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Letter from the Founding Facilitator for
Volume 4, Issue 2

Richard J. Barohn, MD
Department of Neurology, University of Missouri,
Columbia, MO

Welcome to the latest issue of the RRNMF
Neuromuscular Journal, in which we have many interesting
publications for you to read and enjoy.

In our What'’s on Your Mind? section, Josh Freeman
provides us with another analysis of the inequities of
access to healthcare and pleads for more primary care
and no financial barriers for anyone. I really enjoy that
Josh allows us to publish his pieces in a super-specialized
neuromuscular journal! Josh is, of course, a family medicine
physician, and over our decades of friendship we have had
many discussions on how we both see health care from
different perspectives: He from primary care and me as a
super specialist. I think it is good for us specialists to always
be cognizant of the primary care physicians’ viewpoint on
what we do.

We also have two pieces that I first wrote for my
“Executive Vice Chancellor for Health Affairs/Dean
messages,” which I send to all the faculty and employees
at the University of Missouri School of Medicine and the
University of Missouri Healthcare system twice a month.
I adapted them for publication in this journal. I wrote
the first one for Black History month, and it is about Dr.
Louis Tompkins Wright, a surgeon who became one of the
pioneers of oncology and was a legend in the New York
medical community and beyond. I also mention his equally-
famous daughter, Dr. Jane Wright, who took over her
father’s cancer research when he died and made significant
contributions in the field of chemotherapy.

My second piece was written for Women’s History
Month, and T provide five very brief vignettes on some of
my heroes of medicine who happen to be women: Rosalind
Franklin; Florence Nightingale; Helen Keller; Marie Curie,
and Mary Walker. I have pictures of all of them hanging in
my office at the University of Missouri.

In the Clinic Stuff category, Dr. Scott and the pathology
team at the University of Missouri wrote up a case of
cryptococcal meningitis in an immunocompetent man to
remind us that this does occur. Dr. Jeff Elliott, my colleague
from my UT Southwestern days, describes a 23-year-old
woman with a congenital myasthenia syndrome due to a
novel mutation in the MUSK gene. Dr. Jeremy Hill and our
very own associate journal facilitator Dr. Yuebing Li provide
a description of a generalized myasthenia gravis patient
having an exacerbation after receiving the BRAF inhibitor
vemurafenib and the MEK inhibitor cobimetnib for
metastatic melanoma. Our colleagues in neurology at the
Medical College of Wisconsin, including Brittany Bureau
and my old friend Paul Barkhaus, report a fascinating case of
numb chin syndrome from cancer that is atypical and spread
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to involve the ipsilateral maxillary branch of the trigeminal
nerve—so NCS Plus! The Wisconsin group pointed out that
Charles Bell (of Bell’s palsy fame) first described the NCS.
I did not know that.

In the New Stuff category, [ was glad to see the report by
Dr. Nakul Katyal and Dr. Raghav Govindarajan from when
they were in the neurology department at the University of
Missouri, in which they report the lack of effectiveness of
eculizimab in three cases of generalized myasthenia gravis.
We are all excited about the introduction of complement
inhibitors into the treatment armamentarium for MG,
but it is important to be aware they do not have an effect
in all cases. Our colleagues at the University of Miami,
Dr. Carbunar, Dr. Gultekin, and Dr. Saporta, report two
cases of distal myofibrillar myopathy with new pathogenic
mutations in the DES gene that codes for desmin.

I am so happy to see the paper on quantitative sensory
testing in neuropathy patients finally get published. I
started this study with colleagues at UT Southwestern
in the 1990s and the data has been sitting in my files for a
LONG TIME. I finally retrieved it and was delighted when
a group of younger neuromuscular docs agreed to analyze
it and put it in order. We performed QST testing on over
500 consecutive patients that we were seeing for peripheral
neuropathy to see if it had much utility to separate out
patients. Dave Saperstein had presented this at a meeting
and we had published an abstract, but we never did a
detailed analysis and manuscript until now. I am indebted
to Alexis Lizarraga, Salman Bhai and Morgan McCreary for
taking the time to analyze and describe the data. A group
of colleagues from New York, Boston, California and Ohio,
led by Jonathan Morena, describes two new cases of facial
onset sensory and motor neuronopathy (FOSMN), and did
all of us great service by analyzing 98 other published cases
to give us a very complete picture of what is known so far
about this unusual multiple cranial neuropathy.

Finally in the New Stuff category, Dr. Kanatas and Dr.
Stathpoulos from Athens, Greece and Dr. O’Connor from
Yale provide an in depth discussion on the status of CD20
depletion therapy in myasthenia gravis.

In the Other Stuff section, Bud and Betsy Rowe co-
authored a prose piece they call “Survival of the Fittest.”
Dr. Michael Abraham, our poet laureate in the neurology
department at the University of Kansas, has allowed us
to publish another of his wonderful poems. And finally,
a brilliant medical student at the University of Kansas,
Vincent Czerwinski, wrote a wonderful prose piece about a
hospital experience by his protagonist “Rick”... I loved that.

The cover art is a Vermeer. [ thought you can never go
wrong with a Vermeer. The painting of a woman using a
renaissance-era scale to weigh an object was fitting for the
issue highlighting Women’s History Month. This painting is
in the National Gallery in Washington DC--a Smithsonian
museum--and thus can be printed without permission
because we, US citizens, all own it!

Rick
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Access to Healthcare: More primary care
and no financial barriers for anyone

Joshua Freeman, MD

This article originally appeared in Dr. Freeman’s blog,
Medicine and Social Justice.

https://medicinesocialjustice.blogspotl.com

A recent study by Matthew Toth and Lauren Palmer
from the Research Triangle Institute (RTI) evaluated the
impact of the Center for Medicare and Medicaid Services
(CMS) Financial Alignment Initiative (FAI) on access
to primary care by those people who are eligible for both
Medicare and Medicaid. These people are called “dual-
eligibles” and represent about 13% of Medicare recipients.
The FAI aimed to increase coordination of care, and
the authors discovered that it did increase primary care
access, to some degree, in 6 of the 9 states in which this
demonstration project was implemented. In one state where
it did not, Washington, eligibility for the program required
people to have multiple morbidities (chronic diseases), and
so the authors speculate that it increased access in other
states for “healthier” dual eligibles.

There is nothing wrong with this study, or the program
it studies, insofar as they go. But it raises two major issues.
The first is that the program is yet another example of how
the federal government continues to tinker around the edges
of a completely flawed healthcare system by experimenting
with one program after another that might possibly help,
to some degree, a small portion of our population. This is
not to say that the people who were studied, those eligible
for both Medicare (by age or disability) and Medicaid (by
poverty) are not deserving of better access to care and care
coordination; certainly, they are. But we all are. Because
we have some people who are eligible for Medicare and
some people who are eligible for Medicaid and lots of
people who are eligible for neither, and many people who
are uninsured, and many more are grossly underinsured,
we have fragmented our population and made financial
access both unwieldy, far from comprehensive, and
incredibly expensive. If this study (maybe) shows that the
improvement in access was more for those “dual-eligibles”
without multiple morbidities, is this bad? Well, it’s bad that
they weren’t getting coordinated care in the first place!

Here I need to take a break, before going on to the
second issue, to put in a word or two for our medical
insurance companies and large hospital systems. They
are not doing badly. Indeed, the outrageous excess cost of
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our health system, two to three times (or more) per capita
than other OECD countries despite leaving large numbers
of people uncovered, is due almost entirely to their profit-
taking. They are doing well, thank you, along with the drug
manufacturers, even while rural and inner-city safety net
hospitals are going broke taking care of poor and uninsured
(and sick) people, and millions of Americans go without
care or receive inadequate care. The words — I'll go with two
— are rapacious thieves.

The second issue is that while financial access, being
covered by adequate insurance, is very important, it is only
partofthe picture. The other partis having doctors (or other
appropriate clinicians) who are available to see patients.
This is the other area in which the US (and, in fairness, a
few other countries including Canada) are failing. Have you
tried to get an appointment to your primary care clinician
lately? Maybe you can get in easily, but if so, you are the
exception. Most people have to wait weeks or months. If
they go to the ER, they wait many hours, even for urgent
or emergent problems. It would be good to be able to see
a doctor who knows you, and knows your history, right?
Instead of someone in an Urgent Care Center. [ can answer
all of these for people L know (or me), and the answers are not
positive, and these are folks who are well insured and live in
amajor metropolitan area, not in a rural one or an inner-city
health care desert! In Canada, there are suggestions that the
way to fix the wait is to — wait — privatize health care! Hah!
Come on down and see how that works here!

Why is it that people cannot get appointments to
see primary care clinicians? Shouldn’t there be enough?
Years ago, on Saturday Night Live, Don Novello portrayed
a character called Father Guido Sarducci who offered a
“5-minute university” where you were only taught what you
would remember years later anyway. For Economics, it was
“supply and demand.” So, if there is so much demand for
doctor visits, especially primary care visits, why is there not
enough supply to meet it? This is, as you would guess, kind
of complicated.

Obviously, there are not enough primary care clinicians,
either as a whole or as a percent of all physicians. If there
were enough, you could call your doctor and get in today
if you were sick or had a worsening problem, like on TV
(pick your favorite FP/GP show). So, we don’t have enough.
This is all about money. To some degree, it is about doctors
wanting to make as much as they can. This results in far too
small a proportion of graduates entering primary care, since
they can make two or three times as much in some other
specialties, which is enough to convince even many who
liked the idea of primary care that, especially with their debt
load, they liked anesthesiology more. We are at about half
the percentage of primary care that we should be. For this |
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blame the system that pays other specialties so much more
(or primary care so much less). In addition, the distribution
is poor — not enough doctors in rural areas, or certainly poor
urban areas, but all concentrated in wealthier urban and
suburban areas.

Ultimately this is all about the corporatization of health
care, and the treatment of providers as widgets in a factory.
Put this many in clinics, make sure that they are totally
booked and have no room for anyone who needs to get in on
short notice, put others in the hospital, put others in urgent
care or ERs. Have no flexibility in the system because if you
have the capacity to expand when needed, that means that
at other times you have down time, and that is unacceptable
for making maximum corporate profit. Of course, this is
not good for your health, which is better when you can see
a doctor who knows you, especially when you are sick and
couldn’t plan two to eight weeks ahead of time (or more!) to
make an appointment.

Creating doctors and other health professionals takes
many years, and cannot change on a dime, but it will never
change if that change doesn’t start. If we care about people’s
health and health care, we need to dramatically decrease
the difference between primary care and other specialists’

What’s On Your Mind?

income so it doesn’t discourage students from choosing
primary care. We need to ban for-profit corporations (or
ostensibly non-profit systems that act like for-profits) from
being in our health system at all. All of health care and its
components should be about ensuring better quality health
for our people, not making money for businesses.

The usual pattern in the US is to have funding for public
services cut by politicians who are receiving money from
private corporations to the point that they do not function
well at meeting public needs. Then those same politicians
say “privatize!” and they do, and the cost goes way up, and
the public needs are still not met, because, well, that’s not
what private enterprise is there for. (See this good video
by Brittlestar on why privatization is not a good choice for
Canadian healthcare.)

Jimi Hendrix said, “castles made of sand fall into the
sea eventually,” but our health care system is not built on
sand. It is built on rocks of intransigent corporate profit,
and it is not going to change without a fight. You and your
health don’t count as much as big business making money.
So there. Pick up the gauntlet, and fight for yourself, your
family, your community.


https://www.youtube.com/watch?v=o_LIYyJyq-E
https://www.youtube.com/watch?v=o_LIYyJyq-E

Dr. Louis Tompkins Wright: One of the early
Black men in white coats

Richard J. Barohn, MD
Department of Neurology, University of Missouri,
Columbia, MO

Two months ago, we had a viewing of the documentary
called “Black Men in White Coats” at the MU School of
Medicine followed by a panel discussion. The documentary
pointed out that fewer and fewer Black men are entering
into medicine. I would like to share about one inspiring
physician who epitomizes the need for more Black men in
white coats, Louis Tompkins Wright, MD.

Dr. Wright was part of a family of physicians going back
to the 1800s. He attended Clark University and Harvard
Medical School, where he experienced discrimination on
many fronts as a Black student. He initially was told he could
not deliver babies at one of the Boston hospitals, but he
objected and persevered. Prior to that, Black students were
only allowed to deliver Black babies. His stance abolished
this practice.

T

&

Dr. Louis T. Wright, second from left, and colleagues at a patient’s
bedside in Harlem Hospital'

Despite graduating with honors, because he was Black,
he could not get an internship at Massachusetts General
Hospital or Peter Bent Brigham Hospital. He did his
internship at Freedmen’s Hospital, now Howard University
Hospital, ahospital for for the African American community
in Washington, D.C. He practiced briefly in Atlanta before
entering the U.S. Army as a doctor in WWI. During this
time, he introduced the intradermal method of vaccination
for smallpox, which was adopted by the U.S. Army Medical
Corps. Later, he was placed in charge of a military hospital
in France, the youngest surgeon to hold such a position. He
was awarded the Purple Heart, remained in the Reserves,
and rose to the rank of Licutenant Colonel.

After the war, he began a surgical practice in New York
City and became the first Black physician appointed to the
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staff of Harlem Hospital or any New York City hospital.
Four white doctors resigned in protest. Twenty-three years
later, he became director of surgery and ultimately became
the president of the medical board. Dr. Wright specialized in
head injuries and fractures and invented several braces and
surgical devices.

His accomplishments in surgery led him to become
the first Black physician admitted to the American College
of Surgeons. He excelled not only in surgery but became
an expert in the use of antibiotics such as Aurecomycin
and Terramycin for infections. A man of many talents, he
also became a leader in cancer therapy and founded the
Harlem Hospital Cancer Research Foundation where early
chemotherapeutic research trials were performed.

AL

Dr. Louis T Wright and his daughter Dr. Jane Wright, who
Jollowed in her father’s footsteps. She became his research partner
in the era of chemotherapy and eventually took over his work. If that
name sounds familiar, it is because she was the subject of a previous
“What’s on your Mind?” piece.

Dr. Wright was an outspoken and forceful fighter for
equal rights for Blacks and led efforts to stop segregated
hospitals which he maintained “represent a duality of
citizenship in a democratic government that is wrong.”
In 1952, Dr. Wright received a citation from the John A.
Andrews Memorial Hospital of the Tuskegee Institute
for his contributions to interracial health programs in
the North and South. He was cited for his “distinguished
services in the cause of humanity, for resolute leadership
of allied humanitarian and civic organizations dedicated to
the advancement of social, economic and related conditions
basic to the health of all the people.”

As we think about Black History Month, please honor
and appreciate some of the giants like Dr. Louis Tompkins
Wright. The world needs many more Black men in white
coats such as him — and Black women in white coats like his
daughter, Dr. Jane Wright.

' Louis Tompkins Wright papers, 1879, 1898, 1909-
1997. H MS ¢56. Harvard Medical Library, Francis A.
Countway Library of Medicine, Boston, Mass.
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Women’s History Month vignettes

Richard J. Barohn, MD
Department of Neurology, University of Missouri,
Columbia, MO

Following up Black History Month was Women’s
History Month. In my other “What’s on your Mind?” piece
in this issue, I highlight an extraordinary Black father and
daughter who shaped medicine and specifically cancer
medicine in the United States, Drs. Louis and Jane Wright.
This is a remarkable family with multiple generations of
physicians.

For Women’s History Month, I would like to share about
five additional women who have made an international
impact on health and medicine. I have photos or artistic
impressions of these amazing scientists and leaders in this
piece. Please read on to find out more about them.

Rosalind  Franklin
1958)

While James Watson and
Francis Crick received the
credit — and the Nobel Prize
— for discovering DNA, it was
actually Dr. Rosalind Franklin
who determined the structure
of DNA. She was a chemist who
worked in the field of X-ray
crystallography.  She  took
images of DNA that showed
the double helix structure. Dr.
Watson saw the pictures in her laboratory in London, then
went to Cambridge and constructed the now famous model
of the double helix and published it in a medical journal
without giving Dr. Franklin credit. Unfortunately, she died
of cancer at age 38, never receiving the credit she was due.

(1920-

Florence Nightingale (1820-
1910)

While serving as a
manager of nurses in the
Crimean War, Florence
made incredible  progress
in reducing death rates by
improving hygiene in military
medical facilities. Under her
leadership, the death rate in the
military hospital declined from

i b e 42% to 2%. Upon returning to
England, she was ablc to incorporate the sanitary practices
in peacetime hospitals. She established a training program
for nurses, later called the Nightingale School, and wrote
the book “Notes on Nursing,” becoming a best seller by the
medical and lay public. She is also famous for using statistics
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as a tool to come to her conclusions about health care and is
considered the founder of modern nursing,

Helen Keller (1880-1968)

Most  know the life
of Helen Keller from the
wonderful movie, “The
Miracle Worker,” about how
she overcame the challenges
of deafness and blindness as a
girl. Subsequently, she went on
to be an author and advocate
for disability rights. From
1924 to her death in 1968,
she worked for the American
Foundation for the Blind and
lectured throughout the world advocating for those with
visual loss. A voice against discrimination of any kind, she
was a founding member of the American Civil Liberties
Union (ACLU).

Marie Salomea Sklodowska-
Curie (1867-1934)

Born in Poland, she
attended university in Warsaw
and moved to Paris to continue
her  scientific  education.
There she married the French
physicist Pierre Curie and
together  they  uncovered
“radioactivity,” a term she
invented. Together, she and
her husband won the Nobel
Prize in physics for their joint
discovery. She was the first woman to receive a Nobel. She
continued her work and after she discovered radium and
polonium, she received a second Nobel Prize in chemistry.
She conducted the first studies to treat cancer using
radioactive isotopes and founded the Curie Institute in
Paris and Warsaw.

Mary Walker (1888-1974)

All the women I described
above are probably well known
to many of you. Dr. Walker,
however, may not be. Born in
Scotland, she attended the
Edinburgh College of Medicine
for Women. In World War I,
she served in the Royal Army
Medical Corps in Malta. She
then was an Assistant Medical
Officer at St. Alfeges Hospital
in Greenwich, London. It was
here taking care of patients with the neurologic disorder
myasthenia gravis, that she recognized the similarity

5
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between the symptoms of that disease and poisoning from
the toxin curare. Both have eye droop and muscle weakness
and slurred speech. The compound physostigmine, which
was extracted from the West African Calabar bean, had
been shown to be an effective antidote for curare poisoning.
In 1934, she made the medical judgement and administered
the drug physostigmine to several patients with myasthenia
gravis. The effect was dramatic and resolved the symptoms

Art Stuff

within minutes. That class of drugs remains the first line
treatment for myasthenia gravis nearly 100 years later.

These vigneltes are why I have portraits of all these
amazing scientists in my office at the Universily of Missouri
School of Medicine. You are welcome Lo stop by and see them
some time.




Cryptococcal Meningitis in an
Immunocompetent Male: Case Report

'Keela R. Scott MD, 2Caitlyn J. Smith BS, 'Daniel R.
Walker MD, 'Belinda R. Fender MD

Department of Pathology and Anatomical Sciences,
University of Missouri School of Medicine, Columbia,
Missouri, 65212
2University of Missouri School of Medicine
Columbia, MO 65212

Introduction
Cryptococcal meningitis is a life-threatening condition
caused by an invasive, opportunistic, encapsulated

saprophytic fungus, either Cryptococcus neoformans or
Cryplococcus gattii. Cryptococcal meningitis is commonly
seen in immunocompromised patients, especially those
with human immunodeficiency virus (HIV). Overwhelming
invasive infection of immunocompetent patients is
rather uncommon, and diagnosis is often challenging.
We present a case of cryptococcal meningitis (CM) in an
immunocompetent male following a recent motor vehicle
accident.

Case Presentation

A72-year-old immunocompetent male presented
to the emergency department with a 7-day history of
persistent headache, intermittent fever, progressive
generalized weakness, upper airway congestion, and lower
back pain. Of note, this patient sustained a complete T12
burst fracture following a motor vehicle accident one
month prior for which he was treated conservatively and
doing well at follow-up. Additionally, the patient’s medical
history was significant for congestive heart failure (CHF)
with permanent pacemaker placed in 2009, hypertension
(HTN), and peripheral neuropathy. The severity of the
patient’s CHF was unable to be obtained via the medical
record. He did not endorse any current or past alcohol use.
Upon presentation, he was tachycardic and hypotensive
with positive upper neuron motor signs on physical exam
including hyperreflexia of the bilateral lower extremities,
positive Babinski sign and positive Hoffman’s sign.

Initial lab studies revealed a normocytic normochromic
anemia with a hemoglobin of 9.6 g/dL. (normal reference
range: 13.5 — 17.5 g/dl.), decreased platelet count of
109,000 platelets/pl. (normal reference range: 150 -
450 platelets/pl.), elevated total bilirubin of 1.66 mg/dL
(normal reference range: 0 - 1.60 mg/dl.)) and alkaline
phosphatase of 131 units/L. (normal reference range: 40 —
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129 units/L). Both the serum total white blood cell (WBC)
count and absolute neutrophil count (ANC) were within
normal range at 8.64 cells/ul. (normal reference range:
3.50 ~ 10.50 cells/ul.) and 4.66 cells/ul. (normal reference
range: 1.70 - 7.00 cells/ul.), respectively. Additionally, other
liver function tests included the following: normal aspartate
aminotransferase (AST) of 34 units/L. (normal reference
range: <40 units/L), normal alanine transaminase (ALT) of
24 units/L. (normal reference range: 10 — 50 units/L), and
mildly decreased albumin of 3.4 g/dL. (normal reference
5.2 g/dL). The remainder of the initial lab
tests were within normal limits. Of note, the patient was
prescribed spironolactone (25 mg, twice daily) as a diuretic,
which may have influenced the observed thrombocytopenia
as well provided some baseline immunomodulatory effect.

Computed tomography (CT) of the head revealed no
abnormalities. Magnetic resonance imaging (MRI) studies
were unable to be obtained as the patient had a pacemaker.,
CT imaging of the chest, abdomen, and pelvis revealed
progressive vertebral body height loss of the T12 burst
fracture with intraosseous gas compatible with interval
osteonecrosis of the T12 vertebral body. There was also
surrounding prevertebral soft tissue thickening concerning
for an organizing hematoma; however, a superimposed
infection could not be excluded.

The patient was admitted and the cerebrospinal fluid
(CSF) analysis revealed colorless, clear fluid with a normal
opening pressure; however, the protein level was critically
high (194 mg/dl.) and the glucose level was critically low
(3 mg/dL). There were 16 white blood cells/ul., of which
6% were neutrophils, 21% lymphocytes, 71% monocytes,
and 2% eosinophils. Histopathological examination of
the CSF with gram staining revealed budding yeast forms
consistent with Cryptococcus (Figure 1). Cytopathology of
the CSF redemonstrated the presence of Cryptococcus and
no evidence of malignant cells were identified. The CSF
culture was positive for Cryptococcus neoformans/gattii
and negative for both bacteria and mycobacterium species.
Repeated blood cultures were also positive for Cryplococcus
neoformans. Additionally, the patient’s CSF was positive for
Cryptococcus antigen with a titer of greater than 1:2560.
The remainder of the workup was negative including testing
for mycobacterium species, HIV, influenza, COVID-I19,
other fungal species, as well as a comprehensive viral and
bacterial panel.

Subsequently, empiric bacterial coverage was
discontinued, and the patient was treated with a 14-day
course of intravenous liposomal amphotericin B (5 mg/
kg/day) and flucytosine (800 mg/day) with improvement
of symptoms. He was then discharged and completed
an 8-week course of fluconazole (800 mg/day) for
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Figure 1. Gram staining of the cerebrospinal fluid reveals clusters
of thin-walled, encapsulated yeast forms of various sizes with
narrow-based budding consistent with Cryptococcus (Gram
stain, 6000x magnification).

consolidation therapy. Today he is healthy with no residual
neurological or serological evidence of disease.

Discussion

Cryptococcal infection is a life-threatening condition
caused by invasive, opportunistic fungal pathogens, the
most common of which include Cryptococcus neoformans
and Cryplococcus galtii. Two serotypes of C. neoformans
are currently identified, serotype A and serotype D, the for-
mer of which is more virulent. Additionally, two serotypes
of C. gattii are currently identified, serotype B and serotype
D, although no difference in virulence has been noted.! Both
species grow as budding yeast and are often found in tree
hollows and pigeon droppings.

Infection in immunocompromised patients often pres-
ents as overwhelming meningitis or meningoencephalitis
with a high mortality rate; however, cryptococcal menin-
gitis (CM) in immunocompetent patients is less common
although cases have been reported.! Immunocompromised
states that typically confer a more severe disease course
include patients with hematologic malignancies, organ
transplant recipients, and those receiving disease-modify-
ing agents. Patients particularly at risk of contracting this
disease are HIV positive individuals especially those with
a CD4 count less than 100 cells/pl.. In fact, the most com-
mon cause of adult meningitis in areas with high HIV rates
isCM.2

The most common symptom of CM upon initial
presentation is headache and may be accompanied by some
degree of altered level of consciousness. Classic features of
meningitis such as neck stiffness are present in less than
20% of cases.” To further complicate the matter, infection
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in immunocompetent patients can also prove to be quite
difficult due to a more indolent course which may delay
appropriate treatment and hasten neurological sequelae.

According to aretrospective cohort study conducted by
Brizendine et al.* significant risk factors of mortality from
cryptococcosis include cryptococcemia, high intracranial
pressure, HIV-status, and transplant status. Furthermore,
a study conducted by Henao-Martinez et al.> demonstrated
that a diagnosis of HIV infection or a positive serum
cryptococcal antigen test were both significant predictors
of CM. Amongst healthy patients several etiologies for
possible immunosuppression are suggested including
diabetes mellitus, alcoholism, and cirrhosis, which are
thought to induce some level of immunosuppression.’

Although CM largely remains a disease of immuno-
deficient individuals, several case reports have been pub-
lished describing CM affecting immunocompetent patients.
Garcia-Villa et al” described a 23-year-old Latino female
with no significant medical history who presented with
a one-month history of intermittent abrupt onset severe
headaches. She received appropriate antifungal treatment
and improved with no residual symptoms. Shokouhi et al.?
described the case of a 55-year-old immunocompetent Ira-
nian man with a 20-day history of gradual onset of headache
that was treated and fully recovered. Newson et al.® reported
the case of a previously healthy 22-year-old active-duty sol-
dier that was admitted for a 2-month history of persistent
headache, nausea, vomiting, weight loss, and nocturnal fe-
vers. He was diagnosed with CM and experienced a full re-
covery after receiving appropriate antifungal therapy.

In this report, we present the case of a Caucasian man
who was admitted with a one-week history of headache,
intermittent fevers, and weakness in the setting of a recent
traumatic burst fracture. It is important to consider the pa-
tient’s recent history of a vertebral burst fracture as a po-
tential etiology of an immunocompromised state which may
have made him more susceptible to infection. Although the
exact mechanism is not clearly delineated in the literature,
it is possible that a cellular immune response to inflamma-
tion via release of interleukin-10 (IL-10) may lead to immu-
nosuppression. Additionally, immunosenescence may be an
additional risk factor in a patient over 70 years of age.

While diagnosis of CM in immunocompetent patients
is less common, it is important to consider this diagnosis
in patients presenting with headache and CSF specimens
with high protein and low glucose levels. This case
demonstrates the importance of broadening the differential
in immunocompetent patients present with otherwise
nonspecific symptoms, so appropriate and timely treatment
can be initiated and effectively reduce the possibility of
permanent neurological sequela.
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A novel MUSK mutation in a patient
with CMS9

Jeffrey L. Elliott, MD

Department of Neurology, UT Southwestern Medical
Center, Dallas, Texas

Introduction

Congenital myasthenic syndromes (CMS) are a
relatively rare cause of fatigable muscle weakness, often
with significant ocular, bulbar and respiratory impairmentl.
Mutations in the gene encoding muscle-specific tyrosine
kinase (MuSK) can lead to abnormal endplate and
acetylcholine receptor functioning and cause an autosomal
recessive post-synaptic CMS (CMS9). Only 23 patients
with CMS9 have been characterized in the literature since
the initial description in 20042. Here, we report a newly
diagnosed case of CMS9 in a 23-year-old female who
harbored a novel ¢.296G>T (Cys99Phe) mutation in the
MUSK gene, thereby expanding the phenotypic/genotypic
characterization of this rare disorder.

Case Report

A 23-year-old woman presented with a 13-month
history of fluctuating limb weakness, fatigue, ptosis, double
vision,dysphagia,and orthopnea. Shehadbeen consequently
diagnosed with autoimmune myasthenia gravis, although
AChR binding/modulating antibodies were negative,
and treated with mestinon (60mg TID) and prednisone
30mg daily. She had also had one prior hospitalization
for worsening bulbar /respiratory symptoms treated
with a single IVIG course. She did not have a satisfactory
response to overall therapy and was consequently referred
for further neuromuscular evaluation. However, she
developed worsening dysphagia and orthopnea, requiring
local ER visitation, intubation, and transfer to our medical
center. On exam, she had limited horizontal and vertical
gaze with bilateral ptosis, bifacial weakness, and proximal
(4/5) weakness in neck flexion, shoulder abduction, and hip
flexion. Reflexes and sensations were normal. She was able
tobe extubated quickly (priorto PLEX) and then underwent
six cycles of plasma exchange. She was discharged on
mestinon and prednisone (50 mg daily) and scheduled for
IVIG 2 grams/kg infusion with a follow-up in the NM clinic.
Admission antibodies, including AChR, MuSK, LRP-4, and
VGCC, were drawn and resulted in a negative.

She presented for an initial NM clinic visit about
one-month post-discharge, just before the initial IVIG
infusion. She had discontinued Mestinon as it provided
no benefit. Her exam was notable for bilateral asymmetric
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ptosis, limited vertical and horizontal gaze, and bifacial
weakness. Flaccid dysarthria, fatigable proximal weakness,
and finger extension weakness. She was also still bothered
by orthopnea with morning headaches. Additional workup
included a low CK (23 U/I), normal TSH (3.17 meIU/ml),
normal lactate (2.1 mmole/l), and normal pyruvate (Img/
dl). Three hz repetitive nerve stimulation (RNS) of the
trapezius showed a maximum baseline decrement of 22%
with immediate post-exercise repair (Figures 1A and B).
SFEMG on the frontalis showed increased jitter with an
increased MCD of 87 (Table 1). These results confirmed a
defectin NM.J transmission, and a diagnosis of seronegative
myasthenia gravis was given. Cellcept was added to her
prednisone and IVIG therapy. Pulmonary function testing
showed a restrictive pattern with significant worsening in
the supine position (Table 2). Nocturnal BiPAP was started,
which helped with her morning headaches.

At a follow-up NM visit, the patient reported no
significant improvement in symptoms, and her exam
remained unchanged. Given her seronegative status
and lack of response to necessary immunomodulatory
therapy, we sent a genetic panel for congenital myasthenic
syndromes through Invitae Genetics. Analysis showed a
known pathogenic ¢2368G>A (pVal790Met) mutation
in MUSK as well as a variant ¢.296G>T" (p.Cys99Phe) of
unclear significance. To help determine the phase of these
mutations (cis/trans), we sequenced the MUSK gene in
both parents. Father harbored the ¢.296G>T (p.Cys99Phe)
mutation while mother possessed the ¢2368G>A
(p.Val790Met) mutation proving the MUSK mutations in
the proband were in trans. Both parents were asymptomatic
and had normal exams. There was no family history of
anyone with similar symptoms. With a diagnosis of CMS9,
immunosuppressive medications were stopped without any
change in her symptoms. She had no benefit from a trial
of 34 aminopyridine (Firdapse), discontinued at the dose
of 15 mg TID due to side effects. She was then started on
Albuterol with modest improvement.

Discussion

Here we present a 23-year-old female with CMS9 who
harbors an established pathological ¢2368G>A mutation
in compound heterozygosity with. a novel .c296G>T
mutation in exon 3. This novel sequence change replaces
cysteine with phenylalanine at codon 99 of the MuSK
protein (p.Cys99Phe), which resides in the first three
immunoglobulins (Ig)-like domains of the protein. The
cysteine 99 residue is highly conserved across species,
and a marked physicochemical difference exists between
the uncharged polar cysteine and uncharged non-polar
phenylalanine (Figure 2A). Such a mutation would be
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expected to disrupt normal protein function based on
a functional modeling platform (Sherloc) performed at
Invitae®.

MuSK is a postsynaptic muscle-specific tyrosine
receptor comprised of three
immunoglobulin-like domains, a frizzled cysteine-rich
domain, a transmembrane-spanning region, and an
intracellular region including a juxta-membrane domain, a
kinase domain, and a short C-terminal tail (Figure 2B). It
is part of a signaling pathway critical for the clustering of
acetylcholine receptors and maintenance 4.,5,6. Disease-
causing mutations have been reported in all MuSK
domains, save the transmembrane and c-terminal tail
regions, with a majority occurring in the kinase domain
2,4-14. These mutations can reduce MuSK protein stability
and expression and interfere with its ability to interact with
other critical postsynaptic junction proteins, including
LRP-4 and Dok7. As LRP-4 binds to MuSK in the first Ig-
like domain, it is reasonable to hypothesize that the novel
Cys99 Phe mutation presented here may impair normal
LRP4-MuSK interaction.

Although there is some variability in the clinical
presentation of CMS9, a review of the published cases
suggests two distinct phenotypic presentations (Table 3).
The most common is neonatal onset, with an overwhelming
respiratory presentation either from diaphragm weakness
or vocal cord dysfunction. All patients carrying one
truncation or stop codon mutation and one KD mutation,

kinase extracellular
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save one, had this severe phenotype. A minority of patients
presented in adolescence or early adulthood with proximal
limb girdle weakness and ocular symptoms. Patents
harboring at least one Ig-like or JM domain mutation
presented with this later-onset phenotype. Our patient
is the first case reported in the literature carrying one Ig-
like and 1 KD mutation. Interestingly, she appears to have
a phenotype characterized by later onset presentation but
with significant respiratory complaints requiring nocturnal
non-invasive ventilation. She has had a partial response
to albuterol with improvement in fatigue, limb strength
ptosis, and double vision, similar to other published CMS9
patients.

In summary, we report a patient with a novel (C99F)
mutation and an established M790V mutation in the
MUSK gene, causing a rare form of CMS9. She has a later
age presentation phenotype with a significant respiratory
component. Her case emphasizes the importance of genetic
testing in seronegative myasthenia patients so that exposure
to immunosuppressive medications can be minimized with
a correct genetic diagnosis.
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Figure 1A. 3Hzrepetitive nerve stimulation of the spinal accessory nerve recording from the tra-

pezius at baseline.

Trace # Amp (mV)| Amp % Area Area % Dif
Dif (mV-ms)

Right Trapezius

'I'r 1: Baseline: Trace 1 3.54 100 34.15 100
T'r 1: Baseline: Trace 2 3.16 -10.9 2915 -14.6
Tr 1: Baseline: Trace 3 290 -18.1 26.33 -229
I'r 1: Baseline: Trace 4 2.82 -204 25.38 -25.7
T'r 1: Baseline: Trace 5 2.70 -22.0 2472 -27.6
Tr 1: Baseline: Trace 6 278 -21.5 24.81 -27.3
Tr 2: Post Exercise: Trace 1 3.08 100 3446 100
Tr 2: Post Exercise: Trace 2 345 -04 31.02 -10.0
Tr 2: Post Exercise: Trace 3 3.22 -124 28.68 -16.8
Tr 2: Post Exercise: Trace 4 3.15 -14.6 27.86 -19.2
Tr 2: Post Exercise: Trace 5 3.15 -144 27.66 -197
Tr 2: Post Exercise: Trace 6 3.17 -13.8 27.83 -19.3

Figure 1B. Data from 3 I1z RNS at baseline and after 1 minute of exercise.
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Table 1. Single Fiber EMG Frontalis study
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Run | Samples | Blocks | IPI | Jitter | Jitter | MCD | MSCD | Freq Stored
Norm
Right Frontalis
1.1 63 0 18184 |33.4 349 33.4 P Hs) Yes
2l 90 0 2801.5 [127.8 127.8 (1329 27.0 Yes
3.1 69 0 1467.3  |133.0 133.0 [1384 17.3 Yes
4.1 04 0 1256.3 |50.0 50.0  [50.6 17.1 Yes
5.1 ol 0 12206 [55.5 56.6 SHED) 16.3 Yes
SN 91 0 2054.2 771 771 771 16.3 Yes
0.1 95 0 29487 454 45.4 40.2 23.3 Yes
6.2 96 0 1309.5 [26.8 284 26.8 233  |Yes
7.1 83 0 1583.6 [77.3 79.7 77.3 IS8 Yes
7.2 065 0 442.1  [136.6 136.6 [152.0 [I5.8 Yes
8.1 94 0 18849 |37.6 SO 37.6 2l Yes
8.2 34 0 853.6 |2119 2349 2119 233  |Yes
Mean 1030.7 |844 <34 (87.0 86.6 20.1
StdDev 697.8 [54.0 58.2 56.0 3.9
Block Ratio: 0% Fiber Density: 0.00
Table 2. Pulmonary Function Testing
Pred Pred LL Pre Pre%Ref Post Post%Ref %Chg
FVC L 438 3.50 3.24 74 2.85 65 -12
FEV 1 L 374 3.01 273 73 2.48 66 -9
Pred Pred LL Pre Pre%Ref Post Post%Ref  %chg
MIP cmH20 72.9 31.1 56.4 77 50.4 69 -1
MEP cmH20 93.3 41.8 46.6 50 50.3 54 8
Pre = sitting position; Post = supine position.
A
Human iycic|ta
Mouse Iyclfla
Chicken vyc|c| ta
Zebrafish eyclc|la
B
C99F V790M
S S S = O
[g-1 [g-2 ig-3 K7 ™ KD

Figure 2 A) Alignment of amino acid sequences across multiple species encompassing human C99 (¥). B) Schematic representation of

MuSK including the various functional domains. The two mutations of this case report are shown. Ig= immunoglobulin-like; I'z=frazzled

domain; TM= transmembrane; JMR = juxtamembranous region ; KD = kinase domain

13



Table 3 Genotypic/phenotypic correlations
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Genotype Domains Presentation ‘Weakness
Mo6051/A727V KD/KD Neonatal Respiratory
V722A/¢.79 +2'T KD/# Neonatal Vocal cord, Respiratory
Q688X /F775S KD/KD Neonatal Respiratory
N103S/R166X Ig/* Neonatal Respiratory
C317R/A617V F7/KD Neonatal Respiratory, Hypotonia
V790M /Lys150Argfsstop20 KD/* Neonatal or adult Respiratory or Ocular
V790M/ ¢.220insC KD/# Neonatal Respiratory, Ocular
K720E/¢.79 +2T KD/ # Neonatal Vocal cord, Respiratory
A763T/R816X KD/* Neonatal Vocal cord, Respiratory
P344R/P344R F7/¥7. Early childhood Ocular, Limb-girdle
D38E/ genomic deletion lg/# Early childhood Limb-girdle
encompassing exons 2-3
M835V/M835V KD/KD Childhood Ocular, Limb-girdle
Po50T/ 17955 KD/KD Childhood Limb-girdle
[581P/1581P KD/KD Adolescence Limb-girdle
L545P /R166X JM /¥ Adolescence or adult Limb-girdle
C99E/V790M Ig/KD Adult Ocular, Respiratory, LG
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Myasthenia Gravis Exacerbation Following
BRAF and MEK Inhibitor Therapy

Jeremy Hill MD, Yuebing L.i MD PhD

Neuromuscular Center, Cleveland Clinic Foundation,
9500 Euclid Avenue, Cleveland, Ohio 44195

Introduction

While there is a well-known association of immune
check point inhibitors and myasthenia gravis (MG), there
has also been three previous cases of new onset MG being
associated with B-Raf proto-oncogene serine/threonine-
protein kinase (BRAF) and/or mitogen-activated protein
kinase (MEK) inhibition treatment. The previously
associated medications include binimetinib (MEK
inhibitor) and the combination of dadrafenib (BRAF
inhibitor) and trametinib (MEK inhibitor)."* We report a
novel case of a patient with well controlled generalized MG
who developed exacerbation after treatment for metastatic
melanoma with vemurafenib, a BRAF inhibitor, and
cobimetinib, a MEK inhibitor.

Case Presentation

An 84-year-old male with a history of MG, chronic
obstructive  pulmonary disease, hypertension, and
melanoma on the right chest, status post resection 4 years
prior, presented with left posterior rib cage pain. CT of
chest and abdomen revealed innumerable bilateral pleural
nodules and scattered hypodensities in the liver, and MRI
found a small enhancing cerebellar lesion, all concerning
for metastasis. An excisional biopsy of an enlarged right
supraclavicular lymph node was consistent with metastatic
melanoma with BRAF mutation. A plan to treat with
nivolumab and ipilimumab was discussed. Due to his prior
MG history, a neuromuscular consultation was requested
to evaluate the pros and cons of the above immune-check
point inhibitor therapy.

The patient presented 6 years prior with symptoms
of diplopia, ptosis, and dysphagia. Acetylcholine receptor
binding and modulating antibodies were elevated at 11.5 nM
and 80%, respectively. Striational antibodies were positive
at a titer of 1:7680. CT chest revealed a thymoma which
was subsequently removed via robotic right thoracoscopic
thymectomy. Pathology revealed a non-invasive thymoma
of the AB type, modified Masaoka stage 1. His myasthenia
was initially treated with prednisone and maintenance
plasma exchange for about 2 years. Mycophenolate
mofetil therapy was initiated later and plasmapheresis
was discontinued. At the time of metastatic melanoma
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diagnosis, the patient had a normal neurologic examination.
His immunosuppression regimen included prednisone at
5 mg daily and mycophenolate mofetil 500 mg twice daily.
It was thought that his MG control was optimized to allow
treatment with nivolumab and ipilimumab.

Patient was given a single infusion of nivolumab which
did not halter tumor growth. No further nivolumab nor
iplimumab were given. Three months later, treatment was
transitioned to vemurafenib and cobimetinib. After being on
this combination therapy for 2 weeks, the patient presented
with significant worsening of his myasthenic symptoms that
included ptosis, diplopia, dysphagia, and dyspnea. He was
intubated for myasthenic crisis. High dose corticosteroid
therapy of prednisone 60 mg daily and plasmapheresis were
initiated, without leading to clinical improvement. Due to
the poor prognosis of his metastatic melanoma, the patient
and family elected for conservative treatment without
further escalation of care. The patient died 16 days after
presentation with MG exacerbation.

Discussion

Immune check point inhibitors inducing or
exacerbating myasthenia gravis (MG) have been well
reported in the literature* © To our knowledge, this is the
first reported case of vemurafenib and cobimetinib causing
MG exacerbation. A literature review reveals that such
a combined treatment could result in subacute immune-
mediated motor polyneuropathy.” In addition, three cases
of MG development or exacerbation following similar
BRAF and/or MEK inhibitor therapy have been reported
previously.' ?

The mechanism by which BRAF and MEK inhibition
could cause development or exacerbation of MG is
currently still unknown. Demichelis et al. proposed
possible mechanisms of off-target effects on tyrosine
kinases that could alter the structure, stability, or function
of the neuromuscular junction and/or decreased immune
surveillance that may enhance autoimmunity.”

As these novel immune therapies are increasingly
used in metastatic melanoma, clinicians should be aware of
their associated risk of exacerbating MG and causing other
immune-mediated neuromuscular disorders.
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Numb Chin Syndrome: Atypical
presentation of metastatic breast cancer

Britta L. Bureau M D!, Jennifer M. Connelly M D!,
Paul E. Barkhaus MD?!, Ryan Brennan DO!

Department of Neurology, Medical College of
Wisconsin, Milwaukee, W1

Introduction

In 1830, Charles Bell described two cases of “Numb
Chin Syndrome” (NCS) as a mental neuropathy manifested
by numbness of the chin and lip.! One case had breast cancer
and presented with normal lip movement but no sensation
on the left half of her lip. Ultimately, it was discovered she
had a glandular tumor at the jaw angle where the alveolar
branch of the trigeminal nerve courses.!

We report a variant of the NCS. Traditionally, NCS
is defined by ipsilateral loss of chin sensation. This case is
unique in that she had the expected unilateral loss of chin
sensation, but her “numb chin” rapidly expanded to include
the lower distribution of the ipsilateral maxillary branch of
the trigeminal nerve. In addition, she also presented with
isolated weakness of the depressor labii inferioris which is
innervated by the buccal branch of the facial nerve.

Clinical presentation

A 53-year-old female with past medical history of
estrogen receptor positive invasive ductal carcinoma of the
right breast underwent partial mastectomy, chemotherapy,
and radiation. She was in remission for 6 years when she was
diagnosed with new lung and liver metastatic lesions and
subsequently resumed chemotherapy. She then developed
left chin numbness followed by progressive difficulty
retaining food and drink in her mouth. Her left lower lip
then became weak. MRI with contrast of the brain /face and

Clinic Stuff

dental x-rays were negative eight weeks prior to symptom
onsect.

Neurological exam revealed left lower lip weakness
that appeared to “droop” when attempting to smile (Figure
1). The area of decreased sensation to sharp and light touch
over her left lower face had enlarged to between the naso-
labial fold and the inferior mandibular border. There was
slight extension of reduced sharp touch in the right medial
chin that was due to midline overlap of sensory fibers. The
remainder of her neurological examination was unremark-
able, particularly for any sensory or motor deficits.

The contrast-enhanced MRI was repeated which
revealed a 1.9 cm enhancing left parotid mass (Figure 2),
not previously seen in the MRI Brain and face completed
cight weeks prior at symptom onset. The patient was
subsequently referred for palliative radiation therapy,
therefore electrodiagnostic studies were deferred. The
patient deccased 5 weeks post-onset of her cranial
neuropathies.

Discussion

This case is unique because her “numb chin” rapidly
expanded to include the lower distribution of the ipsilateral
maxillary branch of the trigeminal nerve. In addition, she
also presented with isolated weakness of the depressor labii
inferioris which is innervated by the buccal branch of the
facial nerve. Our primary differential diagnoses included
atypical NCS due to metastasis, infection, or trauma.

What began as an uncomplicated NCS that rapidly
expanded to involve a greater portion of the trigeminal nerve
distribution in addition to a motor branch of an additional
cranial (facial) nerve. Both can be accounted for by the
parotid metastasis based on their anatomy. Noteworthy is
the pseudo-localization because the apparent focal deficits
in both cranial nerves did not signify a distal lesion in each,
but rather partial lesions of their proximal segments. Thus,
her focal neurologic deficits corresponded with the findings
on imaging,

Figure 1: Left lower facial weakness, most likely explained by lack of Buccal nerve innervation to the Depressor Labii Inferioris (© R.

Brennan, DO, with permission)
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Figure 2: T1-weighted MRI with gadolinium illustrates 1.9 ¢m
enhancing left parotid gland mass in the expected location of the

facial nerve (© R. Brennan, DO, with permission)

In typical NCS, the most likely etiology is cancer if
there is no history of trauma or dental injury to the inferior
alveolar nerve, then the most likely etiology is cancer.
NCS may precede diagnosis of malignancy in 47% of
patients.” Kuroda et al. describe a case of NCS as the initial
presentation of Burkitt’s cell acute lymphoblastic leukemia.?
As standard MRI sequences do not usually include the
oromandibular region, a mandibular or facial MRI should
be performed in NCS.? Lossos et al. report in their study that
067% of NCS was a late manifestation of cancer associated
with disease progression and 31% NCS signified relapse.*
The majority of NCS cases described are isolated sensory
deficits. Combined cranial neuropathies with additional
neurologic symptoms have been reported.* Approximately
10% of NCS present with bilateral symptoms.” Brazis et al.
describe a case of recurrent squamous cell carcinoma where
the mental foramen and the infraorbital foramen were
involved which resulted in simultaneous, progressive numb
chin and cheek syndromes respectively.® Their patient had
unilateral lip paresis similar to our patient.

Mechanisms of NCS include compression of the mental
or inferior alveolar nerves by mandibular metastases
[50%], intracranial involvement of the mandibular nerve
by skull base lesions such as Meckel’s cave tumor [14%],
leptomeningeal metastasis [22%], or malignant infiltration
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of the mental nerve*” In females, the most common
malignancy is breast due to metastatic lesions along the
sheath of the mentalis branch of the inferior alveolar nerve,
often at the mental foramen, or metastatic involvement of
the jaw. NCS syndrome is also a common presentation in
[lymphoma and less often in leukemia, prostate, and lung
cancer.>** Nonmetastatic causes of NCS are rare including
Sjogren’s, multiple sclerosis, diabetes mellitus, temporal
arteritis, systemic amyloidosis, HIV, drug toxicity, local
infection, and natural aging.>*#

NCS is clinically significant as it is an ominous sign for
underlying malignancy and often associated with a poor
prognosis as it can be a late manifestation of a systemic
malignancy.?*? Brady et al. found that mean survival of NCS
was 0.9 months, having only 15% of patients who present
with NCS survive more than nine months.”

Conclusion

We present a unique case of NCS which resulted from
metastatic breast cancer. This case is unique because it
evolved quickly from a “simple” clinical left NCS to proximal
left partial fifth and partial cranial neuropathies. Our case
reinforces the point that a seemingly harmless NCS should
be considered an ominous sign until malignancy is excluded.
Awareness and early localization of NCS are critical to
efficiently develop a targeted treatment plan to prevent
tumor spread and potentially improve clinical outcomes
and survival.
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Poor response to Eculizumab in Caucasian
Patients with Treatment Refractory
Generalized Myasthenia Gravis:

A case series

Nakul Katyal and Raghav Govindarajan

Department of Neurology, University of Missouri-
Columbia, USA

ABSTRACT

Background

Eculizumab, a C5 complement inhibitor, has been approved
to manage patients with treatment-refractory acetylcholine
receptor positive (AChR+) Generalized Myasthenia Gravis
(gMG). Though most patients receiving eculizumab
experience clinical improvement, a small number of
patients may respond poorly.

Objective
To report three cases of poor response to eculizumab in
young caucasian patients with treatment refractory gMG.

Methods
Case Series

Results

All three patients were young, caucasian, thymectomized,
females with MGFA class 111, treatment-refractory MG
on multiple immunosuppressant medications. All three
patients had an initial worsening of MG- ADL score, one-
month post eculizumab, followed by an unchanged MG ADI,
and MGC score three months after eculizumab therapy. No
changes were noted in the number of acute exacerbations
of MG, pre and post-eculizumab treatment. All patients
were eventually started on maintenance Plasma-exchange
(PLEX) therapy, post eculizumab failure, and had clinical
improvementin MG-ADL and MGC scores and areduction
in the number of acute exacerbations of the disease.

Conclusion

The exact mechanism contributing to poor clinical
response to eculizumab in gMG patients remains unclear.
Further studies are warranted to undermine the underlying
pathogenesis.
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Introduction

Myasthenia gravis (MG) is an autoimmune, neuro-
muscular-junctiondisorder characterized by skeletalmuscle
weakness (1). Although established immunosuppressant
therapies are effective in most patients with MG, 10-20%
of patients are refractory to treatment (2). In Phase 3,
a randomized, double-blind, placebo-controlled study
(REGAIN) and its open-label extension, eculizumab, a
recombinant humanized monoclonal antibody, was shown
to be effective in patients with treatment-refractory AChR
antibody-positive (AChR+) ¢MG (3, 4, 5). Eculizumab
has been approved by Food and Drug Administration
(FDA) for the management of patients with paroxysmal
nocturnal hemoglobinuria (PNH), atypical hemolytic
uremic syndrome (HUS), and AChR+ ¢gMG (6-8). Though
most patients receiving eculizumab experience clinical
improvement, many patients may respond poorly to
eculizumab therapy.

In this case series, we have described three patients
with treatment-refractory MG who had poor responses to
eculizumab therapy. In addition, we reviewed the current
literature highlighting possible mechanisms for poor
response to complement inhibitor therapy.

Case Presentation

Patient 1

A 32-year-old thymectomized caucasian female with
MGFA Class I11, treatment-refractory MG on Prednisone
50 mg daily, pyridostigmine 60mg T1D and IVIG 1g/kg/
g4weeks with MG-ADL score of 9, MGC score of 30 was
started on Eculizumab after vaccination against Neisseria
meningitides, at an induction dose of 900 mg per week
for four weeks (at Weeks 0, 1, 2, and 3), then at 1200 mg at
Week 4, followed by 1200 mg every two weeks after that
(7).1-month post eculizumab initiation, her MG-ADL score
worsened to 10, and no changes were noted in the MGC
score. Her MG- ADL and MGC scores did not improve after
three months of eculizumab use (Figure 1, 2). No changes
were noted in the number of acute exacerbations of MG, pre
and post-eculizumab therapy (figure 3). Given no clinical
improvement, Eculizumab was eventually discontinued
after three months. The patient experienced nausea with
eculizumab use which was managed conservatively. The
patient was then started on PLEX therapy with three
exchange sessions every 4-6 weeks. Clinically meaningful
improvement was noted in MG-ADL score (>2) six months
post PLEX therapy which was maintained for up to 9
months. Clinically significant improvement was noted in
MGC score (>3) three months post PLEX therapy and
was maintained for up to 9 months (Figure 1, 2). Post
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Figure 1: MG-ADL scores, before and after eculizumab initiation. MG-ADL: Myasthenia gravis activity of daily living score;

PLEX: Plasma exchange.

PLEX initiation, the patient had two episodes of acute
exacerbations at three-month intervals and none at the six-
month interval (figure 3).

Patient 2

A 25-year-old thymectomized caucasian female with
MGFA Class 111, treatment-refractory MG on Prednisone
40 mg daily, pyridostigmine 60mg T1D, and Cellcept 1000
mg BID with MG-ADL score of 10, MGC score of 33 was
started on Eculizumab after vaccination against Neisseria
meningitides, at an induction dose of 900 mg per week
for four weeks (at Weeks 0, 1, 2, and 3), then at 1200 mg
at Week 4, followed by 1200 mg every two weeks after
that (7) (figure 1, 2). The MG-ADL score worsened to 11,
1-month post eculizumab initiation, and both MG- the ADL
score and MGC score did not improve after three months
of eculizumab use (Figure 1, 2). The patient experienced
no side effects with Eculizumab. In the absence of clinical
improvement, Eculizumab was discontinued after three
months, and the patient was then started on PLEX therapy
with three exchange sessions every 4-6 weeks.

After initiation of PLEX, clinically meaningful
improvement was noted in MG-ADL (>2) and MGC
score (>3) three months post-PLEX therapy, which was
maintained for up to 9 months (Figure 1, 2). The patient

had two episodes of acute exacerbations at the three-month
interval and none at the six-month interval (Figure 3).

Patient 3

A 306-year-old thymectomized caucasian female with
MGFA Class I11, treatment-refractory MG on Prednisone
30 mg daily, pyridostigmine 60mg TID, Azathioprine 200
mg BID and IVIG lg/kg/q4weeks with MG-ADI. score
of 9 and MGC score of 32. Her prednisone dose couldn’t
be increased due to side effects of weight gain and mood
changes. Azathioprine was stopped after one month due
to nausea. IVIG was stopped after three sessions due to
headaches, refractory to medications. The patient was
started on Eculizumab after vaccination against Neisseria
meningitides at an induction dose of 900 mg per week for
four weeks (at Weeks 0, 1, 2, and 3), then at 1200 mg at
Week 4, followed by 1200 mg every two weeks after that (7).

Her MG-ADL score worsened 11 1-month post
eculizumab initiation, and no improvements were noted
in both MG- ADL score and MGC score three months
post eculizumab use (Figure 1, 2). The patient experienced
nausea with managed
conservatively. Eculizumab was eventually discontinued,
and the patient was started on PLEX therapy with three
exchange sessions every 4-6 weeks.

eculizumab use which was
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Figure 3: Number of exacerbations, pre and post eculizumab.

The patient had clinically meaningful improvement in
MG-ADL score (>2) and MGC score (>3) three months
post-PLEX therapy which was maintained for up to 9
months (Figure 1, 2). Post PLEX initiation, the patient
had no acute exacerbations of MG at six months intervals
(Figure 3).

Table 1 describes baseline demographics of patients
included in the analysis.

Patient 3

3 months PLEX B 6 months

Discussion

This case series highlighted poor response to
eculizumab therapy in 3 patients with treatment-refractory
MG. All patients had similar demographic and disease
profiles. All three were young, caucasian, thymectomized,
female patients with MGFA class 111, treatment-refractory
MG on multiple immunosuppressant medications. All three
patients had an initial worsening of MG- ADL score, one-
month post eculizumab, followed by an unchanged MG ADL
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Table 1: Baseline demographics of patients included in the analysis

New Stuff

Duration of

Age MGFA Therapy at eculizumab  Eculizumab Therapy post
Patient (years) Gender Ethnicity class Thymectomy initiation Therapy eculizumab
Prednisone 50mg daily +
Pyridostigmine 60mg T1D + PLEX every 4-6
1 32 F Caucasian | Illa Yes IVIG 1g/kg/q4weeks 3months | weeks, 3 exchanges
Prednisone 40mg daily +
Cellcept 1000mg BID + PLEX every 4-6
2 25 It Caucasian | Illa Yes Pyridostigmine 60mg T1D 3months | weeks, 3 exchanges
Prednisone 30mg daily +
Pyridostigmine 60mg T1D,
Azathioprine 200 mg + IVIG PLEX every 4-6
3 36 F Caucasian | Illa Yes 1 gm/kg/q4 weeks 3months | weeks, 3 exchanges

BID, twice daily; I female; 1VIg, intravenous immunoglobulin; M, male; MGFA, Myasthenia Gravis Foundation of America; qgnw, every n

weeks; TID, three times daily.

and MGC score three months after eculizumab therapy. No
changes were noted in the number of acute exacerbations
of MG, pre and post-eculizumab treatment. All patients
were eventually started on maintenance PLEX therapy,
post eculizumab failure, and had clinical improvement in
MG-ADI and MGC scores and a reduction in the number
of acute exacerbations of the discase.

In the REGAIN trial, six patients (10%) in the
eculizumab group experienced acute exacerbation requiring
rescue therapy (3). One of the patients had a worsening
MG-ADL score from 13 at baseline to 18 and had to
discontinue the study due to the MG crisis (3). The patient,
unfortunately, died from crisis-related complications 90
days after the last eculizumab dose (3).

Genetic variations in the C5 complement can lead to
poor response to eculizumab (9). Nishimura et al. assessed
the sequences of the gene encoding C5 in Japanese patients
with PNH with poor response to eculizumab. They noted all
patients with inadequate response had a single missense C5
heterozygous mutation, c.2654 G->A, which predicts the
polymorphism p.Arg885His (9). Another patient of Asian
ancestry with a poor response to eculizumab had a similar
mutation

¢.2653C=T, which indicates p.Arg885Cys (9). Similar
C5polymorphismwasreportedina Dutch patient with PNH
with poor response to eculizumab who was noted as having
a single C5 heterozygous missense mutation, ¢.2653C>A,
which predicts p.Arg885Ser (10). The mutation at Arg885
results in the failure of binding and blockade of eculizumab

at the C5 domain, accounting for the poor response (9). No
similar studies have been conducted in MG patients with
inadequate response to eculizumab.

Another potential mechanism for poor response could
be the development of antidrug antibodies. However,
studies looking into this possible mechanism have thus far
been negative. The administration of any large-molecule
therapeutics potentially induces an unwanted immune
response by developing antidrug antibodies (11-14). Hillmen
et al. evaluated the immunogenicity of eculizumab in PNH
patients after long-term treatment and found no anti-
eculizamab human anti-human antibodies (HAHs) in the
enrolled patient population (11). Neutralizing antibodies
to the C5 monoclonal antibody have not been found to the
degree that inhibits the therapeutic effects of the drug (15).

The three pathogenic mechanisms for AChR antibodies
include blockade of AChR channel function, antigenic
modulation, and complement activation (15). In patients
with poor response to eculizumab, the primary mechanism
contributing to the clinical worsening of MG may not be
complement activation.

This study has several limitations, including a need for
proof of theory utilizing genetic testing. This was a case
series of medical records at a single institution, with a small
sample size and the need for a control group, limiting the
findings’ generalizability. More extensive controlled studies
with a more robust design are warranted to explore the
mechanism for poor response to eculizumab in treatment-
refractory AChR+ gMG.
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Conclusion

The exact mechanism contributing to poor clinical
response to eculizumab in generalized MG patients remains
unclear. Further studies are warranted to undermine the
underlying pathogenesis.
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Introduction

Myofibrillar myopathy (MFM) is a clinically and
genetically heterogeneous disorder characterized by the
abnormal finding of myofibrillar disruption on EM and
excessive desmin deposition in muscle fibers" 2 Desmin
deposits are not specific to MFM and can be found in other
neuromuscular conditions such as x-linked myotubular
myopathy, congenital myotonic dystrophy, SMA, nemaline
rod myopathy, and inclusion body myositis ®. On the other
hand, MFM has been linked to mutations in desmin,
alphaB-crystallin, myotilin, filamin C, and ZASP. MFM is
associated with a broad spectrum of clinical phenotypes,
affecting individuals between the ages of 25-45 with
proximal, distal, or generalized weakness'. MFM can
be transmitted in an autosomal dominant, autosomal
recessive, or x-linked pattern®. There are also a few sporadic
cases. In addition to the skeletal muscle being involved,
the heart can be affected, and congestive heart failure and
arrhythmias can be the predominant feature of the disease.
There is no proven medical therapy to improve skeletal
muscle weakness. Cardiac transplantation can be lifesaving
in patients with severe cardiomyopathy. Here, we present
two new variants in DES causing desmin-myofibrillary
myopathies demonstrated by muscle biopsies.
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Case 1

Thisisthe case ofayoungadultdiagnosed with Epstein’s
anomaly of the tricuspid valve at birth. His cardiologic
symptoms started at age 11 with chest pain and shortness of
breath. His heart transplant was performed at the age of 13,
He had a challenging course but eventually recovered and
had a very active life, working in construction and playing
soccer and the drums. At 20, he started noticing tiredness
and difficulty climbing stairs. One year later, he developed
atrial fibrillation, and he was cardioverted. At that point,
he decided to stop working in construction and reduced
his physical activities. This was followed by worsening
his weakness, with progressive difficulty in walking and
frequent trips and falls. His symptoms also progressed to
involve his arms and hands. For the last eight months, he
has also noticed neck extension weakness. He had no visual
or hearing problems and no chewing or swallowing issues.
He had no family history of neuromuscular diseases. His
neurological examination was pertinent for distal more
than proximal weakness in the lower and upper extremities,
left worse than right, with significant bilateral foot drop. His
reflexes were 1+ throughout. He had a steppage gait with a
Trendelenburg component. His CPKwas 800. HMGCR was
negative. EMG showed diffuse, irritable myopathy. Muscle
biopsy showed a progressive non-inflammatory chronic
myopathy with rimmed vacuoles, favoring a myofibrillar
myopathy (MFM). Immunostaining for Desmin in the
muscle biopsy sample demonstrated immunoreactivity in
myofibers with focal accumulations of Desmin-positive
material in myofibers (figure 1 B).

Comprehensive Neuromuscular Disorders Panel was
performed (Table 1), and a variant of uncertain significance
inthe DES gene ¢.1255C>A (p.Pro419Thr) in heterozygosis
was found (Table 2).

A few months later, he developed shortness of breath at
rest and chest pain. He was found to have severe coronary

& T «

Figure 1: Muscle biopsy of Case 1. (A) H&E staining reveals cytoplasmic deposits in one fiber (arrow); (B) Desmin immunohis-

tochemistry demonstrates the deposits to be Desmin-reactive (arrow).
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Table 1: Features of the two new DES variants

New Stuff

¢.1243 C>T, p. Arg415Trp

¢.1255C>A, p.Pro419Thr

Population frequency

Rare (Allele frequency on gnomAD:
0.00002172).

Private (no cases reported on gnomAD)

Insilico prediction

Polyphen: probably damaging (Score: 1.0);
SIFT: deleterious

Mutation t@sting: prediction disease
causing

Polyphen: probably damaging (Score: 0.988);

SIFT: deleterious
Mutation t@sting: prediction disease causing

Conservation

PhyloP: 5.344
PhastCons: 1

PhyloP: 5.11
PhastCons: 0.99

Further information

Missense variants in the same (R415Q) and
nearby residues (E413K, P419S) have been
reported in the Human Gene Mutation
Database in association with DES-related
disorders.

A different missense substitution at this codon

(p.Pro419Ser) has been determined to
pathogenic’®,

be

gnomAD: genome aggregation database

Table 2: Other variants identified in the two patients

Variants identified

Genes tested

Casel ANOS, c.692G>T (p.Gly231Val)
DES, ¢1255C>A (p.Pro419Thr)
CHKB, ¢.577G>A (p.Glul93Lys)
MYPN, ¢1952C>A (p.Pro651GlIn)
NEB, ¢.23753C>T (p.Ser7918Leu)

ACTAL AGRN, ALGZ, ANOS5, ATP2A1, BSGALNTZ, B4GATI,
BAGS3, BINI, CACNALS, CAPNS3, CAV3, CCDC78, CFLZ,
CHAT, CHKB, CHRNAIL, CHRNBI, CHRND, CHRNE,
CLCNI CNTNI, COLO6AL COLOAZ, COL6AS3, COLQ, CPT2,
CRYAB, DAGL, DES, DMD, DNAJB6, DNM2, DOK7, DPAGTI,
DPMI, DPM2, DPM3, DYSE, EMD, FHLI, FKBPI4, FKRP,
FKTN, FLNC, GAA, GFPTI, GMPPB, GNE, ISPD, ITGAZ,
KBTBDI13, KCNJ2, KLHL40, KLHL41, LAMA2, LAMP?2,
LARGEL LDB3, LMNA, LMOD3, MATR3, MEGFI10, M'TM1,
MUSK, MYH2, MYH7, MYL2, MYOT, MYPN, NEB, PLEC,
PNPLA2, POMGNTIL, POMGNT?Z, POMK, POMTI, POMT?2,
RAPSN, RYRI, SCN4A, SELENON, SGCA, SGCB, SGCD,
SGCG, SMNI, SMNZ2, SQSTM1, STAC3, STIMI, TAZ, TCAP,
TIAL TMEMS, TNNTI, TNPOS3, TPM2, TPM3, TRAPPCII,
TRIM32, TTN, VCP. VMAZ21

Case 2 BAG3, ¢1634C>G (p.Pro545Arg)
DES, ¢1243C>T (p.Arg415Trp)
SGCB, c419A>G (p.Asnl40Ser)

ACTAL ANOS, ASAHI, ATP2AI, B3GALNTZ2, B4GATI,
BAGS3, BICD2, BINI, BVLS, CACNALS, CAPNS3, CAVS3,
CCDC78, CFLZ, CHKB, CLCNI, CNTNI, COLI2A1, COL6AL
COL6A2, COLOAS3, CRYAB, DAGI, DES, DMD, DNAJB2,
DNAJB6, DNM?2, DOK7, DPMI1, DPM2, DPM3, DYNCIIII,
DYSE EGR2, EMD, FHLI, FKRP. FKTN, FLNC, GAA,
GBEL GMPPB, GNE, IGHMBPZ2, ISPD, I'TGAZ, KBTBDI3,
KLHILA0, KLHL41, LAMA2, LAMPZ2, LARGE, LDB3, LMNA,
LMOD3, MEGFI0, MICUI, MTMI, MYHZ2, MYH7, MYOT,
NEB, PHKAL PLEC, PLEKHGS5, POMGNTI, POMK,
POMTI, POMT2, PYGM, RYRI, SCN4A, SEPNI, SGCA,
SGCB, SGCD, SGCG, SILI, SLC52A2, SLC52A3, SYNEL
TCAP, TMEM5, TNNI2, TNNTI, TNPO3, TORIAIPL, TPM2,
TPMS3, TRAPPCII, TRIM3Z, TRIP4, TRPV4, TTN, UBAL
VCPE VRKI
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artery discase, presumed due to non-compliance with his
medication over time. The patient passed away at 30 due
to cardiac arrest, likely secondary to myocardial infarction.

Case 2

A 59-year-old man with no significant past medical
history presents with slowly progressive distal lower
extremity weakness. He refers that he used to be very
active and was a runner but that his symptoms started
around six years prior when he started noticing that he
was walking differently. He noticed difficulty clearing his
left foot during ambulation, and this caused his running
to be difficult as well. Weakness gradually progressed to
involve his right ankle. He also describes some muscle
soreness and stiffness that appear as the day progresses. His
physical exam is remarkable for bilateral calf hypertrophy,
weakness limited to around his ankles bilaterally, but no
significant sensory deficits. His father had similar calves
and had died from congestive heart failure complications.
He has had extensive testing done, including genetic testing
(Table 2) that reported a variant of uncertain significance
in the DES gene (¢.1243 C>T, p. Arg415Trp) (Table 1), but
likely pathogenic based on the predicted protein alteration,
and also had a muscle biopsy which reported that desmin
immunostaining revealed uneven immunoreactivity in
myofibers with apparent focal accumulations of desmin
positive material in some myofibers.

Discussion

These are 2 cases of adults presenting with a rare
form of muscular dystrophy, myofibrillary myopathy. The
comprehensive neuromuscular gene panel revealed in each
case a variant of uncertain significance on the DES gene,
¢.1255C>A (p.Pro419Thr) and ¢.1243 C>T (p. Arg415Trp),
respectively. These variants are not present in population
databases, and it has not been reported in the literature in
individuals with DES-related discase. However, given the
clinical phenotypes and the muscle biopsy with findings
of MFM and staining positive for desmin, the previously
unreported DES gene mutations Pro419Thr and Arg415Trp
are most likely pathogenic.

MFM is rare but should remain a diagnostic
consideration in young adults presenting with slowly
progressive  proximal and distal weakness, and
cardiomyopathy discovery of new pathogenic variants
such as the ones discussed in these cases will help further
understand this disease and facilitate the diagnosis in future
patients.
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Introduction

Quantitative sensory testing (QST) is a set of largely
painless, noninvasive techniques developed more than
30 years ago to determine specific patient threshold to
accurately calibrated sensory stimuli.'*** QST can measure
small- and large-fiber function in the peripheral and central
somatosensory pathways, including warming, cooling,
heat-pain sensation and vibratory perception, but cannot
distinguish between central and peripheral impairment. The
most commonly tested modalities are vibratory perception
and thermal pain. Although QST is a psychosocial measure
derived from subjective responses, there is good reliability
and reproducibility of QST results on both an individual
and population level.>®

QST may have some use as a diagnostic, staging and
outcome measure in peripheral neuropathy (PN) research,
but its usefulness in the routine clinical setting is unclear.*
PN is typically diagnosed based on a combination of clinical
and electrophysiological data, with slowly progressive,
distally predominant sensory loss being the most common
clinical pattern.”® QST may provide evidence of peripheral
nerve pathology in the setting of normal nerve conduction
studies (NCS) and electromyography (EMG) and may
be particularly helpful in small-fiber pathology as routine
clectrophysiologic studies do not detect small-fiber sensory
dysfunction.” The utility of QST, however, to distinguish
between types of peripheral neuropathy is not established.

Although up to 30% of PNs referred to specialty clinics
do not have a clear etiology identified and are ultimately
categorized as cryptogenic sensory PN (CSPN), most
PNs are categorized to a variety of etiologies.*'° The most
common cause in the United Status of acquired PN is
diabetes mellitus. Other causes of PN include infection
(e.g.,leprosy, HIV), toxic (e.g., alcohol-induced), nutritional

RRNMF Neuromuscular Journal 2023;4(2)
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(e.g., B12 deficiency) in addition to autoimmune etiologies
(e.g., chronic inflammatory demyelinating polyneuropathy
[CIDP]) and hereditary neuropathies (e.g., Charcot
Marie Tooth [CMT] disease).! While different forms
of PN at times present with unique clinical patterns
and eclectrodiagnostic signatures on NCS/EMG, the
neurological examination and electrophysiological studies
may not distinguish different etiologies of PN, especially
when of predominantly axonal pathophysiology. A non-
invasive method to distinguish between types of PN would
be helpful in differential classification and management.

The objective of this study was to retrospectively
evaluate patterns of QST findings among different
categories of neuropathy in a large cohort of PN patients
evaluated at the University of Texas Southwestern Medical
Center from 1995-2000.

Methods

This retrospective study consists of patients who
presented to the University of Texas Southwestern
Medical Center PN tertiary clinic between 1995 and 2000.
Patients who were diagnosed with any form of neuropathy
underwent routine QST using the Computer-Assisted
Sensory Examination system (CASE IV, WR Medical
Electronics, Stillwater, MN) using a 4, 2, and 1 stepping
protocol.'? This test typically lasts approximately one hour.,
The CASE 1V system used during the enrollment period
had age-matched control values for vibration and cooling
sensory thresholds. Thresholds for heat-pain had not
been fully validated. Abnormal results were established
at the greater than 95th percentile for age. Patients were
categorized by a single etiology of neuropathy as diagnosed
by neuromuscular medicine specialists.

All analyses were performed in R (version 4.0.5).
Chi-squared tests were used to compare the prevalence
of abnormal responses between tests. Due to the limited
number of observations and normal results for some
diseases, Fisher’s Exact test was used to perform pairwise
comparisons of the prevalence of abnormal tests between
diseases for each test. To account for multiple comparison,
false detection rate (IFDR) adjusted p-values are reported.
The FDR-adjusted p-values were computed independently
for each set of pairwise comparisons. For instance,
FDR-adjusted p-values were computed for the pairwise
comparisons of the abnormal cold test amongst diagnoses
and the abnormal vibration test.

To determine the impact of disease and test on the
prevalence of abnormal responses, meta regression was
implemented with a logit link function. Meta regression was
performed independently for the cold and vibration tests
and the pure thermal and pure vibration tests due to the
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greater proportion of abnormal cold and vibration results
relative to pure thermal and pure vibration results.

Results

A total of 559 QST studies were performed in this
study. The average age of patients (n=557) was 60 years
with a male-to-female ratio of 1:1. The most common
diagnosis was CSPN (n=294), followed by CMT disease
(n=84) (Table 1).

Meta-regression of cold and vibration indicate that
the expected proportion of abnormal responses is less for

Table 1: Patient characteristics and diagnoses

Total patients 557
Men 277
Women 280
Mean Age (range) [years]| 60 (14-93)
Diagnoses
CSPN 294 (53%)
CMT 84 (15%)
CIDP 39 (7%)
Diabetic 39 (7%)
BI2 deficiency 18 (3%)
Leprosy 11 (2%)
Alcoholic 7 (1%)
Other 65 (12%)

Other includes several diagnoses with a small number of cases.
These diagnoses include: amyotrophic lateral sclerosis, primary

lateral sclerosis, distal
neuropathy, monoclonal

acquired demyelinating symmetric
gammopathy
significance associated neuropathy,

of undetermined

various rheumatologic

etiologies (Sjogren’s syndrome, vasculitis, other connective tissue
diseases), paraneoplastic neuropathy, Guillain-Barré syndrome,

multifocal motor neuropathy.

New Stuff

the vibration test (p = 0.0002), relative to the cold test
(Figure 1). However, no differences were observed between
diagnoses, as previously found in Table 5. Meta-regression
indicate that the expected proportion of pure vibration
is less than the pure thermal (p < 0.0001); however, no
differences were observed between diagnoses, as previously
found in Table 5 (Figure 2).

Vibration and cold detection thresholds were measured
in all patients, whereas heat-pain was measured in 284
patients (Table 2). In this cohort, patients were more often
abnormal for cold sensation testing relative to vibration
(p < 0.0001) and heat (p < 0.0001). Additionally, the data
suggest that more subjects were abnormal for vibration
relative to heat (p<0.0001) (Table 3).

Table 2. Distribution of abnormal responses by test for entire
sample

Abnormal Total
Cold 534 (95.53%) 559
Vibration 404 (72.27%) 559
Heat 99 (34.86%) 284

Table 3. Results of pairwise comparison of abnormal results by
test with FDR-adjusted p-values

Groups Compared Adjusted p-value

Cold vs. Vibration <0.0001
Cold vs. Heat <0.0001
Vibration vs. Heat <0.0001

Figure 1. Forest plot of the meta-regression results for the cold and vibration tests by PN diagnosis
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Figure 2. Forest plot of the meta-regression results for the pure thermal and pure vibration tests by

PN diagnosis
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Table 4. Prevalence of abnormal results by PN diagnosis and test.
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0.78 [0.50, 0.93]
0.96 [0.81, 0.99]
0.96 [0.88, 0.99]
0.88 [0.83, 0.92]
0.99 [0.76, 1.00]
0.91[0.49, 0.99)
0.86 [0.35, 0.99]
0.89 [0.60, 0.98]
0.76 [0.59, 0.87]
0.75[0.63, 0.84]
0.70 [0.64, 0.78]
0.87 [0.70, 0.95]
0.45 [0.18, 0.76]
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Cold Vibration Abnormal Pure Thermal Pure Vibration Total

Alcohol 7 6 7 1 0 7
B12 Deficiency 14 16 17 3 3 18
CIDP 43 34 44 12 3 45
CMT 81 63 84 20 3 84
CSPN 259 206 275 68 21 294
Diabetic 39 34 39 5 0 39
Leprosy 10 5 10 5 0 11

Table 5. Pairwise comparison of the proportion of abnormal results for each test by PN classification with FDR-adjusted p-values

Groups Compared

Adjusted p-value

Cold Vibration Pure Thermal Pure Vibration Abnormal

Alcohol vs. B12 Def. 0.687 >0.99 >0.99 >0.99 >0.99
Alcohol vs. CIDP >0.99 >0.99 >0.99 >0.99 >0.99
Alcohol vs. CMT >0.99 >0.99 >0.99 >0.99 >0.99
Alcohol vs. CSPN >0.99 0.949 >0.99 >0.99 >0.99
Alcohol vs. Diabetic >0.99 >0.99 >0.99 >0.99 >0.99
Alcohol vs. Leprosy >0.99 0.367 0.736 >0.99 >0.99
B12 Def. vs. CIDP 0.212 0.603 >0.99 0.895 >0.99
B12 Def.vs. CMT 0.123 0.613 >0.99 0.695 0.924
B12 Def. vs. CSPN 0.678 0.329 >0.99 0.795 >0.99
B12 Def. vs. Diabetic 0.123 >0.99 >0.99 0.586 0.938
B12 Def. vs. Leprosy 0.933 0.197 0.686 0.895 >0.99
CIDPvs.CMT >0.99 >0.99 >0.99 0.980 0.938
CIDPvs. CSPN 0.660 0.732 >0.99 >0.99 >0.99
CIDP vs. Diabetic 0.869 0.557 0.686 0.895 >0.99
CIDP vs. Leprosy 0..869 0.300 0.734 >0.99 0.938
CMT vs. CSPN 0.123 0.670 >0.99 0.895 0.215

CMT vs. Diabetic 0.900 0.367 0.686 >0.99 >0.99
CMT vs. Leprosy 0.827 0.300 0.686 >0.99 0.924
CSPN vs. Diabetic 0.123 0.197 0.686 0.795 0.924
CSPN vs. Leprosy >0.99 0.329 0.686 >0.99 >0.99
Diabetic vs. Leprosy 0.660 0.166 0.628 >0.99 0.924
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Among the various ectiologics of neuropathy and
the abnormalities detected, no statistically significant
differences were observed between any pair of diagnoses
for any of the QST modalities (Tables 4 and 5).

Of the 294 CSPN patients, 47 patients underwent
QST and NCS with 7 (15%) patients having normal NCS.
QST was abnormal in 3 (43%) of these 7 patients. All the
7 patients had abnormal pinprick documented on exam. A
total of 97 CSPN patients had documented sensory exams.
Ten (10%) patients had only pinprick (and not vibration)
deficits on exam. QST vibration and cold thresholds were
abnormal in 1 (10%) and 3 (30%) of these 10 patients,
respectively. In this group of 10 patients, NCS was abnormal
in 5 (50%) patients.

Discussion

In our 5-year study, no pattern of QST abnormalities
was useful in distinguishing between the different classes
of neuropathy. The largest proportion of patients tested
had CSPN, followed by CMT disease and CIDP. Due to
low numbers, the generalizability of the QST findings in
other common etiologies of PN, including diabetes; alcohol
overuse; and B12 deficiency, is limited. The inability to
separate these types of neuropathies from each other in
a routine clinical setting may limit the utility of QST to
research investigations.

We found that QST was abnormal in >95% of
established PN patients. This high rate of abnormal
QST findings is expected in patients diagnosed with PN
diagnosis in a referral clinic, and reflects the high frequency
of QST abnormalities in other studies. > Since QST is
a psychosocial measure reliant on patient cooperation, it
should be emphasized that abnormal QST alone should not
be used to diagnose PN. Abnormal QST results should be
interpreted in the context of the neurologic examination
and appropriate laboratory testing such as NCS/EMG,
skin biopsy and nerve biopsy, highlighted by a subset of our
cohort having variable patterns of exam, NCS, and QST
results.*"

Since  NCS only effectively measures large-fiber
peripheral nerve function, there has been interest in the use
of QST to determine thermal threshold changes in patients
with predominantly small-fiber involvement. Vibration
thresholds reflect large myelinated A-p fibers that conduct
via the dorsal columns, whereas cold thresholds measure
both A-§ (thin myelinated) and C fiber (unmyelinated)
function that travel centrally via the spinothalamic tracts*"
Heat-pain is also mediated through A-6 and C fibers,
whereas warm stimuli are mediated through C fibers
exclusively.

New Stuff

In the current study, cold detection thresholds
were most frequently abnormal, followed by vibration
thresholds. Heat-pain thresholds demonstrated the
lowest rate of abnormality, although control values for this
modality were not fully validated at the time of the study.
In addition, threshold abnormalities for cold stimuli are
more commonly observed than those for heat in a variety of
neuropathies including those related to diabetes and alcohol
abuse.'*” Overall, thermal threshold abnormalities were
more common than those for vibration, likely reflecting the
predominance of small-fiber abnormalities characteristic
of the types of PN enrolled in the study. A large proportion
of the cohort had a diagnosis of CSPN, in which small-fiber
deficits and neuropathic pain often predominate.

A limitation of the study includes its retrospective
design, with data obtained via chart review. This resulted
in a minor discrepancy in the number of QST studies
recorded (n=559) compared to the total number of patient
diagnoses recorded (n=557). This minor difference should
not have skewed the data given the large number of QST
studies performed. Additionally, there was limited data
comparing the QST findings to the clinical exam. Another
limitation is the lack of duration the neuropathy had been
present; however, the goal of the study was to distinguish
forms of neuropathy with QST regardless of the duration
the neuropathy was present. We realize that the tertiary
nature of the PN clinic at UTSW led to skewed percentages
of etiologies on PN. The low numbers of diabetes and
alcohol-related PN and large population of CMT, leprosy,
CSPN, and CIDP patients do not reflect a more general
PN population. In particular, the larger percentage of
CSPN patients compared to other studies may be due to
greater recognition of etiologies, accessibility of genetic
testing, and improved diagnostics for immune-mediated
neuropathies. Additionally, patients were diagnosed by
several neurologists without defined protocols in place to
classify PN etiologies. This may have resulted in variability
in the selection of laboratory testing (e.g., serologic and
genetic testing) to establish an etiology for the neuropathy.
However, all patients were seen by neuromuscular
specialists, and QST was widely utilized during the time
period of the study.

In conclusion, QST was abnormal in the vast majority
of a large cohort of patients with PN encountered over
a 5-year period. The utility of QST in routine practice
appears limited due to its inability to distinguish between
types of neuropathy, and does not meaningfully supplement
information gleaned from the neurological examination and
routine and more widely-available laboratory studies.
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ABSTRACT
Introduction: Facial Onset Sensory and Motor
Neuronopathy  (FOSMN)  typically presents with

paresthesias in the trigeminal nerve distribution and
weakness that progresses rostro-caudally.

Objective: To present two new cases of FOSMN,
summarize the current literature, and address areas for
future study.

Methods: Observational data was collected from two
patients with FOSMN from our institution. A literature
review of FOSMN was completed using PubMed.

Results: We reviewed 100 cases of FOSMN, including our
two new cases. 93% presented with facial paresthesias.
97% had bulbar symptoms. Five had family history of
ALS. Abnormal Blink reflex was most common on EMG/
NCS. CSF was typically normal, but a rare severe case
showed elevated protein. Mutations included: TARDBP,
OPMD, D90A-SODI1, CHCHDI10, VCP, and SQSTMI.
Neuropathological studies showed neurodegenerative
changes without inflammation. Some have
reported transient stabilization or improvement to
immunomodulatory therapy.

Case Reports: A 72-year-old man presented with right-
sided trigeminal paresthesias that progressed in a rostro-
caudal fashion, dysphagia, and hand weakness. He died 4-5
years after symptom onset. A 69-year-old man presented

cases
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with left-sided jaw paresthesias, dysphagia and dysarthria.
He was trialed on IVIG for 1.5 years without improvement
and died 2.6 years after symptom onset.

Conclusion: FOSMNisararedisorderwithaunique clinical
and electrophysiological phenotype. The pathophysiology
has been associated with neurodegeneration and multiple
gene mutations have correlated to FOSMN. Some reports
suggest transient response to immunomodulatory therapy,
though prospective studies are lacking. CSEF protein
elevation may be seen in severe disease. Future studies will
help further elucidate the approach to diagnosis, treatment,
and prognostic counseling (biomarkers).

Keywords: FOSMN, Facial Onset Sensory and Motor
Neuronopathy, Neurodegenerative disorders

Introduction

In 2006, Vucic et al. were the first to report a
“syringomyelia-like syndrome” that involved facial sensory
loss and progressive motor deficits seen in four adult male
patients.! Later this disease was coined Facial Onset Sensory
and Motor Neuronopathy (FOSMN), which manifests as
a mild asymmetric facial sensory deficit commonly in the
trigeminal nerve distribution that advances caudally to
include the scalp, neck, upper trunk, and upper extremities.
Progressive motor symptoms such as weakness in the
bulbar, neck, upper limbs, and later the lower limbs can
develop months to years following the initial onset of
sensory symptoms and can lead to functional impairments
such as dysphagia and dysarthria.

There have subsequently been at least 98 cases of
FOSMN described in the literature. It is a rare syndrome
with unknown incidence. FOSMN affects both males and
females, with a male predominance.? Onset of disease is
typically between the fourth to seventh decade with one
case onset reported at seven years old.” FOSMN duration
can span from months to decades.* The diagnosis is mostly
made based on clinical features but absent or latent corneal
blink reflex is a hallmark of electrodiagnostic testing in
many cases.’

The pathogenesis of this heterogencous disease
remains a topic of debate. An immunologic process has been
suggested due to transient clinical response to intravenous
immunoglobulin (IVIg) and the presence of autoantibodies
at low concentrations observed in some patients.’
However, it is this same transient or absent response to
immunomodulatory therapy along with a stereotyped
clinical picture of a chronically progressive disease that
suggests a primary neurodegenerative mechanism. In many
cases, itis a diagnosis of exclusion. Many of the discases to be
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excluded have a neurodegenerative pathology, one of which
is amyotrophic lateral sclerosis (ALS). Recent literature has
suggested a link between ALS and FOSMN, which would
further confirm a neurodegenerative pathway. For example,
corneal confocal microscopy has revealed a reduction of
corneal small fiber sensory nerves in ALS patients, which
may suggest a link with FOSMN as patients with FOSMN
typically have early trigeminal nerve distribution sensory
symptoms.” Cervical cord atrophy can be seen in both ALS
and FOSMN.%% Similar genetic variants have also been
found in FOSMN including SODL.1

Our objective is to characterize the key clinical findings,
diagnosis, treatment, and outcomes of patients with
FOSMN while adding two additional cases to the literature.
Our study will not only review the current literature, but
also address gaps that future studies must consider to
advance our understanding of FOSMN in order to optimize
management of those with the condition.

Methods

This is a case series presenting observational data
collected from two patients at The Ohio State University,
Wexner Medical Center with a diagnosis of FOSMN. Verbal
consentl was obtained from the patients prior to publication.
Furthermore, a comprehensive literature review was
performed through PubMed. The following MeSH terms
were used: “FOSMN” and “Facial Onset Sensory Motor
Neuronopathy.” Articles included all previously reported
cases with the diagnosis of FOSMN.

We evaluated patient characteristics, clinical features,
physical examination findings, comorbidities, laboratory,
electromyogram /nerve conduction study (EMG/NCS) and
magneticresonance imaging (MRI) findings, genetic testing,
disease course, autopsy, requirements for tracheostomy
or percutaneous endoscopic gastrostomy (PEG) tube, and
treatments.

Case Summary

Case Presentation 1

A 72-year-old male with past medical history of
monoclonal gammopathy of undetermined significance
(MGUS) complicated by distal small fiber neuropathy,
gastro-esophageal reflux disease (GERD), and esophageal
stricture post balloon dilatation, presented to our hospital
with an acute choking episode in the setting of a progressive
three-year history of recurrent choking episodes, sensory
loss in the face, mouth, and limbs, and reduced hand
dexterity.

His symptoms initially started with paresthesias in the
trigeminal (V2) distribution on the right side of his face
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that slowly spread to involve all trigeminal nerve sensory
areas and then later progressed in a rostro-caudal fashion to
involve his scalp, neck, trunk and arms. Within three months,
he developed dysphagia (to both solids and liquids), throat
numbness, and loss of taste. Two years after symptom onset,
he noticed trouble with hand dexterity and sensory loss in
the lower extremities. He reported no changes in cognition,
fluctuation of his symptoms or visual complaints. There was
no family history of motor neuron disease.

On exam, he had loss of sensation to sharp involving
the face, head, neck, arms and trunk above a suspended
T4 level. There was atrophy of the tongue and thenar
muscles in the hand, similar to the split hand sign seen
in ALS (Figure 1), along with moderate intrinsic hand
muscle weakness. Tongue fasciculations were prominent.
Lower extremities had absent reflexes and loss of vibratory
sensation (attributed to MGUS).

Work up included unremarkable laboratory studies,
including basic metabolic, autoimmune testing and vitamin
levels. CK was 120 U/L.. MRI of the brain without contrast
showed no atrophy or focal abnormalities. MRI of the
cervical spine without contrast showed an atrophic spinal
cord, measuring 043 cm in antero-posterior diameter
(Figure 2). NCS was suggestive of a non-length-dependent
sensorimotor  polyneuropathy or neuronopathy with
decreased sensory conduction amplitudes in the upper
extremity and normal amplitudes in the lower extremity.
Blink reflexes were absent. EMG showed active and chronic
denervation in cranio-bulbar, cervical, and lumbosacral
regions. Given the clinical symptoms, exam findings,
cervical cord atrophy, and EMG/NCS findings, FOSMN
syndrome was considered the most likely diagnosis. During
his hospital stay, he was treated for aspiration pneumonitis,
had his diet modified, and he was discharged. He was not
trialed on any immunotherapies for FOSMN.

He was followed in neuromuscular clinic and
underwent speech therapy with clinical stability for
approximately one year at follow up, or four years after
symptom onset. Subsequently he required admissions
for aspiration pneumonia and eventually died after a
hospitalization for a hernia causing small bowel obstruction
which was complicated by a cardiac arrest event secondary
to respiratory failure.

Case Presentation 2

A 09-year-old male with no past medical history
presented to our neurology clinic with left sided jaw
paresthesias, difliculty chewing, and dysarthria. His
symptoms started seven months prior to presentation with
initial symptoms of left jaw and tongue numbness. A few
months later, his facial paresthesias progressed to involve his
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Figure 1: Case 1 with A) left greater than right first dorsal interossei
(FDI) atrophy, B) left greater than right thenar atrophy, and C)
prominent tongue atrophy

Figure 2: Case I's MRI of the cervical spine
A: Sagittal T2-weighted image showing cervical cord atrophy
B: Axial T2-weighted image showing cervical cord anterior-posterior diameter of 0.43 cm
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entire face and he developed dysarthria, difficulty chewing
foods, and neck muscle weakness. He ultimately also had an
unintentional 401b weight loss over the proceeding months.
He denied any cognitive or visual changes. There was no
family history of motor neuron disease.

On exam, he had sensory loss to light touch and pin
prick in the left VI-V3 trigeminal nerve region, bilateral
orbicularis oris and tongue weakness, bitemporal wasting,
and tongue fasciculations. He had generalized decreased
muscle bulk. On initial strength testing, he had slight
infraspinatus weakness on the left, but all other muscles of
the upper and lower extremities were 5/5 on the Medical
Research Council Manual Muscle Testing scale.

Lab and imaging tests were negative for autoimmune
disorders, myasthenia gravis, leptomeningeal disease and
Kennedy’s disease. Anti-NR1 antibody was initially positive
in serum paraneoplastic panel testing but later became
negative twice on repeat testing. CT chest, abdomen and
pelvis were negative for malignancy. CK was 140 U/L.
CSF protein was mildly elevated at 48 mg/dL. and all other
basic CSF labs were unremarkable. MRI brain showed
an incidental meningioma over the right cavernous sinus.
Nerve conduction studies, including upper and lower limb
sensory and motor studies, were normal. EMG revealed
active and chronic denervation in his cranio-bulbar, cervical,
and lumbar regions. Blink reflex testing showed absent
ipsilateral and contralateral R1 and R2 potentials when
stimulating the left side. When stimulating the right side,
the ipsilateral Rl and R2 and contralateral R2 potentials
were mildly prolonged. 3-hz repetitive nerve stimulation
(RNS) of both the left orbicularis oris and right trapezius
showed a CMAP decrement of >10% at rest with evidence
of partial improvement in decrement immediately post-
exercise. This may have been secondary to denervation and
reinnervation changes.

He had a significant choking event nine months from
symptom onset. Around this same time, his weakness
progressed to involve his upper and lower extremities, left
worse than right. He regressed from being able to tolerate a
thick pureed diet to only broth and had to wear a jaw brace
to combat his jaw drop. Given the degree of involvement of
his bulbar musculature, he was trialed on IVIg monthly for
three months. He reported improvement in his swallowing
and had improvement in his Dysphagia Scoring Scale as
well. His IVIg frequency was increased to weekly, and
he was started on prednisone 30 mg daily. He was on this
regimen for about a year and a half. However, his swallowing
and weakness progressed, and he eventually required a PEG
tube 22 months after symptom onset. He ultimately died
due to respiratory failure 31 months after symptom onset.
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Results

We reviewed 100 total cases, including our two new
cases. Table 1 outlines a summary of the characteristics
of patients with FOSMN. The mean age of onset is 54.5
years old. The male to female ratio is about 2:1. Initial
symptoms typically include sensory loss in the trigeminal
nerve distribution. When previous literature mentioned
initial symptoms, 93% had facial sensory loss at onset.
This typically advances rostro-caudally into the scalp,
neck, upper back and arms. Lower motor neuron findings,
including fasciculations, muscle atrophy and weakness,
are present in almost all cases and progress in a rostro-
caudal manner. Upper motor neuron findings have been
mentioned in at least 23 patients. 97% of patients have
bulbar symptoms. 27% of patients required percutaneous
endoscopic gastrostomy (PEG) placement. The average
time from symptom onset to PEG placement was 2.3 years.
Taste disturbance has been reported as an initial symptom
in two case reports™'? and loss of taste was seen in three
out of four of the originally described FOSMN patients.!
Five patients had a family history of ALS.*™ Five patients
were also diagnosed with behavioral variant frontotemporal
dementia (bvFTD) and met Rascovsky criteria.> There
are no known social risk factors for FOSMN.

Common clinical examination findings include
absent to decreased corneal reflex, decreased sensation
in the trigeminal nerve distribution, dysarthria, weak
cough and gag reflex, decreased upper extremity reflexes,
fasciculations and atrophy. There can be facial, tongue and
upper extremity weakness.

Cervical cord atrophy has been found in seven
patients®®*1° and one of our patients had cervical cord
atrophy as well (Figure 2). Frontotemporal atrophy has
been seen in at least one patient with FOSMN." The “bright
tongue sign” has been reported in three cases, which can
also be seen in ALS.™ This sign is found on brain MRI and
consists of hyperintense signaling in tongue muscles.

Blink reflex abnormalities on EMG/NCS are seen
in almost all patients with FOSMN."® The most common
abnormality is seen in the R2 response. All but one patient
had either a unilateral or bilateral R2 abnormality. 82%
had bilateral R2 abnormalities. If an article mentioned
an Rl response, it was abnormal 77% of the time. Other
common findings on EMG include decreased SNAPs and
neurogenic findings in bulbar or cervical muscles."*** One
of our patients had a >10% CMAP decrement on RNS with
immediate post-exercise repair.

Cerebrospinal fluid (CSF) is typically normal in most
patients. There have been rare, reported cases of elevated
protein and IgG. The patient with elevated CSF protein
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had a more rapid disease course and died within 18 months
of symptom onset.” CK can be mildly elevated, with the
highest reported CK being 894.° Antibodies have been
found in some cases and include anti-sulfatide antibodies
(five patients; two titers reported at 10,350 1U/L, and 4,521
[U/L), anti-GD1b antibodies (three patients), anti-myelin-
associated glycoprotein (anti-MAG) IgG (one patient), anti-
sulfo-glucuronyl paragloboside (SGPG) IgG (one patient),
antinuclear antibodies (two patients; one titer reported at
1:100), and anti-Ro antibodies (one patient). 091920

Four patients have been found to have TAR-DNA
binding protein (TDP-43) inclusions on autopsy.*!2202!
There are two cases with autopsy showing no inclusions."”
TDP-43 inclusions have been found at various locations,
but all have included the cervical spinal cord motor neurons.
Genetic variants that have been found in FOSMN patients
include: TARDBP (three patients), OPMD (one patient),
D90A-SODI (one patient), CHCHDI0 (one patient), VCP
(one patient), and SQSTM1 (one patient) 210172223

Sural nerve biopsy has revealed loss of myelinated fibers
and Wallerian degeneration without inflammatory cell
infiltrates, evidence of vasculitis, or amyloid deposition.10*
Skin biopsy has shown decreased intraepidermal nerve
fiber density with severe myelinated fiber involvement but
sparing of unmyelinated fibers.!*132>

For treatment of patients with FOSMN, there are
no FDA-approved therapies. However, clinicians have
trialed IVIg and other immunomodulatory therapies.
Knopp et al. presented a case of a patient with FOSMN
and positive low titer ANA (1:100) and anti-Ro antibodies
who had improvement in swallowing, speech, and lower
extremity strength with IVIG.® Fluchere et al. described a
case of FOSMN who had transient improvement in bulbar
symptoms. However, her symptoms eventually deteriorated,
and she died of aspiration pneumonia before being able
to have a PEG placed.” Hokonohara et al. described a
patient with FOSMN who received [VIg and had resultant
improvement in paresthesias of his face and fingers,
masticatory and tongue strength, swallowing, and increased
SNAP amplitudes of the median and ulnar nerves. He had
improvement for two weeks after treatment but worsened
after this.'® Sonoda et al. described a FOSMN case with
anti-sulfoglucuronyl paragloboside (SGPG) IgG and anti-
myelin-associated glycoprotein  (MAG) IgG antibodies
who received IVIg and had transient improvement in facial
strength and paresthesias.*” Cruccu et al. trialed IVIgon four
patients with FOSMN and two had subjective improvement
but no improvement in clinical or neurophysiological
status.>* Watanabe et al. reported three additional cases
with partial improvement from IVIg, with all three cases
having improvement in their sensory symptoms.
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Discussion

Clinical Presentation

FOSMN is a rare disorder that presents with initial
sensory loss in the (rigeminal nerve distribution that
progresses rostro-caudally, along with weakness that
progresses in a similar manner and involves the bulbar, neck
and upper extremities. There is typically an absent corneal
reflex and lower motor neuron findings on exam, however,
upper motor neuron findings can be present as well. Taste
can be affected and neuronal loss and reactive astrocytes
with TDP-43 inclusions have been revealed in the solitary
nucleus, potentially explaining this.! FOSMN can lead
to severe dysphagia requiring PEG tube placement, and
potentially lead to severe weight loss, aspiration pneumonia,
and/or death.

Pathogenesis

The pathogenesis of FOSMN is an area of debate with
neurodegeneration and autoimmunity at the forefront of
potential hypotheses. However, over the years, evidence
continues to build towards a primary neurodegenerative
process. Previous neuropathological studies by Vuvic
et al. have shown neurodegenerative changes without
inflammation." There have been few cases with response to
immunomodulatory therapy, and these have not generally
been sustained responses. The progressive disease course
is also more typical of a neurodegenerative disorder.
Furthermore, similarities between FOSMN and ALS
patients have been described. Both conditions have a male
predominance. Although FOSMN starts with sensory
symptoms, motor symptoms become most prominent.
Corneal confocal microscopy has interestingly revealed a
corneal small fiber sensory neuropathy in ALS patients as
well, and anatomical damage was related to bulbar function
disability scores.” The progression of worsening dysphagia
leading to PEG tube placement and death from aspiration
pneumonia or respiratory failure can be a very similar
progression between the disorders. Although upper motor
neuron signs are rare, they can occur in FOSMN. Our
patient had thenar atrophy, similar to the split hand sign
seen in ALS. Cervical cord atrophy, frontotemporal atrophy,
and the “bright tongue sign” are radiographic findings that
can be seen in both FOSMN and ALS. CK can be normal
to moderately elevated. Furthermore, at least five patients
with  FOSMN have been diagnosed with behavioral
variant frontotemporal dementia and melt Rascovsky
criteria, suggesting that there may be a continuum with
FTDAS TARDBP and SQSTMI variants, which have been
previously reported as causal in ALS and F'T'D and encode
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Table 1: Characteristics of patients with FOSMN

n (%) n tested out of
Patients 100
Male 75 (75%) 100
Mean age of onset (years) 54.5
Onset with facial sensory symptoms 83 (93%) 89
Onset with loss of taste 5
Bulbar symptoms 97 (97%) 100
Family history of ALS 5
Patients diagnosed with bvl'T'D 5
Upper motor neuron findings 23
PEG placement 17 (27%) 62
Average time of symptom onset to PEG (years) 2.3
Tracheostomy placement 1
Time of symptom onset to tracheostomy (years) 3
Patients with positive antibodies 13
Patients with negative genetic testing for Kennedy’s disease 23
Neuroimaging findings
Cervical cord atrophy 8
Frontotemporal atrophy 1
Bright tongue sign 3
EMG/NCS
R1 abnormality 43 (77%) 56
R2 abnormality 56 57
Bilateral R2 abnormality 47 (82%) 57
SNAPs reduced 26
Neurogenic changes in bulbar or cervical muscles 23
Patients trialed on IVIg 42
Patients with partial or transient improvement from IVIg 11 (26%) 42
Causes of death
Respiratory failure 11
Bulbar weakness,/ aspiration pneumonia 7
Pulmonary embolus 1
Lung cancer 1
Sepsis 1
Traumatic head injury 1
Average symptom onset to death (years) 7

The last column represents the total amount of cases where reports mentioned either a positive or negative finding (not all reports
mentioned what we were evaluating). If there is not a value in the last column, this means the number in the middle column is the total
number that was mentioned, and other reports did not mention a positive or negative finding.
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for TDP-43 proteins, have been reported in one patient with
FOSMN."” A D90OA-SODI1 variant has been reported in
FOSMN as well.'” Four FOSMN patients have been found
to have TDP-43 inclusions on autopsy and all involved the
cervical spinal motor neurons.”

Despite evidence to suggest that FOSMN is a
neurodegenerative disorder similar to ALS, there is
further hesitancy to classify this disease within the ALS-
FTD spectrum. TMS studies have not shown cortical
hyperexcitability in FOSMN, as they have in ALS.” There
are no Bunina bodies on neuropathological examination in
patients with FOSMN, which are classically seen in ALS."
The blink reflex is almost always abnormal in FOSMN,
whereas it is not typically abnormal in ALS.

EMG/NCS

Almost all patients have an abnormal blink reflex. In
previous studies that have mentioned the R2 value, almost
all patients had a delayed or absent R2 response and a large
proportion had bilateral R2 abnormalities. R1 abnormalities
were found less frequently than R2 abnormalities, but still
at a very high rate. This indicates that there may be an
abnormality within the spinal trigeminal tract or nucleus in
the medulla. Previous pathological studies have correlated
with this as well and have found neuronal loss with reactive
gliosis in the spinal trigeminal nucleus and tract."” Of note,
this is near the solitary nucleus of the medulla, which as
previously mentioned, may be involved in patients’ loss of
taste. This is also in line with nearby cervical cord atrophy
findings that can be seen on MRI. Other common findings
on EMG include decreased SNAPs and neurogenic changes
in bulbar or cervical muscles. One of our patients had
abnormal decrement on RNS, and this has been reported
before.?” This may be due to denervation and reinnervation
changes, but further studies could be done to further
clucidate these findings.

Treatment

IVIg has been trialed as a treatment approach due to
a potential inflammatory component to the disease. There
are 11 reported cases with transient or partial response
to IVIg. In these cases, at least five patients had some
improvement in facial sensory symptoms. IVIg has generally
not been shown to prevent progression of weakness or
bulbar symptoms. Of note, autoimmune disorders, such
as Sjogren’s syndrome, systemic lupus erythematosus,
systemic sclerosis and mixed connective tissue disease can
be associated with bilateral trigeminal neuropathy and other
cranial neuropathies.?®* As there are alternative, treatable
conditions, it is crucial to rule these disorders out. Other
differential diagnoses include Kennedy’s discase, Tangier
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disease, neurosarcoidosis, amyloidosis, syringomyelia, and
Fabry’s disease.

There are currently no FDA-approved treatments
for FOSMN. Based on the current literature, it may be
reasonable to have a discussion with the patient about
trialing IVIg if the sensory symptoms are burdensome,
but with the knowledge that it will not likely stop disease
progression or alleviate bulbar, neck or upper extremity
weakness. Since FOSMN appears to have some clinical and
pathological similarities to ALS, use of medications known
to slow ALS progression could also be trialed in FOSMN
patients. As FOSMN patients share similar variants
with ALS patients, similar treatments such as antisense
oligonucleotide therapies could be targeted at these.

Conclusion

FOSMN is a diagnosis that was first described in 20006
and at least 100 cases have since been reported. We have
been able to identify patients with this disease clinically
and through exam, but there are currently no standardized
criteria for diagnosis. Further clarifying the pathogenesis,
social risk factors, behavioral and cognitive changes,
abnormalities in diagnostic tests, and associated genetic
variations can help lead to better treatment targets and our
ability to identify potential biomarkers to predict prognosis.
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ABSTRACT

Myasthenia gravis (MG) is an autoimmune disorder
characterized by muscle weakness and fatigue, mediated in
the majority of cases by IgG1 autoantibodies targeting the
acetylcholine receptor (AChR). As AChR autoantibodies
have beenshown to be pathogenic, therapies targeting B cells
have been applied in patients with AChR MG for more than
a decade. Recently, a phase 2 trial of the CD20-targeting
agent, rituximab, in AChR MG unfortunately failed to
meet its primary endpoint. Converging data however from
non-randomized clinical series, some of which with more
participants than the phase 2 trial, as well as a randomized
trial in new onset disease support efficacy of rituximab in
AChR MG, especially early onset disease. In this opinion
article, we summarize both clinical data and mechanistic
principles on the use of CD20 depletion therapy in AChR
MG, which we believe lend support to the argument that
CD20 depletion can still be a useful therapeutic strategy for
patients with AChR MG.

Key words: acetylcholine receptor (AChR), myasthenia
gravis, autoantibody, rituximab, muscle specific kinase
(MuSK).

Introduction

Myasthenia gravis (MG) is an autoimmune disorder
characterized by and fatigability,
most commonly mediated by autoantibodies targeting
extracellular components of the neuromuscular junction
(NM.J), the acetylcholine receptor (AChR), muscle-specific
kinase (MuSK), and low-density lipoprotein receptor-
related protein 4 (LRP4) [1]. Serum AChR antibodies
are found in up to 85% of MG cases and AChR MG can

muscle weakness
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initiate as ocular with involvement limited to ophthalmic
muscles [2,3]; early onset AChR MG is associated with
thymic hyperplasia. MuSK MG is associated with bulbar
symptoms (e.g. dysarthria, dysphagia), lack of thymic
involvement, resistance to symptomatic treatment with
pyridostigmine and an excellent response to CD20 B
cell depletion, thus underlining mechanistic differences
between AChR and MuSK MG [3-8]. In general,
therapies of MG include symptomatic treatment with
cholinesterase inhibitors in the case of AChR MG [9], and
immunotherapy. In life-threatening myasthenic crises,
where respiratory muscles can be affected, acute therapy
includes intravenous immunoglobulin and plasma exchange
[10]. Chronic immunotherapy can be divided into broadly-
acting immunosuppressants such as corticosteroids [11],
and non-steroid immunosuppressants (azathioprine,
mycophenolate, methotrexate, cyclosporine or tacrolimus)
[12-16]; and targeted immunosuppression with CD20-
mediated B cell depletion, inhibition of the complement
pathway, and antagonists of the neonatal Fe receptor [17,18].
Finally, thymectomy has been shown to be moderately
effective in a phase 3 trial and can be considered in young
patients with non-thymomatous AChR MG [19].

Pathophysiology

MG is a prototypic antibody-mediated autoimmune
disease. Different mechanisms underlie the presence of
AChR and MuSK autoantibodies, and these autoantibodies
do not typically co-occur [20]. The more prevalent AChR
autoantibodies are predominantly of the IgGl subclass and
can: 1. block the acetylcholine binding site on the receptor,
2. cross-link the receptor leading to its internalization, and
3. activate complement-dependent cytotoxicity (CDC)
as well as antibody-dependent cytotoxicity (ADCC)
[21]. Activation of complement leads to formation of the
membrane attack complex that both damages and reduces
the surface area of the post-synaptic membrane, thereby
decreasing the density of AChR molecules and voltage-
gated sodium channels, and hence, the amplitude of
endplate potentials and the efficiency of the neuromuscular
transmission.

The majority of AChR autoantibody-seronegative MG
patients produce antibodies against MuSK, which is found
in the post-synaptic membrane of the NMJ, along with
AChR. MuSKispartofthe agrin-induced pathway leading to
clustering of AChRs and associated synaptic differentiation,
consequently its targeting by autoantibodies results in
impaired AChR clusteringand affects NM.J function causing
MG symptoms [22]. MuSK autoantibodies are mainly of the
IgG4 subclass. Characteristics of 1gG4 antibodies include
Fab-arm exchange, functional monovalency resulting in
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a lack of ability to cross-link the antigen, and a limited
ability to initiate complement and ADCC [23,24]. These
characteristics notwithstanding, MuSK autoantibodies
are pathogenic (just like AChR autoantibodies), as shown
by passive transfer and active immunization studies in
laboratory animals [25].

One particular feature of the immunopathology of
autoantibody-mediated disorders (including MG) is
varying longevity of the cells producing the pathogenic
autoantibodies [26,27]. In AChR MG, cultured bone
marrow cells produced higher concentrations of AChR
autoantibodies compared to lymphocytes in the peripheral
blood, thymus, and lymph node, thus providing direct
evidence for long-lived plasma cell (LLPC) involvement
in autoantibody production, as these typically reside in the
bone marrow. Moreover, the presence of germinal centers in
the thymus of early onset AChR MG patients underscores
their ability to produce AChR-specific LLPCs, as these are
commonly the products of germinal center reactions. In
MuSK MG however, autoantibody-secreting B cells appear
to be much shorter-lived: depletion of their immediate
progenitors, CD20+ memory cells, is succeeded by a
rapid decline of mostly CD20- short-lived autoantibody-
producing cells (termed plasmablasts) and, consequently, a
rapid decline in MuSK autoantibody titers, as observed in
MuSK-MG patients treated with rituximab [28-31].

CD20-specific monoclonal antibodies as a therapeutic
strategy in MG

Given the central role of B cells in the pathophysiology
of the disease, depleting B cells or suppressing B cell
function can target immunopathology and result in clinical
improvement. CD20 is a 33-37 kDa transmembrane
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protein that regulates calcium influx and thereby signaling
pathways involved in B cell differentiation into antibody-
secreting cells [32]. It is expressed during several stages
of B-cell maturation (Figure 1), i.c. in pre-B cells and
mature B cells, not including stem cells and plasma cells,
and is therefore an attractive target for monoclonal
antibody-based therapy [33]. B cells targeted by CD20-
specific monoclonal antibodies are eliminated via three
mechanisms: programmed cell death/apoptosis,
complement-dependent cytotoxicity (CDC), or antibody-
dependent cellular cytotoxicity (ADCC) [34]. Rituximab
is a 1st generation chimeric monoclonal antibody (IgG1x),
engineered by fusing a murine Fab with a human FFe domain
[35]. Its elimination half-time is estimated to be 20 days,
which may vary according to sex, body weight and renal
function.

main

CD20-mediated B cell depletion in AChR MG

Several early, uncontrolled mostly retrospective
studies support the safety and efficacy of rituximab in
AChR autoantibody-seropositive MG [36-41,2842-60]
(Table 1). Patients were typically followed for 6, 12 or even
24 months, and were evaluated both clinically, with the
use of scales such as the Myasthenia Gravis Foundation
of America-post-intervention status (MGFA-PIS), the
quantitative MG (QMG) score, the manual muscle testing
(MMT) score, as well as serologically. These collective
studies demonstrated clinical improvement and either
stability or mild decline in AChR autoantibody titers, and all
studies confirmed that rituximab is a safe and well-tolerated
therapeutic strategy. Several of these uncontrolled studies
included more than 15 patients without producing different
results than the smaller studies [43,44,49,53,55,56].
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Figure 1. Expression of cell surface antigens through B cell maturation. CD20 is not present on plasma cells,
pro B-cells and stem cells (plasmablasts being CD20+/-). Figure created with Biorender.com.
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Table 1. Studies of CD20-mediated B cell depletion in AChR MG.

AUTHOR YEAR | N | TYPE OF STUDY MAIN OUTCOMES
Piehl et al. [65] 2022 45 | RCT (vs. placebo), double-blind, phase 2 QMG score <4 in 71% of treated patients (p=0.007)
Heckmann [60] 2022 10 | Retrospective, uncontrolled 70% of patients reduced prednisone
Castiglione et al. [59] 2022 8 Retrospective, uncontrolled No relapses during at least 24 months of follow-up
. ) . e - N ‘ - N Unchanged QMG in patients receiving RTX at 24 months.
Nelke etal. [62] 2022 57 | Retrospective controlled (vs. eculizumab) Both treatments reduced daily prednisone similarly after 24 months (P~0.89)
Duetal. [58] 2022 13 | Retrospective, uncontrolled All patients achieved a MGFA-PIS of minimal manifestations
2022 8 Retrospective, uncontrolled 60% of patients achieved stable remission.
o ofnatiente ...u-m,.a.l,aa. Mo e S nQ. N
2021 52 | RCT (vs. placebo), double-blind, phase 2 60% of _um:n:.mwc: RTX achieved a steroid-sparing effect, as compared to 56% in the
placebo arm (p—ns)
2021 28 | Retrospective, uncontrolled 08% of patients (that were all >65) achieved a MGFA-PIS of minimal manifestations
o Retrospective, controlled (several subgroups, | 76% of patients receiving RTX achieved a QMG score of 2 or lower. Shorter time to
Brauner etal. [61] 2020 00 early vs. late RTX) remission for RTX in early onset vs. refractory MG (p~0.009).
Dos Santos et al. [55] 2020 20 | Prospective, uncontrolled 90% of patients achieved a MGFA PIS of T or better.
Sahai et al, [54] 2020 - Retrospective, uncontrolled Mrww_mﬁo‘o:moﬁ MG patients significantly reduced or discontinued maintenance medi-
Litchman et al. [53] 2020 17 | Retrospective, uncontrolled 70.6% of patients achieved clinical remission-
Luetal. [52] 2020 12 | Prospective, uncontrolled Median decrease in QMG score from 18.3 (baseline) to 8.4 (P <0.001)
Rodaetal. [51] 2019 10 | Retrospective, uncontrolled 80% of refractory patients reduced their steroid dosage by 9.6mg on average
Choi etal. [50] 2019 9 Retrospective, uncontrolled 05% of patients achieved a MGFA-PIS of minimal manifestations or better
Topakian et al. [49] 2019 39 | Retrospective, uncontrolled 35.9% of patients achieved clinical remission
Jingetal. [48] 2019 14 | Retrospective, uncontrolled Mean decrease in QMG score by 6.6
Singh et al. [47] 2019 0 Retrospective, uncontrolled All patients achieved a MGFA-PIS of at least minimal manifestations-2.
Beecher et al. [406] 2018 10 | Prospective, uncontrolled Mean MMT score reduction from 10.3 to 5.5 (P = 0.018)
.~ . . ‘ . 2 patients presented an improvement of >18 points on MMS at 12-months.
. (Car . . = < v,
Landon-Cardinal et al. [45] | 2018 12 | Retrospective, uncontrolled 55% of patients improved their MGFA-PIS
Robeson et al. [44] 2017 16 | Retrospective, uncontrolled 03% of patients achieved complete stable remission
Afanasiev et al. [43] 2017 21 | Retrospective, uncontrolled Mean improvement of MMS by 74.5 (p <0.001) vs. baseline
Peres et al. [42] 2017 4 Retrospective, uncontrolled Mean decrease in MGCS by 53% (p<0.05) vs. baseline
. . o . 91% of patients achieved an improved MGFA-PIS.
Diaz-Manera et al. [ 28] 2012 11 Retrospective, uncontrolled Decrease in the average dose of prednisone by 13.3 mg/day
Collongues et al. [41] 2012 8 Retrospective, uncontrolled Decrease of annualized relapse rate from 2.1 to 0.3 (P < 0.001) vs. baseline.
o ) N : Reduction of mean daily prednisone by 65.1%, 85.7%, and 93.8% after cycle 1, 2, and 3,
Nowak et al. [40] 2011 6 Retrospective, uncontrolled respectively and of PLEX sessions (all p values<0.05)
Blum et al. [39 2011 11 Retrospective, uncontrolled 79% of patients achieved an improved MGFA-PIS
Maddison et al. [38] 2011 7 Retrospective, uncontrolled 42.9% of patients achieved an improved MGFA-PIS
Lindberg et al. [37] 2010 5} Retrospective, uncontrolled Median decrease of 13 in QMG score
Hlaetal. [36] 2008 3 Retrospective, uncontrolled All patients achieved an improved MGFA-PIS

AChR, acetylcholine receptor; MG, myasthenia gravis; MGFA-PIS, Myasthenia Gravis Foundation of America

post-intervention status; MM, minimal manifestation; QMG,

quantitative MG; MM'T, manual muscle testing; MMS, myasthenic muscle score; MGCS, Myasthenia Gravis Composite Score; MG-ADL, Myasthenia Gravis Activity of Daily Life;
MG-Qol,, Myasthenia Gravis Quality of Life; RTX, rituximab; ns, non-significant.
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Uncontrolled  studies followed by two
nonrandomized retrospective controlled ones. Of those,
the first examined timing of rituximab therapy MG (early
administration i.e. within one year of disease onset versus
later administration). Several subgroups were examined
(earlyadministration, lateadministrationinimmunotherapy
naive patients, late administration in refractory patients,
and conventional immunotherapy). Differences were
more pronounced when comparing early administration
of rituximab with later administration in patients that
were refractory to conventional immunosuppression. In
this setting, median time to remission was significantly
shorter when rituximab was applied early (7 versus 16
months). Apart from that however, when rituximab-treated
patients were examined as one group, they fared better
than patients not treated with rituximab [61]. The second
retrospective controlled study compared rituximab with
eculizumab, the complement C5 inhibitor approved for the
treatment of AChR MG [62-64]. Although eculizumab was
more effective in improving the clinical status (achieving,
in contrast to rituximab, a reduction in QMG after 24
months; and a greater proportion of patients with minimal
manifestations-36.9% versus 12.7% with rituximab), both
groups were able to reduce thee mean prednisone daily
dosage similarly. Of interest, both drugs were safe and well-
tolerated with equal risk of severe infections [62].

As far as rituximab dosing is concerned, the more
common induction protocols that have been used include
the lymphoma induction protocol (a dose of 375 mg/m?>
repeated four times at weekly intervals, considered as
one cycle of treatment) [72] and the rheumatoid arthritis
induction protocol (two infusions of 1000 mg each, 15 days
apart) [73], however different centers have applied slightly
different versions ranging from more intense regimens (e.g.
two cycles of 4 x 375/m? 6 months apart) to lower dosing
and frequency regimens (e.g. 600 mg at months 0, 6, 12)
[74]. Interestingly, a meta-analysis found lower intensity
regimens to be equally effective coupled with less side
effects, however formal side-to-side control of high versus
low rituximab dosages in a prospective randomized study
is missing [74]. After the initial induction that can span 6
to 12 months, rituximab therapy in MG can be repeated
if clinically necessary or at regular intervals (6 months
or yearly). Of note, in multiple sclerosis and aquaporin
4 autoantibody-positive neuromyelitis optica spectrum
disorders, CD20 depletion therapy is usually administered
every six months and a prolonged CD20 B cell depletion
status is maintained indefinitely, often at the cost of late
hypogammaglobulinemia and infection [75]. In MG,
rituximab side effects were reported in less than 20%
of the patients and mainly concerned infusion-related
reactions and treatable infections, such as pneumonia and
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herpes reactivation, while hematological reactions such
as cytopenia were rare [67,69,70]. Progressive multifocal
leukoencephalopathy was reported in only one patient [43].

The positive effect described in the many case series
and prospective open-label studies was challenged by
the result of a recent phase 2 randomized controlled trial
(BeatMG — NCTO021107006) that consisted of 52 mild
to moderately symptomatic AChR MG patients. The
patients were on prednisone with or without additional
immunosuppressants prior to study entry and received two
cycles of rituximab (lymphoma protocol), six months apart.
The study failed to meet its primary endpoints (at the end of
the one-year follow up), which were a significant reduction
in daily prednisone dose as well as clinical stabilization
or improvement of the neurological status as assessed by
the standardized scale MG composite [66]. It is however
noteworthy that a post-hoc analysis showed that the
patients in the rituximab arm suffered fewer relapses than
patients in the placebo arm.

A thorough examination of BeatMG trial data may shed
light on the factors that contributed to the negative primary
outcome [76,77]: First, recruited patients had relatively mild
disease, which may have precluded significant rituximab
treatment-related therapeutic effects. Second, recruited
patients were possibly overtreated, as prednisone had to be
titrated to a stable dose prior to study initiation. The large
placebo effect that was seen, i.e.improvement in patients not
treated with rituximab, supports this hypothesis. Moreover,
steroids lower lymphocyte count, including B cells, and
may mask rituximab-associated therapeutic effect. Third,
the study may have been too short (one year) to observe
measurable differences [78,79]. Fourth, the primary study
endpoint may have not captured the rituximab effect
well (compared e.g. to a minimal manifestations post-
intervention status).

In contrast to BeatMG, RINOMAX, another phase
2, randomized controlled trial (NCT02950155) that
tested the efficacy of a single 500 mg rituximab infusion
as an add-on induction treatment to the standard of care
in 25 adult patients with early onset AChR MG (verssus
22 patients receiving placebo), succeeded in achieving
a significant difference in its primary endpoint, minimal
disease manifestations at week 16, as defined by QMG of <4
with daily prednisone of 10mg or less [65]. Indeed, 17 of 24
rituximab-treated patients achieved a QMG score of 4 with
no need of rescue treatment, as compared to 6 of 21 in the
placebo arm (p=0.007) [65]. Finally and in addition to all
of the above described trials and case series, the beneficial
effect of rituximab in AChR MG has been confirmed by
several systematic reviews and meta-analyses of these
studies, with the magnitude of the response rate however
ranging widely from 30% to 80% (Table 2) [67-71].
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Table 2. Systematic reviews and meta-analyses of CD20-mediated B cell depletion in AChR MG.

AUTHOR YEAR STUDIES PATIENTS RESPONSE RATE
Zhao etal. [67] 2021 45 91 064%

Bastakoti et al. [68] 2021 29 N/A N/D

Di Stefano et al. [69] 2020 13 165 68%

Tandan etal. [70] 2017 47 99 30%

Torio etal. [71] 2015 24 91 80.4%

N/A, not applicable; N/D, not done.

Mechanistically, rituximab does not directly target
the long-lived plasma cells (LLPC) that contribute to
production of AChR autoantibodies, but it can kill memory
B cells and may therefore prevent the formation of new
AChR-specific plasma cells that arise from continued
autoantigenic stimulation and ongoing germinal center
reactions [26,80,81]. Therefore, it is possible that two
rituximab treatment cycles in established disease are
insufficient (as in the BeatMG study), and follow-up
period of one year does not capture the clinical benefits of
the therapy [82]. Possibly in the same context, the recent
retrospective controlled study that compared early and
late administration of rituximab demonstrated that clinical
improvement manifested faster with early administration,
perhaps because less LLPCs have formed in early disease
[61]. The positive RINOMAX trial results, where recent
onset patients were randomized to one-off rituximab add-
on administration, also support this conclusion of less
LLPC presence in early disease. In refractory MG with long
disease duration, it might be the case that more rituximab
cycles are required over a longer period of time due to the
presence of more LLLPCs in the bone marrow. If this is true
one would have to preserve a CD20-depleted state and
prevenl generation of new autoantibody-producing cells
while waiting for the persistent clones to be eliminated.
Accordingly, this result might be achieved faster with CD19
depletion, found to be effective in the immunologically
similar neuromyelitis optica spectrum disorders [83],
however itslong-termsafety is yet untested. CD19-mediated
B cell depletion therapy (with CD19-specific monoclonal
antibodies and CDI19-specific chimeric antigen receptor
T cells) could both target a larger fraction of antibody-
secreting cells (compared to CD20), and additionally
target pathogenic CD20-negative memory B cells resistant
to CD20-mediated depletion [81]. Another explanation
however for the diminished effect of rituximab in MG with
longdisease duration could be adegree of irreversible deficit
of the NM.J in long-duration or refractory MG.

Although there is no definite rule as to which patients
and under which conditions will benefit from CD20
depletion with rituximab or other agents, several lines of

evidence support its carly application in AChR MG. This
however should not be interpreted as complete lack of
eflicacy in late, refractory MG. With specific regard to age,
a systematic review showed that younger age (<45 years)
was a prognostic factor for better response to CD20 B cell
depletion [70], and several further studies have confirmed
its efficiency in young [84] and pediatric patients [ 57,85,80].
On the other hand, two studies have specifically examined
the use of rituximab in elderly patients and have shown
significant efficacy in this population, thus underscoring
that rituximab should not be excluded as an option due to
advanced age [54,50]. Dosing of rituximab is also not subject
to specific rules, however a reasonable approach could be
to use smaller doses when administrating the treatment
early in the disease course (based on the RINOMAX trial
and the preceding data from Brauner et al) [61], and larger
and repeated doses in established disease with persistent
autoantibody titers, while taking at the same time caution
to not depress total IgG levels and therefore increasing
susceptibility to infection (based on data on autoantibody
titers decreasing more after each cycle of rituximab as
shown by Nowak et al [40]).

Rituximab in MuSK MG and seronegative MG

Contrary to AChR MG, there is little controversy in
regard to application of rituximab in patients with MuSK
MG, as they respond impressively to induction therapy,
with dramatic improvement, a shorter time to improvement
or complete remission, and a long-lasting treatment effect
without the need for repetitive dosing [87]. A multicenter,
blinded, prospective review, comparing anti-MuSK-positive
patients with MG treated withrituximab to those not treated
with rituximab showed significantly favorable results in the
rituximab arm, hence providing class IV evidence in favor
of rituximab use in MuSK MG patients [88]. The clinical
difference between MuSK and AChR MG response to B cell
depletion is further reflected in autoantibody titers post-
rituximab. In contrast to AChR MG titers, almostall patients
with MuSK MG receiving rituximab show a rapid (within
weeks) and marked decline in MuSK autoantibody titer.
Interestingly, the intensity of rituximab induction seems to
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be proportionate to the durability of the response of MuSK
MG patients [89], however historic clones (not efficiently
depleted by CD20-mediated therapy) can reemerge in
many cases, even with intense induction, and cause relapse
[31,90]. Finally, in seronegative MG, successful application
of rituximab in selected cases points to B cell involvement
in pathogenesis and to the fact that seronegative MG may
be ‘false seronegative’ due to the sensitivity threshold of
autoantibody detection assays [91,92].

Conclusion

Although the response of MuSK MG patients to
rituximab is impressive, the treatment should not be
dismissed in AChR MG based on the randomized controlled
BeatMG trial (NCT02110706) [66]. The combination of
trial limitations and abundance of data from uncontrolled
case series and retrospective controlled studies including
patients with AChR MG successfully treated with rituximab
(some of those studies with more patients than the BeatMG
trial), and most importantly the recent positive RINOMAX
study of early rituximab administration all lend support to
the continuation of CD20 depletion application in AChR
MG [65]. It seems clear that rituximab can still offer
significant help to AChR MG patients given its efficacy,
reasonable safety profile, targeted immunosuppression
that is relevant to disease mechanisms, and reasonable
pricing compared to the newer agents eculizumab and
efgartigimod. However, in the aftermath of COVID-19
and given that CD20-mediated B cell depletion increases
the risk for severe SARS-CoV-2 infection, caution needs
to be applied and vaccination prior to application with all
available vaccines is imperative [93].
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Survival of the Fittest

Elizabeth S. Rowe PhD MBA, Vernon Rowe MD

A tinny voice over the VHF marine radio
commanded, “State your position.”

Bud said, “Uh--unsure of position. In the Gulf
Stream. Somewhere between Marathon and
Miami.”

Silence. Then the tinny voice commanded, “State
your vessel size.”

Bud said, “Thirty-two-foot sailboat. Engine
malfunctioning. Four sick passengers.” After an
endless pause, the voice asked, “Will you accept a
commercial tow?”

Bud hesitated. He knew a commercial tow would
be expensive.

“Yes!” we all screamed into the microphone.
With this, the rescue began.

Bud and I were sailing our second bareboat charter
while still in school. We furnished our own captains (Dan
and Bud), supplied our own food, cooked our own meals, and
took responsibility for the boat, and ourselves. We planned
to pick up the charter boat in Miami, sail the Intracoastal
Waterway part way down the Florida Keys to Buttonwood
Sound, then sail back up to Miami in the open ocean.

To get to the Atlantic Ocean, we had to cross the reef
of the Florida Straits through a narrow channel, at Alligator
Reef Light. This was our first attempt at offshore sailing but
expected it to be the first of many. We planned someday to
circumnavigate the globe.

The previous year we took a four-day bareboat charter
in the Keys and loved it. After that, we studied offshore
sailing in periodicals like Sail Magazine and Yachting and
read all the books we could find. We dreamed of following in
the footsteps of Joshua Slocum, Sir Francis Chichester, and
the intrepid sailors who told their stories in the sail-cruising
magazines.

The crew was Bud, Dan, me, Jim from our previous trip,
and Al and his new wife Carolyn. Dan had been a sailor all
ofhis life and was from a nautical family. Al and Carolyn had
never been on a sailboat before, and this trip was to be their
honeymoon.

We spent hours planning meals and charting courses.
Each member of the crew planned to cook one meal onboard
and to bring the necessary ingredients. The experienced
sailors chose hot dogs and spaghetti. Carolyn planned cogq
au vin, a gourmet meal requiring extensive preparation and
lengthy simmering.

Bud and Dan meticulously plotted the course we
would take through a narrow channel between the keys
and the barrier reef which leads to the open ocean. Past
the infamous Alligator Reef light. Then they planned to sail
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north to Miami, a distance of only seventy miles. The boat
would be in the axis of the Gulf Stream and gain three and
a half knots as we sailed north. This meant seven hours of
offshore sailing.

When we arrived in Miami to meet the owner and
check out the Gulf 32 sailboat, we were told that the only
forward sail available was the large Genoa jib. The storm jib
and the working jib had been stolen the week before. Uh-oh.

Also, there was a whiff of diesel fuel from the auxiliary
engine. No big deal. Diesel fuel was not explosive. We were
cocky and eager, so we took the boat, loaded up our supplies,
and sailed out of the harbor and into the afternoon breeze.

We traveled southwest for several idyllic days, via the
Intracoastal Waterway through the Keys, in smooth waters,
with perfect winds, and beautiful sunsets. We had fabulous
coq au vin, simmered for hours on the gimballed alcohol
stove during gentle broad reaches. We had brought a guitar,
so we relaxed in the evenings over beer and sea shanties,
as we rocked gently to sleep on the anchor. The newlywed
couple was hooked on sailboat cruising, and already
dreaming about their next one.

On the day before our planned exit from usually calm
waters to the ocean, we crossed Buttonwood Sound. The
charts indicated the water there to be deep enough for our
five-and-a- half-foot draft. But on the day we sailed across
it, the water was much shallower than predicted, because a
brisk wind out of the northeast, after a frontal passage, had
blown a lot of water out of the sound. Uh-oh.

As we sailed across Buttonwood Sound, we felt the
irregular “thump” of boulders against the hull. Bud kept
the sails trimmed, and the crew sat on one side, to heel the
boat over as much as possible. We sailed across the sound
without running aground.

Then we anchored for the night in choppy waters in
the deeper part of the sound, near the narrow channel we
planned to take the next day. Just one more day, the Gulf
Stream, then home. The weather forecast was good, and we
were looking forward to some great blue-water sailing,

The weather check still sounded good the next morning,
though the forecast winds and seas had picked up. After
breakfast, we motored through the narrow channel between
theislands and through the barrier reef, into the open ocean.
We hoisted our sails as we passed Alligator Reef light.

The first sign of trouble came when we passed the light
and took up our planned heading. The ocean swells were a
lot larger than forecast. The wind direction was out of the
northeast, and scudding clouds were beginning to form in
the sky. When we entered the Gulf Stream, the updated
forecast was for a higher wind, bigger swells, and small craft
warnings. But we were committed; there was no way to find
our way back to the channel through the reef, even if we had
wanted to.

To make matters worse, the wind was in the opposite
direction to the axis of the Gulf Stream, so the current at the
surface became zero. Further, the wind created choppy seas
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and a huge swell.

If we'd had it, we would have used a storm jib, so we
could head up higher into the wind. But we didn’t have
one. It had been stolen...So the genoa jib forced us to sail at
greater angles to the wind and reach further into the ocean
with each port tack. Our progress toward Miami slowed to
acrawl.

We had planned to navigate following our nautical
chart using specific landmarks along the shore. But as we
sailed further and further from land, and as the swells got
bigger and bigger, land disappeared. All we had was dead
reckoning and the seat of our pants to find our way to Miami.

At eleven in the morning, Carolyn was the first to
succumb to seasickness. The rolling of the boat, fear stoked
by the strong wind and swell, and our resulting heel, all
played their part. She was not prepared for the lee rail to be
under, and for big waves to break over the bow, spilling into
the cockpit.

I have never been seasick in my life, but after Al,
her husband, and Jim joined her, I became seasick too.
We all retreated to the cabin with buckets. Al and Jim
crouched on the benches, while Carolyn and I crawled
into the bow berth, sharing a bucket between us.
After a couple hours of watching waves crash over the clear
hatch cover, Carolyn whispered to me in tremulous voice,
“Is there any chance at all that we will survive?”

Surprised, I said “Wow! I didn’t know you were so
worried! We are going to be fine! We are just going to be
misecrable for a while.” T didn’t say aloud the thought that
crossed my mind, that it would be ironic if we were lost
at sea the same day Dwight Eisenhower died. When 1
recovered enough to go topside, I looked at Bud and he
seemed cheerful and confident. But he didn’t quite meet my
eyes. He asked, “How is everybody doing down there? This
is great sailing!”,

I said, “They will live. How is it going? How far are we
from Miami?” “Unhhh...well, we are not sure exactly where
we are—we can’t see the markers on the shore. If we head
closer to the reef, though, we could rip a hole in the hull with
a coral head.” “But,” he said confidently, “No problem. We
know we are heading in the right direction, and we will find
a good landmark soon.” Then he said as he looked away,
“Anyway, we know that Miami is up ahead somewhere, and
we can’t miss it.”

[ felt better getting out of the cabin and into the cockpit,
so | stayed there and tried to help. The wind was strong
against the sails and was increasing and whistling through
the rigging.

Clouds raced along the horizon. It was good sailing, all
right. Maybe too good. For the passengers huddled in the
cabin below, however, as they heaved into a bucket, their
only thoughts were surviving the misery.

Bud and Dan did all the work, with a little help from
me. I partially recovered, but our passengers stayed sick. I
moved between the pitching cockpit and cabin, carrying an
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occasional sandwich for captain and crew topside. We had
only an occasional glimpse of land, surrounded as we were
by the seething ocean.

Al and Carolyn held hands as they gazed heavenward
through the clear hatch cover.

Bud eventually started the diesel auxiliary to help keep
the boat pointed closer to the wind, and to keep some charge
on the battery. But diesel fuel began to leak into the bilge
and was thrown onto the floor of the cabin by the engine
flywheel. The cabin floor became slick as grease.

For what seemed like an eternity, we slogged on, with
the smell of diesel fuel permeating the pitching cabin. The
beauty of the ocean and sky was gone. Its enraged terror was
unleashed. It was a matter of survival for all of us.

It was late afternoon when Bud and Dan declared our
emergency, broadcasting on the hailing channel.

The tinny voice on the radio said “Acknowledged. Stand
by”. And stand by we did, for hours.

The suffering crew were overjoyed that help was
coming, and our ordeal would be over. Bud and Dan stopped
trying to sail upwind and stowed the oversized jib. We still
bobbed like a cork on the seething ocean.

As we awaited our rescue, the engine continued to
cough away. But we all felt a huge sense of relief. The Coast
Guard said they were sending a plane, homing on our radio
signal.

After several hours of staring into the sky, just before
sunset, we saw a small plane circling high above us. Over
the radio the pilot said he saw us, and everyone came to the
cockpit to cheer. He said he would continue to circle above
us and guide a cutter to our location. We expected that to be
any minute. But as it turned out, it took a lot longer.

Bud asked the pilot to say our location, so we could
place ourselves on the nautical chart. After a pause, he gave
us our coordinates. They were so far from our intended
course that Bud and Dan thought they must be wrong.

Battery power was getting low, so the pilot told us to
turn off the radio. We'd need to talk with the cutter captain
when he arrived.

And so, we waited in the dark for our rescue. Bud and
Dan were clipped to the lifeline topside, while the rest of us
huddled below in the cabin. The wind velocity decreased,
but the boat still lurched on the huge swell.

Finally, about midnight, a floodlight appeared out of the
darkness. It was the Coast Guard cutter, Cape Knox. Her
stern looked huge, towering above us.

We were happy to be rescued at last. We hoped we
would be taken aboard the cutter and whisked back to
civilization. But ahead lay one of the toughest nights of our
lives. With both boats pitching and rolling as they were, the
captain said it was unsafe for a Coast Guard midshipman to
board us. He planned to tow us to Miami, and we would have
to handle our end of the tow rope.

After several attempts, Dan caught the two-inch hawser
pitched over to us, and attached it to the foot of our mast.
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Bud struggled at the helm to keep the boat in position.

We had to keep the boat directly behind the cutter,
with the hawser taught and always on the port side of the
forestay. The cutter would tow us “above hull speed,” to help
us maintain our position, and keep the hawser taught. If we
relaxed for a second, the hawser could swing around and
snap off the mast.

Bud and Dan took turns at the helm every hour. They
were exhausted and wet from the effort and spray. In the
dark night, lit only by the spotlight of the Cape Knox, they
kept the hawser taut and our boat in its necessary position.

The rest of us collapsed below in the dark, lurching
cabin, with its diesel stench, as the boat slammed from one
huge swell to the next. “BLAM!” “BANG!” came the sounds
from the cans in the cabinets, as they were tossed with every
wave.

We braced ourselves, as best we could, drenched,
groggy, and sick, as we were dragged across the sea. The
ordeal lasted the rest of the night, as we struggled in the
violently pitching sailboat.

As dawn was breaking, the lights of Miami appeared on
the horizon. We all began to cheer and shout. Our fatigue
vanished, as we hugged cach other.

When we arrived at the pier, we staggered up on to
the dock. A young man in khaki pants and a blue shirt
approached us and asked who the skipper was. Bud came
up and introduced himself. The young man said he was the
pilot who had found us and circled above, guiding the cutter
to our location. He said he was glad to see us safe.

After thanking him profusely, Bud asked him about the
coordinates he gave us, since they were so far from where we
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thought we were. The young pilot said, “Yes, well we have a
hard time knowing where we are up there,” and smiled as he
walked away. He probably didn’t have the heart to tell us just
how lost we really were. It was years later we realized that
those coordinates were probably correct.

The Cape Knox circled around as soon as she dropped
us off at the dock. Before we left the little sailboat for good,
Bud broadcast on the hailing channel: “To the Captain and
crew of the Cape Knox: We are alive because of you. Thank
you.” Those are joyous words, even today.

As the years went by, we continued to sail on many
cruises and bareboat charters. We even owned our own
sailboat on the Chesapeake. We have had many other
boating adventures, the subjects of many another story.

But since that trip, our sailing has always been on
inland waters like the Chesapeake Bay, Puget Sound, and
the British Virgins. These are protected waters. We never
dreamed of sailing offshore again, or of circumnavigation.
The ocean is a very unforgiving place, especially for the
ignorant and unaware.

Our Sail Magazine subscription lapsed, and we moved
to Kansas, where we live today. Though as soon as our sons
reached sailboat age, we took them on their first bareboat
charter. In protected waters, and always in sight of land.

A Wikipedia entry shows the Cape Knox is a 95-foot
Coast Guard cutter. Under her current name, Yoshka, she
sails the waters of the Galapagos Islands, patrolling against
poachers of sharks and whales. Protecting and ensuring the
survival of the fittest. As well as the lucky.
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Under the Watchful Eye of the Knife
Michael Abraham
University of Kansas Medical Center

Kansas City, Kansas

I walked in, I came in, the same as I ever did.

I spoke, I explained, we discussed, you and me.

Like all before, I did the same.

Focused but was [ out of focus?

No ill will.

The writing all over the wall.

I see my flesh. Running around. Have I let them down?

The solace they bring, the everlasting comfort from their eyes and voices.
How much longer can I play these songs?

The weight of the chords coming crashing down.

Dizzy but at no height.

Pulse flickering up and down.

Head swimming.

Who do I cry to? The reflection staring back at me.

Can someone make it go away?

Though no ill will the ill feeling lingers and weighs.

In the doors or outside, the clock is always on, always ticking.

Sometimes [ want to escape this never-ending spherical chamber but alas this is my home.

[ am a father.
Amen.
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Internal Medicine: A short story written
during medical school

Vincent Czerwinski

Student, University of Kansas Medical Center

After along shift, Rick was desperate to have some time
to himself. He walked slowly across the beach- the spot he
always found himself drawn to in the brief interlude between
shifts. e spent a precious moment of time off absorbing the
sights and sounds of the coast. Not that there was much to
see, covered under the blanket of night. I could be anywhere
in the world, Rick thought to himself. Do I really want to
spend my moments off at [the beach]? Rick looked down
and saw a hermit crab scuttling across the sand. Picking
it up, he turned the animal over to inspect its legs. Instead
of the flailing appendages he expected, Rick found himself
looking at the exposed, undulating foot of a conch. Despite
the intrusion, the creature made no attempt to cower in its
home. The slimy foot bulged impossibly outwards, at once
totally extruded yet still stably adhered to the carapace.
Rick quickly tossed the shell on the ground and began
walking away. It wasn’t a luSignal according to the book, but
Rick knew his time was limited.

Suddenly, Rick found himself back in the Emergency
Department of New Langone Medical Center. Even if
inexorably chained to the institution, he couldn’t help but
appreciate the modern, minimalist design of the academic
center. Staff milled around him tending to patients, passing
by him as if he didn’t exist. That qualified as a luSignal-
inarguably. He looked up at the clock and noted that the
seconds hand failed to move forward. Another luSig.

Sighing, Rick pinched the skin on his forearm, lifting
it two inches. When he let go, it remained elevated, as if
suspended by an invisible clamp, instead of returning to a
relaxed position. No avoiding the inevitable. How long had
his break been? Not more than an hour. Rick navigated his
way into an unoccupied room in the department and shut
the door behind him. The sparsely decorated space featured
a neatly folded bed, vitals monitoring equipment, and a
bedside table.

“Dr. Rick Martin, clocking-in,” he said to no-one in
particular.

“Dr. Martin,” came a voice from nowhere in particular.
“You know the protocol, two luSignals and it’s time to
acknowledge.”

“Was I over?” Rick asked innocently.

“The hermit crab,” the voice responded matter-of-
factly, “that turned into a conch.”

“I'must have missed that.”

“We both know you didn’t, Dr. Martin.” The voice
continued, “Just because it’'s not formally documented
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doesn’t mean it’s not a luSignal. The disciplinary committee
will almost certainly understand it to qualify under the
category ‘transforming object.” If you continue to be tardy
for your lucid shift then your transgressions will be formally
documented and filed,” the voice paused. “Again.”

“I understand. I'm lucid now, let’s begin. As I recall,
there were five patients needing management before I went
to sleep. We'll start with Mrs. Barnette.”

“Julia Barnette, age 64,” began the voice. “Presented
to the Emergency department with a chief complaint of
pain upon urination.” As the voice spoke, Rick visualized
the patient in the previously empty bed before him. There
was a pause as the computer with whom Rick was speaking
to accessed the patient’s records. “Her vital signs are
significant for blood pressure 91-over-65 and fever of 101.3
degrees Fahrenheit.” The array of monitors at the patient’s
bedside came to life reading out the vitals as the computer
relayed them. “Physical exam revealed a costovertebral
angle tenderness.” The patient clutched her flank. “Patient
reports no hem-"

“I remember her now,” Rick interrupted. “Kidney
stones. Likely infected. Urology didn’t want her?” As he
spoke, the rest of the patient’s details manifested themselves
in his imagined room. She had frail skin, silvery white hair,
and forlorn resignation that accompanied those who knew
that hospital visits were a new fixture in their lives.

Another pause from the computer as it analyzed the
Urology note. “They were of the opinion that the stones
would not require specialty care, as hospital guidelines state
that stones under 5Smm are to be passed without surgical
assistance.”

“Any update on urine or blood cultures?”

Another pause. “Microbiology has yet to update.”

“Ok, let’s continue to treat possible infection
empirically, maintain fluids, and administer fentanyl for
pain control.” Rick continued, “Petition Urology once more
as this patient’s complications warrant specialty care. If 1
have to, I'll cart her over there myself when I'm awake.”

“I'll update the orders.” Another pause. “Nursing has
received.”

And so, they continued their work. Rick’s fifth and final
patient was Mr. Kyle Palmer, an 11 y/o boy having an allergic
asthma attack. Upon sending orders for epinephrine and
concluding his treatment, Rick turned to leave.

“Ok, that’s it for me,” Rick announced.

“Thank you, Dr. Martin,” replied the voice. “Have a
good rest of your night.”

Rick stepped out of the room and back onto the beach.
Back when Rick had first been taught to lucid dream, he
would have treasured these few moments- when the lucid
shift was concluded, and the rest of the dream was available
to explore. Now, modifying the content of his dream only
reminded Rick of work, and so he accepted whatever his
subconscious served to him. Enveloped in night, he walked
towards the waves and sat down as he always did: at the
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point where the breaking waves just reached his feet. Rick
sat motionless on the beach. The tide progressively rose
until he was up to his neck. Rick sat motionless. The tide
splashed against his face and eventually covered his head.

Eventually, Rick woke up. He was in his office, in
New Langone Medical Center. The clock read 5:27AM,
and the seconds hand was moving predictably forward.
Rick pinched the skin on his forearm, and when released
it relaxed. He sat up and began removing the meshwork
of electrodes covering his scalp. Once off, he looked at the
device in his hands. This was DreamCAP, the advancement
which enabled him and other professionals around the
country to work their lucid shifts. The machine transmitted
information to the user through direct stimulation of the
auditory nerve, enabling communication to people as they
slept. DreamCAP also traced the pattern of cortical behavior
and processed these signals into responses. All Rick had
to do was recognize he was dreaming, and he could begin
lucidly communicating along a two-way channel. The wires
connecting the electrodes converged to a thick cord which
fed into a processing station on his desk. This processing
station connected to the hospital database, providing a
feed of patient information. Finally, the problem of doctors
not getting enough sleep had been solved. A display on the
processing station displayed the message ‘Remember to
enjoy your shift.”

Rick grabbed his hygiene bag and headed down the
hall to the bathroom. In the bathroom, Rick began brushing
his teeth. He looked at the mirror. Dark circles hung
beneath his eyes. The harsh angularity of the lines on his
face contrasted with the soft glow and rounded edges of
the chic bathroom. There are worse prisons, Rick thought
to himself, in an attempt to psyche himself up for the next
shift. Working through your dreams decreased the quality
of sleep, that much was clear, but it also enabled the hospital
administrators to skirt the 80-hour work week maximum
that had been imposed following the nationwide adoption
of the Libby Zion Law. In the increasingly burcaucratized
healthcare system, time spent working while awake was
categorized, billed, and counted separately than work done
while dreaming. The toll extracted from physicians was one
of the few similarities between the two types of work.

Rick finished washing himself and packed away his
hygiene bag. He returned from the bathroom to his office
where he made a cup of coffee and finally headed back to the
Emergency Department. As he walked through the halls,
he acknowledged his coworkers with a curt nod and was
pleased to see that they responded in turn. Upon arriving
in the ED, Rick approached James, the colleague who had
been covering the conscious shift.

“Dr. Hartman,” said Rick.

“Dr. Martin,” replied James.

“Did I say anything weird in my sleep?” joked Rick.

“Ha-ha” responded James. “Thanks for petitioning
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kidney-stones to be transferred to Urology, I don’t know
why they didn’t take her the first time.”

“Must’ve been half-asleep when they were looking at
her.” Another well-worn joke between the two of them.

“The only other matter is the fifth patient on your
docket, Kyle Palmer.” Seeing Rick’s confused expression
James continued, “I looked at the neurolog from your
lucid shift, it seems like you disconnected after your fourth
patient.”

Rick was confused. He clearly remembered treating the
young man. “Allergic asthma, right?” Rick asked. “I sent in
orders for epi.”

“That is Kyle Palmer,” replied James, “but nursing
never got the orders. Don’t worry too much about it, Rick.
I went in and managed it myself.” There was a moment
of silence between them, as both physicians processed
the implications of this finding. “Maybe recalibrate your
DreamCAP. I've had some trouble with mine as well. Still,”
James thought out loud “I wonder why you remember
seeing them.”

“Who knows?” Rick said brusquely, ready to move on.
“I'll worry about it later. Thanks for covering Palmer.”

“No problem,” responded James as he rose from his
desk and began to leave. “Remember to enjoy your shift.”

Rick worked methodically through his patients during
the day. After this conscious shift was done, he only had one
more cycle of sleep-conscious shifts and then he would have
the rest of the week off. He might actually head to the beach.

With another five minutes remaining in his shift, Rick
still had four patients to attend to. He'd managed time well
today, despite the quickly compounding exhaustion. He
could see another patient during his conscious shift and
then manage the three remaining ones lucidly. With so few
patients he might actually get a good night’s sleep. Rick’s
next patient was in room 26C- Micheal Rodruigez, age 34.
Vitals were unremarkable, save for an elevated heart rate.
The intake nurse had noted that Rodruigez dislocated his
right shoulder, apparently ‘while putting his shirt on.” With
a sense that this case would be fairly cut-and-dry, Rick
headed into the room. An X-ray had been ordered and the
technician was on the way over.

“Mr. Rodruigez,” said Rick, invigorated by the
recognition of a familiar patient “good to see you again.”

“Hello doctor,” said Micheal. “I'm sorry to bother you
again like this.”

“It’s not a problem, we'll be able to get you sorted out.”

“It feels like it’s happening more and more.” Micheal’s
normally upbeat voice betrayed his concern. “So make sure
you really get it right this time.” He joked.

“The more it happens the worse it'll be,” explained Rick.
“The socket will wear down and it’ll fall out more and more
casily. How did it happen this time?”

“I was playing soccer and all of a sudden I just felt it
happen. Then I called my friend who drove me over.”
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Rick mentally noted the inconsistency in the story- it
was out of character for Micheal to lie. “Well, you know the
drill,” he said to Micheal “we’ll get an X-ray, give you some
pain meds and pop it back into place.” As if on cue, the X-ray
technician arrived and began gingerly positioning Micheal
for his X-ray. “Theyre going to take some pictures, ok?”
Rick said, exiting the room.

Once outside, Rick pinched the skin on his forearm.
When released, it sloughed back down. So Micheal was
being deceitful. Rick flagged down a nurse.

“Prepare propofol for the patient in 26C,” Rick
instructed the nurse “and let’s also grab some ketamine, just
in case.”

“You got it, doc,” the nurse replied, moving to grab the
anesthesia.

Rick went back to 26C and inspected the X-ray tech’s
film. Textbook right anterior dislocation. “Shouldn’t be
too hard to get you fixed up,” Rick said walking over to
Micheal. “Just try to be careful with it, like I said- it'll only
happen more frequently.” The nurse, having prepared the
medications, entered the room. “Let’s start him off with
[high dose] of propofol.”

The nurse attached the syringe full of the milky white
anesthetic to Micheal’s IV. As the drug entered his system,
Micheal’s eyes fluttered, and he relaxed. With Micheal on
his back, Rick gently placed Micheal’s right arm against his
side, and held Micheal’s elbow bent 90 degrees extended
forward. Rick glanced at Micheal to make sure he wasn’t
in excess pain, and not seeing any obvious distress, began
slowly rotating the forearm away from the midline.

“I'feel it! I feel it!” exclaimed Micheal, suddenly tensing
up.

“Ok, Micheal, just relax,” said Rick. “Breathe with me:
in-and-out, in-and-out.” Turning to the nurse, Rick said
“Another [moderate dose].”

The nurse pushed in Propofol. Micheal seemed to
relax, but when Rick started rotating his arm again, he cried
out, “I still feel it! I feel everything!”

“Another [moderate dose],” said Rick, still holding
Micheal’s arm. The nurse complied. Rick waited for
Micheal to relax, but fear had settled upon Micheal, and
Rick could feel the tension in his patient. The clock was
ticking, and every second that went by, Rick was one step
closer to the propofol being metabolized and no longer
controlling Micheal’s pain. Rick briefly wondered if Micheal
was lying about the pain, hoping that a shot of fentanyl was
in his future. “Let’s try one more, same size.” After amoment
of hesitation, the nurse complied, and pushed almost all of
the remaining drug into Micheal’s arm. Rick paused for a
precious second and then gradually began to move Micheal’s
arm once again.

“Doctor, I still feel it! T feel everything! It hurts, doctor,”
Micheal wailed, resisting with all his might against Rick’s
attempt to rotate. “Please doctor, the pain- help me!” Tears
ran down the Micheal’s face. Probably not faking.
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“Give him the ketamine, [high dose],” Rick told the
nurse.

The nearly-depleted syringe of Propofol was exchanged
for a new one, containing a clear liquid. The substance
entered Micheal’s arm, and Rick felt him relax. Expression
vanished from Micheal’s face as the dissociative took hold.
Rick began moving Micheal’s arm once again.

“I feel it, I feel it, I feel it,” Micheal whispered. Despite
the protest, Micheal’s arm remained relaxed. Rick continued
to rotate, feeling for the socket. “I feel it, I feel it.” Rick
persisted, and eventually the tension gave way. The shoulder
snapped back into position with a satisfying “thunk.” Relief
washed over Rick. He waved in the X-ray tech, who had
been waiting in the hall.

“I'm almost positive it’s back in place, but let’s take a
picture just to cover our bases,” Rick said to the tech. “You're
good to take off, thanks for your help,” he said to the nurse as
he stepped outside the room.

The X-ray tech re-imaged Micheal’s shoulder. “Man,
this guy is really out of it,” he said to Rick.

“What's he saying?” asked Rick.

“He just keeps repeating: ‘I see myself, I see myself,”
responded the tech.

“Ketamine is a helluva drug,” conceded Rick. “Propofol
wasn’t doing the trick.” The tech finished his shot and
walked out of the room joining Rick outside.

“Looks pretty good,” the tech stated.

Rick examined the new X-ray. “It’s back in. You want to
take alook at him again?”

“Sure, no one else needs an X-ray shot right now,”
agreed the tech.

The two walked back into the room. Micheal, still
deep in his dissociation, turned to the tech, “I see us. I see
myself, with my arm back in place. I see you, with the X-ray
machine.” Micheal turned and looked directly into Rick’s
eyes “I don’t see you, doctor. Youre not here, doctor.”

If Rick was unsettled, he didn’t show it. “Ketamine is a
helluva drug,” said the tech.

“Helluva,” agreed Rick. “Well, that’s the end of my shift.
Thanks for your help.” The two turned and began to leave
Micheal’s room.

“Doc,” declared Micheal from his bed, “you’re not here.
You're at the beach.”

Rick closed the door of 26C. The tech walked away
from Rick, without saying a word. Rick’s coworkers slipped
by him, as he stood mutely. A luSig? Rick thought to himself.
He looked down and pinched his arm. He let go and the
skin relaxed. All at once, Rick became acutely aware of how
exhausted he was. Rick grabbed his lucid shift patient list
and scanned the contents as he walked back to his office.
Upon reaching his office, Rick pushed against the bar of the
door. It wouldn’t budge. Rick was surprised, he never locked
his office door. The most expensive object in the small space
was his DreamCAP, and Rick would be thankful to find the

60



object stolen. Rick pushed the bar once again. Still, the door
didn’t move. Rick looked down at the mechanism and saw
his error- the door had a handle. Rick turned the knob and
the door yielded. Rick tested his forearm again. Once again,
it relaxed back down. Rick entered his room, collapsed into
his chair. As his eyes closed and the world faded around him,
he saw the glowing monitor on his desk display ‘Remember
to enjoy your shift.

Rick was back at the beach. He knew a few minutes to
enjoy before the computer called him into work. As long
as he stayed on the beach, he’d be able to feign ignorance-
pretend not to see the signs indicating he was dreaming,
Rick sat at the water’s edge and allowed the waves to
gradually rise. A wave hit his open eyes, and when his vision
cleared, he was in New Langone Medical Center. Damn the
luSigs, Rick thought, pinching his arm. The skin remained
predictably elevated. “Ok, computer,” Rick called out. “Let’s
get this over with.”

“Welcome back Dr. Martin,” said the computer.

Rick strode into the department room where he would
visualize his patients. “Three on the docket, let’s deal with
Karen Fisher.”

“Karen Fisher, age 34,” began the voice. “Presented
to the Emergency department with a chief complaint of a
new rash covering her hands and upper legs.” As the voice
described the patient, Rick walked to the bed and yanked
away the covers. He saw an array of angry red boils covering
the patient’s arms and legs.

“Sexual history?” Rick asked bluntly.

A pause. “Since breaking up with my boyfriend last year
I've had nine new partners,” said Karen.

Rick consulted a lab-print out that had materialized at
Karen’s bedside. Platelets: 151, D-dimer: 47, PT: 2 seconds.
Normal clotting, Rick thought to himself. White blood
cells: 15, ESR: twice normal level. Likely infectious. STD?
“I suspect this is syphilis,” Rick announced. “We'll order
a confirmatory test and circle back for treatment. In the
meantime, we'll begin IV penicillin prophylactically. Any
questions?”

The computer said nothing.

“I'll go ahead and order the medication then, and I'll
check in on the lab results later,” said Rick clearing the
encounter from his mind.

Rick prepared himself for the next encounter.

“Next patient Robert Perry, age 46,” announced the
computer. “He is currently sleeping. Presented with diabetic
metabolic acidosis. Patient received IV fluids and insulin.”

Rick approached the bedside and once again regarded
the materializing lab sheet. Na+: 141, Cl-: 106, HCO3-: 23.
141-1006 - 23 =12, Rick though. 12 s less than 15. Non-anion
gap. Seems like the treatment is working. “Well, as long as
the patient is not in anion-gap, there doesn’t appear to be
the need to modify treatment,” said Rick. Easy enough.
“Maintain insulin and hydration, if the patient’s condition
worsens redraw labs-".

Art Stuff

“Rick, get the fuck up,” said the voice of Dr. James
Hartman. “Wake up Rick.”

Rick was confused. It wasn’t like Dr. Hartman to send
direct transmission via DreamCAP, and even rarer for him
to swear while doing so. The room where Rick was working
began shaking, and suddenly he was torn from his dream
and looking his colleague in the face. “Wha-?”

“Rick, your neurolog was empty,” said Dr. Hartman.
“What's going on?” Dr. Hartman looked at Rick’s desk. “You
didn’t even put your damn DreamCAP on before you went
to sleep!”

“I- T don’t- I was in the rooms with the patients!” said
Rick. “Karen Fisher, Robert Perry. I saw both of them!”

“Christ,” said James. “You dreamt it, Rick. You never
even put your cap on. Listen, I'll call in Rebecca, but help
with patients until she gets here.” James paused. “And figure
out what the hell is going on with your DreamCAP. We can’t
afford to have you dropping shifts like this.”

Rick nodded. “T'll head there right now.” The two
physicians walked together in silence back to the emergency
department. Once they arrived, James handed Rick a sheet
of patients. Rick headed towards the room where Karen
Fisher was. Rick walked into the room.

“Name and age?” he asked.

“Karen Fisher, age 34,” began the patient.

“You presented to the Emergency department with
a chief complaint of a new rash covering your hands and
legs,” said Rick, walking to the bed. He yanked away the
covers and saw an array of small purple bruises covering the
patient’s legs.

“Sexual history?” Rick asked bluntly.

A pause. “Since breaking up with my boyfriend last year
I've had no new partners,” said Karen.

Rick consulted a lab-print out that had been placed at
Karen’s bedside. Platelets: 49, D-dimer: 741, PT: 6 seconds.
Normal clotting, Rick thought to himself. White blood cells:
7, ESR: normal level. Likely infectious. STD? “I suspect this
is syphilis,” Rick announced. “We'll order a confirmatory
test and circle back for treatment. In the meantime, we'll
begin IV penicillin. Any questions?”

Rick heard nothing.

“I'll go ahead and order the medication then, and
someone will check in on the lab results later,” said Rick
walking out of the room.

Rick walked into the next encounter.

Next patient Robert Perry, age 406, thought Rick as he
inspected the sleeping man. Patient presented with diabetic
metabolic acidosis. They received IV fluids and insulin.

Rick approached the bedside and once again regarded
thelab sheet on the bedside table. Na+:142, Cl-:105, HCO3-
:18.142-105 - 18 = 12, Rick thought 12 is less than 15. Non-
anion gap. Seems like the treatment is working. Well, as
long as the patient is not in anion-gap, there doesn’t appear
to be the need to modify treatment. Easy enough. Rick left
the room and approached the nurse, “Maintain insulin and
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hydration, if the patient’s condition worsens redraw labs.”

Rick worked through another two patients. As he was
headed towards his third, Dr. Hartman intercepted him.
“Rick,” he said, “syphilis? For Karen Fisher? She has DIC
Rick- an internal bleeding crisis. How did you not catch
that? Did you not look at the bruises all along her legs, or her
labs? I had to admit her to the ICU. She’s not going to make
it. And Robert Perry,” he continued, “he’s clearly in anion
gap. I had to call anesthesiology to intubate him.”

“What?” protested Rick. “I calculated it. He wasn’t
in anion gap. And Karen- she didn’t have bruises, she had
syphilis lesions.”

“Look Rick, Rebecca just arrived,” said Dr. Hartman. “I
don’t know what to tell you. Maybe after you get some sleep,
you should look back at those patients’ charts again. You're
cut Rick. Christ,” exasperation crept into James™ voice.
“You've done enough damage for one night.”

Rick left the Emergency Department and went to
his car. He pinched his forearm. When released, the skin
sloughed back down. This nightmare was real.

Back at home, Rick dug around his nightstand. He
found the syringe: Dremantidone. Developed shortly after
the widespread adoption of DreamCAP, the drug was a
combination of Zolpidem, commonly sold as Ambien, and
a THC-analog. While not psychoactive, the THC derivative

Art Stuff

capitalized on a side-effect of the drug: inhibition of dreams.
Rick inserted the needle into his arm and pushed the elixir
into his bloodstream. As he tipped back and the world faded
to black around him, Rick felt relief. Finally, he could escape
the hell of these last few days in the blanket of a dreamless
night.

Yet somehow, despite the drug, Rick was back on the
beach. Exasperated, he pinched the skin on his arm. Upon
seeing the result, he resignedly turned back to the beach.
The ocean lapped gently against the shore. Rick felt himself
pulled inexorably towards the swelling sea. Enveloped
in night, he walked towards the waves and sat down as he
always did: at the point where the breaking waves just
reached his feet. Rick sat motionless on the beach. The
tide progressively rose until he was up to his neck. Rick sat
motionless. The tide splashed against his face and eventually
covered his head.

When morning broke, Rick was still on the beach. The
tide had receded so that Rick’s body was visible once again.
The waves had drawn Rick deeper into the sand, so that only
his head, arms, and torso were exposed. Seaweed matted
Rick’s hair, and crabs scuttled about Rick’s corpse, picking
away at their newest bounty. Rick’s lifeless face was placid.
The skin on his forcarm was suspended- as if pinched by
invisible fingers.
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Book your trip!
It’s time to register for the 24" Annual NMSG Scientific Meeting

24th Annual NMISG Meeting

will be held in
Orlando, Florida

September 22-24, 2023

Amedco LLC designates this live activity for up to 12.00 CME credits
AMA PRA Category 1 Credits

Draft Meeting Agenda

**ALL NEW**
YOUNG INVESTIGATORS SESSION

This year's Planning Committee has been working very hard on our Young Investigator session (held at the Annual
Meeting) and topics may include:

e How to give an effective elevator pitch
e Tips for successful Grant Writing
e Failing well, overcoming rejections, criticisms and changing direction

Commiitted sponsors of the 2023 meeting to date are: UCB, Argenx, Sarepta Therapeutics, Fulcrum

Therapeutics, PepGen Inc, NMD Pharma, PTC Therapeutics, Dyne Therapeutics, Amylyx Pharmaceuticals,
Amicus Therapeutics, Janssen Biotech Inc.

**** Abstract Portal is OPEN. All accepted submitted will be published in this
Journal. Deadline for Abstract submission is June 15t, 2023 ****



https://neuromuscularstudygroup.org/events/2023-neuromuscular-study-group-annual-scientific-meeting-2/
https://neuromuscularstudygroup.org/wp-content/uploads/2023/05/2023-NMSG-Annual-Meeting-Outline-DRAFT.pdf
https://neuromuscularstudygroup.org/abstract-submission/
https://book.passkey.com/gt/219063862?gtid=ad4981b909a7531d3e4d41d77470d220
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