.
The medicine is in the form of a liquid and is delivered underneath
the skin (subcutaneously). The therapy is a lifelong treatment that is
administered to the patient monthly or sometimes weekly. Currently,
Ms. Jones is being treated weekly with 600 mg/kg of immunoglobu-
lin infusion 10% subcutaneous averaging to about 54 grams a month.

There are many benefits that come with this immunoglobulin
therapy. For Ms. Jones, a major benefit that comes with using
immunoglobulin infusion 10% is that no IV infusion is needed.
This means that for Ms. Jones, an elderly woman who most likely
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has damaged veins, her weekly treatment is much more tolerable
as her veins are not subjected to an I'V. Also, due to the fact that no
IV is required, Ms. Jones’s IgG therapy comes with a lot less sys-
temic side effects that are usually experienced in patients who
undergo a therapy that requires the penetration of a vein. This
potentially high dosage and absorbance of the medication can
lead to multiple side effects such as a low-grade fever, aching
muscles/joints, and post-fusion headaches [5]. Also, when an IV
is used to treat a CVID patient, there will be this “high phase” that
is immediately followed by a “low phase” where the patient feels
extremely well right after treatment but will then feel slow/tired a
few days after treatment. These side effects are experienced much
less by patients who take a subcutaneous route due to the fact that
when the medication is administered subcutaneously, it is usually
given at a lower dose and absorbed slowly. A side effect that can
be experienced, however, can be a localized skin reaction that will
fade with time [5].

Fun Facts

e Patients with CVID are usually not officially diagnosed until
their third or fourth decade of life but may experience symp-
toms as early as childhood [3].

e It is estimated that CVID affects 1 in 25,000 to 1 in 50,000
people worldwide [2].

e In 90% of CVID cases, the causes are unknown but it is likely
that the condition is developed by either genetic or environ-
mental factors [2].

Multiple Choice Questions
1. What is/are possible autoimmune disorder(s) that a patient
with CVID could develop?
(a) Immune thrombocytopenia.
(b) Autoimmune hemolytic anemia.
(¢) Rheumatoid arthritis.
(d) All of the above
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What is the reference range of IgG serum levels within a per-
son’s blood?

(a) 645-1741 mg/dL

(b) 66-433 mg/dL

(c) 45-281 mg/dL

(d) None of the above.

A person with CVID could produce an insufficient amount of ...
(a) Red blood cells.

(b) Immunoglobulins.

(c) Platelets.

(d) All of the above.

Answer

1.
2.
3.

(d)
(a)
(b)
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Clinical Presentation

Mrs. G is a 60-year-old African-American lady who presented to
our pulmonary office complaining of a chronic cough. Chronic
cough is usually defined by a persistent cough for over 8 weeks.
Surprisingly our patient Mrs. G had been coughing on-and-off for
approximately 15 years. We learned that she had seen multiple
doctors over that time for her symptoms and been prescribed an
albuterol inhaler—which only helped her relentless coughing “a
little.” Recently, her condition had worsened to the point where
she experienced shortness of breath with minimal physical exer-
tion, like walking short distances or climbing a single flight of
stairs. Mrs. G had no smoking or occupational history.

Mrs. G had a very extensive past medical history. She had
diagnoses of high blood pressure, acid reflux disease, type II dia-
betes, and was recently diagnosed as having rheumatoid arthritis.
Additionally, multiple doctors had told Mrs. G that she had both
asthma and allergies. At one point, she even received allergy shots
and again, the treatment only provided her “some relief.” The
arthritis drug Mrs. G was prescribed was known to have a sup-
pressive impact on the immune system. In consideration she was
given a tuberculosis skin test—which came back positive.

At present, Mrs. G was on an asthma inhaler with a bronchodi-
lator and inhaled steroid, montelukast for asthma and allergies,
amlodipine for high blood pressure, omeprazole for acid reflux,
and non-sedating antihistamine. She also continued to occasion-
ally use the albuterol inhaler. To further complicate matters, she
had recently started on a daily dose of low dose of methotrexate
and daily doses of prednisone. It appeared that none of her respi-
ratory or allergy medicines alleviated the intensity or duration of
her cough.

Her pulmonary workup included pulmonary function tests,
which revealed mild restrictive disease. Simply put, her lungs
were smaller than predicted but did not show an obstructive pat-
tern, which we normally see in patients with asthma or tobacco-
related lung disease. Allergic skin testing was positive for grass,
trees, weeds, and dust mite antigens. A CT scan of her sinuses was



144 R. A. Promisloff et al.

unremarkable. A CT scan of the chest revealed multiple nodules
or spots in both lungs that ranged from 2 mm to 10 mm in size.
These nodules were randomly distributed throughout both lungs.
A bronchoscopy was performed, which is an inspection of the
airways with a video camera; this did not reveal any abnormalities
or clues to the cause of her intractable coughing. Moreover, there
was no evidence of infection or cancer.
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Diagnosis

After evaluation by the medical team and in discussion with the
patient, we decided to perform a surgical lung biopsy. The etiol-
ogy of the cough and multiple nodules in the lungs was incom-
pletely understood. The differential diagnosis includes: a
reactivation of tuberculosis, a complication from rheumatoid
arthritis, sarcoidosis (which is more common in the African-
American community), or cancer, whether primary or metastatic.
Other types of infections, such as fungal infections, were also
considered.

The patient tolerated the lung biopsy well. The result surprised
the attending physicians. The initial pathology results were con-
sistent with a neuroendocrine tumor and after the immunohisto-
chemical stains (a common form of staining antigens with
antibodies) were applied the final diagnosis reached was multiple
carcinoid tumorlets. Among immunohistochemical stains that
support the diagnosis of a carcinoid tumor are NSE, chromo-
granin, and synaptophysin. These tiny carcinoid tumors were the
unexpected cause of the multiple nodules seen on the chest CT
scan and the likely cause of her intractable coughing. Lung
neuroendocrine tumors are thought to derive from neuroendo-
crine-producing cells throughout the body, most commonly found
in the G.I. tract.
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* Chromogranin
— Secretory protein
— Core of neuroendocrine tumors
= Synaptophysin
— Present in all neurons in brain and spinal cord
— Sensitive marker in neuroendocrine tumors
« CK7+/CK20-
— Specific pattern seen primarily in lungs

Surgical lung biopsy—Mrs. G
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Discussion

Carcinoid tumorlets (tiny tumors) are a somewhat rare phenome-
non. Commonly found in the G.I. tract, these neuroendocrine
tumors can appear in the bronchial tree of the respiratory system.
Oddly, in this case, they were scattered throughout the substance
or parenchyma of the lung. It is noteworthy that these lung neuro-
endocrine tumors only account for 1-2% of all lung tumors in
adults. They usually develop in patients 45-60 years old and the
symptoms mainly consist of coughing and wheezing. Most are
considered low-grade tumors. The association with smoking is
not well established but in some studies up to two thirds of patients
have been smokers. Carcinoids have a broad spectrum that range
from slow-growing and benign to high grade, poorly differenti-
ated, and malignant. Generalized proliferation of neuroendocrine
cells is called DIPNECH, which stands for diffuse idiopathic pul-
monary neuroendocrine cell hyperplasia. This proliferation
would appear as multiple nodules or spots on an X-ray or CT scan
of the lungs. Most patients with DIPNECH have respiratory
symptoms, frequently presenting as a persistent cough.

Aside from coughing and shortness of breath, in rare circum-
stances, patients may develop carcinoid syndrome. Carcinoid syn-
drome is caused by the tumor releasing chemical substances.
These tumor-released chemicals can cause flushing, diarrhea,
and/or wheezing. Serotonin is a chemical commonly associated
with the syndrome. Serotonin release can also cause valvular
heart dysfunction. Lucky for Mrs. G, lung neuroendocrine tumors
usually produce very little serotonin, as opposed to G.I. carcinoid
tumors and account for a much lower rate of carcinoid syndrome.

So multiple carcinoid tumorlets or DIPNECH is a generalized
proliferation of neuroendocrine cells that locally invade the lungs
as multiple tiny tumors. Over time, these patients may also
develop larger well-defined neuroendocrine tumors. Although
coughing is a common clinical manifestation, this presentation is
so unusual that it is rarely considered in the differential diagnosis
of a chronic cough.
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Treatment

Surgical resection is the best approach to treatment in patients
who have lung carcinoids or neuroendocrine tumors that are local-
ized, especially those producing carcinoid symptoms. In patients
like ours, who have multiple tumors in both lungs, surgery is not
feasible. One approach to this type of patient is a somatostatin
analog, such as octreotide. This analog will bind to the tumor cell
and inhibit the tumor from releasing the chemicals that cause the
symptoms. Chemotherapy has been used but the responses are
unpredictable. With carcinoid tumors in general, long-term sur-
vival is excellent.

Conclusion

Chronic cough is a very common symptom and is usually
explained by common diagnoses like asthma, allergies, postnasal
drip, or acid reflux disease. However, in this patient, the common
diagnoses and treatment were woefully unsuccessful. The persis-
tent symptoms (15 years!) broadened the possibilities beyond the
scope of simple diagnostic measures. The diagnosis, in this case,
would have been virtually impossible without a lung biopsy.
There are instances when we, as physicians, must reach beyond
our normal comfort level to diagnose entities that we have rarely
or never seen in the past. In this instance a very common symptom
was explained by a very rare disease.

Fun Facts

e Medical professionals consider a cough to be chronic only
when its duration is over 8§ weeks.

e Over 90% of chronic coughs will be diagnosed as either
asthma, acid reflux disease, or postnasal drip.

* Sophisticated procedures such as bronchoscopy, CT scan, and
lung biopsy are required in only a small number of patients
who remain symptomatic and undiagnosed.

*  When there are many spots or nodules on a chest X-ray or CT
scan, many different entities need to be considered including
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different types of infections, inflammatory diseases, and
tumors.

Chronic cough is the most common symptom that a patient
will present to a physician and when the cough does not fit into
the usual categories the physician may be forced to think “out-
side the box.”

Multiple Choice Questions

1.

A cough of 6 weeks duration is considered chronic.
(a) True
(b) False

A pulmonary function test can be very useful in diagnosing
asthma as the cause of cough.

(a) True

(b) False

. Acid reflux is a potential cause of chronic cough which wors-

ens at night.
(a) True
(b) False

. A CT scan of the chest is usually required to diagnose chronic

cough.
(a) True
(b) False

. Multiple spots or nodules on a chest CT could indicate infec-

tion, inflammation, or tumor.
(a) True
(b) False

Answers

1
2
3
4
5

(b)
(a)
(a)
(b)
(a)
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He had been weightlifting when it happened. A cheerful, recently
engaged 24-year-old Pennsylvanian, J. was at the gym attempting
to do weighted squats with a staggering—yet for him normal—
700-1b barbell rested on his shoulders, only to be met with surpris-
ing resistance. When he reduced the weight of the barbell to 200-1bs
for bicep curls, he noticed again how he was unable to perform the
exercise with his usual ease. Attempts at shoulder presses and latis-
simus dorsi muscle pull-downs were no different. Perhaps it was
simply an off-day he thought to himself, unable to come up with
any reasonable explanation for this new onset weakness. Uncertain
and without answers, J. decided to go home to rest.

Within 1 week, J.’s tolerance for heavy weights decreased dra-
matically. In an unsettlingly short time, he found himself having
difficulty rising up from a chair or the floor; his grip became weaker
and he had multiple falls where his legs would give out or where he
would trip over his toes. Routine daily activities, such as getting
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dressed, putting on and taking off his socks and shoes, and drying
himself with a towel, had become arduous tasks. J. also occasion-
ally started to feel numbness and tingling in the middle digits of his
hands. He additionally noticed muscle cramping in his hands and
sporadic knee, elbow, and toe pain. Even those around him began to
take note of certain changes, such as frequent dry coughs. He did
not, however, experience any difficulty swallowing (dysphagia),
drooping of his eyelids (ptosis), blurred vision, slurred speech (dys-
arthria), difficulty breathing (dyspnea) except on exertion, muscle
pains (myalgias), or changes in his urine color—all of which may
be attributed to a variety of neuromuscular diseases.

With no family or personal medical history of any musculo-
skeletal or neurologic illness and no history of medication use, J.
grew increasingly concerned. He sought help from a neuromuscu-
lar specialist who had J. undergo extensive testing, including
complete neurologic examination, blood work, cerebrospinal
fluid analysis, and electromyography (or EMG, a test used to help
identify nerve or muscle abnormalities). His physical examination
was pertinent for the following:

¢ Mental status and cranial nerve exam: normal mental status,
language, and cranial nerves

e Motor exam: diminished strength throughout his upper extrem-
ities (3/5 to 4-/5 on the Medical Research Council Scale), with
greater weakness distally (i.e., toward his hands) and slight to
moderately diminished strength in his lower extremities (4-/5
to 5/5)

e Reflexes: loss of deep tendon reflexes (areflexic) throughout

e Sensation: patchy areas of decreased sensation limited to foot
and knee

e Gait: wide-based (indicative of the body’s compensation for
loss of balance)

Furthermore, electromyography (EMG) test and nerve conduc-
tion study revealed abnormalities indicating a demyelinating neu-
ropathy. His bloodwork showed an elevated anti-SSA antibody
titer (an antibody found in various autoimmune diseases) and
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analysis of his cerebrospinal fluid (CSF) revealed elevated protein
with normal cell count.

Based on these findings, J. was diagnosed with chronic inflam-
matory demyelinating polyradiculoneuropathy (CIDP), a rare
autoimmune disorder of the peripheral nervous system that
requires long-term treatment. Fortunately, CIDP is a treatable dis-
ease in which therapeutic options include corticosteroids, intrave-
nous immunoglobulins (IVIg), plasma exchange, as well as other
immunosuppressive drugs. In the case of J., he was treated with
IVIg for 5 days, which led to a drastic improvement of muscle
strength (from 3/5 in all extremities to almost 5/5 by the end of his
hospital stay). His initial treatment was complicated by headache
and neck pain; however, this resolved upon initiation of a cortico-
steroid taper. J. was then discharged with home health nursing and
treated with IVIg 0.5 g/kg daily for 2 days every 4 weeks with
regular monitoring of his motor function, electrolytes, kidney
function, and complete blood count (CBC). He again experienced
mild headache as well as mild weakness after every initial infu-
sion, but these would resolve the next day. Eventually, due to dif-
ficulties obtaining intravenous access by his home health nurse,
he was switched to subcutaneous immunoglobulin (SCIg). He has
since returned to his baseline state of health and resumed his nor-
mal weightlifting activities!

Discussion

CIDP is an acquired, immune-mediated demyelinating neuropathy
(disease of the nerve). It is caused by abnormal cellular and humoral
immune (immunity that involves antibody) responses against
peripheral nerve antigens leading to demyelination of the nerves.
Typical CIDP presents with remitting-relapsing or slowly progres-
sive symmetric weakness of proximal and distal muscles, sensory
symptoms (e.g., numbness or paresthesia) in a glove-and-stocking
distribution, as shown in Image 14.1, and reduced or absent deep
tendon reflexes [1]. CIDP symptoms typically progress over a span
of 8 weeks or longer (making it a chronic process) [2].



154 N. Mirsaidi and J. Kwan

Image 14.1 Glove-and-stocking neuropathy

Rarely, CIDP can present acutely and may be indistinguishable
from Guillain-Barré syndrome (GBS), a self-limiting
demyelinating neuropathy [2]. It may only later be correctly diag-
nosed due to recurrence or prolonged symptom progression as
well as associated events [1]. GBS typically does not recur and
causes maximum weakness within 4 weeks, often following an
event such as a viral infection or very rarely vaccination. Cranial
and respiratory muscles and the autonomic nervous system are
frequently affected in GBS [1]. CIDP, however, has a slower pro-
gression and is not associated with antecedent illness or vaccina-
tion. The term ‘“subacute inflammatory demyelinating
polyneuropathy” (SIDP) is used by some neuromuscular special-
ists to describe a rare form of demyelinating neuropathy that
reaches its clinical nadir between 4 and 8 weeks [3, 4]. Patients
with SIDP have overlapping features of GBS and CIDP.
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In typical CIDP, the pattern of weakness is non-length-
dependent (i.e., affecting both proximal and distal muscles to a
similar degree). In fact, this phenotypic presentation is useful in
diagnosing and thus treating patients, as it suggests an acquired
demyelinating polyneuropathy. In contrast, patients with exclu-
sively distal weakness have a broader differential diagnosis
(including hereditary, metabolic, toxic, and vasculitic disorders)
and the cause may not be identified until nerve conduction studies
and laboratory workup can be performed [5]. Furthermore, vari-
ant CIDP patients with purely distal weakness and sensory loss
may differ in both their clinical course and treatment response and
are less likely to be correctly diagnosed and treated [5].

Several CIDP variants exist that differ in their degree of sym-
metry and motor or sensory involvement as well as their response
to typical therapies. These include, but are not limited to, distal
acquired demyelinating symmetric (DADS) neuropathy, multifo-
cal acquired demyelinating sensory and motor (MADSAM) neu-
ropathy (also known as Lewis-Sumner syndrome), pure motor or
pure sensory CIDP, and focal CIDP [6].

As described in the patient case, the diagnosis of CIDP relies
on typical clinical features, CSF findings, and electrophysiologic
studies, as there is no biomarker available that is specific to this
disease [7]. Nerve conduction study findings such as conduction
block, prolonged distal latency, and slowed conduction velocity
are features of a demyelinating neuropathy [1]. The pattern of
nerve conduction abnormalities can help to determine the cause of
the demyelinating neuropathy (i.e., patchy or multifocal in CIDP
vs. more uniform in Charcot-Marie-Tooth disease) [1]. An EMG
may also reveal secondary axonal loss [1]. Lumbar puncture
shows elevated CSF protein with normal cell count (i.e., albu-
minocytologic dissociation) in CIDP patients. Pleocytosis
(increase cell count), however, would suggest an alternate diagno-
sis [1]. While CSF studies are useful in supporting a CIDP diag-
nosis, they are not necessary in a patient with typical clinical
features and electrophysiologic findings. Other clinical findings
supportive of the CIDP diagnosis include MRI showing nerve
root hypertrophy or enhancement with contrast, ultrasound show-
ing nerve enlargement, nerve biopsy showing demyelinating fea-
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tures, and objective improvement after a trial of immunotherapy
[1,8].

Initial misdiagnosis, especially in atypical presentations, is not
uncommon as CIDP shares features with other nerve and muscle
disorders. These include GBS and Charcot-Marie-Tooth disease,
as mentioned above, as well as motor neuropathies, spinal muscu-
lar atrophy, neuralgic amyotrophy [9], carpal tunnel syndrome,
idiopathic sensory neuropathy, diabetic neuropathy, amyloidosis,
and numerous other conditions [10]. There may be diagnostic
confusion or error when the findings of the EMG/NCS and/or
CSF are improperly contextualized or interpreted [7]. Of note,
CIDP may occur in the setting of other disorders, such as Charcot-
Marie-Tooth disease or hepatitis C [5].

The first-line treatment options for CIDP are corticosteroids,
IVIg [1, 11], and plasmapheresis (i.e., therapeutic plasma
exchange), each with its own advantages and disadvantages [5,
11-13]. When used in the short-term, corticosteroids are effica-
cious and generally inexpensive with an associated longer remis-
sion period [11]; however, long-term use of high dose
corticosteroids can cause multiple side effects (e.g., steroid-
induced osteoporosis and myopathy, osteonecrosis, weight gain,
increased risk for infection, suppressed adrenal gland function,
cataracts, cardiovascular effects, and neuropsychiatric effects
[14]) and may be poorly tolerated, especially in older individuals
with other medical conditions [15]. Plasma exchange shows
short-term benefit with patients responding within 4 weeks of
treatment but is rarely used as a monotherapy due to a high per-
centage of patients deteriorating weeks to months following treat-
ment [14, 15]. Plasma exchange is not widely used due to the cost
and labor intensive nature of the therapy as well as the need for
large bore peripheral venous access or arteriovenous fistula place-
ment [14, 15]. IVIg is a frequently prescribed therapy with a
50-70% response rate and has been the standard of care for over
two decades due to its rapid onset of action and more sustained
response when compared to plasma exchange [11]. IVIg therapy
can cause a range of adverse effects from mild symptoms such as
headache and fatigue, to more serious side effects such as aseptic
meningitis, congestive heart failure, and renal failure [15]. The
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financial burden for patients is also substantial, with a mean cost
near $120,000 in those treated with IVIg alone and greater than
$133,000 in those receiving IVIg in addition to another CIDP
therapy over a 2-year period [11]. Other immunosuppressive ther-
apies, such as azathioprine, cyclophosphamide, methotrexate and
rituximab may also be used in CIDP but are typically reserved for
patients who fail or inadequately respond to corticosteroid and
IVIg therapy [5, 15].

It is important to note that response to individual treatments
can vary and patients with CIDP variants may have a less predict-
able response to these therapies [10].

This article was partially prepared while Dr. Kwan was employed
at Temple University. The opinions expressed in this article are the
author’s own and do not reflect the view of the National Institutes
of Health, the Department of Health and Human Services, or the
United States Government.
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Chronic Scratching 1 5
and Neurodermatitis
Hatching

Gregory T. Smith

Vignette
Have you ever thought about being itchy and then started scratching
at your skin? Charlotte Hass is a 67-year-old woman who presented
with dry skin, hyperpigmentation, and general discoloration on her
upper back. As she grew more itchy, she would scratch at her skin,
causing a bothersome itch-scratch cycle [1]. Her back would inflame,
become scaly, and ultimately exacerbate the itch-scratch cycle. But
what exactly is happening in the body during this condition?
Charlotte’s past medical history included renal cell carcinoma,
stress-induced hair loss, multinodular goiter, chronic pain, and
dry skin. The renal cell carcinoma was treated with a subsequent
nephrectomy. Additional past surgical history includes cataract
removal. Charlotte’s family history includes a sister with bilateral
breast cancer who is a carrier for the mutant BRCA gene.

Background/Salient Features of Case

Lichen simplex chronicus, or neurodermatitis, refers to a hyper-
trophied epidermal layer resulting from repeated contact with the
skin due to rubbing or scratching possibly triggered by

G. T. Smith (D<)
Department of Pharmacological Sciences, Stony Brook University,
Stony Brook, NY, USA

© The Author(s), under exclusive license to Springer Nature 159
Switzerland AG 2023

A. M. Szema (ed.), Unusual Diseases with Common Symptoms,
https://doi.org/10.1007/978-3-031-40280-7_15


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-40280-7_15&domain=pdf
https://doi.org/10.1007/978-3-031-40280-7_15

160 G.T.Smith

psychological stressors [1]. This pruritic dermatitis occurs in
approximately 12% of the population [1]. According to Charifa
et al. (2020), histopathology of the infected area may reveal
hyperkeratotic plaques, pseudoepitheliomatous hyperplasia, pap-
illary dermal fibrosis, mild spongiosis, perivascular and intersti-
tial inflammatory histiocytes, acanthosis, a prominent granular
cell layer, and occasional eosinophils in the dermis [1].

But what exactly is causing the itchiness and the immune
response? At the moment a person feels itchy, there is a complex
interplay between the epithelium, the peripheral nervous system,
spinal cord, immune system, and central nervous system [2]. In the
case of Charlotte, scratching can activate the epithelial stress
response, leading to the release of inflammatory cytokines, such as
thymic stromal lymphopoietin (TSLP) and interleukin-33 (IL-33)
[2]. Once released, these cytokines can bind to and activate pruricep-
tors, or the neurons involved in the itchy sensation [2]. Epithelial
stress caused by chronic itching can also lead to the release of pro-
teins such as kallikreins (KLK) and cathepsin S, which also activate
pruriceptors [2]. Conversely, an inflammatory response independent
of the epithelial stress can also trigger the itchy sensation [2].
Immune cells such as mast cells, basophils, Th2 cells, and ILC2 cells
can further worsen the itch upon activation of pruriceptors through
the release of tryptase, histamine, IL-31, IL-4, and IL-13 [2].

In the case of the patient, psychological stress may have pro-
moted the itch feeling through activation of the local pruriceptive
neurons, possibly through neuroimmunological pathways. Once
the itch-scratch cycle began, the chronic rubbing and scratching
could have triggered the subsequent lichenification, or thickening
of the skin. Together, this condition spans an axis that involves
interplay between the central and peripheral nervous systems,
integumentary system, and immune system [2].

Diagnosis

Charlotte was diagnosed with lichen simplex chronicus, other-
wise known as neurodermatitis, as well as leukocytoclastic vascu-
litis. In the image below, the lesions are hyperpigmented and
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thickened. The skin also contains prominent skin lines as well as
the presence of multiple small papules. Collectively, the process
of developing these clinical phenotypes is known as lichenifica-
tion [3] (Fig. 15.1).

Fig. 15.1 TImage of the infected area
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Treatment

60 g 2% Eucrisa® ointment, or crisaborole, was prescribed to treat
the pruritic dermatitis by applying to the affected area twice per
day. The mechanism of action is through inhibiting phosphodies-
terase-4, or PDE-4, an enzyme that is highly expressed in immune
cells [4, 5]. Phosphodiesterase inhibitors ultimately result in an
increase of intracellular cAMP, leading to varying downstream
effects depending on the target tissue and cell type [5]. With
respect to dermatological pharmacodynamics, the increase in
cAMP leads to inhibition of pro-inflammatory mediators such as
IL-6, IL-12, and TNF-« [5]. Thus, crisaborole works through an
anti-inflammatory pathway by treating immune-mediated derma-
tological diseases [5].

Fun Facts

® Pruriceptive neurons are implicated in the itch-scratch cycle
which involves immunological, neurological, and dermatolog-
ical components [2].

@ Psychological stress may manifest as a dermatological condi-
tion [1].

@ Lichenification involves thickening of the skin which can be
triggered by constant rubbing [3].

Multiple Choice Questions

1. Which of the following cellular mediators are NOT implicated
in the epithelial stress response involved in pruriceptive
activation?
(a) Thymic stromal lymphopoietin (TSLP)
(b) Cathepsin S
(c) IL-33
(d) IL-13

2. The mechanism of crisaborole pharmacodynamics involves:
(a) Normalization of keratinocyte differentiation
(b) Agonistic binding to phosphodiesterase-2
(c) Inhibition of phosphodiesterase-4
(d) Normalization of follicular epithelial differentiation
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3.

Epithelial stress from chronic itching can lead to the release of
kallikreins (KLK) and cathepsin S which lead to activation of:
(a) Interoreceptors

(b) Exteroreceptors

(c) Nociceptors

(d) Pruriceptors

Answers

1.
2.
3.

(d)
(c)
(d)
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