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Letter from the Founding Editor for
Volume 6, Issue 1

Richard J. Barohn, MD

Welcome to Volume 6, Issue 1 ofthe RRNMF NM.J, our
first issue of 2025. In this issue you will find the following:

‘We have editorials from both Dr. Josh Freeman and Dr.
Don Frey, who are both retired chairs of family medicine
and they continue to provide inciteful views on medicine
and life both in the USA and beyond.

In our new original papers, Dr. Mandeville and
colleagues in Massachusetts describe findings of near
fiber EMG in a cohort of myasthenia gravis patients.
Drs. Mahmood, McKee and Yuebing Li describe their
experience of detecting a lymphoproliferative disorder
in twenty patients with motor neuron disease. Grace Li
and colleagues report on their database search on articles
describing stem cell therapy for myasthenia gravis.

In the Case Reports section, Dr. Ortiz-Guerrero
describes the challenges of a case of MRI negative myelitis
associated with myelin oligodendrocyte glycoprotein
(MOG) antibodies. And the teams at the University of
Missouri, of which I am a member, have two case reports.
One led by Dr. Ketabforoush and colleagues about a case
of facioscapulohumeral dystrophy (FSH) and myasthenia
gravis (MG) and a review of the literature of similar cases
with co-existent diseases. And the other first authored
by Janie Bruce and a number of colleagues describing a
patient with inclusion body myositis who lost their finger
prints, also known as acquired adermatoglyphia. In the
review article section, we again publish a transcript from
the neuromuscular course I and a number of colleagues
have put on around the country for over a decade. This
transcript with power point slides is the lecture on the
neuromuscular junction and covers MG and the Lambert-
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Eaton myasthenic syndrome (LEMS).

Finally, the cover art for this issue again comes from
the University of Missouri Museum of Art and Archeology.
It is a wonderful still life by the American artist Claude
Raguet Hirst. It is on permanent display in the museum
and I have become a big fan of not only the museum but
of this painting in particular showing an arrangement of
antique books and a bowl, vase, and little figurine. I am
very glad that Deputy Museum director Marie Nau Hunter
has provided a more detailed description of the work and
was able to once again get permission for us to highlight a
work from the museum. In her piece she also describes the
museum at Mizzou and welcomes all who come to campus
to visit. It is a gem right in the middle of campus.

We are also very pleased to add a new associate editor,
Dr. Dipika Aggarwal. Dr. Aggarwal is a neurologist at the
University of Kansas Medical Center and was once one of
my residents and fellows. We are glad to have her on board
the team. We also have added a University of Missouri
medical student as a copyeditor, Alana Labaschin. Another
new member is Michaela Duran who is serving as our
Undergraduate Editor. She replaces Lauren Peck who
graduated and is about to start PA school. Thank you Dr.
Aggarwal, Alana and Michaela, and Lauren. We will be
adding additional medical students in the near future as
some of our current student editors will near graduation.

The NMSG 26th Annual Scientific Meeting will
be held in Stresa, Italy, September 26-28. The abstract
submission portal is open and will close on June 1. Travel
funds are available for the highest scored non-industry
abstracts. More information can be found here.

Finally, we would like to thank our reviewers who
kindly helped us in doing reviews of submitted manuscripts
in 2024. A list of the reviewers is listed on the following

page.

Rick
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Dark times for public health and
healthcare: Will the insurance industry fix
itself?

Joshua Freeman, MD

This article originally appeared in Dr. Freeman's blog,
“Medicine and Social Justice.”

https://medicinesocialjustice.blogspot.com/

It’s an exciting time for both health care and public
health! Anything is possible, and if it isn’t yet, it soon will
be! On the public health front, President-elect Trump has
nominated Robert Kennedy Jr. for the position of Secretary
of Health and Human Services. Kennedy has long been
what is generously called a “vaccine skeptic” and his lawyer,
Aaron Siri, has sued the Food and Drug Administration
to revoke the approval of the polio vaccine. Although the
NY Times article says ‘Like Mr. Kennedy, Mr. Siri insists
he does not want to take vaccines away from anyone who
wants them. “You want to get the vaccine — it’s America, a
free country,” this is disingenuous. If the FDA approval is
revoked, nobody will be able to get it.

I have written recently about the importance of
vaccines, especially polio and measles, in preventing
disease and death (Raw milk, vaccines, and RFK, Jr: Some
dates worth remembering, Nov 15, 2024). A series of
letters to the Times in response to this article make the risk
clear. Read them; they address the science, the controlled
trials of polio vaccine, the experience of those who were
doctors and children during previous polio epidemics, and
touchingly, the experience for dancer Tanaquil LeClerq,
wife of choreographer George Balanchine (short answer:
novaccine, polio, and paralysis). In regard to other vaccines,
we can read in the 7imes “Tiny Coffins: Measles [s Killing
Thousands of Children in Congo’ and imagine it happening
in the US as a result of Kennedy’s anti-vaccine actions.
Kennedy calls his movement “health freedom” and says
that he will give infectious diseases a “break” (whatever
that means), but in fact, as described by Gregg Gonsalves
in The Nation, RFK Jr. Is Giving Infectious Diseases a
Promotional Tour.

I posted on Facebook that I have heard people say “kids
get too many shots”, and asked “then which preventable
disease do you want your child to die of ?” One comment I
got from a colleague was that the problem was not that kids
get too many shots, but that too many kids get shot! The
most recent killings, in a Christian school in Madison, W1
(15-Year-0Old Girl Identified as the Shooter in a Wisconsin
School) were at least_the 323 this year in the United
States! This is an epidemic; the extent of which people in
most other countries cannot imagine, and, like many of
us, wonder what will be done about it. Sadly, the answer is
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going to be very little, if anything. We may be closing out
the statistics for deaths from school shootings in 2024, but
nothing suggests that 2025 will be any better.

On the healthcare front, things are not getting better.
The anger at the health insurance industry exposed by the
shooting of UnitedHealthcare CEO Brian Thompson was
deep, broad and well-justified, as I wrote in Murder of a
Health Insurance CEO: People HATE the companies and
the people who run them (Dec 8, 2024). Study after study
continues to appear providing evidence that more and more
people that have inadequate, unaffordable, or no health
insurance. The Commonwealth Fund recently published a
report that shows Hispanic/Latino Adults Lack Adequate,
Affordable Health Insurance Coverage, and that this led to
their existent trouble accessing health care, but the breadth
of this concern goes far bevond Latinos.

Maybe we can come up with a solution! I think I have
already indicated several — mainly instituting a single-payer
universal national health insurance program or, until we
do, capping the amount of out-of-pocket costs a person can
have to a reasonable number ($1000?). Another potential
solution could be limiting the profits of health insurers,
as well as the ways in which health care providers (e.g.,
hospitals, nursing homes, doctors, etc.) generate revenue—
whether for-profit or nonprofit—at the expense of people’s
health.

Others have entered this discussion. In a remarkable
Op-Ed essay in the NY Times on Dec 13, UnitedHealth
Group’s CEO Andrew Witty (Brian Thompson’s boss, who
makes more than $20M a year) wrote The Health Care
System Is Flawed. Let’s Fix It. Remarkably, the Times
chose to publish it despite offering no meaningful solutions
for fixing the issue—certainly none that would threaten
UnitedHealth’s profits. It mostly displays the 7imes’
complicity in an effort to focus away from the righteous fury
of the American people with the health insurance industry.

USA Today reports on Seven reasons why Americans
pay more for health care than any other nation, and it gets
most of them right: Reason 1: Lack of price limits, Reason 2:
Hospitals and doctors get paid for services, not outcomes,
Reason 3: Specialists get paid much more—and want to
keep it that way, Reason 4: Administrative costs inflate
health spending, Reason 5: Health care pricing is a mystery,
Reason 6: Americans pay far more for prescription drugs
than people in other wealthy nations, Reason 7: Private
equity. There are a few others, but it is a good list. Despite
that, however, it doesn’t come up with a meaningful,
comprehensive solution to any of the matters. Indeed, it
ends up quoting the Witty piece referenced above, “We
know the health system does not work as well as it should,
and we understand people’s frustrations with il,” rather
than having any kind of answer. For instance, no mention
of universal non-profit health insurance, limits on hospital
system (and physician) incomes, or banning private equity
and other for-profit players from the health system!
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Maybeitisaskingalot for insurance companies, largely
the perpetrators of this massive scam that is bleeding the
entire US economy, to come up with a “solution”. But USA
Today, Commonwealth Fund, and others do such a good
job of identifying the problem, they should be able to take
the simple next step to recommending the fix. In what T
consider to be an amazingly open (if entirely disgusting and
reprehensible) acknowledgment of their agenda, CNBC
reported back in April 2018 that Goldman Sachs, the huge
investment bank (led by CEO Jamie Dimon), raised the
question, while discussing biotech research, ‘Is curing
patients a sustainable business model?’.

Actually, it is a good question. Maybe the answer is
“no”. Most ethical physicians I know (and it is the vast
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majority who are ethical) have always said something
like “I look forward to the day when we can put ourselves
out of business”. Investment banks and other forms of
private equity, as well as the insurance companies like
UnitedHealth and the providers that they control, do not
see this as a positive. Maybe it is refreshing to see such a
stark portrayal of the problem? Or not.

But I, along with what I believe to be most Americans,
would prefer to see diseases and the people suffering from
them cured. We would be glad to see the profits of these
crooks, profiteers and privateers, along with the extravagant
salaries of their C-suite executives and boards, disappear.
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Wandering among the ghosts in Dresden,
searching for the letter “L”

Donald R. Frey, MD

This article originally appeared in Dr. Frey's blog,
“A Family Doctor Looks at the World.”
https://afamilydoctorlooksattheworld.com/

“I envy you lads,” the I;nglishman said. “You lads are
leaving this afternoon for Dresden—a beauliful cily, so I'm
lold. . .you needn’t worry about bombs, by the way. Dresden
is an open cily. Il is undefended, and conlains no war indus-
tries or lroop concenlralions of any sorl.”— Kurlt Vonnegul,
Slaughterhouse Five, 1969.

“There were so many corpses, that German soldiers gave
up burying them and simply burned them on the spol with
flame-throwers.”—Kurt Vonnegut (1922-2007), recalling
the aftermath of the bombing of Dresden thatl he wilnessed
as a prisoner of war (POW), February 15, 1945.

Visit Dresden on an overcast winter day and the ghosts
will be sure to find you. Amidst some of the most formida-
ble gothic structures in the world, buildings that once gave
the city the title “Florence of the Elbe River,” you can al-
most feel Dresden groan under the strain of its history.

The massive Cathedrals and public buildings stood for
decades. Then came February 13,1945.

Throughout the war, the sophistication of bombing
techniques had been evolving for both the Allies and Nazis-
-bigger planes, more bombs, and greater casualties. In Eu-
rope, it reached its peak that winter day on the Elbe.

Years before I set foot in Dresden, I'd visited Coventry,
England. Located in the industrial north, it was best known
for its local heroine, Lady Godiva, who supposedly rode
through town in her birthday suit to protest high taxes. The
story also goes that an unlucky young chap (as the Brits
would say) named Tom, ‘peeped’ at the naked figure too
long, and either went blind or was struck dead, depending
on who you want to believe. His name has been associated
with voyeurism ever since.

Coventry later became known as the Detroit of Eng-
land, manufacturing the nation’s automobiles. By 1940 it
had been converted to wartime production. The Nazis, who
had been ruthlessly bombing London for months, were de-
termined to take out Coventry’s capacity. On the night of
November 14, 1940, they launched Mondscheinsonate, Op-
eration Moonlight Sonata.

515 German bombers crushed the city, leaving even the
Cathedral of St. Michael in ruins. Nearly seven hundred
people perished, the number kept low only because thou-
sands were able to hunker down in underground shelters.

The bombing was so complete, so utterly devastating,
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that the Nazi propaganda machine invented a new verb to
describe it--“koventrieren,” or in English ‘to coventrate’,
meaning “to annihilate or reduce to rubble”.

Up to this point, the British had bombed primarily
military targets. But now the gloves came off for both sides.
Massive bombing, without regard to civilian populations,
became the order of the day.

This brings us to Dresden.

From a military perspective, Dresden was neither a
troop center nor a manufacturing hub. Arguably, it was rail-
road crossroads at best, far removed from British or Ameri-
can fighting. Most Germans thought it was the last place
they’d experience a concentrated bombing.

Of course, they were wrong. On the night of February
13,1945, the first wave of British Lancaster bombers struck,
over 700 in all. By morning, the city was in flames. Then
came the Americans.

Over 316 B-17 bombers hit the city on the 14", They
returned on the 15™. By now Dresden was in ruins.

Over 4,000 tons of bombs struck the city. Most Ger-
man air defenses had been transferred elsewhere, and to
say the city was a sitting duck would be an understatement.

No one knows how many were killed. Estimates range
from 20,000 to 100,000. More than Coventry. Probably
fewer than Tokyo. The city was packed with refugees. The
Russians were pushing rapidly from the east, and those flee-
ing the advance were pouring into the city. Just how many
is impossible to say.

Why Dresden? Some say it was because of the city’s
railroad access. Others claim intelligence indicated the
Germans were going to establish a defensive bulwark in the
city, and that the bombing could aid the Russian advance to
the east.

Still others claim it was also meant to impress, and
maybe even intimidate the Russians. One Royal Air Force
(RAF) memo issued to its airmen included in its justifica-
tion for the bombing “...incidentally to show the Russians
when they arrive what Bomber Command can do.”

The bombing created what is commonly called a “fire-
storm.” Flames so hot, so all consuming, they suck every
oxygen molecule into the inferno. Those who aren’t burned
to death suffocate from breathing the dead air.

The heat was so intense that bomber crews 16,000 feet
above the city were drenched in sweat as their planes were
tossed about by the updrafts.

The firebombing of Dresden remains controversial to
this day. Some called it a war crime. Some said it was justi-
fied. It was war. These things happen.

Walking around the city, I tried to ask the ghosts, but
they weren’t talking.

Which brings us to Kurt Vonnegut.

A 22-year-old Army scout, Private Vonnegut was
captured at the Battle of the Bulge, and ultimately sent to
Dresden to labor as a POW. He and his fellow captees were

No Derivatives (by-nc-nd) License. (CC-BY-NC-ND 4.0: https://creativecommons.org/licenses /by-nc-nd /4.0/)


https://journals.ku.edu/rrnmf/
https://afamilydoctorlooksattheworld.com/

housed in a damp underground cavern that had previously
been used to store butchered beef.

Schlacthof Funf; it was called. Slaughterhouse Five.
The prisoners were confined there when the bombing
started. They didn’t emerge until the 15", and suddenly
confronted the aftermath. Vonnegut would later recall
the landscape looked like the surface of the moon—except
there were bodies everywhere.

Vonnegut, of course, later became a celebrated au-
thor, but it took him nearly twenty-five years and multiple
shredded drafts to tell the story of Dresden. For those who
haven’t read it, it’s a disjointed, dizzying story of Vonnegut’s
alter ego, Billy Pilgram, who also survives the bombing of
Dresden, only to become “unstuck in time,” moving back-
ward and forward, even reliving his own death years later.

There’s also flying saucers and alien abductions, but I
won’t spoil it for you. In short, it’s exactly the kind of book
you'd expect from a gifted science fiction author, who al-
most certainly suffered from undiagnosed post-traumatic
stress disorder (PTSD).

Today, Coventry and Dresden consider themselves to
be sister cities. Both have been rebuilt. Stone by stone.
Brick by brick. And they share the same pain.

But neither will ever be the same.

Which brings us to the Drake Equation. And the letter
«L”

Like most American kids, Frank Drake was fascinated
with the thought of life on other planets. Later, as an astro-
physicist, he decided to try to calculate the odds that such
planets existed, and whether they could ever communicate
with us.

It became known as the Drake Equation. For the ben-
efit of any math geeks, you can find it at the bottom of this
post. The equation didn’t deal with UFOs or little green
men, but rather with the likelihood that radio waves or
some form of communication could reach us here on earth.

The equation took all sorts of factors into consider-
ation. How many planets are out there? How many can
support life? And what fraction of those go on to develop
civilizations capable of transmitting messages into space?

Then Drake added one final question to the puzzle—
what is the average length of time a civilization can actually
transmit such messages (the letter “L” in his equation). Isit
forever? Isitamillion years?

Or does a civilization that reaches such a point only
flourish for the blink of an eye before it destroys itself?

With radio telescopes and deep space probes that can
map the known universe, we are just beginning to define
most of variables in the Drake Equation.

All except one. What is L? We don’t have a clue.

An English veteran of the First World War once said
that the only redeeming aspect of his time in the War was
knowing that it had been so terrible, so utterly horrifying,
that such a war could never happen again. Of course it did.

The weapons of the Second World War put those of the
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First to shame. High altitude bombing. Massive tank war-
fare. And of course, the atom bomb.

The war also saw the world’s most highly sophisticated
effort on the part of one group of people to exterminate an-
other group of people from the face of the earth.

Since the war’s end, our civilization has seen many ad-
vances: miraculous medical discoveries, the internet, global
travel.

We've also developed intercontinental ballistic mis-
siles (ICBMs), hypersonic missiles, nerve gas, and biologi-
cal weapons. And of course, the hydrogen bomb.

In Rwanda and elsewhere, the determination of one
group of people to utterly destroy another group purely for
the sake of who those people are, continues to play itself
out. We've even given it a name: genocide.

This brings us back to Dresden.

As 2025 looms, countries are again posturing, threat-
ening, and arming themselves to the hilt. Leaders are de-
monizing those within their own borders and beyond. Na-
tionalism of all stripes, with its ‘us against you’ extremism,
is rapidly growing throughout the world.

How many of those extraterrestrial civilizations
reached precisely this point before blowing themselves up?
How many reached this point, only to step back at the brink
and move away from their destruction?

What direction will we take? What will be the L vari-
able in our own equation?

Who knows? But these are the kinds of things a
73-year-old Midwesterner thinks about as he wanders the
streets of Dresden. Listening for the voices of ghosts.

So it goes.

And (as promised) The Drake equation:

N=R,x fp xn xf xf xf x LN=R#-fp-ne-fl-fi-fc-L
Where

N = the number of civilizations in the Milky Way gal-
axy with which communication might be possible

and

R_= the average rate of star formation in our Galaxy.

J, = the fraction of those stars that have planets.

n_ = the average number of planets that can potentially
support life per star that has planets.

J; = the fraction of planets that could support life that
actually develop life at some point.

J; = the fraction of planets with life that go on to devel-
op intelligent life (civilizations).

J. = the fraction of civilizations that develop a technol-
ogy that releases detectable signs of their existence into
space.

L = the length of time for which such civilizations re-
lease detectable signals into space 27!

Happy New Year, everyone. Please be safe.
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Abstract

Background:

Nearfiber EMG (NFEMG) focuses on the activity of muscle
fibers close to the electrode and offers the ability to semi-
automatically assess neuromuscular junction instability
using measures conceptually similar to single fiber EMG
(SFEMG) jitter. As such, compared to SFEMG, NFEMG
measures of instability can be obtained significantly faster,
with minimal training and manual editing and no marker
positioning. The objective of this retrospective study was
to compare the accuracy of using NFEMG and SFEMG
measures of instability in diagnosing myasthenia gravis
MG).

Methods:

NFEMG was blindly applied to recordings from 50 patients
SFEMG-tested at Surgery, Beth Israel Lahey Hospital and
Medical Center (BIDMC) in the prior 18 months (12 with
MG, 38 without). Excluding the myopathic and neurogenic
patients, diagnosis based on NFEMG and SFEMG results
were compared to the clinical diagnosis using cross-
validation that involved 10 randomly selected training sets
and their corresponding testing sets.

Results:

In patients free of myopathy or neuropathy, NFEMG
sensitivity was 100% while specificity ranged from 89% to
95% (mean of 90%). When testing on the entire cohort of
patients free of other neuromuscular conditions, NFEMG
sensitivity and specificity were 100% and 94%, respectively,
while SFEMG sensitivity and specificity were 94% and
97%, respectively.
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Conclusion:

NFEMG is a rapid technique, requiring minimal training,
which is accessible to any physician trained in basic EMG.
The results of this study support its promise as an exciting
and practical alternative to SFEMG in diagnosing MG, but
prospective studies are needed.

Introduction

Myasthenia Gravis (MG) is an autoimmune
neuromuscular disease that is underdiagnosed and likely
affects more than 70 thousand people in the United States
alone'2 The impact on quality of life can be profound and,
beyond the life-threatening nature of the condition. The
disease can affect many activities of daily living such as
vision, breathing, and swallowing, and it is often associated
with significant depression and anxiety®. The diagnosis of
MG classically relies on a combination of clinical findings,
presence of autoantibodies, and neuroelectrophysiological
studies including repetitive nerve stimulation (RNS) and
SFEMG?*. Although antibodies can be detected in most
patients with MG®, a subset is seronegative, especially
ocular MG, This requires neuroelectrophysiologic testing
to confirm MG and avoid the significant risks associated
with overdiagnosis, including years of unnecessary immune
therapy and invasive thymectomy or the risks and quality
of life implications of underdiagnosis® . The potential for
seronegative MG leads to its inclusion in the differential
diagnosis for many patients with weakness of unclear
etiology. At most centers, by far the majority of patients
undergoing SFEMG do not have MG*. However, without
confirmation, this large population of patients is at risk
of exposure to unnecessary immune therapies. While
smaller in size, an important population of seronegative
patients are at risk of undertreatment. This results in a
high demand for the limited resource of SFEMG, with a
healthcare impact far wider in reach than suggested by the
relatively small number of seronegative MG patients. Ever
more important is the plethora of therapies now available
and in the research pipeline that require high performance,
efficient, and practical biomarkers of therapeutic response
both clinically and in research.

SFEMG assesses electrophysiological temporal
dispersion variability between pairs of muscle fibers
belonging to the same motor unit (MU) using high pass
filtered potentials recorded using single fiber or concentric
needle electrodes, and has been shown highly sensitive and
specific in the diagnosis of MG™15; however, sensitivity and
specificity varies significantly depending on the level of
training and population studied'®'®. In addition to requiring
significant training and time to perform, its poor availability
in rural and underserved areas in the United States and
worldwide! likely results in a consequential healthcare
disparity for those suspected of having MG, although this
has not been directly quantified to date.
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Figure 1. Exemplary NFEMG. The lower panel in each figure shows a raster of NFMs, aligned to the cyan lines, containing 2 NFPks
(A) and 3 NFPks (B), respectively. To the left of each raster are the NFPk SJ values associated with each NFPk; these are conceptually
similar to SFEMG fiber-pair jitter values. In the lower panels of each figure section, from left to right: a MUP and NFM template and
NFM shimmer (overlapped single NFM traces). NFM and MUP feature values are shown: the orange lines demarcate NFM duration.
Each short vertical line on the NFM template corresponds to a NFPk. The time interval between the first and last NFPk is the NFM
dispersion. NFPk count is the total number of NFPks in the NFM template. NFM duration, dispersion and NFPk count inform about
electrophysiological temporal dispersion. NFM SJ and NFPk SJ inform about global and local electrophysiological temporal dispersion

variability, respectively.

NFEMG is the study of near fiber MU potentials
(NFMs)'® 2 which are motor unit potentials (MUPs) that
have been filtered using a low-pass-double differentiation
filter. Each symmetric-shaped peak in an NFM, or NF peak
(NFPK), represents the contribution of an individual fiber,
orasmall group offibers, close to the recording electrode. To
assess electrophysiological temporal dispersion variability,
NFEMG uses segment jitter (SJ) values based on offset
times between matched segments of consecutive NFMs
and calculated in a fashion similar to mean consecutive
difference (MCD) values. Global NFM instability can be
assessed using NFM SJ values based on all NFM segments
within the NFM duration. Local NFM instability can be
assessed using NFPk SJ values based on the segments of
individual NFPks. Example NFEMG data from two MUs
are shown in Fig.1. In comparison, SFEMG uses fiber-pair
jitter statistic values based on times between individual
threshold crossings of pairs of MU fiber potentials. The
primary NFEMG parameter of interest in this study is
NFPk SJ.

NFEMG is a semi-automated process, requiring
significantly less time to perform than SFEMG. Potential
benefits of NFEMG over SFEMG stem from: a) there
being no need to focus/trigger on a specific fiber-pair,
saving significant time in searching for a fiber-pair inherent
in standard SFEMG and requiring significant training, b)
multiple fiber-pairs are extracted for each contraction, in
contrast to SFEMG that triggers on a single fiber-pair, c)
a significant degree of post-processing/signal cleaning is
automated, reducing time spent selecting signals to include
in the jitter analysis, d) multiple other metrics are obtained

simultaneously, including MU characteristics, that may
aid in diagnosis and improve specificity. The training
requirement for NFEMG compared to SFEMG is minimal
and includes basic signal cleaning, likely requiring less than
an hour of training (from our experience); although further
development and automation promises to minimize this
aspect further still.

A complementary and important feature of NFEMG
is the additional information provided. This includes
a wide range of additional quantitative morphological
and firing frequency metrics that have the potential to
improve diagnostic accuracy beyond just a measure of
electrophysiological temporal dispersion variability; this
may especially be of significance to specificity.

In an initial study into the diagnostic potential
of NFEMG for MG, NFPk SJ values were directly
compared to the jitter value of the exact corresponding
fiber-pair as measured by conventional SFEMG to assess
correlation and diagnostic concordance between the
two techniques when measuring the jitter from the same
fiber pair. Correlation (Spearman) between SFEMG and
NFPk jitter values was 0.76. The mean difference between
SFEMG and NFPKk jitter values was 16 ps, without a trend
towards over or underestimation. Using a dichotomous
classifier, only 12.8% of SFEMG fiber-pairs with increased
jitter values showed normal NFPk SJ values (false
negative indications), and 9.6% of SFEMG fiber-pairs with
normal jitter showed increased NFPk SJ (false positive
indications). SFEMG thresholds used for classification
were obtained from a multicenter study using concentric
needles® whereas NFEMG thresholds were obtained
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applying the extrapolated reference values procedure®.
This study formed the basis for the current study and the
decision to evaluate SFEMG versus NFEMG decisions at
the muscle level.

Given the conceptual similarity between information
provided by SFEMG and NFEMG, coupled with the
outcomes of initial investigations, this current study was
designed to further evaluate the potential utility of NFEMG
in the diagnosis of MG by assessing its performance
in a setting that reflects its clinical application, i.e. the
population with diagnostic uncertainty that comprises
those referred for SFEMG testing. The objective of this
single-center, retrospective observational study was to
assess the performance of NFEMG in diagnosing MG
through comparison to both a patient’s clinical diagnosis
and to SFEMG. NFEMG can be applied with minimal
training in a fraction of the time taken to perform SFEMG,
reducing patient discomfort, increasing reliability due
to minimizing user variability through automation,
and potentially addressing an important health service

gap.

Methods

NFEMG was applied to EMG signals recorded under a
SFEMG protocol from 50 adult patient studies completed
over an 18-month interval. IRB approval was acquired and
requirement for informed consent was waived. A patient
study was included if raw (i.e. 10Hz-10kHz bandpass
filtered, removing the SFEMG high-pass filter) EMG
signals were available, the study was performed to assess
for MG, and the study contributed to a formal clinical
diagnosis. Studies were excluded if the EMG signals were
corrupted or contaminated with significant artifacts, fewer
than nine contractions were obtained, or the diagnosis
remained unconfirmed at the time of data analysis. The
raw EMG signals were recorded for a minimum of 5 s using
Natus Synergy EDX systems and 30-gauge disposable CNE
electrodes (Natus Teca Elite; uptake area of 0.03 mm?) and
filtered with a1-10 kHzbandpass filter for SFEMG analysis
(exported with standard CNE filter settings of 10Hz-
10KHz). Recordings were conducted by five different but
experienced and fellowship trained electromyographers.

The raw EMG signals were exported and reformatted
for DQEMG?>#*, which automatically extracted one
or more MUPTs per contraction and performed the
NFEMG analysis. One experienced electromyographer
(RM) reviewed extracted MUPTS in all recordings using
the DQEMG interface, with secondary review performed
on several recordings to ensure consistency (DS) (both
reviewers were blinded to the diagnosis). MUPTs were
excluded if there was significant artifact or needle
movement in the recordings that could not be rapidly
accounted for using manual editing, in a similar fashion to
cleaning of SFEMG traces. NFPk SJ values less than 10 pS
and those associated with a NFM with only one NFPk were
excluded.

New Discoveries and Original Research

Numerous different approaches on varying patient
populations have been taken for determining thresholds
for SFEMG jitter over the years**:2, All of these involve
defining a threshold value for a specific SFEMG jitter
statistic (i.e. mean or number of individual outliers)
calculated using a control-data training set. A positive
indication of MG is provided if the SFEMG jitter statistic,
calculated using values sampled from an examined muscle,
exceeds the defined threshold. To define similar diagnostic
criteria to be applied to NFPk SJ values, threshold values
for specific NFPk SJ statistics (i.e. mean or number of
individual outliers) calculated using a control-data training
set were defined. Two NFPk SJ statistics were considered:
mean-NFPk SJ and percentage of high-NFPk SJ values.

The mean-NFPk SJ is simply the mean of the NFPk
SJ values measured in a muscle/patient. A high-NFPk SJ
valueis above a high-NFPk SJ threshold and isnot expected
to be measured frequently in a control muscle/patient. A
high-NFPk SJ value suggests some level of abnormality
(a possibility of disease). The high-NFPk SJ threshold
value was set as 2 standard deviations above the mean of all
individual NFPk SJ values across all the 34 control studies
considered. The percentage of high-NFPk SJ values is the
percentage of high-NFPk SJ values measured in a muscle/
patient.

A control-datatrainingsetincluded 15 healthy controls,
randomly selected from the total pool of 34 controls (i.e.
patients without MG, neuropathy, or myopathy). Given
a specific randomly selected control-data training set,
the corresponding 31-member test set contained the
remaining 19 unselected controls and the 12 MG patients
(and excluding 4 cases with myopathy and /or neuropathy).
Using the threshold defined for each statistic, two diagnostic
criteria were applied to the data in the corresponding test
set and evaluated. For the mean-NFPk SJ and percentage
of high-NFPk SJ values statistics, a positive indication of
MG was assumed if the corresponding NFPk SJ statistic,
calculated using values from a muscle/patient in the test
set, exceeded the defined threshold associated with the
corresponding NFPk SJ statistic.

Ten-fold cross validation was completed to assess the
generalizability of each of these diagnostic criteria (i.e. to
provide a range for sensitivity and specificity). Across the
ten selected training sets, for each training set, the mean of
the mean-NFPk SJ values was calculated, and this mean
plus 2 SD of the mean-NFPk SJ training set values was
calculated as a training set mean-NFPk SJ threshold. The
mean of the ten mean-NFPk SJ thresholds was then used
as the mean-NFPk SJ threshold for all testing sets. The
threshold value for the percentage of high-NFPk SJ val-
ues used for all testing sets was empirically determined as
the value that provided the highest sensitivity-specificity
performance across the testing sets, with a bias toward sen-
sitivity given the potential for NFEMG to act as a screen-
ing test prior to SFEMG. The calculated mean-NFPk SJ
threshold and determined percentage of high-NFPk SJ
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values threshold criteria were then applied to the entire
cohort of patients free of other neuromuscular conditions.

SFEMG jitter values were reported as the mean abso-
lute value of consecutive differences (MCD). Diagnosis, age,
gender, and presence of a condition that might affect jitter
results, as well as mean jitter and percentage of individual
pairs above published age-adjusted SFE thresholds®” were
recorded. Internal parameters of the automatic DQEMG
technique were set to the same values as described in prior
articles®. We report descriptive statistics, including mean
and standard deviations, and 95% confidence intervals. We
created two-by-two tables to assess the occurrence of ab-
normal jitter values in patients with and without MG. From
these tables, we calculated sensitivity and specificity for
NFEMG and SFEMG. All P values were two-sided with a
significance of 0.05. Results were analyzed using SPSS ver-
sion 26.

Results

Clinical diagnosis of MG was confirmed in 12 out of
50 patients based on clinician judgement following CNE
SFEMG (Table 1). Four patients had alternative neuro-
muscular conditions. Ages ranged from 25 to 86 years
(mean 60.7 years), with 57% male and 43% female. For the
NFEMG analysis, the mean number of NFPk SJ values
included per subject was 61. For the SFEMG analysis the
mean number of SFEMG jitter values included per subject
was 16. The mean of mean-NFPk SJ and mean-SFEMG
jitter values were slightly different for the 34 healthy pa-
tients (25.53 ps vs 28.57 us, p=0.032). The mean of the
meanNFPk SJ values for the 12 MG patients was lower
compared to the mean of the mean-SFEMG jitter values
for MG patients (47.42 ps vs 64.83 ps, P<0.14). Looking at
NFPk SJ values in aggregate, without regard for patient as-
sociation, the mean NFPk SJ value of those under 60 years
old was significantly different to those over 60 years old
(25.3 ps and 29.5 ps, respectively; p<0.001).

Table 1. Sample size, gender distribution, and mean NFPk SJ and
SFEMG jitter values for MG and healthy patients. *Excluding 4
patients with myopathy or neuropathy.

Count (%) Mean(ﬁfs{)ange) SD (Var) (us)

, 607 ,
Age 50 (100%) (25-86) 16.27 (265.0)
Males 29 (58%) - -
Females 21 (42%) - -
mean-NFPk SJ 25.5 .
(healthy)* 34 (68%) (17.8-34.2) 377 (14.2)
mean-NFPk SJ 474 - =
iy 12(24%) (g o 1538(2365)
mean-SFEMG 28.6 -
Jitter (healthy)* 34 (68%) (150-420) 98 (434)
mean-SFEMG 64.8
Jitter (MG) 1249 350 1460) 3073 (1349)
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Correlation statistics between mean SFEMG jitter and
mean NFPk SJ for all patients are plotted in Figure 2. All
three statistics demonstrate strong correlation between the
two metrics, including the intraclass correlation coefficient

(ICC).

100
80 g2
@ 60+
A
i Ly Correlation Statistics (p<0.001)
E - Pearson: 0.885
20 - Spearman: 0.730
- ICC: 0.662
0 1 1 I
0 50 100 150|

SFEMG MJ (ps)

Figure 2: Correlation between patient mean NFPk-SJ and
SFEMG jitter across all patients. ICC: intraclass correlation
coeflicient.

Across the ten-fold cross-validation completed, the mean-
NFPk SJ threshold value was calculated to be 33.3 ps.
Table 2 (columns 2 and 3) displays the sensitivity and
specificity results across the 10 test sets and for the entire
cohort using the mean-NFPk SJ statistic and a mean-
NFPk SJ threshold value of 33 ps. Across the 10 testing
sets, sensitivity ranged from 75%-100% with a mean of
98%, while specificity ranged from 75%-87% with a mean
of 82%. For the entire cohort of patients free of other
neuromuscular conditions, sensitivity and specificity were
100% and 88%), respectively.

The high NFPk SJ value threshold calculated across
the 34 control studies was 60.3 ps. A high NFPk SJ value
threshold of 60 ps was applied to each training set and the
mean percentage plus 2 SD of high-NFPk SJ values was
determinedforeachtrainingset. Therange ofthe percentage
of high-NFPk SJ values across the 10 training sets (3.2%-
9.2%) was then used as the range over which the percentage
of high-NFPk SJ values threshold was varied to search for
the best sensitivity-specificity performance across the 10
testing sets which resulted in a selected percentage of high-
NFPk SJ values threshold value of 8% (threshold values in
the 7-9% range provided similar results). The percentage of
high-NFPk SJ values statistic and this selected percentage
of high-NFPk SJ values threshold value was then applied
to the 10 test sets (to estimate a range for sensitivity and
specificity) as well as to the entire cohort of patients free
of other neuromuscular conditions (Table 2, columns 4 and
5). Across the 10 testing sets, sensitivity was consistently
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Table 2: Results using a mean-NFPk SJ threshold of 33 ps for each testing set as well as the entire
cohort (columns 2 and 3). Columns 4 and 5 show results when using the combination of a high-
NFPk SJ threshold of 60 ps with a percentage of high-NFPk SJ values threshold of 8% for each

testing set as well as the entire cohort.

Mean > 33 us 8% > 60 s
Testing Set Sensitivity Specificity Sensitivity Specificity
1 100% 85% 100% 90%
2 | 100% 85% | 100% 90%
3 | 100% 84% | 100% 89%
4 | 100% 84% | 100% 95%
5 | 100% 87% | 100% 93%
6 | 100% 75% | 100% 90%
7 | 100% 8% | 100% 89%
8 | 75% 84% | 100% 89%
9 100% 83% 100% 89%
10 100% 78% 100% 89%
Mean 98% 82% 100% 90%
Min 75% 75% 100% 89%
Max 100% 87% 100% 95%
Entire Cohort 100% 88% 100% 94%

100%, while specificity ranged from 89%-95% with a
mean of 90%. For the entire cohort of patients free of other
neuromuscular conditions, sensitivity and specificity were
100% and 94 %, respectively.

When the mean-NFPk SJ threshold and the
percentage of high-NFPk-SJ values threshold were used in
combination, the results did not surpass the performance
achieved by using the percentage of high-NFPk SJ values
threshold alone (sensitivity and specificity of 100% and
94%, respectively).

We separately re-analyzed the diagnostic performance
of NFMEG using a protocol that more closely matched the
intended application of NFEMG, i.e., within the context of
a standard EMG protocol. As such, we only included the
first 20 NFPk SJ values, which usually occurred within the
first 5 or 6 contractions (exported SFEMG recordings).
Reassuringly, the performance of NFEMG remained high
in the face of this reduced amount of data (sensitivity 92%,
specificity 88%).

Across the entire cohort of patients free of other
neuromuscular conditions, the SFEMG sensitivity and
specificity were 94% and 97 respectively.

Discussion

SFEMG is the most accurate neurophysiological test
for assessing the neuromuscular junction instability that
occurs in MG, and the most widespread application of

this method during the last two decades has been using
concentric needle electrodes (CNE). This method requires
extensive training, time, and patient tolerance to complete.
The low availability outside of major academic centers
in many countries potentially exposes seronegative MG
patients to the risks of undertreatment and likely far more
to overtreatment® 1. The significant variability in the
application of SFEMG between centers will also likely
result in substantial variable diagnostic performance.
Using NFPk SJ values has the potential to overcome many
of the issues associated with SFEMG including, the time
burden of the study, patient discomfort, variability due to
user, and significant training requirements. The results of
this preliminary investigation into the diagnostic accuracy
of using NFEMG, specifically, NFPk SJ values, in MG
suggest they perform similarly to SFEMG jitter values.
Although this study is only an initial assessment of the
ability of using NFPk SJ values for diagnosing MG, based on
the relatively modest retrospective sample, the sensitivity
and specificity of using the combination of a high-NFPk SJ
value threshold in conjunction with a percentage of high-
NFPk SJvalues threshold (100% and 89-95%, respectively,
across all 10 testing sets, and 100% and 94% for the entire
cohort of patients free of other neuromuscular conditions)
for the diagnosis of MG compared well with using SFEMG
jitter values (94% and 97% for the entire cohort of patients
free of other neuromuscular conditions). In most of the
patients that were determined falsely positive using NFPk
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SJ values, SFEMG jitter values were also high but did not
meet the associated SFEMG lab thresholds or levels of
clinical suspicion for a diagnosis. Given the characteristics
of the tests and sampling error, it is inevitable that
discrepancies will occur in borderline cases between tests
(concordance) and, indeed, in the same test at different
time-points (reliability). In borderline cases such as these,
whether just above or just below a given threshold, numbers
should not be relied upon concretely but rather the clinical
picture and additional clinical data will always dictate the
eventual diagnosis®. A borderline range may be clinically
more useful than concrete thresholds with a dichotomous
result. Whether a lab uses SFE thresholds for SFEMG or
one of the newer CNE based thresholds may impact the
precise sensitivity and specificity of the test (as do many
other factors related to testing, patient characteristics,
pretest probabilities, and clinical context) but should not
alter clinical management because borderline results are
only an indicator of post-test probability, similar to any
other clinical data point, and should be used as such within
the paradigm of inductive reasoning applied in clinical
diagnosis.

SFEMG was used as a secondary comparator in this
study, with clinical diagnosis being used for the primary
comparison. It is important to note that SFE thresholds®
were used to determine normal and abnormal SFEMG
jitter results in this study, as opposed to the increasingly
used CNE thresholds* published more recently. As
mentioned, using higher thresholds (SFE thresholds) likely
reduces false positives. However, this has not necessarily
been borne out in studies using CNE to date, which have
suggested little effect on diagnostic results between using
SFE or CNE electrode thresholds in the few studies to
have examined this directly. Several groups have compared
CNE to SFE SFEMG jitter values™02-25313137 Frta et
al.® found no significant difference between CNE and
SFE mean jitter values, number of abnormal pairs, or
ability to identify patients with unstable neuromuscular
junctions when recorded in the same patients. In a slightly
later study, Farrugia et al.?® similarly found no significant
difference between mean CNE and SFE jitter values,
while Papathanasiou and Zamba-Papanicolaou® noted no
significant difference when applied to stimulation SFEMG.
However, although most studies initially seemed to report
no difference in jitter values when directly comparing
recording techniques, suggested thresholds for CNE are
frequently lower than those published for SFE23° and
usually without accounting for age. Kouyoumdjian®
surmise that summated signal jitter may be more or less
than that measured from individual fiber potentials,
depending on which analysis method is used (earliest part
of the signal or signal peak).

Kokubun et al.?® report numerous potential cut-off
values for voluntary Frontalis CNE SFEMG jitter values;
possible thresholds reported for mean jitter values were
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between 27.7 ys and 534 ps, and for individual pair values
between 43.8 ps and 56.8 ps. The multicenter study with
perhaps the strictest criteria to date® recommends mean
MCD jitter thresholds (based on 2 SDs above the mean
of the mean MCD jitter values) of 31 ps for Orbicularis
oculi and 28 ps for Frontalis, with individual jitter value
thresholds at 45 ps and 38 ps respectively (using 2 SDs
above the mean value of a patient’s 18" highest individual
jitter value), which is similar among the majority of
CNE SFEMG studies. As with any test, effectiveness is
dependent on its application in practice, and the level
of adherence to published guidelines is dependent on
numerous factors, including availability and application
of published guidelines™, quality and quantity of training,
patient population, and physician characteristics among
others®. Few if any studies have assessed the diagnostic
accuracy of SFEMG jitter values as generally practiced,
where less strict and varied criteria are usually applied.
An ability to standardize a diagnostic test as much as
possible is essential, and removing examiner and threshold
variability through automation is one such way to improve
applicability and minimize disparities in testing as widely
applied in clinical settings. NFEMG represents one such
way to achieve this.

CNE SFEMG Jitter values of patients referred for
SFEMG but free of neuromuscular conditions in this
study (“healthy controls”) were similar to Kokubun et
al.2°, but higher than most other studies. This may in part
be due to the retrospective nature of the study, the variety
of examiners, a non-research-based setting, and the age
and other characteristics of the participants. The “healthy
controls” were not specifically selected, were symptomatic
(referred for SFEMG and thereby representative of the
target population for the diagnostic), and may have had
underlying conditions resulting in increased jitter that
were not documented and may also have skewed the values.
Furthermore, if reference values are used that have a higher
cut-off, there may be a tendency to cut short the cleaning
of data once the study is deemed negative and accept lower
signal quality, which may artificially inflate the mean jitter
values reported.

Although original SFE reference values are based
on age brackets?®, some studies have reported little
difference in mean jitter with age*, while most reports
have noted a trend, perhaps depending on the numbers of
elderly included in the studies and muscles tested (limb
versus cranial). In this study, the mean-NFPk SJ values
of healthy controls over and under 60 years of age differed
significantly (25.3 ps vs 29.5 ys; p<0.05; see Fig. 5).

There are a number of additional investigations
required to fully explore the potential of using NFPk SJ
values for the diagnosis of MG. Large prospective studies
across centers would allow for, 1) rigorous interrogation
of the reliability of the values across the breadth of
relevant practitioner characteristics, 2) assessment of
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the benefit of the additional quantitative data provided
by NFEMG including, NFM duration, NFM dispersion
and NFPk count as well as MU firing rates, which may aid
substantially in test specificity and patient care, and 3)
further improvement to algorithms and incorporation of
the technique into current workflows and machines.

Limitations

In addition to a relatively small sample size, the
retrospective and observational nature of this study was a
main limitation. As such, recordings were not obtained or
cleaned for SFEMG in as controlled a manner as can be
achieved during a prospective study. In addition, in this
study the NFEMG analyzed signals were recorded during
SFEMG (i.e. using SFEMG needle positioning techniques
but with standard EMG filter settings). In general,
signals acquired for NFEMG analysis are expected to be
acquired during standard needle EMG examinations and
as such may not be as “focused” as SFEMG recordings.
It is unclear if this will have an impact on the diagnostic
performance or efficiency of NFEMG but the majority of
NFPk SJ values were not based on the fiber pair targeted
by SFEMG, therefore the impact of how the NFEMG
analyzed signals were recorded is likely to be minimal. As
such, it is anticipated that NFEMG results would likely not
differ significantly when standard CNE EMG recordings
are used.

Incorporation bias is often present in studies assessing
the diagnostic accuracy of SFEMG in MG*. This bias
is avoided in the primary aim of this study because the
diagnostic accuracy of using NFPk SJ values was the main
objective, and the results of using NFPk SJ values were
not utilized in diagnostic decision making. However, when
comparing the performance of NFPk SJ values to SFEMG
jitter values, incorporation bias needs to be considered,
although this would favor the performance ofusing SFEMG
jitter values over NFPk SJ values. Spectrum bias*® was
also reduced in this study (MG was not confirmed in any
patient prior to testing), although pretest probabilities for a
diagnosis of MG varied greatly between included patients.

This retrospective observational study was primarily
designed to provide preliminary data on the feasibility
of using NFEMG to detect and diagnose MG. Increased
numbers of MG and control patients need to be studied
across multiple sites and users. In addition, whether
patients are in clinical remission, the severity of their MG
or MGFA class, distinction between ocular and generalized,
the AChR antibody titer, presence of prior myasthenic
crises, thymoma or thymectomy, or medications should
also be considered.

Conclusion

This initial study suggests that NFEMG could be
effectively used to diagnose MG with similar accuracy but
inamore practical manner compared to SFEMG. However,
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prospective studies are needed. Characteristics including
greater yield of jitter values per recording, significantly
reduced acquisition time, minimal training requirement
compared to SFEMG, and potential to apply the technique
to signals acquired during routine EMG suggest NFEMG
may be able to serve as an efficient screen prior to referring
for SFEMG or as an effective alternative diagnostic test.
The low threshold to widespread clinical uptake offers the
potential to cost-effectively address a significant national
and global healthcare disparity for the large population of
patients with weakness and the potential for seronegative
MG.
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Abstract

Background: The coexistence of motor neuron diseases
(MNDs) and lymphoproliferative disorders (LPDs) has
been documented historically in a few small retrospective
studies but an update is lacking.

Objective: The goal of this study is to expand the database of
patients with these coexisting diseases, and to describe the
natural history and overall outcomes including presumed or
identified cause of mortality (neurologic versus oncologic).
Materials and methods: A retrospective analysis of all
patients within the Cleveland Clinic diagnosed with one
or more LPDs between January 1, 2012 and June 30, 2021,
was performed to identify patients with a diagnosis of
MND.

Results: A total of 20 patients with one MND diagnosis
and one coexisting LPD were included in the final analysis.
Their clinical features are characterized. In 17 patients, the
diagnosis of LPD was made prior to the MND diagnosis.
Eighteen patients passed away with a mean survival of
491 (range: 6 to 128) months from the MND onset. In
16 patients, the cause of death was MND related. The
incidence rates of MNDs and myasthenia gravis were
examined in a group of 6,169 patients with LPDs. The
incidence rate of MNDs in LPDs seems to be higher than
those of the general population, appeared over-represented
when comparing to the occurrence of myasthenia gravis in
LPDs.

Conclusion: Coexisting MND and LPD continue to occur.
There seems to be an over representation of MND in
patients with LPDs.

Introduction

The association between neuromuscular diseases
and malignant neoplastic disease has been reported since
the 1960’s.! Specifically, the coexistence of motor neuron
diseases (MNDs) including amyotrophic lateral sclerosis
(ALS),primarylateralsclerosis (PLS),progressivemuscular
atrophy (PMA) and those of lymphoproliferative disorders
(LPDs), including various subtypes of lymphoma, leukemia,
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multiple myeloma and Waldenstrém’s macroglobulinemia,
was described in a few small studies prior to the 20"
century."® Gordon et al. reported the frequency of LPDs
in patients with MND patients may range from 2% to
5%, depending on the methods of evaluation.® It remains
unclear whether a potential association exists between
MNDs and LPDs. Furthermore, significant updates on
the epidemiology, clinical characteristics, or outcomes of
patients with coexisting MNDs and LPDs have not been
published since the late 1990s. In this study, we aim to
analyze a group of patients who possesses both MND and
LPDs in our tertiary center.

Materials and Methods

The following two in-house databases at our institution
were reviewed: a database of 1,266 patients with MNDs
(familial or sporadic ALS, PMA, PLS), and a hematology/
oncology database of 6,169 patients diagnosed with
LPDs (Hodgkin lymphoma, follicular lymphoma, non-
follicular lymphoma including large B cell lymphoma and
Burkitt lymphoma, T and natural killer cell lymphoma,
Waldenstrom macroglobulinemia, multiple myeloma,
lymphoid leukemia, myeloid leukemia, and monocytic
leukemia). These two databases included selected patients
seeninourinstitutionbetween January 1, 2012 and June 30,
2024. A group of patients carrying simultaneous diagnoses
of MNDs and LPDs were identified, based on the final
conclusion of treating neuromuscular and hematological
physicians. Only adult patients who age 18 years or
greater were included. Detailed information regarding
the neurologic diagnoses, oncologic diagnoses, presenting
symptoms and neurologic exam features, electrodiagnostic
findings, and survival were collected and summarized.

Results

A total of 20 patients were included in the final
analysis. Their demographic information, diagnoses and
selected clinical features are outlined in Table 1. Twelve
(60.0%) were male and the average onset age of MND was
65.9 (range: 45 to 82) years.

The following MND diagnoses were encountered: ALS
(N=17),PLS(N=2),and PMA (N=1). Onsetregionsof MND
were as follows: lumbosacral (N=10), cervical (N=7) and
craniobulbar (N=3). The following LPDswere encountered:
lymphoma such as follicular lymphoma, diffuse large B cell
lymphoma, marginal zone B cell lymphoma, Hodgkin’s
lymphoma and non-Hodgkin lymphoma (N=10), chronic
lymphocytic leukemia (N=5), multiple myeloma (N=3),
Waldenstrém’s macroglobulinemia (N=1) and T cell large
granular lymphocytic leukemia (N=1). In 17 (85.0%)
patients, the diagnosis of LPD was established prior to the
MND diagnosis. In the remaining 3 patients, the MND
diagnosis was made earlier. The average interval between
MND and LPD diagnoses were 63.0 (range: 0.5 to 189)
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Table 1. Clinical features of 20 patients with coexisting motor neuron diseases and lymphoproliferative disorder

. Interval between Survival from
patient | Sex W\W_W_Mo&m W\:M\:Au MMM% WM:/MNHoan LPD diagnosis Mﬂmﬁsoam MND and LPD MND onset Cause of death
& gely & £ diagnosing (months) (months)
1 M ALS 70 cervical lymphoplasmacytic lymphoma | LPD 2 77 unclear
2 M ALS 76 craniobulbar chronic lymphocytic leukemia | MND 0.5 14 MND related
3 M ALS 63 craniobulbar Hodgkin lymphoma LPD 189 89 MND related
4 M ALS 51 lumbosacral chronic lymphocytic leukemia | MND 75 128 MND related
5 F ALS 74 lumbosacral | CXanodal marginal zone LPD 129 19 MND related
B-cell lymphoma
6 F PMA 82 cervical follicular lymphoma LPD 66 6 MND related
7 F ALS 54 lumbosacral | adenstrom LPD 72 41 MND related
macroglobulinemia
8 M ALS 75 cervical Chronic lymphocytic leukemia | MND 3 13 MND related
9 F ALS 70 lumbosacral Diffuse large B cell lymphoma | LPD 70 97 MND related
10 F ALS 78 lumbosacral follicular lymphoma LPD 121 39 MND related
11 M ALS 75 cervical non-Hodgkin's lymphoma LPD 29 65 MND related
12 M ALS 66 lumbosacral follicular lymphoma LPD 2 19 MND related
13 M PLS 63 lumbosacral lymphoplasmacytic lymphoma | LPD 2 72 unclear
14 M ALS 62 cervical diffuse large B-cell lymphoma | LPD 79 29 MND related
15 M ALS 65 lumbosacral chronic lymphocytic leukemia | LPD 70 62 MND related
16 M ALS 58 cervical chronic lymphocytic leukemia LPD 116 59 MND related
17 F ALS 55 likely bulbar multiple myeloma LPD 100 24 MND related
18 F ALS 72 lumbosacral multiple myeloma LPD 9 30 MND related
19 F PLS 64 lumbosacral Teell _mam@. mamsc_ma. LPD 76 >197 alive
lymphocytic leukemia
20 M ALS 45 cervical multiple myeloma LPD 49 >110 alive
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months.

Eight (40.0%) patients had cerebrospinal fluid (CSF)
studies as a part of their workup. Of these, 5 (62.5%)
patients had elevated CSF protein (mean 80 mg/dl, range:
51-109 mg/dl) and 1 patient had a unique oligoclonal band
present in the CSF.

Atthe conclusion of this study, 18 (90%) of the included
patients deceased, with an average survival from the onset
of MND being 49.1 (range: 6 to 128) months. Two patients
(one with ALS and multiple myeloma, the other with PLS
and T cell large granular lymphocytic leukemia) remain
alive following an MND course of 110 and 197 months
respectively (Table 1). In 16 (88.9%) of 18 patients, the
cause of mortality was MND related. In the remaining 2
patients, the cause of death was unknown.

We made a comparison of the incidence rates of
various notable neuromuscular disorders based on patients
exclusively from the hematology/oncology database of
6,169 patients. The following neuromuscular disorders
were encountered: MND (N=6) and myasthenia gravis
(N=6).

Discussion

The reported frequency of LPDs in patients with
MND was 2-5%.7° Louis et al. performed bone marrow
examination in each of 161 patients MNDs, and found 4
(2.5%) cases of LPDs.” In the current study of 1,266 patients
with MND, a total of 20 (1.6%) patients with coexisting
LPDs were identified. Our incidence rate matches well
with those of Louis et al., considering that bone marrow
biopsy was not one of the inclusion criteria in our study.
Mandatory bone marrow biopsy in all MND patients would
certainly increase the diagnostic yield of LPDs.?

There has been no case control study to determine
whether the frequency of MND in patients with LPDs is
disproportionately greater, thus their coexistence remains
possibly incidental. However, our current analysis seems
to suggest that an association may exist between MNDs
and LPDs. While the prevalence of MNDs in the United
States is reported to be 11.8 per 100,000, this retrospective
study identified 6 (97.3 per 100,000) out of 6,169 patients
with LPDs carried a diagnosis of MND.? In comparison to
MNDs, the prevalence rate of myasthenia gravis is higher
at 37 per 100, 000 in the general US population, even a few
fold higher in patients aged 50 years or older, an age hood
when MND and LPD typically occurs.? However, we found
an equal number of MG (N=6) and MND (N=6) in this
large group of 6,169 patients with LPDs, implying a likely
relative over-representation of MNDs.

In patients with coexisting LPDs and MNDs, the
initial symptoms could belong to MND or LPD.® In 17 of
20 patients included in the current study, LPD diagnosis
was made earlier than MND, raising the possibility that
LPD or subsequent treatment could trigger the occurrence
of MND secondary to neurotoxicity mediated by LPD
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or treatment. It has been suggested that lymphoma cells
may result in a paraneoplastic mechanism by producing
autoantibodies that binds to motor neurons resulting
in neuronal dysfunction.’ Alternatively, MND and LPD
could share a common cause that can be neurotropic and
oncogenic, and the onset of each syndrome is determined
by a number of genetic and environmental factors that
are unique to each individual. Increased frequency of
paraproteinemia has been documented in patients with
MND." It was also previously shown that the presence
of monoclonal paraproteinemia in MNDs increases the
likelihood of LPDs.?

It is well known that MNDs associated with LPD is
primarily of the lower motor neuron. However, MNDs
associated with LPDs is not restricted to lower motor
neuron. In one study, 88% of patients with MNDs and LPDs
qualified for the diagnosis of ALS.° Cases of coexisting PLS
and LPDs were described previously, as well as 2 patients
from this study.® It was previously described that MNDs
were responsible for death in all such cases and treatment
such as radiation or immunosuppressive therapy had no
effect on the progression of MND.*!! Observations from
our study seem to be consistent with prior observations.
In our study, the mean survival was approximately 4 years
from the MND onset, and the majority of our patients died
of MND related events.

The limitations to this study include the small sample
size and the retrospective nature, which may have led to
incomplete data analysis.

Conclusions

The overlap between MND sand LPDs has been
historically reported. This retrospective study lends support
that this overlap persists and may not be coincidental.
Further studies should include population or case control
studies to look for a causal relationship between these two
categories of disorders. The clinical association between
MNDs and LPDs has implications about elucidating
possible disease pathology and major implications for
management and treatment.
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Abstract

INTRODUCTION: Hematopoietic stem cell
transplantation (HSCT) has been shown to be an effective
treatment in many severe autoimmune diseases. There
have been a number of reported cases of successful HSCT
in severe, refractory myasthenia gravis (MG).
OBJECTIVE: To review and summarize the current
literature on the role of HSCT in the management of
refractory MG.

METHODS: Databases including PubMed, clinical
trials.gov, and Cochrane Reviews were searched for
research articles containing “hematopoietic stem cell
transplantation,” “stem cell,” and “myasthenia gravis.”
Articles were excluded if they were not written in English.
RESULTS: A total of 16 patients across 8 publications were
identified as having undergone HSCT in the setting of MG.
Following HSCT, all patients had significant improvement
in their MG status, with 11 achieving complete stable
remission. Common adverse effects were mostly infection-
related and included neutropenic fever, cytomegalovirus
viremia or reactivation, mucositis, and upper respiratory
tract infection.

CONCLUSION: HSCT has the potential to provide
sustained benefit for patients with MG who are refractory
to conventional treatment. A large-scale prospective study
is warranted to better define its role in the treatment of MG.

Introduction

Myasthenia gravis (MG) is an autoimmune neurologi-
cal disorder that results from impaired transmission at the
neuromuscular junction through the binding of antibodies
to post-synaptic proteins.! Clinical manifestations include
fluctuating muscle weakness affecting the ocular, bulbar,
limb, and respiratory muscles. Myasthenic crisis is the most
severe form of MG, requiring the use of mechanical or non-
invasive ventilation. The most common antibodies are di-
rected against the nicotinic acetylcholine receptor (AChR-
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Ab) or muscle-specific kinase (MuSK-Ab).!

The number of patients diagnosed with MG has in-
creased in recent years. In 2021, the incidence and preva-
lence of MG in the USA were 37 per 100,000 and 3.7 per
100,000, respectively, both of which increased from the
1980s and 2000s.% The mainstay of treatment includes pyr-
idostigmine as well as long-term immunosuppression with
corticosteroids and corticosteroid-sparing agents such as
azathioprine and mycophenolate mofetil. Other agents
including complement inhibitors, neonatal fragment crys-
tallizable receptor (FcRn) therapy, and anti-CD20 agents
such as rituximab may be used. However, 10-15% of pa-
tients with MG continue to be treatment-refractory. His-
torically, this has been defined as failing to respond to ad-
equate doses of conventional immunosuppression, experi-
encing side effects or comorbidities that preclude the use of
typical agents, requiring excessive doses of potentially risky
agents, or needing frequent rescue therapies.**® The opti-
mal treatment for this group of MG patients remains poorly
defined. Therefore, there is a need to continuously identify
alternative treatments for refractory MG patients.

Hematopoietic stem cell transplantation (HSCT)has
emerged as a potential treatment modality for patients
with refractory MG. Hematopoietic stem cells (HSCs) are
collected from the patient or the donor in autologous and
allogeneic transplants, respectively. HSCs are preserved
with cryotherapy while the patient undergoes chemother-
apy to ablate their innate immune system. The previously
collected HSCs are then infused into the patient, leading
to immune system reconstitution and recovery.® Studies
have compared the effectiveness of autologous and allo-
genic transplants. For instance, between 1997 and 2014,
European Society for Blood and Marrow Transplantation
(EBMT) registry reported that most patients received au-
tologous transplants, compared to fewer than 20 patients
who had received allogenic transplants.” Since it has a bet-
ter side effect profile, autologous HSCT has been preferred
over allogeneic HSCT.

HSCT has been utilized in cases of refractory, autoim-
mune conditions including multiple sclerosis (MS), with
good results.®® There is mounting evidence supporting the
safety and efficacy of HSCT in refractory MS, especially in
cases of relapsing-remitting disease.'*"! However, there is a
paucity of data summarizing the use of HSCT in MG. This
review aims to provide a summary of the reported cases of
HSCT in patients with MG and the current evidence for us-
ing HSCT in this patient population.

Methods

Databases including PubMed, clinical trials.gov, and
Cochrane Reviews were searched for research articles
describing the safety and effectiveness of HSCT in the
treatment of MG. The search was completed using the terms
“hematopoietic stem cell transplantation,” “stem cell,”
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and “myasthenia gravis.” Articles not written in English
were excluded. Patient characteristics included age, sex,
disease duration, antibody status, prior MG treatments,
and Myasthenia Gravis Foundation of America (MGFA)
classification. Additional data collected included number
of patients, comorbidities, HSCT type, MG outcomes, and
reported side effects.

Results

A total of 16 patients (12 females and 4 males) from 8
publications were identified as havingundergone HSCT for
MG (Tablel).Atthetimeoftransplant,comorbid conditions
included follicular lymphoma, familial Mediterranean
fever, polymyositis, and aplastic anemia.’*!>1¢ At the time
of HSCT, MG disease duration ranged from 1 to 38 years
(median 6 years). Patient ages ranged from 17 to 64 years
(median 46 years). Fifteen patients underwent autologous
HSCT while one underwent allogenic HSCT."

Ten patients (62.5%) patients tested positive for
AChR-Ab and 4 patients (25%) tested positive for
MuSK-Ab. The remaining two patients tested negative
for AChR-ADb, but they did not receive testing for MuSK-
Ab."® Based on the MGFA classification, MG status was
classified as follows: class I1Ib in 2 patients (12.5%), 1Va
inl(6.3%), IVbin 5 (31.3%), and V in 6 (37.5%). MGFA
status in 2 patients with generalized myasthenia gravis was
unknown.!*"” Before HSCT, all patients underwent various
and numerous treatments for MG. The most common
were prednisone in 14 patients (87.5%), plasmapheresis
in 14 (87.5%), pyridostigmine in 13 (81.3%), intravenous
immunoglobulin (IVIG) in 13 (81.3%), mycophenolate
mofetil in 9 (56.3%), azathioprine in 8 (50%), rituximab in
8 (50%), and thymectomy in 8 (50%).

Follow-up duration ranged from 2 to 149 months
post-transplant (median 38 months). All patients showed
symptomatic improvement, with onset of improvement
ranging from 2 weeks to 1 year after transplant (median 7
weeks). Fourteen patients (87.5%) were able to discontinue
all MG medications. Eleven patients (68.8%) achieved a
status of complete stable remission Of the patients who did
not achieve complete stable remission, two had significant
clinical improvement with minimal ocular symptoms
and reduced AChR-Ab levels at their final follow-ups.'*"
One patient originally classified as MGFA Class V prior
to HSCT improved to Class IIa with discontinuation of
all MG therapies.”? One patient with coincident familial
Mediterranean fever had to continue immunosuppression,
but she experienced less frequent MG exacerbation after
HSCT.® One patient with coexisting polymyositis and
aplastic anemia showed improvement in muscle strength
with some residual muscle weakness.'®

Adverse effects related to HSCT included neutropenic
fever in 7 patients (43.84%), cytomegalovirus viremia
or reactivation in 5 (31.3%), mucositis in 4 (25%), upper
respiratory tract infection in 2 (12.5%), oral herpetic
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infection in 2 (12.5%), bacteremia in 2 (12.5%), and
rash in 2 (12.5%). One (6.3%) patient developed a
secondary autoimmune disease of amegakaryocytic
thrombocytopenia.® Three (18.8%) patients did not
experience any notable adverse effects related to
HSCT."2>"1% However, the patient with comorbid follicular
lymphoma experienced a relapse of the lymphoma 12
months after HSCT and died 17 months later."* The authors
of the study felt these complications were not related to
HSCT.

Discussion

Literature supports an expanded usage of HSCT as an
emerging therapy for various autoimmune neurological
disorders such as multiple sclerosis, neuromyelitis
optica, and chronic inflammatory demyelinating
polyneuropathy.22!

The treatment of refractory MG cases has remained a
significant challenge for clinicians. These patients do not
typically respond to many traditional immunotherapies
such as corticosteroids, azathioprine, mycophenolate
mofetil, TVIG, or plasmapheresis. While the newer
generation therapies such as complement inhibitors or
FcRn therapy may provide benefits in a portion of patients,
such treatments do not lead to disease remission. Our
above summary of the current literature suggests that
HSCT could has provide significant and sustained benefits
in a selection of refractory MG cases. All patients who
underwent HSCT responded positively. Fourteen (87.5%)
of 16 patients were able to stop all MG medications and
eleven (68.8%) achieved complete stable remission. Our
summary seems to suggest that HSCT is equally effective
for both AChR-Ab and MuSK-Ab positive MG patients.
For patients refractory to traditional MG treatments,
HSCT appears to be an effective option.

However, HSCT is different from traditional
immunotherapy in that it requires hospital admission. Its
associated temporary but profound immunosuppression
may have both short-term and long-term implications on
the body’s immune system. So far the most notable side
effects of HSCT are infections or infection related events
including neutropenic fever, CMV viremia or reactivation,
mucositis, and upper respiratory tract infection. In addition
to HSCT side effects, HSCT also requires a conditioning
regimen to provide sufficient immunoablation to reduce
the risk of rejection and graft-versus-host-disease (GVHD)
priorto HSCT which canalsolead to furtherimmune system
weakening, rendering patients to risk of infections, new
autoimmunity and malignancy in the long term. With an
increased use of HSCT, there will be a better understanding
of its indications, efficacy, and complications.

Our review had some limitations. The included studies
were all retrospective, either case reports or case series.
Retrospective studies are prone to bias in data collection,
patient recall, and patient reporting. Even though HSCT
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has been a promising treatment for the refractory MG
cases we investigated, the sample size is relatively small,
and the patients may not be representative of all patients
with refractory disease. The case series in our review with
the greatest number of MG patients had seven, which was
the largest case series of MG patients known to date.” To
better understand the role of HSCT in MG treatment, a
randomized prospective study of a larger sample size is
needed.

Conclusion

HSCT has been shown to provide sustained benefit
in a small sample of cases of refractory MG. Large-scale,
prospective studies are needed to further investigate the
role of HSCT in the treatment of MG.
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Table 1: Summary of Reported Cases of HSCT in Patients with MG
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thymectomy

oral HSV

. MG features
Discase (disease type/
Study Age at HSCT/ | duration worst MGFA | MG treatment prior to HSCT HSCT type HSCT‘relz‘lted Follow-up duration Notes
Sex at HSCT class/Ab complications and outcome of MG
(yrs) status)
Beland et al.,
20232
MGFA class 66 months, MG
Patient #1 62/F 4 V, MuSK-Ab Prednisone, methotrexate, rituximab, Autologous URTIs, venous catheter | improved (MGFA Improvement by 3
) plasmapheresis related infection class Ila), off all months
MG medications
MGFA class . .. L. 42 months,
Patient #2 55/F 3 IVb, MuSK- | Prednisone, azathioprine, rituximab, | 100 0o None CSR, off all MG Improvement by 4
plasmapheresis N months
Ab (+) medications
MGFA class Prednisone. rituximab Herpetic stomatitis, 36 months, Improvement by 2
Patient #3 38/F 3 Vb, MuSK- > TTHUXIMAD, Autologous bacteremia, URTI, CSR, off all MG prov Y
plasmapheresis Do months
Ab (+) premature menopause medications
Bryant et al.,
2016"
Pyridostigmine,
prednisone,
MGFA class azathioprine, 149 months, Improvement by 7
Patient #1 43/F 5 V, AChR-Ab | mycophenolate Autologous none CSR, off all MG WeI;kSV Y
(-) mofetil, medications
cyclosporine, IVIG, plasmapheresis,
thymectomy
MGFA class Pyridostigmine, prednisone, . 91 months,
Patient #2 55/M 11 11Ib, AChR- mycophenolate mofetil, IVIG, Autologous Muco.51tls, MV CSR, off all MG Improvement by 3
. viremia N weeks
Ab (+) plasmapheresis medications
MGFA class Pyridostigmine, prednisone, . 40 months,
Patient #3 49/F 14 IVb, AChR- azathioprine, IVIG, plasmapheresis, Autologous Mu0051.t1.s, vzv CSR, off all MG Improvement by 6
dermatitis N weeks
Ab (+) thymectomy medications
MGFA class Pyridostigmine, prednisone, Neutropenic fever, 33 months, Improvement by 4
Patient #4 24/F 7 11Ib, AChR- mycophenolate mofetil, [IVIG Autologous Mucositis, CMV CSR, off all MG molzlths Y
Ab (+) viremia medications
MGFA class EZartllcllioosnrirlzmI: Iéi)edlilelrsl(())rllaet,e mofetil Igli}llg(ig::rﬁi:e\glz virus 32 months, Improvement by 2
Patient #5 42/F 7 IVa, AChR- prine, mycop .| Autologous N CSR, off all MG P Y
cyclosporine, IVIG, plasmapheresis, hemorrhagic cystitis, C . weeks
Ab (-) medications
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MGFA class Pyridostigmine, prednisone, Ameeakarvoeytic 41 months, Improvement by 5
Patient #6 42/F 5 IVb, AChR- azathioprine, mycophenolate mofetil, | Autologous thron%bocnt]o Znia CSR, off all MG eI::ksV Y
Ab (+) IVIG, plasmapheresis, thymectomy ytop medications W
HSCT for
follicular
29 months lymphoma
MGFA class Sy . : . S
Patient #7 53/F 1 V, AChR-Ab Pyrldostlgmlge, prednisone, IVIG, Autologous Neutropenic fever CSR.’ Off all MG Wlt.h coincident
) plasmapheresis medications active MG. MG
improvement by 5
weeks
Pyridostigmine, prednisone,
methylprednisolone, azathioprine, 24 months,
o MGFA class PR . L
Hakansson et 64/F 38 V. AChR-Ab mycophenolate mofetil, sirolimus, Autologous Neutropenic fever, significantly Improvement by 3
al., 2017 ( J;) cyclosporine, cyclophosphamide, drug-related exanthema | improved, off all weeks
rituximab, eculizumab, terbutaline, MG medications
bortezomib, IVIG, plasmapheresis
30 months,
MGFA class Urinary tract infection, lsItIilllirrOeVZ(ii;in IS/I(:E:}rI;i ef:::nhal
Inan et al., V, AChR-Ab | Pyridostigmine, methylprednisolone, Neutropenic fever, . 4 &
s 27/F 1 M . Autologous . . intermittent fever, MG
2022 (-), MuSK- rituximab, IVIG, plasmapheresis immunoglobulin o .
Ab () deficiency rituximab, improvement after
plasmapheresis and | 4 months
IVIG
. - . Coexisting
. Pyridostigmine, prednisone -
Mitsumune et GMGQG, . i - . polymyositis,
al., 20181 54/M 27 AChR-Ab (+) filfi1((})S}t);)rigzétcg/r:llophosphamlde, Autologous none 2 months, improved aplastic anemia,
- Y thymoma
Pyridostigmine, prednisone,
MGFA class mycophenolate mofetil, . 26 months,
ig;l;ﬁter etal, 33/F 14 IVb, AChR- cyclophosphamide, rituximab, Autologous E;li;rf;?:iwaf;ei;,ﬁr’ rash, CSR, off all MG lrr;};]r((;vement by3
Ab (+) eculizumab, IVIG, plasmapheresis, v medications W

thymectomy
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plasmapheresis, thymectomy

CMYV reactivation

MGFA class Pyridostigmine, prednisone, 65 months
Sossa Melo et V, AChR-Ab | azathioprine, cyclosporine, Neutropenic fever, : Improvement by 9
al., 2019'8 60M 4 (+), MuSK- mycophenolate mofetil, rituximab, Autologous CMV reactivation glidRi’cZgOilll MG weeks
AD (-) IVIG, plasmapheresis, thymectomy
Pyridostigmine, corticosteroids, Mucositis, 40 months
Strober et al., 17/M 16 GMG, azathioprine, mycophenolate mofetil, Allogencic Staphylococcus improved ’0 F all Improvement
2009" AChR-Ab (+) | cyclophosphamide, rituximab, IVIG, & epidermidis bacteremia, provec, within first year

MG medications

Abbreviations: Ab, antibody; AChR, acetylcholine receptor; CMV, cytomegalovirus; CSR, complete stable remission; EBV, Epstein Barr virus; F, female; GMG, generalized
myasthenia gravis; HSCT, Hematopoietic stem cell transplantation; HSV, herpes simplex virus; IVIG, intravenous immunoglobulin; M, male; MG, myasthenia gravis; MGFA,
Myasthenia Gravis Foundation of America; MuSK, muscle-specific kinase; URTI, upper respiratory tract infection; VZV, varicella zoster virus.
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ABSTRACT

Background:

MRI negative cases of MOG associated inflammatory
myelopathy, optic neuritis, and encephalitis have been
reported in the literature. Negative MRI can lead to
diagnostic uncertainties and treatment delay.

Objectives:

We report the case of a patient presenting with a subacute
myelopathy and negative spinal MRI who tested positive
for serum MOG antibodies and showed improvement with
immunotherapy.

Conclusion:

MOGAD may present with atypical patterns or negative
MRIs, leading to diagnostic uncertainties. A negative
spinal cord MRI in patients with a history and examination
consistent with an inflammatory myelopathy should not
preclude investigation of MOG antibodies and initiation of
early empirical immunotherapy.

Introduction

Myelin oligodendrocyte glycoprotein antibody-asso-
ciated disease (MOGAD) is a spectrum of autoimmune-
mediated syndromes presenting as monophasic or relaps-
ing inflammatory attacks of the CNS. It typically manifests
as optic neuritis and/or myelitis in the adult population,
but clinical phenotypes also include acute disseminated
encephalomyelitis (ADEM); cerebral cortical encephalitis
(CCE); and brainstem syndromes.">

When the spinal cord is affected, as with any myelitis,
patients may experience weakness, asensory level, bladder/
bowel dysfunction, and spasticity. A minority can present
with an acute flaccid myelitis instead of the more common
upper motor neuron syndrome. In contrast to enterovirus
D68-associated acute flaccid myelitis, MOG-associated
cases often responded well to short-term immunotherapy.?

A viral prodrome is more commonly in MOG-associ-
ated myelitis than with other CNS demyelinating diseases.
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Characteristic imaging features can also be suggestive of
this condition. MRI may reveal longitudinally extensive
lesions (three or more spinal segments) and/or short seg-
ment lesions."” The absence of gadolinium enhancement
and the restriction of lesions to gray matter are typical, dis-
tinguishing it from multiple sclerosis (MS) or AQP4-posi-
tive neuromyelitis optica spectrum disorder (NMOSD).? It
can affect the spinal cord anywhere from the medulla to the
conus medullaris. In fact, involvement of the conus medul-
laris is more common in MOGAD than in other inflamma-
tory disorders.?

Patients who have MOG attacks typically recover well.
Itis not unusual for a patient with MOGAD to present with
complete paralysis due to thoracic myelitis and return to
the clinic 3 to 6 months later with the ability to walk again,
often without assistance.! Nevertheless, among all MOG-
associated disorder phenotypes, myelitis is the most likely
to cause permanent disability.?

Recovery from myelitis often leads to the normaliza-
tion of the spinal cord, making it difficult to visualize old
lesions on subsequent scans. This has led to the notion
that MOGAD may be a cause of “MRI negative myelitis”.'#
However, cases of MOGAD without evidence of signal ab-
normalities on MRI have also been reported during early
stages of this condition, which has led to diagnostic uncer-
tainties and treatment delay.>®

The recommended MOG antibody test is a cell-based
assay, and since 2018, its use has become widespread. How-
ever, like other techniques for assessing this antibody (e.g.,
ELISA), it has a high rate of false-positive results. In some
laboratories, only IgGl antibodies to MOG are consid-
ered positive, whereas in others, 1gG is deemed positive if
it exceeds a specific titer, increasing its specificity.! More
frequently than not, lower MOG antibody levels should
prompt consideration of other conditions.

This report describes a patient with a clinical presenta-
tion of an inflammatory myelopathy with negative MRI re-
sults in the acute and subacute setting, yet positive serology
for MOG-IgG antibodies at a low titer, illustrating the diag-
nostic challenges in MOGAD and the potential for low ti-
ters to represent true positives in the right clinical scenario.

Case Report

Written consent was obtained from our patient for this
case report. A 47-year-old female with a medical history
of thyroid cancer in remission (post resection) and a prior
gastric sleeve surgery (2 years prior) presented to our
institution with a 10-day history of subacute asymmetric
bilateral lower extremity paresthesia and weakness with
urinary retention and saddle anesthesia. At another
hospital on day 5 of symptoms, MRIs of the cervical and
thoracic spine were reportedly negative, and she was
treated with 500 mg of IV methylprednisolone for three
doses, but the steroid course was terminated early due
to an “inconclusive” workup. She was discharged with a
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suspected diagnosis of functional neurologic disorder
(FND).

Over the next 5 days, her deficits progressively wors-
ened, eventually leading to flaccid paraplegia. At presenta-
tion to our institution, her physical exam revealed paraple-
gia with loss of all sensory modalities below the T11 der-
matome and increased reflexes in her lower extremities.
The patient had received her first dose of the Pfizer-BioN-
Tech COVID-19 vaccine 14 days prior to symptom onset.

Upon admission, her CSF analysis showed: 23 WBC/
uL (normal <5),10,752 RBC/uL. (none), 48 mg/dl protein
(normal 15-45), and 62 mg/dl glucose (normal 40-75).
Oligoclonal bands (OCBs) were not tested initially, but a
follow-up lumbar puncture (3 months later) showed no el-
evation of free kappa light chains (0.016, range <0.1000).

Extensive infectious workup (syphilis, HIV, hepatitis,
COVID-19, bacterial and fungal CSF cultures, CSF viral
PCR [enterovirus, herpes simplex virus, West Nile]) were
all negative. Metabolic labs, including vitamin B12 (1369
pg/ml, normal range 180-914), folate (13.4 ng/ml, normal
range >3.9), vitamin E (10 mg/L, normal range 5.5-17), and
copper (1.09 meg/ml, normal range 0.75-1.45) were within
normal limits. Rheumatologic labs (ANA, anti-SSA/SSB,
rheumatoid factor, aquaporin-4 antibodies, etc.) were also
negative. Sedimentation rate (5 mm/hr [range 0-20]) and
C-reactive protein (0.04 mg/dl [range <1.0]) were not el-
evated.

The exception to her negative workup was a positive
serum MOG IgG antibody (Myelin Oligodendrocyte Gly-
coprotein (MOG-IgG1) Fluorescence-Activated Cell Sort-
ing (FACS) Assay, Serum, Mayo Clinic Laboratories) with
a titer of 1:40 (reference range <1:20).

Initial MRI of the cervical, thoracic, and lumbar
spine (Day 10 since the onset of symptoms) was normal.
Brain MRI showed non-specific FLAIR hyperintensi-
ties in the bifrontal cortex (Figure 1). A spinal angiogram
was normal ruling out a vascular etiology. Electromyogra-
phy (EMG) showed normal motor and sensory peripheral
nerve function. A repeat cervicothoracic MRI was unre-
vealing. She had no previous history consistent with optic
neuritis, thus evoked potentials of the optic nerves and op-
tical coherence tomography were not performed. A second
CSF analysis (Day 16 since the onset of symptoms) showed
1 WBC/ul, 31 mg/dl protein, and 55 mg/dl glucose.

Despite the diagnostic uncertainty, the patient was
started on 1000 mg I'V methylprednisolone daily for five
days. Due to the severity of her symptoms, she also under-
went five cycles of plasmapheresis with minimal improve-
ment by the time of hospital dismissal to inpatient rehabili-
tation.

At her two-week outpatient follow-up, she showed
mild improvement in her motor and sensory deficits. Fol-
low-up MOG-IgG a month later remained positive at a
titer of 1:20. Two months later, the patient developed left
arm weakness and worsening left leg weakness, prompt-
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ing further treatment with I'V methylprednisolone and in-
travenous immunoglobulin (IVIG). MRIs of the cervical
and thoracic spinal cord were again unrevealing. She was
further treated with two doses of rituximab followed by
monthly IVIG for maintenance immunotherapy. At the six-
month follow-up, she was able to walk with a walker and
had resolved sensory and urinary symptoms. A one-year
follow-up MRI continued to show no spinal cord lesions.

Fourteen months post-presentation, she was ambula-
tory without assistance but had mild residual left leg weak-
ness (4/5 strength in left knee flexion, dorsiflexion, and
plantar flexion). The patient moved out of town and was
evaluated at a different institution for a suspected myelop-
athy relapse a month later. A thoracic spine MRI reported
a long-segment T2 hyperintensity spanning 5 levels (T7-
T11) with questionable patchy enhancement, though
these images were not available for our review.

Discussion

We present a case of MOG antibody-associated myelitis
with MRI-negative findings in both the acute and subacute
phases, along with a low positive antibody titer, both of
which pose significant diagnostic and therapeutic chal-
lenges.

While MRI is an essential diagnostic tool in the work-
up of inflammatory CNS conditions, our case highlights
the growing recognition of MRI-negative MOGAD, a phe-
nomenon reported in the literature. A retrospective study
at Mayo Clinic found that 10% (7 out of 73 patients) of
patients with myelitis associated with MOG antibody had
normal MRIs within six weeks of symptom onset. Three out
of 7 patients developed myelitic lesions when MRIs were
repeated after 6 to 26 days. The MOG-IgG titer in these
patients ranged from 100-10,000.* In our patient, normal
MRIs of the spinal cord were seen on follow up scans up to
1 year from her initial presentation and her MOG titers did
not exceed 1:40.

The absence of spinal cord abnormalities on MRI in
patients who otherwise have a clinical presentation consis-
tent with an inflammatory myelopathy is atypical. The fact
that a substantial proportion of patients can have negative
CSF findings further complicates this situation, putting
this patient population at risk of being misdiagnosed and
at risk of treatment delays. This was exemplified by our pa-
tient, who, despite the significant deficits, was discharged
from an outside facility with a suspected diagnosis of FND.
Negative MRIs are also common in patients with other
autoimmune conditions such as anti-NMDA receptor au-
toimmune encephalitis and glutamic acid decarboxylase
(GAD) antibody spectrum disorders.” Myelopathies with
a negative MRI encompass a broad differential diagnosis
that should not be ignored (Table 1). Early identification
of these etiologies allows a prompt and targeted medical
treatment, potentially leading to a better prognosis.
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Figure 1. 3T MRIs. A) MRI brain w/wo contrast, T2 FLAIR sequence showing several punctate FLAIR hyperintense subcortical
bifrontal white matter foci (blue arrows). B) Coronal T1 post-contrast brain MRI with no enhancing lesions. C and D) (C. Sagittal T2,
D. Sagittal T1 post-contrast) MRI of the T-spine without cord signal abnormalities or enhancing lesions. E and F) (. Sagittal T2 and F.
Sagittal T1 post-contrast) MRI of the C-spine without cord signal abnormalities or enhancing lesions. G and H) (G. Axial T2 H. axial T1
post-contrast) Axial MRIs of the T-spine at T11 showing no obvious lesions, corresponding to the sensory level on patient’s neurologic
examination.
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Table 1. Differential diagnosis in negative-MRI myelopathies.
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Myelopathy Subtype
Nutritional
B12 deficiency
Copper deficiency
Vitamin E deficiency
Vascular
Spinal arteriovenous malformation/fistula
Spinal cord infarcts
CNS vasculitis
Infectious

Viral myelitis

Covid-19, Zoster, Epstein-Barr, herpes simplex, cytomegalovirus, adenovirus, enterovirus, coxsackie B virus, AIDS, HIV,

HTLV IorIl
Fungal Infections
Cryptococcus, aspergillus
Post infectious
Autoimmune
Systemic lupus erythematosus
Sjogren’s syndrome
Stiff person syndrome/GAD spectrum disorders
Glial fibrillary acidic protein (GFAP) - related disorders
Anti-glycine receptor-associated myelopathy
MOGAD
Neoplastic
Intravascular B cell ymphoma
Paraneoplastic encephalomyelitis
Anti-hu and anti-CV2/CRMP5
Structural lesions
Parasagittal meningioma
Arnold-Chiari malformation
Tethered Cord

The MOG antibody cell-based assay is highly specific
when the titer is greater than 1:100; lower titers may be
associated with false positives.' As an aside note, the serum
sample for the first MOG ab test in our patient was collected
after she had completed five daily doses of 1000 mg of
methylprednisolone. Although it may have been too soon, it
is unclear whether this could have affected the titer result.
Nevertheless, the low antibody titer in this case underscores
the need for careful consideration of clinical presentation,
disease progression, and patient recovery, rather than
relying solely on titers or MRI results for diagnosis. In the
presence of a phenotype suggestive of MOGAD, even a
low positive titer should prompt consideration of steroids,
as this approach represents an overall safe form of acute
immunotherapy.

Our patient received the first dose of the Pfizer-
BioNTech COVID-19 vaccine 14 days prior to the onset

of her neurological symptoms. The number of case reports
of inflammatory myelitis following COVID-19 infection is
similar to that following COVID-19 vaccination.®? While
these cases typically show positive MRI findings, at least
7 cases of an MRI-negative myelopathy associated with
COVID-19 infection have been reported.”'® To date, no
cases of MRI negative myelopathies have been reported in
association with a COVID-19 vaccine.

For patients with suspected vaccine-related neurologic
complications, it is crucial to select candidates for MOG
antibody testing carefully. Testing should be reserved for
cases presenting with a well-described MOGAD phenotype
to minimize the risk of false positives, particularly because
the prevalence of low-titer MOG antibodies in the
general healthy population is not well established. The
temporal profile of our patient’s deficits were typical of an
inflammatory myelopathy.
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Despite the low positive titer in our patient, the clinical
features, the natural course of the disease, the particularly
good recovery after her initial attack, and the recurrent
attacks after 2 and 15 months of her initial presentation, are
strongly suggestive of the titer being a true positive result.

In conclusion, a negative spinal cord MRI in a
clinical scenario highly suggestive of an inflammatory
myelopathy should not discourage physicians from testing
for MOG antibodies and considering early empirical
immunotherapy, as prompt treatment may improve the
chances of a favorable prognosis. This case highlights the
need for further research into the significance of low MOG
antibody titers and MRI-negative presentations. More
studies are needed to establish clear diagnostic thresholds
and treatment protocols for these atypical presentations.
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ABSTRACT

Simultaneous occurrences of rare disorders are significant
diagnostic and management challenges. In this case report,
we describe the initial clinical presentation, diagnosis,
and management of a 66-year-old man with a history
of concurrent facioscapulohumeral dystrophy (FSHD)
and myasthenia gravis (MG). He presented at age of 54
with longstanding symptoms of facial, scapular, and limb
weakness which was previously diagnosed at age 23 as
limb girdle muscular dystrophy. He also exhibited new
symptoms of ptosis, diplopia, and bulbar muscle weakness.
Genetic testing and acetylcholine receptor autoantibody
testing confirmed the diagnoses of both FSHD and MG.
This report discusses the diagnostic obstacles, findings
before and after treatment, and reviews previously reported
cases of concurrent FSHD and MG. We emphasize the
need for clinicians to remain vigilant for the development
of symptoms from another rare disease in patients already
diagnosed with one, avoiding premature attribution of new
symptoms to the baseline condition.

Introduction

Facioscapulohumeral dystrophy (FSHD) is the third
most prevalent type of muscular dystrophy, following
Duchenne muscular dystrophy and myotonic dystrophy
type 1.!' The pooled prevalence of FSHD across all age
groups is 3.95 per 100,000 individuals.?2 FSHD is primarily
inherited as an autosomal dominant disorder, though up to
30% of cases occur sporadically due to de novo mutations.
Symptoms of FSHD generally manifest in the second
decade of life but can appear at any age, ranging from
infancy to late adulthood.? Clinically, FSHD presents with
asymmetric, gradually progressing weakness that initially
affects the face, shoulders, and arms. This is followed by the
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distal lower limbs and pelvic girdle muscles involvement.
Bulbar, extraocular, and respiratory muscles are often not
affected*

Myasthenia gravis (MG) is an autoimmune
neuromuscular junction disorder marked by fatigue and
weakness of skeletal muscles with a global prevalence of
approximately 12.4 per 100,000.5° In MG, autoantibodies
target acetylcholine receptors or associated proteins in the
pre- and post -synaptic membranes of the neuromuscular
junction or the synaptic space. These autoantibodies cause
variable localized or generalized skeletal muscle weakness.
The weakness predominantly affects proximal muscles
more than distal ones and almost always involves the
extraocular muscles, leading to diplopia and ptosis.”

The simultaneous occurrence of FSHD and MG is
uncommon according to medical literature and poses
significant diagnostic and management challenges.
Through the presentation of a rare case of concurrent
MG and FSHD combined with a review of the literature
we outline the complicated clinical presentation and
immunomodulation responses for this unique population.

Case Presentation

The patientis a 66-year-old male who was initially seen
at 54 years of age. At that time, he presented with chronic
symptoms of limb weakness with prominent scapular
winging. When he was 19 years old he developed proximal
arm weakness and was diagnosed with an unspecified limb-
girdle muscular dystrophy after a muscle biopsy at 23 years
of age. Similar symptoms were reported in his mother,
maternal grandmother, and sister,and he mentioned that his
sister had a positive genetic test for “muscular dystrophy”
and also had MG. She lives in California, and we are not
able to obtain her records. Despite the patient’s symptoms,
he was active and worked as a police officer. When he was 54
years old, he developed new, variable symptoms of diplopia,
ptosis, and worsening difficulty with chewing. Given the
insidious onset of his bulbar symptoms, an MG workup was
done, and he was diagnosed with the condition. Serologic
testing revealed a positive ACh-R antibody (we do not
have the level from that time), and genetic testing reveled
a contraction of D474 repetitive element on chromosome
4q35 consistent with FSHD type .

Over the next decade he was been treated with a
variety of medications for MG at various times, including
pyridostigmine, prednisone, mycophenolate mofetil, and
intravenous immunoglobulin (IVIG). Over nine years he
had two episodes of exacerbation and was hospitalized
for plasmapheresis, with one resulting in temporary
mechanical ventilation. Ultimately, chronic monthly IVIG
treatment was very effective, and he tapered off prednisone
and mycophenolate mofetil. ACh-R antibody titer was 104
ng/Lfouryears after diagnosis. Two years ago, his insurance
company denied continued IVIG treatment. Since then,
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Table 1. Motor examination results are graded from O (no contraction) to 5 (normal strength) for both
the right and left sides across various muscle groups tested.

Muscle Right | Left Muscle Right Left
Orbicularis oculi 3 3 Knee Extension 5 5
Orbicularis oris 3 3 Knee Flexion 5 5
Neck Flexion 4 Ankle Dorsiflexion 4 4
Neck Extension 5 Ankle Plantarflexion 5 5
Shoulder Abduction 4+ 4+ Ankle Eversion 4+ 4+
Elbow Flexion 5- 5- Ankle Inversion 5 5
Elbow Extension 5- 5- Hip Flexion 4 4
Wrist Flexion 5 5 Hip Abduction 5- 5-
Wrist Extension 5 5 Hip Adduction 5 5
Finger Abduction 5 5

Finger Extension 4+ 4+

Thumb Abduction 4 4

he has been maintained on pyridostigmine, but he has
experienced cholinergic side effects, which have limited
its use. He has been offered complement inhibitor and Fc
blocker medication, but he has declined. He continues to
report ongoing symptoms, but he is willing to tolerate his
current symptoms without restarting prior medications or
starting new medications. At his most recent follow up visit,
he reported experiencing occasional ptosis, double vision,
and difficulty in chewing and swallowing. The Myasthenia
Gravis Activities of Daily Living (MG ADL), with a score of
0, scoring 1 on following parameters: chewing, swallowing,
breathing, rising from a chair, double vision, and eye droop.”
On examination, there was bilateral scapular winging.
Extraocular motility was full and there was no ptosis. The
right and left eye had a palpebral fissure measurement of
10 mm. The motor examination results are summarized in
Table 1. His most recent serum AchR antibody level was
3.56 nm/L.

Discussion

Both FSHD and MG are rare diseases, and their
coexistence has seldom been reported. Table 2 provides
a concise summary of cases reporting concurrent
occurrences of both MG and FSHD.%? One of the authors
(RJB) reported two cases in 2004 with Italian colleagues."”
Priorto thispublication the mostrecent cases were reported
in 2019. Filippeli et al. reported a 69-year-old woman
with a 13-year history of FSHD, confirmed by a DNA
deletion test, who presented with dysphagia, diffuse limb
weakness, and binocular diplopia. The diagnosis of MG
was confirmed through a decrement response on repetitive
nerve stimulation, increased jitter values in single-fiber
electromyography, elevated acetylcholine receptor-
binding antibodies, and significant improvement following
pyridostigmine and IVIG therapy." Also in 2019, Nauman
et al. reported a 77-year-old patient with a confirmed
diagnosis of FSHD for 27 years and MG for 4 years, who
experienced worsening symptoms such as double vision,

ptosis, swallowing difficulties, and exacerbation of previous
weaknesses. Following treatment with IVIG, the patient’s
condition notably improved.'? The first reported case in the
literature was by Sakuma et al. when described a similar
case involving a 50-year-old man with a 35-year history
of FSHD who developed MG." The primary lesson from
these reports is that the onset of bulbar and extraocular
symptoms in a patient with established FSHD should raise
suspicion for MG and prompt further evaluations such
as repetitive nerve stimulation, single-fiber EMG, and
antibody titer detection.

Could there be secondary mechanisms which MG
and FSHD are related? AChR antibodies have been
observed in patients with various other diseases, including
myotonic dystrophy, limb-girdle muscular dystrophy,
and mitochondrial myopathy and ALS.*' The detection
of AChR antibodies indicates a breakdown of immune
tolerance to these receptors, likely due to muscle fiber
degeneration and subsequent autoinflammation.”> Minor
alterations in the structure of the AChR within skeletal
muscle due to degenerative processes could potentially
trigger sensitization. This, along with the release of DNA
or RNA particles from degenerating muscle tissue, might
activate Toll-like receptors (TLRs), responsible for
responding to inflammatory signals from both pathogens
and internal cellular damage. These modified antigens
may then activate CD4 cells and B cells. If the immune
system detects significant changes in these antigens,
tolerance could be disrupted, leading to the production of
autoantibodies.”

Moreover, in FSHD as many as 80% of muscle
biopsies from patients display some level of infiltration by
mononuclear inflammatory cells. However, despite this
infiltration, disease progression remains unaffected, and
patients do not experience any benefits from prednisone
treatment.” Therefore, in cases whereboth FSHD and MG
occur simultaneously, the detection of AChR antibodies
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could be an indication of the immune-mediated process
triggered by underlying muscle damage due to muscular
dystrophy. Perhaps this could explain why our patient’s
sister alsomay had FSHD and MG. Based on the prevalence
rates of 3.95 per 100,000 for FSHD and 12.4 per 100,000
for MG and the world population is 8,115,094,06015 (as
of 2024) while ignoring the biases of meta-analyses, it is
estimated that approximately 40 people worldwide are
experiencing both conditions concurrently.

Our patient exhibited symptoms of FSHD
approximately 30 years before being diagnosed with MG,
similar to the case of Asadollahi et al. the other cases MG
developed several years after FSHD diagnosis.®®® In a
patient with FSHD the following should raise the suspicion
of MG: double vision, new asymmetric ptosis, new acute or
subacute difficulty with chewing and swallowing, and acute
respiratory failure.

Our literature review indicates that most of the
reported cases of concurrent FSHD and MG occur in men
and diagnosed after the fifth decade of life.31%1213 Tn some
instances, the FSHD diagnosis was initially missed and
only identified later when significant FSHD symptoms,
such as foot drop, became evident®¥® In terms of
treatment despite the underlying weakness from FSHD the
symptoms of MG responds to standard treatment of MG
including pyridostigmine, corticosteroids, and intravenous
immunoglobulin (IVIG).%13

Often, physicians may prematurely attribute new
symptoms to the baseline rare disease the patient is already
experiencing (i.e. Occam’s razor). Thus, a lesson of this
report is that clinicians should recognize that a patient with
one rare disease can develop symptoms of another rare
disease. This reinforces the famous quote from Sherlock
Holmes: “When you have eliminated the impossible,
whatever remains, however improbable, must be the
truth”.”
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Table 2. Summary of cases reporting concurrent occurrences of both MG and FSHD.

Cases
s . " s . s 0 0 . ) Sakuma et
Author Ketabforoush et al. Filippelli et al. Nauman et al. Asadollahi et al. Sansone et al. Sansone et al. McGonigal et al. al 3
Year 2024 2019 2019 2012 2004 2004 2002 2001
Country USA Italy USA Iran Ttaly-USA Ttaly-USA UK Japon
Age 66 69 77 70 69 60 56 50
Sex Male Female Male Male Male Male Male Male
50-year history
FSHD symptoms of slowly clinically diagnosed For m._o.v\omamv %Qw has um.-v\om_‘
. . . - been mild, fluctuating . history
began at age 19. . . diagnosed with FSHD at progressive with FSHD, confirmed . P nearly 40-year history of
FSHD diagnosed with FSHD . . . difficulty in raising arms . of FSHD
. . MG symptoms and . the age of 50 (27 years asymmetrical by deletion analysis (33 . foot drop and shoulder girdle .
manifestation . . 13 years prior . overhead, carrying heavy affecting
the FSHD diagnosis ago) weakness of kb) two years prior to . : weakness
. L items, and standing up the lower
occurred at age 54. proximal upper admission . .
. straight. extremities
limb muscles.
Family history Sister, mother, two brothers and one
of FSHD and maternal nephew Mother
grandmother p
mo.&mv\m history of nasal Diagnosed with MG at
timbre, followed by . .
. . age 74 (3 years ago), his 15 days history
dysphagia and diffuse .
. . . . . symptoms worsened, of progressively sudden onset of dyspnea, .
diplopia, ptosis, and limb weakness needing . . . . . . . . 4 months history of left . .
MG . . . including double vision, worsening dysphagia, dysarthria, fluctuating dysarthria that . . . Difficulty in
. . worsening difficulty bilateral support for . . . : - . . eyelid drooping, varying in .
manifestation X . X s ptosis, and swallowing difficulty in ptosis, and severe limb began 8 months prior . chewing and
with chewing walking, with binocular . . . severity throughout the day .
. : . issues, along with the chewing and weakness swallowing
diplopia on the vertical L . .
L deterioration of previous dysarthria
plane appearing in the
weaknesses.
last 10 days
Anti
acetylcholine markedly
10.4 nmol/L 16.01 nmol/l elevated 12 pmol/L 4.1 pmol/L 6.71 nmoles/L 97 nmol/L
receptor elevated
antibody
(—10.8% at2 Hz, —
Repetitive nerve 15.6% at 5 Hz) on the .
. . . . . decrement . waning
stimulation orbicularis oculi muscle response decremental response decremental response Normal Limits attern
(RNS) and (— 14.9% at 2 Hz, P P

15.2% at 5 Hz) trapezius
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Myopathy-increased
jitter in the extensor

SFEMG showed
increased jitter (mean
72.3 microseconds)-EMG

S . short-duration motor unit demonstrated m.ron duration myopathic
SFEMG/EMG digitorum communis (in myopathy . polyphasic motor
65%o0f 20 pairs, mean potentials units with a high frequency changes
value 55.8 us) recruitment pattern,
indicating a myopathic
process.
Neostigmine test was
performed. Dysarthria,
ptosis, and diplopia
showed dramatic dysarthria and decreased
Edrophonium improvement, with chewing difficulty ptosis improved with waning and
Test returning of RNS to showed dramatic edrophonium the clinical
normal after 25 min improvement symptoms
from neostigmine
injection (— 9.6% at
5Hz
Thymoma not detected not detected small thymoma-Thymectomy thymectomy
creatine kinase high (414 UI/1) elevated normal 1.5-fold elevation normal
Q.:.oio E:.m/&:.osm WBB:MMMN”WMMMN/: G) steroids, pyridostigmine, . mnxmﬂsaﬁrmmosw (25 mg Pyridostigmine- ooaooﬂowoa
immunoglobulin and mycophenolate choline-esterase daily), azathioprine (50 mg . . Lo and choline
Treatment therapy at 0.4 g/kg/day . . . . N mycophenolate mofetil pyridostigmine
(IVIG), mofetil-IVIG treatment inhibitor agents daily), and pyridostigmine . . esterase
S for 5 days and started on . (1000 mg twice daily)
pyridostigmine pyridostigmine at 1g/kg/day for 2 days. (270 mg daily)

inhibitor
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Abstract

A 70-year-old male patient with inclusion body myositis
presented to dermatology clinic for evaluation of loss of
fingerprints. Eight years previously, he had fingerprints
taken for a government permit. Inclusion body myositis
(IBM) was diagnosed four years later after the patient
developed muscle weakness in his left lower extremity and
right upper extremity and was confirmed by muscle biopsy.
The patient also reported loss of skin lines that gave his
fingers a shiny appearance, most prominently on the left
hand, in which he had weakness associated with inclusion
body myositis. He was unable to renew the government
permit due to an inability for the machine to read his
fingerprints. Upon exam, the fingers of his hands, most
prominently the left 3" and 4™ digits, had a smooth texture
and glossy appearance circumferentially, associated with
diminution of skinlines and palmar dermatoglyphs. Workup
for connective tissue and other autoimmune diseases was
negative. This case suggests asymmetric adermatoglyphia
may distinguish a subset of patients with IBM.

Key Words: adermatoglyphia, loss of fingerprints,
inclusion body myositis, dermatoglyphs

Introduction

Dermatoglyphs are volar skin lines that form
complex and individually unique patterns. In contrast
to other skin lines, which develop throughout life in
association with muscle use and age-related loss of
elasticity, fingerprint patterns are established in gestation.
Detailed developmental studies have demonstrated that
ectodermally derived epidermis forms dermatoglyphs
through patterns of epithelial budding dependent on
expression of EDAR and FGF20."?Unlike the hair placode,
which requires the same developmental signals in the
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epidermis, WNT-dependent recruitment of mesenchymal
cells does not occur. Subsequently, waves of WNT-driven
proliferation of basilar epidermis originating at the apex of
distal phalanges leads to the regularly spaced suprabasilar
thickening that forms the primary ridges of fingerprints.
Although no new primary ridges arise after 17 weeks
gestation, secondary ridges arise between primary ridges
and the ducts of sweat glands form pores on the surface
of ridges>® A recent genome-wide association study
uncovered variants in limb development genes associated
with fingerprint type, likely because fingerprint patterns are
correlated with hand and finger proportions.* The integrity
of dermatoglyphs can be affected by acquired conditions
such as dyshidrotic eczema, contact dermatitis, scabies,
herpetic whitlow, trauma, micro-abrasions, psoriasis, or
Steven Johnson Syndrome.”

Although rare, dermatoglyphs can also be affected
by congenital conditions such as an inherited absence of
epidermal ridges and ectodermal dysplasias.®” Isolated
autosomal dominant adermatoglyphia has been described
in very few families and is also known as the “immigration
delay disease” due to patients’ difficulties obtaining
government documents. A key finding common in these
families is an irregular number of sweat gland openings.®
Ectodermal dysplasias include a range of syndromes with
multiple abnormalities of ectodermal structures including
hair, nail, teeth, and sweat glands. Basan syndrome and
autosomal dominant adermatoglyphia are ectodermal
dysplasias caused by mutations in the skin specific isoform
ofthe SMARCADI gene. These two syndromes are rare and
have been grouped together into SMARCAD Syndrome.
This acronym stands for SMARCADI-associated
congenital facial Milia, Adermatoglyphia, Reduced
sweating, Contractures, Acral Bullae, and Dystrophy of
nails.”

Inclusion body myositis (IBM) is the most common
myopathy in patients aged 50 years or older®’ 1BM
classically presents with progressive and asymmetric
weakness. Finger flexors and quadricep muscles are
predominantly affected.'® IBM can be classified as either
sporadic or hereditary, with the sporadic form being
more common. Sporadic IBM has both inflammatory
and degenerative features leading to ongoing debate over
the primary driver of the pathogenesis.” Endomysial and
perivascular immune cell infiltration, and circulating
autoantibodies support involvement of the immune
system, a lack of responsiveness to immunosuppression
and immunomodulatory treatments supports
degeneration rather than inflammation, and induction of
protein aggregates by inflammatory cytokines supports
inflammation rather than degeneration.*'*> While other
inflammatory myopathies, such as idiopathic inflammatory
myopathy and dermatomyositis, have characteristic skin
eruptions, IBM is not known to involve the skin.
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Case Presentation

A 70-year-old male with a past medical history of
inclusion body myositis, coronary artery disease, type 11
diabetes mellitus, hypertension, gastroesophageal reflux
disease, obstructive sleep apnea, and a 60 total pack
year smoking history presented to dermatology clinic
for evaluation of loss of fingerprints. Although he had
previously normal fingerprints (Fig. 1), the patient had
recently been unable to renew a permit due to inability to
verify identity because the fingerprinting machine could
not detect his fingerprints. The patient was aware of the
loss of skin lines on his hands, specifically his fingers
because his fingers had developed a shiny appearance. The
changes were most apparent on the right second, third, and
fourth fingers, where his muscle weakness was most severe.
Consequently, he attributed these changes to his diagnosis
of inclusion body myositis.

& Lmiows’
SAGEM LS1/LiteUe 000

Figure 1. Fingerprints. Patient’s normal fingerprints taken three
years prior to diagnosis.

At the age of 65 years, the patient presented to his
primary care physician with balance difficulty, some
weakness of the upper extremities, and occasional trouble
swallowing. The patient was referred to neurology, where he
was noted to have atrophy of his right arm and forearm with
decreased finger flexion on the right side 4/5; decreased
dorsiflexion and eversion of the right foot 4+/5; and
decreased dorsiflexion, eversion, and inversion of the left
foot 4/5. Normal muscle tone and bulk was noted in the left
upper extremity and bilateral lower extremities. A modified
barium swallow study showed decreased anterior hyoid
excursion and decreased laryngeal closure, but swallow
was within functional limits. EMG and needle study was
performed on the right upper and lower extremities.
Myopathic findings were found in the left psoas and right
flexor digitorum profundus, with some active denervation
potentials seen in the right flexor digitorum profundus,
right flexor pollicis longus, right xtensor hallucis longus,
right flexor digitorum longus, and left tibialis anterior.
MRI of the cervical and lumbosacral spine showed
degenerative disc disease but not severe enough to cause
his degree of weakness. MRI of the pelvis and left femur
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showed patchy abnormal signal and enhancement within
the rectus femoris, vastus lateralis, and tensor fascia lata
muscles. This pattern was most consistent with a myopathy.
Based on the asymmetric findings, IBM was suspected. A
muscle biopsy of the right rectus femoris muscle using local
anesthetic showed endomysial inflammation and rimmed
vacuoles, suggestive of IBM. The diagnosis of IBM was
confirmed with NT5CIA antibody. A creatine supplement
and over the counter taurorsodeoxycholic acid (TUDCA)
were started, as well as physical, occupational, and speech
therapy for long-term support.

Subsequently, weakness and atrophy in the right
upper extremity progressed to the patient being unable
to completely close his fist. The patient started having
shoulder and hip dislocations due to muscle weakness and
first noticed the tips of his fingers were becoming smooth
and glossy. He experienced no related pain, sensory issues,
redness, discoloration, or Raynaud-like phenomenon. The
smoothness and loss of skin lines on his hands increased,
and he was referred to the dermatology clinic for evaluation.

On exam, skin atrophy with diminution of flexion
creases and dermatoglyphs was noted, with the most
profound changes in the distribution of the right flexor
digitorum profundus (Fig. 2). Dermoscopy of affected
fingers revealed effacement of dermatoglyphs but no
other specific features. ANA profile and serologies for
autoimmune conditions including autoimmune myositis
were ordered. ANA titer was positive to 1:160 with speckled
pattern, which was concluded to be nonspecific. Antibodies
against SSB, RNP, Sm, SSA Ro52, SSA Ro60, Scl-70, Jo 1,
and dsDNA were negative. Additional testing for a panel of
antibodies against PL-7, PL-12, EJ, OJ, SRP, Mo-2, TIF-1-
gamma, MDA-5, NXP-2, Ku, Scl-100, Ul RNP, U2 RNP,
and U3 RNP was also negative.

Eccrine dysfunction is a feature common to genetic
adermatoglyphia syndromes. Therefore, eccrine function
was assayed by applying iodine to the patient’s fingers and
pressing the finger pads, once dry, onto plain white paper.
This modification of the starch-iodine sweat test technique
permits visualization of eccrine secretion to the resolution
ofindividual glands.” Results demonstrated fewer secreting
eccrine glands from the finger pads, most noticeably on the
right hand where the patient’s weakness and fingerprint
effacement are also the greatest (Figs. 3A-3B).

Discussion

Evidence of muscle involvement in the development
or maintenance of dermatoglyphs has not been reported.
Congenital absence of fingerprints is a feature of Naegeli-
Franceschetti-Jadassohn syndrome and dermatopathia
pigmentosareticularis, which are associated with mutations
inkeratin 14 and support fingerprints as primarily epithelial
structures.™* A loss of fingerprints from pathological skin
thickening is a feature of scleroderma, an autoimmune
condition characterized by fibrotic infiltration of the
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Figure 2. Bilateral palmar hands. Smooth texture and glossy appearance of the fingers of bilateral hands, most prominently the left 3
and 4" digits. There is absence of skin lines and diminution of palmar dermatoglyphs.

dermis and other organs.”® Overlap between inclusion
body myositis and scleroderma has been rarely reported.'!
However, fibrosis is not the underlying mechanism for
the loss of fingerprints in our patient, whose skin was
thin and atrophic rather than fibrotic, and there were no
other symptoms nor serological evidence of scleroderma.
Similarly, there were no symptoms of dermatitis, accidental
trauma, burns, or infection. The patient’s history did
not support a drug-related cause or other dermatologic
condition known to impact fingerprints.

Diminished skin wrinkling of the dorsal fingers has
been reported in a series of three patients with IBM who
had a loss of wrinkling of the dorsal distal interphalangeal
joints in association with flexor weakness of these fingers."”
Fingerprints were not discussed. In the study of fingerprint
analysis, these flexion creases are called white lines and
are known to become exaggerated with age, to the point of
obscuringdermatoglyphsinsomeindividuals.?° The authors

of the case series suggest flexion creases are maintained by
regular skeletal muscle contractions, as in facial rhytides,
which can be temporarily relieved by botulinum toxin
chemo-denervation of facial musculature.'” However,
chemo-denervation of the palms and soles is not reported
to efface dermatoglyphs in patients treated with botulinum
toxin for palmar hyperhidrosis. Dermatoglyph effacement
is also not described in stroke or other degenerative
processes of the central or peripheral nervous system.
Therefore, asymmetric absence of fingerprints may be a
cardinal feature of some patients with IBM. The associated
eccrine dysfunction also matches the patient’s distribution
of IBM symptoms. Whether this a cause or consequence of
acquired adermatoglyphia is uncertain.
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Introduction

HSP is a heterogeneous group of genetic
neurodegenerative disorders characterized by slowly
progressive spasticity caused by degeneration of the long
tracts of the spinal cord, particularly the corticospinal tract
and dorsal columns. HSP is divided into uncomplicated
and complicated forms depending on the presence of
other neurologic features beyond spastic paraparesis.
Uncomplicated HSP describes spastic paraparesis with
possible sphincter disturbances while complicated HSP is
accompanied by additional features, such as ataxia, optic
atrophy, pigmentary retinopathy, intellectual disability,
extrapyramidal signs, dementia, deafness, peripheral
neuropathy, and epilepsy. We report a patient with
¢.1246C>T (p.R416C) heterozygous variant on the ATLI
gene causing a complicated form of hereditary spastic
paraparesis (HSP) who had an early age of onset but had
non-progressive disease until a rapid decline at age 57 after
bariatric surgery. The same mutation on the ATLI gene
was identified in family members with HSP at a young
age. Intriguingly, the mother of the proband carrying the
mutation remained asymptomatic.! This suggests that
environmental factors, modulator genes, or epigenetic
factors contribute to the varied presentation of HSP.
Our case report suggests that bariatric surgery could be a
potential inciting event for clinical worsening in patients
with HSP.

Case Report / Presentation:

The patient of interest is a Caucasian man who
had symptoms starting at age 5. His weakness first
manifested with clumsy walking and difficulty running,
He has had poor balance since young. He believes that
his weakness first started in his thighs before extending
distally. At the age of 7, the patient was evaluated in several
hospitals and underwent three myeloencephalograms
and electrophysiological studies reported to be without
concern for demyelinating disorder. He reports that his
motor deficit, notably affecting only his lower extremity
muscles diffusely, plateaued at age 10. He did not have
any major ambulatory dysfunction until age 57. At age 57,
he underwent bariatric surgery and lost approximately
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130 pounds. Since then, he has noticed worsening lower
extremity strength with decreased ability to ascend and
descend the stairs or walk longer distances. He has had no
weakness in the upper extremities, trunk, or cranial nerves.
His other symptoms include difficulty hearing since age 50
for which he has hearing aids as well as dysphagia secondary
to achalasia requiring myotomy. Several months after his
bariatric surgery, his neurologic exam demonstrated distal
arm weakness, left worse than the right, as well as distal
greater than proximal leg weakness, again left worse than
right. He had more muscle wasting in his distal compared to
proximal leg muscles. His reflexes were 3+ throughout with
positive Babinski reflexes. He had diminished pinprick,
proprioception, and vibration sense in the toes with agraded
reduction in the distal legs up to the shin. His gait showed
feet dragging with inverted knees. No one in his family,
including his four brothers and two children, had similar
symptoms. Normal results were obtained for vitamin
B12, folate, thyroid stimulating hormone, and creatinine,
including negative serologies for ganglioside antibodies,
hepatitis C, and Smith ribonucleoprotein antibodies. His
hemoglobin A1C was 5.4%. At this time, electrodiagnostic
testing demonstrated length-dependent motor and sensory
axonal polyneuropathy. There was also evidence of active
and chronic bilateral lower lumbar and upper sacral
radiculopathies of mild-to-moderate severity. Magnetic
resonance imaging of the spine showed moderate-to-severe
central canal stenosis at C5-C6, L.2-1.3, 1.4-15, and L5-S1.
He was not deemed to be a candidate for intervention of
his spinal stenosis by neurosurgery because his symptoms
were thought to be out of proportion to his degree of
cervical stenosis . Finally, he underwent genetic testing
which demonstrated a ¢.1246C>T heterozygous variant on
the ATLI gene consistent with a diagnosis of HSP. By age
61, he could only walk short distances with a walker but
mainly relied on a scooter for transport.

Discussion:

More than 80 mutations have been found to cause
HSP?, with some genes discovered to be involved in the
axonal transport of macromolecules, organelles, and
cargoes.®>*Onset for HSP varies from early childhood to 70
years of age, with variability in age of onset seen even among
family members with the same genetic mutation.> Our
patient had features of HSP at a young age but appeared
to reach a plateau at age 10. He retained the ability to walk
until age 57 when he lost a significant amount of weight
after bariatric surgery. His slowly progressive muscle
atrophy and weakness, hyperreflexia, electrodiagnostic
testing showing length-dependent motor and sensory
axonal polyneuropathy, and genetic analysis showing a
mutation in the ATLI gene were consistent with a diagnosis
of HSP. In patients with a pathogenic ATLI gene mutation
causing HSP, less than 25% required the use of a walking
aid or wheelchair after a mean disease duration of 32 years.®
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His clinical course was unusual because most patients with
HSP reach a plateau after a period of continuous worsening.
To our knowledge, there have been no other case reports
documenting a rapid decline in weakness after patients
have reached clinical stability for decades. Our case report
suggests that bariatric surgery or its downstream effects
may be a factor contributing to this unusual clinical course.

The incidence of developing peripheral neuropathy
after bariatric surgery is around 16%.” Sural nerve biopsies
in these patients showed axonal degeneration with
perivascular inflammation.” Deficiencies in vitamin BI,
vitamin Bo, vitamin B12, vitamin E, copper, and niacin were
considered the greatest risk factors, although nutritional
deficiency was not present in all patients who developed
neuropathy after bariatric surgery.®!° At the same time, a
meta-analysis found that neuropathic symptoms improved
in patients with diabetes after bariatric surgery." Although
no frank nutritional deficiencies were identified in our
patient, micronutrient deficiencies may have contributed
to his progressive axonal neuropathy. Furthermore,
research into bariatric surgery has shown that obesity-
related epigenome is altered after bariatric surgery via
different patterns of DNA methylation.!? The epigenetic
reprogramming may have altered the phenotypic
expression of this patient’s genetic mutation, promoting
disease progression. Our patient was likely more vulnerable
to nerve injury due to his underlying HSP.

For many years, the range of phenotypic expressions
among patients with HSP has puzzled clinicians. Until now,
no identifiable stressors have been proposed for the initial
presentation or clinical worsening in patients with HSP.
Bariatric surgery may have evoked worsening symptoms of
neuropathy eitherbyitselfdue tomicronutrientdeficiencies
or in combination with the genetic abnormality in this
susceptible individual who carried an AT'LI gene mutation.

In conclusion, this report summarizes our experience
with an ALTI linked case of HSP in an adult patient who
experienced an acceleration of his disease post bariatric
surgery. Until specific treatments for HSP subtypes become
available, careful considerations of underlying neurological
condition(s) in addition to typical bariatric pre-surgical
clearance evaluations seem necessary in order to mitigate
disease and its impact on patient function.
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MG is an Autoimmune Disorder

Figurel

Myasthenia Gravis is an
Autoimmune Disease
Simpson (1960)

—  Speculation Based on: Assoc. with Other Al Autoimmune Response to Acetylcholine Receptor
Diseases; Thymus Abnormalities, Fluctuating
Course, Transient Neonatal MG

Lindstrom lab (1973)
- EAMG
— Passive Transfer Rabbit —to-Rabbit

Jim Patrick', Jon Lindstrom

Abstract

Appel lab (1974 Injection of rabbits with acetylcholine receptor highly purified from the electric organ of
) ¥ P J

— AChR-ADb Found in MG Pts IHm phorus ele fed in cc - uvant resulted in the
Toyka et al (1977)
— Passive Transfer Man-to-Mouse
Engel etal i Patrick J, Lindstrom J. Autoimmune response to Acetylcholine Receptor.
— IgG and C3 at NMJ in MG (1977) Science 1973; 180:871-2
— MAC at NMJ in MG (1987) B
Vincent lab (2002) :
— MuSK Ab to muscle specific tyrosine kinase
Higuchi et. al. (2011); Pevzner et. al. (2012); Zhang
et. al. (2012)
— LRP4 Antibodies

The concept that myasthenia gravis (MG) is autoimmune is relatively recent given how long we have
known about the disease. It was speculated that MG was an autoimmune disease in 1960 by Dr.
Simpson (Figure 1). His speculation was based on several observations that included the association of
MG with other autoimmune diseases, thymus gland abnormalities, fluctuating course, and transient
neonatal MG where infants born to MG mothers are weak at birth and then improved gradually. The
real proof did not emerge until the early 1970s. In 1973 Dr. Jon Lindstrom, in his laboratory in
California, produced the first experimental allergic MG model in rabbits. His group was able to
passively transfer myasthenia from rabbit to rabbit. Dr. Stanley Appel was part of the team at Duke in
1974 that was first able to identify acetylcholine receptor antibodies (AChR-Ab) in MG patients. A
couple of years later, Dr. Klaus Toyka and his team in Germany were able to passively transfer these

antibodies from human to mouse (Figure 2).
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Figure 2

Important Publications on MG Pathophysiology

Myasthenia Gravis — Study of Humoral Immune
Mechanisms by Passive Transfer to Mice

Authors: ¢

Acetylcholine Receptor Antibodies in Myasthenia Gravis

Publizhed Janusry 20, 1977 | N Engl | Med 197729612531 | DOI: 10,1056/ NE|MIS7701202060301
VOL 296 NO.3

Abstract

Appel SH, Almon RR y N Acetylcholine Receptor Antibodies in Toyka KV, Drachman DB, Griffiith DE, et al. Myastheni: is. Study of
Myasthenia Gravis. N Engl J Med 1975; 2 60-761 humeoral immune mechanisms by passive transfer to Engl K Med
1977; 25-130

In 1977 at the Mayo Clinic, Dr. Andrew Engel and his team made the initial observations thatin
addition to the autoimmune antibodies, complement was importantin MG pathophysiology at the
neuromuscular junction. Our group was able to demonstrate complement elevation in the plasma of
MG patients. The complement elevation was higher when the disease was more severe. The finding
that complement was important in the development of MG ultimately led to the use of complement

inhibitors for the treatment of MG (Figure 3).
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Figure 3

Complement and MG

Soluble terminal complement
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correlations Ultrastructural Localization of the Terminal and Lytic Ninth
Complement Component (C9) at the Motor End-plate in
1977 Myasthenia Gravis

Ko Sanasw, M.D., Axorew G. Excer, M.D.,

Abstract Eowarp H. Lassexr, M.D.. Pu.D., axD Frank M. Howaro, Ju., M.D.
. b u J rr. Mim

Abstract

Sahashi K, Engel AG, Lambert EH, Howard FM Jr.
Ultrastructural localizati f the terminal and Iy inth
complement col ent (C9) e moto ate in

myasthenia g J Neuropathol Exp Neurol. 1980

2

Engel AG, Lambert EH, Howard FM. Immune complexes
(IgG and C3) at the motor end-pl myasthenia gravis:
ultrastructural an pic localization and
electrophysiologi fayo Clin Proc. 1977

Barohn RJ, Brey RL. Soluble terminal compler components in
human myasthenia gravis. Clin Neurol Neurosurg. 1993 Dec;95(4):285-
90.

The next big scientific breakthrough was in 1999 when Doctors Vanda Lennon and Edward Lambert
discovered that the Lambert-Eaton myasthenic syndrome was due to antibodies directed against the
presynaptic voltage-gated calcium channels at the neuromuscular junction. In 2001 Dr. Angela
Vincent’s lab in Oxford, England discovered antibodies directed against the muscle-specific tyrosine
kinase (MuSK) at the neuromuscular junction in patients with MG who did not have AChR antibodies.
In 2011 and 2012 several labs found low-density lipoprotein receptor-related protein 4 (LRP4)
antibodies in a portion of MG patients who were seronegative to both AChR and MuSK. While there
are other antibodies that are still being pursued in research labs, these three are now commercially

available--AChR, MuSK, and LRP4.
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Figure 4

Important Publications: NMJ Antibodies

|

Lennon VA, Lambert EH. Autoantibodies Bind Solubilized Calcium
Channel-w-Conotoxin Complexes From Small Cell Lung il acepf
Diagnostic Aid for Lambert-Eaton Myasthenic Syndrome. Mayo Clinic 0 - B limezi M, et al. Autoantibodies to
Proc 19 498 i d P n Patients With Double-Seronegative
Arch Neurol 2012; 69: 51

Auto-antibodies to the receptor tyrosine kinase
MuSK in patients with myasthenia gravis without
acetylcholine receptor antibodies

ted Protein 4
in Patients With Double-Seronegative
Myasthenia Gravis

MuSK Abs

LRP4
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Diagnosis of MG

Edrophonium-chloride, previously known by the trade names Tensilon and Enlon, was developedin

the mid-1950s to diagnose MG (Figure 5).
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Figure 5

Myasthenia Gravis
TESTS FOR DX Rep Stim

Edrophonium - was Tensilon; then Enlon, now not available
— Almost never done anymore

Ice Pack Test
Serum Antibodies
— Most important
— 3 commercially available: AChR-Ab; MuSK-Ab; LRP-Ab
Repetitive Stimulation
— Not needed if Ab +
Single fiber EMG
— Very few doctors can do this

Pasnoor M, Dimachkie MM, Farmakidis C, Barohn RJ.
Diagnosis of Myasthenia Gravis.
Neurol Clin. 2018 May;36(2):261-274

By injecting intravenously this acetylcholinesterase inhibitor, some symptoms and signs of MG could

be improved or reversed, especially ptosis (Figure 6).
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Figure 6

Intravenous Edrophonium Test

Pre-Edrophonium: Post-Edrophonium:

However, since 2018 edrophonium is no longer available in the United States. We hope that one day a
drug company will bring edrophonium back on the market because we believe it is useful in the
diagnosis of MG in both inpatient and outpatient settings when patients first present with symptoms
and signs. In the absence of the ability to do edrophonium tests, an ice pack test can be performed by
putting ice wrapped in a plastic bag over a patient’s ptotic eye to see if the lid raises. This is not as
effective as an edrophonium test. The pharmacologic basis for the ice pack test is that cold temperature
slows down the activity of the enzyme acetylcholinesterase thus increasing the availability of the
neurotransmitter acetylcholine at the neuromuscular junction to effect neuromuscular transmission.
Serum antibodies are the most important diagnostic test and as mentioned above, there are now three
commercially available serum antibodies: antibodies to AChR, MuSK, and LRP4. Repetitive
stimulation is still a useful test to demonstrate neuromuscular junction pathophysiology. Figure 3

shows an example of an abnormal decremental response of an ulnar-innervated hand muscle when the
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ulnar nerve was stimulated at 2 Hertz. In a patient who has the typical presentation of MG symptoms
and signs, a positive antibody test to these components of the neuromuscular junction lessens the need
to do repetitive stimulation as the diagnosis has already been confirmed.

Single fiber electromyography (EMG) is also a useful test to demonstrate neuromuscular junction
dysfunction (Figure 3). It is more sensitive than repetitive stimulation. Single fiber EMG is most often
used to document evidence of neuromuscular junction dysfunction in antibody-negative patients.
However, single fiber EMG is a difficult test to perform that requires training and special equipment

and itis not available at many medical centers.
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Two historic figures that led to our understanding and treatment of MG

Figure 7

Thomas Willis, MD Mary Broadfoot Walker, MD
1621-1654 1888-1974

Who are these two individuals in Figure 7? The man on the leftis Thomas Willis who was an
important physician who practiced in England in the 1600s. He was primarily famous for publishing on
the anatomy of the brain and describing the vasculature at its base which we now call the circle of
Willis. He also was the first physician to describe the clinical features of MG in one of the many books
that he published. ‘De Anima Brutorum’, published by Willis in London in 1672 and written in Latin,
described patients who were well in the morning and fatigued toward noon and were unable to speak
for a long time. This book was then translated into English in 1685 under the title “The London
Practice of Physick’:

“in the morning [they| are able to walk firmly, to fling about their Arms hither and thither, or to take up
any heavy thing, before noon the stock of Spirits being spent, which had flowed into the Muscles, they

are scarce able to move Hand or Foot” (Figure 8).
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Figure 8

Thomas Willis’ Anatomy of the Brain and
London Practice of Physick

DWILLIS
|P|'m;’fic.c of Phyfick,

B8/ TR WORKS

I'HE BRAIN

[PHYSICTAN:

Theke Elven Scveral T

Willis, Thomas. The Anatomy of the Brain. 1664.

Willis, Thomas. London Practice of Physick. 1685.

The woman may not be as well known to many of you but she’s one of the heroes in MG history and her
name is Mary Broadfoot Walker. Dr. Walker first demonstrated that physostigmine and prostigmin
were effective in treating MG. She published two papers, one in 1934 and one in 1935, that showed this

beneficial effect.
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Figure 9

Dr. Mary Walker’s Two Major Papers on MG:
Physostigmine and Prostigmin

Case showing the Effect of Prostigmin on Myasthenia Gravis.—
M. B. WaLger, MRCOP.

D. C., fomale, aged 40.

History.—In spring 1930 she noticed undue fatigability of the arms and
drooping of the right upper eyelid. In July 1930 she was admitted to the Middlesex
Hospital with diplopia, and was discharged, appreciably better, within & month.
January 1931, readmitted with impai of all of the left eye and
weakness of the arms and legs, which becama worse towards the end of the day. In

1 See Proceedings, 1835, xxvill, #6 (Sect. Dis. in Child. 29),

Given by the mou mgm. of prostigmin caused nausea, the effect was much
less, and came on much later thsn when the drug was given hypodermmallg.

Control injections of ephedrine, lobeline, femergin, and water produced no effect
on the muscular weakness.

Walker MB. Treatment of mya ia gravis

with physostigmine. Lancef 1:1200-1, 1934.
Walker MB. Case showing the effect of pros

myasthenia gravis. Proc R Soc Med 1935;28:

She saw similarities between the symptoms and signs of MG and curare intoxication. Curare poisoning
was being treated with physostigmine, and based on this knowledge, she decided to use these drugs to
treat MG-and it worked! This was a landmark discovery in the history of medicine. In the 1935 paper,
she injected not only prostigmin (also known as neostigmine) but then injected water placebo and
showed that the placebo did not work (see highlighted area in Figure 9). The observations of Dr.
Walker were the biggest breakthrough in the treatment of MG in the early half of the last century.

The next major observation in the treatment of MG regarded the thymus gland. For years cases of MG
had been observed with enlarged thymus glands or thymic tumors. In the 1930s and 40s thymectomy
began being used for thymomatous and non-thymomatous MG by Dr. Alfred Blalock and others, and

they reported improvement in the status of the patients (Figure 10).
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Figure 10

Treatment of MG and Decades Introduced

TREATMENT

1930's Neostigmine & Physostigmine

To increase Acetylcholine e et
. Cholin esterase |nh|b|t0rS 1950's Mechanical ventilation, Edrophonium chloride &

Pyridostigmine Bromide

¢ PyridOStigmine (MeStinon) 1960's & 70's Corticosteroids, Plasmapheresis
= Prostigmin (Neostigmine) Azathioprine

1980's Cyclosporine

TO inhibit immu ne response 1980's &90's Intravenous immune globulin

1990’s & 2000's Mycophenolate mofetil

* Immunosuppressive Therapies
O Surgery 2017 Eculizumab (SOLIRIS®)

2021 Efgartigimod (VYGART®)
= Thymectomy 2022 Ravulizumab (ULTOMIRIS®)

2023 Rozanolixizumab (RYSTIGGO®)

2000's Rituximab (RITUXAN®)

Zilucoplan (ZILBRYSQ®)

Efgartigimod SQ (Hytrulo SQ)

A major advance in the treatment of MG occurred in the 1950s when mechanical ventilators became
available. As mentioned, edrophonium chloride became available in the 1950s, and then
pyridostigmine bromide, which goes by the trade name of Mestinon, was developed in the mid-1950s
and largely replaced the use of prostigmin (Neostigmine) due to fewer side effects. Pyridostigmine
(Mestinon) became the first FDA-approved drug for MG in 1955. Corticosteroids and plasmapheresis
were introduced in the 1970s. However, there were many reports in which ACTH was used for MG
beginning in the 1950s which was really the first attempt of using corticosteroids for MG. The late
1960s and early 1970s ushered in an era of using drugs that were developed to prevent organ transplant
rejection in autoimmune diseases such as MG. The first was azathioprine and the next was
cyclosporine, and finally mycophenolate mofetil. In the 1980s and 90s, intravenous immune globulin
(IVIG) began being used for MG.

Around 20 years ago, rituximab was first introduced as MG therapy. All of the above medications were

approved for other disease states and were off label for MG. Finally, in 2017 the first FDA-approved
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immunotherapy for MG was introduced-eculizumab--and subsequently several other drugs have been

FDA-approved for MG, most notably efgartigimod in 2021.
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Course of Disease and Patterns of Presentation

Figure1l

Myasthenia Gravis
COURSE

About 80 % present with eye symptoms: double vision or eye droop ( MPS-eyeball
pattern)

However, only 15% remain ocular at 3 yrs.

Other presentations: MP6 (neck) ; MP7 (bulbar) ; MP1 (limb girdle); MP2 (distal)
MP9 (periodic)

Mortality:

— Prior to 1960: 30%

— Now: < 1%

— Why: Due to mechanical ventilation and prednisone & other therapies

We now expect most patients to improve and some to go into remission.

Prednisone is essential in the management of most MG patients especially early in
the course.

The course of MG is well known. Eighty percent are present with the ocular symptoms of either double
vision or a droopy eyelid. This is the MP5 eyeball pattern discussed in the pattern recognition lecture
published previously. However, only 15% of patients remain purely ocular at three years of disease
duration. Other presentations include the MP6 neck drop pattern, the MP7 bulbar pattern,
occasionally the MP1 limb-girdle pattern, and sometimes the MP2 distal pattern. Because many
patients state that they get weaker with exercise, the MP9 pattern should be added to this list. Prior to
all of the treatments that were just mentioned, MG was indeed a grave disease. The mortality rate prior
t0 1960 was 30%. However with our current therapies, the mortality rate should be well below

1%. Patients should not die of MG. When this does occur, it is usually due to complications from one or

more of the therapies such as an overwhelming infection. The dramatic reduction in the mortality rate
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in the 1960s and 1970s was most likely due to the introduction of mechanical ventilation and

corticosteroids, but certainly other therapies played a role as well.

Time to Effectiveness of Each Therapeutic Modality
How long does it take these individual therapies to have a clinical effect? Firstit should be recognized
that notall of these therapies will be effective in every patient. If they are effective, the time of onset to

the improvement ranges from minutes to months depending on the therapy.
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Figure12

Pasnoor, Wolfe, Barohn. Handbook of Clinical

Treatment of Myasthenia Gravis Neurology, 2024;203:185-203.
Typical Time to Clinical Effect After Initiating Therapy

THERAPY

Prednisone 2-8 weeks

Eculizumab 2-8 weeks

Efgartigimod 2-8 weeks

Mycophenyate
Thymectomy

Pyridostigmine works in a matter of minutes. Plasmapheresis and IVIG work in days. Prednisone and
eculizumab work in 2 to 8 weeks. Cyclosporine, methotrexate, and mycophenolate mofetil, if they are
going to have an effect, only start showing benefit after two to six months, sometimes longer. On the
other hand, azathioprine, which does have an effect on MG, does not have an effect for 12 to 18 months.
Rituximab, if it is effective, may take several months. Thymectomy surprisingly also seems to have an

effect within several months.
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Figure13

Annual Cost of Therapy
for Myasthenia Gravis

INTERVENTION

Reviews

APPROX. ANNUAL COST

Pyridostigmine

60 mg tid

$1,000

Prednisone

20 mg qod

$12

Azathioprine

150 mg qd

$2,200

Mycophenolate

1000 mg bid

$6,500

Cyclosporine

150 mg bid

$6,800

Methotrexate

20 mg/ week

$400

wig

12 gm / kg total dose

$83,000-598,000

Plasma exchange

36 exchanges

$40,000

Eculizumab (Soliris)

IV every other week

$500,000

Efgartigimod (Vyvgart)

IV weekly & 1 mo.

$200,000

Ravulizumab (Ultomiris)

IV every 8 weeks

$400,000

Rozanolixizumab
(Rystiggo SC)

Weekly for 6 weeks,
repeated after 6 weeks

$290,400

Zilucoplan (Zilbrysq)

Daily SC if they are
between 56 and 77 kg

$380,000

Efgartigimod 5Q
(Hytrulo SQ)

Weekly for 4 weeks,

repeated after 4 weeks,

$315,460

The cost of these drugs ranges from very inexpensive to staggeringly expensive and thatis shown in

Figure 13. If you can get prednisone for a dollar a month at your local Walmart, then the costis $12 a

year. After that, the drugs get increasingly more expensive. Methotrexate, which has been around since

the 1950s, is relatively inexpensive compared to other oral immunosuppressive agents. On the other

hand, IVIG and plasmapheresis have a large price tag. But the new biologics that either inhibit

complement or Fc receptors are even more costly.
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Published Studies on Therapy for MG

Figure 14

Published Studies on Therapy for MG

e Prior to 2000, most have been non-controlled,
non-randomized, non-blinded

Many simply observational/anecdotal

Rare controlled, randomized, blinded trials

But, since 2000 there were many randomized
controlled trials!

Note: All Rx meds for MG are “off-label” re
FDA except pyridostigmine

— Until: Eculizimab (Soliris®)
Efgartigimod (Vyvgart®)

Prior to 2000 most MG studies were uncontrolled, nonrandomized, and unblinded with a few
exceptions. There were many observational and anecdotal studies, particularly around thymectomy
and prednisone. However, since 2000 there have been many published randomized controlled trials.
We are currently in an exciting age of innovation regarding the treatment of MG. The list of FDA
approved drugs in the biologic era continues to expand and now includes eculizumab, efgartigimod

intravenous (IV), ravulizumab, rozanolixizumab, zilucoplan, and subcutaneous (SQ) efgartigimod.
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MG Activities of Daily Living Scale

Figure 15

MG-ADL

Talking Intermittent slurring  Constant slurring or Difficult to
or nasal speech nasal, but can be understand
understood speech

2

Grade 3

Myasthenin gravis
activities of dail

living profile Chewing Fatigue with solid Fatigue with soft food Gastric tube
- food

Swallowing Rare episode of Frequent choking Gastric tube
choking necessitating
changes in diet

Breathing Shortness of breath ~ Shoriness of breath Ventilator
with exertion at rest dependence

Impairment of ability Extra effort, but no Rest periods needed Cannot do
to brush teeth or rest periods needed one of these
comb hair functions

Impairment of ability Mild, sometimes Moderate, always Severe,
to arise from a chair uses arms uses arms requires
assistance

Double vision Occurs, but not daily Daily, but not Constant
constant

Eyelid droop Qccurs, but not daily Daily, but not Constant
constant

Total Score:

Ifyou are going to be taking care of MG patients, then it is important to know about the MG activities
of daily living scale MG-ADL which our team developed at University of Texas Southwestern in the
1990s. This scale was developed for research purposes, but it should now be routinely used to monitor
the progress of MG patients. Itis a very simple scale to use. A medical assistant can ask the patient the
questions or the patient can fill it out on their own. In the office setting when a patient is first putin the
waiting or the examination room, the MG-ADL can be completed. Therefore, when the physician
walks in the exam room to begin the encounter the MG-ADL scale will have already been completed.
The advantage of obtaining an MG-ADL at each clinic visit is that you have a quantitative score of the

severity of the MG.
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It is strongly encouraged that the MG-ADL be done routinely as a standard of care every time a MG
patient is seen whether or notitis in a general neurologist’s office or a tertiary care neuromuscular

clinic.

Pyridostigmine

Pyridostigmine is the first-line treatment for MG. It also goes by the trade name Mestinon. The most
important caveat with pyridostigmine is not expecting from or using it too much. If the patientis on
60mg three or four times a day and they are still symptomatic then itis time to go on to
immunosuppressive therapy.

There is no need to increase the dose to 120mg every two or three or four hours. All this will do is cause
more side effects such as increased bowel movements and sweating, and it will not improve the MG
symptoms or signs any more than the effect of 60mg three or four times a day. Generic pyridostigmine

is now available and it is just as effective as the trade drug. Itis less expensive.

63



Reviews

Figure16

Pyridostigmine (Mestinon)

1st Line treatment for MG

Don’t Expect or Use Too Much
- 60 mg three or four times a day

If need more than this, immunosuppressive
therapy is needed

Generic now available

Time-release form-180 mg-used infrequently

Anticholinergic Meds Useful for Gl Side Effects:
- Hyoscyamine Sulfate 0.125 mg (Levsin/Anaspaz)

Black HeritageUSA

Neurol Clin. 2018 May;36(2):311-337

There is also a version called Mestinon Time Span which is a time release formulation. In general, we
prefer not to use this formulation, as it gives a large pyridostigmine dose and absorption is erratic.
However some patients take the time release tablet at bedtime presumably so they have fewer MG
symptoms in the morning. Therefore, if a patient insists on using the time release capsule and believes
they are benefiting we will agree with their decision as in these instances the patient is usually correct.
If the patient does have loose stools on pyridostigmine, it should be treated with a muscarinic
anticholinergic agent such as hyoscine sulfate 0.125mg that is taken with each pyridostigmine dose up
to three times a day.

Percy Lavon Julian was a chemist who started his career at DePauw University and he and his team

synthesized physostigmine.
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Figure17
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Percy Julian in the laboratory at DePauw during his tenure as a research fellow. Julian
directed qualified DePauw chemistry seniors in fundamental research. In a span of 4
years, 11 senior papers from DePauw students were published in the Journal of the
American Chemical Society.

Prior to that, physostigmine had to be extracted naturally from Calabar beans which was the source of

the drugs that Mary Walker used.

The use of corticosteroids for MG

The synthesis of acetylcholinesterase inhibitors by Dr. Julian’s team was a huge breakthrough in MG.
For this reason alone, he should be considered a hero in our understanding and treatment of MG.
However, he should perhaps be even better remembered for the discovery in the 1950s in which his
team synthesized cortisol from soybean extracts.

Previously cortisol had to be extracted from adrenal glands. His technique revolutionized the use of

corticosteroids for many diseases.
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Figure18
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While high-dose prednisone therapy is used to treat MG, it has been observed that if you put a

generalized MG patient on high-dose prednisone therapy (60 to 100 mg a day), a small percentage of
patients will have transient worsening during the first week of therapy.

Therefore, when an MG patient is placed on 60 to 100 mg a day of prednisone this should be done
when they are in a hospital setting, and this usually is when they are in crisis on a ventilator or
experiencing severe worsening that requires hospitalization. When starting prednisone as an
outpatient, what has been used for decades is the go-low and slow escalation approach developed by
Drs. Marjorie Seybold and Dan Drachman in the 1970s. In this approach, the patients start on 10 mg a
day of prednisone, and every week you increase by 10 mg up to the target dose that you wish to reach.
At some point, the patient can be switched to every other day to reduce the side effects. A third

approach came out of our experience performing the Muscle Study Group mycophenolate mofetil trial
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in MG. During that trial all new MG patients were placed immediately on 20 mg a day of prednisone
and either mycophenolate mofetil or placebo.

We learned in this study that a patient can be put immediately on prednisone of 20 mg a day and a
benefit could be achieved without increasing the dose in many patients.

There are no randomized controlled trials of oral prednisone for generalized MG, but we all know
from years of using the drug in MG that it is effective. We do have a small randomized controlled trial
in ocular MG that was led by Dr. Michael Benatar and showed a dramatic effect of prednisone
compared to a placebo in ocular MG patients (Figure 18). Essentially all of the ocular patients on
prednisone got better but none of the patients on placebo improved.

The first paper that used high-dose prednisone in MG was authored by Drs. John Warmolts and King
Engel at the NIH in 1972, and this was another landmark paper in the history of MG (Figure 18). The

MG patients they reported improved dramatically even though this was not a placebo-controlled trial.

Other non-FDA approved immunosuppressive drugs for MG
Between the 1970s until the advent of the new biologic drugs a number of immunosuppressive drugs
have been used to treat MG patients with varying degrees of success. A number of randomized control

trials with these drugs have been performed and published (Figure 19).
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Figure19
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Azathioprine is effective in MG, but the problem with the drug is that it does not have an effect for at
least a year and does not have its maximal effect for 18 months after it is started (Figure 20).
Therefore, itisnot a drug that is used to improve MG patient symptoms in the near term.
Azathioprine is used to decrease patient dependency on prednisone in the long term.

In general, we do not believe that a generalized MG patient and also an ocular MG patient can be
managed without initially using prednisone. You can occasionally avoid prednisone in a small number
of patients but generally, you have to use immunosuppressive therapy in the form of corticosteroids to
see an initial improvement in a MG patient. Our view on this may change over time but currently, we
use prednisone in all of our generalized MG patients once they get the maximum benefit from

pyridostigmine. But we place greater emphasis now on trying to reduce prednisone to lower doses as
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quickly and safely as possible with the help of other therapies as part of the goal of limiting

corticosteroid-related side effects.

Figure 20
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Cyclosporine and tacrolimus

The next drug after azathioprine that we began using as cyclosporine, again off label. Cyclosporine, like
azathioprine, was first developed to suppress the immune system on patients undergoing organ
transplantation. There were two cyclosporine randomized controlled trials for MG performed at
University of Texas Southwestern, showing that cyclosporine was effective in improving patients with

MG compared to placebo (Figure 21).
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Figure 21
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Therefore, in the mid and late 1980s and into the 1990s some of us were using a lot of cyclosporine for
our MG patients. When it has an effect, this seems to occur in two to four months. Compared to others,
itis a somewhat challenging drug to use because you have to monitor renal side effects, blood pressure

and drug interactions very closely.

Mycophenolate Mofetil
Many of us stopped using cyclosporine as often in MG when the drug mycophenolate mofetil
(CellCept) became available, primarily because it had fewer side effects and was easier to monitor

(Figure 22).

70



Reviews

Figure 22
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While mycophenolate mofetil is still used by many neurologists to treat MG, there have been two very
good randomized controlled trials of mycophenolate mofetil in MG compared to a placebo. Both
studies were negative; there was no hint of positivity at all in either study. So while this has dampened
our enthusiasm for mycophenolate mofetil, it does not mean that we never use mycophenolate mofetil

in MG, but in some clinics, it haslost its placement as a second-line drug for MG.

Methotrexate
When we had the results of the negative mycophenolate mofetil trials we then searched for another
oral drug to test in MG, and we turned to the very old compound methotrexate which was originally

developed in the 1940s for cancer treatment.
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Phase Il Trial of Methotrexate in MG
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Many of us have been using methotrexate for years for dermatomyositis and polymyositis and we were
comfortable using it. We thought that it could be effective in MG. We and others had anecdotal
experience of MG patients improving on methotrexate. Our team designed a trial, randomizing
patients to methotrexate versus placebo. It was a one-year trial in which patients received
methotrexate 20 mg or placebo once a week. In this trial we used oral methotrexate, but subcutaneous
methotrexate is also an option and probably produces higher blood levels and may be more effective.
In the research trial, we enrolled 50 patients at 20 sites in the US and Canada. We made a decision to
use as our primary endpoint the cumulative prednisone dose the patient received during the trial. Our
secondary endpoints were the MG-ADL score described earlier and the quantitative MG (QMG)
score, an objective measure of strength.

To our disappointment, the study was negative using our primary endpoint of prednisone dose. In
other words, patients on methotrexate did not have lower prednisone requirements than those on

placebo.
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On the other hand, our secondary endpoints were very close to nearing statistical significance. We
believe that if we would have chosen the MG-ADL score as our primary endpoint we would have had a
better chance of demonstrating that methotrexate was effective in MG. Many of us still believe that
methotrexate is effective in some MG patients. In the future we hope to investigate further the use of

methotrexate in MG and perhaps to use the subcutaneous delivery method.

Intravenous Immunoglobulin IVIG)

The MG community began using IVIG for MG in the 1990s. This was about the same time we began
using IVIG for Guillain-Barré syndrome, chronic inflammatory demyelinating polyneuropathy
(CIDP), and dermatomyositis. IVIG is still not FDA-approved for MG. There has been one well-
designed randomized control trial from Canada which showed IVIG was more effective than placebo

in MG patients (Figure 24).

Figure 24
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Figure 24 shows a very important article for you to know about. This is the results of the research trials
which showed that IVIG is more effective than placebo in a well-designed randomized control trial. It
is the best information available to make the case to insurance companies when you are trying to
convince them to cover the cost of IVIG in a MG patient. The use of IVIG for MG is similar to the
dosing used in CIDP. There is a 2 gram per kilogram loading dose followed by monthly doses of one
gram per kilogram. The biggest mistake we have observed by practitioners using IVIG is that they do
not continue the chronic maintenance therapy monthly after the loading dose. We recommend
monthly maintenance therapy continue for six months and then the patient may be reevaluated to see
if the drug has been effective and if it needs to be continued. Usually if the drug has been effective it
does need to be continued for even a longer period of time and stopping the drug will often result in a

relapse of symptoms.

Plasmapheresis

Plasmapheresis is a technique in which antibodies are removed from the patient’s body by removing
their plasma. If the patient’s plasma contains harmful antibodies such as those directed against the
AChR or MuSK causing MG, then removing the antibodies can result in improvement of MG

symptoms and signs.
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Figure 25
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Neurol Clin. 2018 May;36(2):311-337
Each plasmapheresis treatment removes 3 to 6 liters of plasma over several hours. Plasmapheresis is
most often used in MG when a patient is in crisis and on a ventilator or if the patient is nearly in crisis
but not yet on a ventilator, and they are admitted to the hospital for a course of plasmapheresis to avoid
further worsening, Occasionally we use plasmapheresis prior to a thymectomy to make the patient
stronger in preparation for surgery. However, in the modern era it is less common to use
plasmapheresis preoperatively because we try to optimize the patient’s status using prednisone and
other drugs before the thymectomy.
When we admit the patient for plasmapheresis this generally involves 5 to 10 courses of
plasmapheresis over 10 to 20 days. During this time there are other MG medications that are
optimized so that when the patient is discharged they will not have to be readmitted when the effect of
the plasmapheresis wears off after a few weeks. There are a very small number of patients who require

chronic plasmapheresis once or twice a month, particularly MG patients with MuSK antibodies.
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We still prefer to use plasmapheresis for our patients in crisis on a ventilator rather than IVIG. We
believe plasmapheresis is probably more effective than IVIG in the crisis situation but there is really
no comparative effectiveness data on this topic. If your hospital has the ability and experience to use
plasmapheresis when an MG patient is in crisis, we would suggest that course of therapy. However, if
you are in a hospital that does not have access to plasmapheresis, then loading a patient with IVIG is

another option (Figure 26).

Figure 26

MG Crises
Rx Caveats
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— Minimum of 5§ exchanges
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— Solumedrol 60 to 100 mg/IV/Day
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Usually on ventilation at least 5 to 7 days

Neurol Clin. 2018 May;36(2):311-337

A minimum of five plasmapheresis treatments should be performed, but usually if a patientis in crisis
they will require more and perhaps up to ten. The plasmaphereses are usually performed every other
day to allow time for the patient’s clotting factors to reaccumulate between exchanges.

While the patientis on the ventilator, corticosteroids should be given in the form of Solu-Medrol IV up
to 60 to 100mg a day. Also, while the patient is on a ventilator, one should stop the pyridostigmine, as it

will cause excessive oral secretions and complicate airway management. Pyridostigmine does not have
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arolein MG crisis. You can restart the pyridostigmine orally when they are extubated and taking oral
medications. A myasthenic patient is generally on a ventilator for at least five to seven days in the
intensive care unit (ICU).

If the ICU doctors are advocating taking the patient off the ventilator after two to three days when they
seem to be improving, there is a need to convince them that the patient needs to be rested on a

ventilator for at least five to seven days before attempting extubation.

MG, thymoma, and thymectomy

Thymoma occurs in 15% of MG patients. The reason a chest CT is obtained on all new MG patients,
both ocular and generalized, is to search for thymoma. The chest CT is not performed to look for so-
called thymic hyperplasia which is a judgement call by the radiologist and can frequently be
overinterpreted. The only reason to obtain a chest CT in a MG patient s to look for a thymoma. While
a routine chestx-ray can occasionally show a thymoma it is usually only revealed once the thymoma

has grown to a large size as shown in Figure 27.
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Figure 27
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A M. Priola, S.M. Priola | Clinical Radiology 69 (2014) e230-e235
The chest CT is used to demonstrate the presence of a thymoma in its early stages. Figure 27 shows a
thymoma visualized on a chest C'T. If a thymoma is identified it is mandatory to do a thymectomy as
soon as possible. Before the thymectomy is performed the patient should be put on pyridostigmine, and
usually they need to also start prednisone and other drugs to improve their status and stabilize them
prior to the thymectomy.
Thymoma is a mandatory reason to have a thymectomy. Thymectomy is also done for MG patients as a
form of therapy if they do not have thymoma. This is called non-thymomatous MG and is the most
common form of MG. A decision to do a thymectomy is not based on the chest CT in a non-
thymomatous patient but based on data discussed below.
Until recently we did not have a randomized controlled trial of thymectomy in MG; now we do.
This is another landmark neurology publication, similar to the initial paper describing plasmapheresis

treatment for Guillain-Barré syndrome. We consider both to be landmarks in neuromuscular
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neurology publications as the result of large multicenter trials that led to a consensus and really

changed how we managed patients.

Figure 28
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In thisinternational trial, the MG community came together and enrolled over 100 patients and
randomized them to either thymectomy or medical treatment. All patients were put on a prednisone-
dose protocol and when the patients improved the prednisone was tapered per standardized protocol.
What this important study showed was that at four months we can start seeing that patients who
receive a thymectomy had a lower prednisone daily dose and also had a lower QMG score indicating
improved MG (Figure 29). This data held up in a follow-up study of the same population at five years.
Therefore, we now have a controlled trial of thymectomy in MG and to the surprise of many, the study

was dramatically positive.
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Figure 29
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When you advise patients regarding whether or not they want to have a thymectomy, you do need to
tell them that the response may not be immediate and that there’s no guarantee that the thymectomy
will result in an improvement, even though the study showed that overall patients who get a

thymectomy are more likely to improve (Figure 30).
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Figure 30
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The type of procedure that is done for a thymectomy is variable. In the study that we just referred to all
patients received identical extended transsternal thymectomies. However, transsternal thymectomies
are not done very often today in the age of robotic surgery, so most patients now receive robotic or
minimally invasive thymectomy surgery. We do notbelieve that there is ever going to be a comparative
effectiveness research study comparing the various types of thymectomy.

We do not routinely recommend thymectomy for triple antibody-negative MG, but again this is
somewhat debatable. We do not do thymectomies in young children who are under the age of two.
Over the years there has been a belief that you should not do thymectomies in someone who is elderly.
But the question is what is the upper age at which you would not do a thymectomy and the answer is
not known. In the thymectomy study, patients were allowed to be enrolled up to age 65. Butif an MG
patientis a healthy 73 year-old should they get a thymectomy? We simply do not know the answer

based on data and therefore the decision is left to the physician and the patient.
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Complement inhibitors in MG

As wementioned earlier in this presentation, Dr. Andrew Engel and the group at Mayo Clinic first
showed how important the role of complement was at the neuromuscular junction in MG (Figure 3).
These early pivotal papers were published in the 1970s and 1980s. As mentioned earlier, one of us (Dr.
Barohn) performed a study in the 1990s that measured serum terminal complement levels in MG
patients and was able to show that not only were they elevated but the magnitude of increase
correlated with disease severity. The recognition of the role of complement in MG ultimately led to the
pharmaceutical development industry having an interest in trying complement inhibitors as a therapy
for MG. Eculizumab had previously been FDA approved for paroxysmal nocturnal hemoglobinuria
(PNH) and hemolytic uremic syndrome (HUS). The pharmaceutical company that developed

eculizumab for PNH and HUS then performed phase 2 and phase 3 trials for MG.
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im Eculizumab Phase 3 Trial MG Study
REGAIN

myasthenia gravis (REGAIN): a phase 3, randomised, I ntrave no u S Com ple me nt i n h i b itor

double-blind, placebo-controlled, multicentre study

62 eculizumab pts/63 placebo

Rx: weekly IV x 4 weeks then every 2 weeks x
26 weeks

Primary outcome measure — MGADL change
from baseline

Secondary outcome measures — QMG, MG
Composite, MG QOL

Howard JF, et. al. Safety and culizumab in Anti-acetylcholine Receptor Antibody-Positive Refractory
Generalised Myasthenia Gravi a phase 3, randomized, double-blind, placebo-controlled, multicenter
study. Lancet Newrol. 2017;16(12)

These trials were successful and showed that patients who received intravenous complement
inhibitors had improved MG-ADL scores, and other secondary outcome measures including QMG
score. Many believe that the development of complement inhibitors for MG is the biggest
breakthrough in MG therapy over the last 50 years. This drug is now FDA-approved under the trade
name Soliris. The labeling indication says it is indicated for the treatment of adult patients with AChR
antibody positive generalized MG. However, the labeling indication approved by the FDA perhaps
may be too wide and currently the neuromuscular community uses eculizumab therapy for generalized
MG patients that still have persistent signs on immunosuppressive therapy or when

immunosuppressive therapy has previously failed.
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Figure 32

Eculizumab for Generalized MG

Eculizumab trade name: Soliris®

Indicated for the treatment of adult patients with
generalized Myasthenia Gravis who are acetylcholine
receptor (AChR) antibody positive.

My Rec: For Generalized MG with persistent symptoms
and signs on immunosuppressive therapy

Given via IV infusion. Recommend dosage regimen:
— 900mg weekKly for first 4 weeks

— 1200mg for 5" dose 1 week later

— 1200mg every 2 weeks thereafter

Requires meningococcal vaccination prior to starting
therapy.

Before a patient receives eculizumab they need to have completed a full meningococcal vaccination
regimen.

For the first month, eculizumab is administered weekly and after that, the infusions are given every
two weeks. These can be done either in an outpatient hospital setting or at home.

After the release of eculizumab the same pharmaceutical company released ravulizumab (tradename
Ultomiris). The major advantage of ravulizumab is that it can be administered every 8 weeks
intravenously (Figure 33). Figure 33 shows the recommended loading and maintenance doses for
ravulizumab. More recently, zilucoplan (Zilbrysq), another complement inhibitor, was FDA approved
(Figure 13). The advantage of zilucoplan is that the drugis self-administered subcutaneously as a quick
injection daily. Immunization guidelines for meningococcus have been recently updated by the
Advisory Committee on Immunization Practices (ACIP) and should be closely followed for patient

safety. In addition to meningococcus vaccination, clinicians should be aware that the late 2024 ACIP
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recommendation is not to start complement inhibitors until after a full immunization series with 3
doses of the meningococcus B vaccine which takes 6 months, or in patients who cannot wait for 6
months, they should receive antibiotic prophylaxis. The 2024 ACIP recommendations state: “Persons
on complement inhibitor therapy likely remain at substantially increased risk

for meningococcal disease, even if they are fully vaccinated or taking antimicrobial
prophylaxis...Persons not up to date with meningococcal vaccinations for whom urgent complement
inhibitor therapy is indicated should be provided antimicrobial prophylaxis. Few data are available to
guide decision-making regarding the optimal duration of antimicrobial prophylaxis; therefore, the
duration of prophylaxis should be determined based on clinical judgment. Providers could consider

»

treating patients with antimicrobial prophylaxis for the duration of complement inhibitor treatment.

Figure 33

Ravulizumab (Ultomiris)

NEJM Evid 2022; 1 (5)

* New complement inhibitor
* FDA approved in 2022
« Every 8 weeks IV

Dosing

1. New Patients Weight Load Maintenance

Load
1st maintenance 40 to <60 kg 2,400 mg 3,000 mg

Dose day 15 60to<100kg 2,700 mg 3,300 mg
Then every 8 weeks >100 kg 3,000 mg 3,600 mg

2. Switching from Eculizumab
Loading dose 2 weeks after last Eculizumab
Then every 8 weeks
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Rituximab in MG

Rituximab was developed as a treatment for hematologic tumors because it eliminates B-lymphocytes.
Due to this action, rituximab was applied to MG and other autoimmune diseases. It is generally
believed that rituximab is very effective for patients with MUSK MG even though a randomized
controlled trial has never been done in this rare patient population.

We all believe rituximab probably works for most MG patients, but MUSK MG is so rare that a
randomized controlled trial may never be performed.

Many in the MG community believe that rituximab is effective in AChR-Ab positive MG based on
anecdotal experience. This led to a randomized controlled trial in MG with rituximab in MG and
generalized AChR antibody MG (Figure 34).

To our disappointment, the study was negative and did not show any steroid sparing effect compared

to placebo.
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Figure 34

Rituximab For AChR-Ab Positive
Myasthenia Gravis

Rituximab depletes B-cells that make antibodies 'ij‘m_?T oA AN AT ULl

JII\Q. = 1 nal I‘. I‘I\II'“-! .Il! Acetyichol !ﬂl.“ CLE'FIL\I'
Study Pl " R Nowack (‘Yale) .—\.nt‘ll\\.:dp-l"mn\'r Generalized Myasthenia Gravis
CoPls — J. Goldstein, M. Dimachkie, R. Barohn
Funded by NeuroNext/NIH
50 pts; 1:1 randomization

Subjects enrolled 2014-2016

Last patient finished April 2017

Rituximab dose for trial: 375 mg/m? IV weekly x 4
Repeat in 6 months

Results AAN 2018: Negative study! No difference in
Prednisone dose, QMG, MG-ADL, other 2 end points.
Publication pending.

But, Rituximab probably works in MuSK MG-all case
reports

Neurology Dec 2021; 98(4):e376-e389

Moore recently, a rituximab study out of Sweden suggested that there might be abenefitin recent

onset AChR antibody positive MG.

Fcreceptor blockers

Another new class of drugs that has shown to be effective in MG is neonatal Fc receptor blockers.
Efgartigimod decreases the level of all IgG that a human produces through blocking the FcRn receptor
(Figure 35). This novel mechanism of action promotes intracellular lysosomal degradation of IgG. The
FcRn s critical for maintaining [gG through rescuing IgG from lysosomal degradation and allowing it
to exit the cells after entry as part of normal IgG recycling. Therefore, by blocking the FcRn
receptorendogenous IgG levels decrease.

A phase 3 trial with this drug in MG was positive and led to FDA approval. As mentioned above, the

generic name for the drug is efgartigimod with the tradename Vyvgart (Figure 13). The intravenous
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preparation of this drugis on average given as 4 weekly cycles followed by a break for about 4 weeks,
but this is also dependent on the patient’s response to therapy. Recently a subcutaneous preparation
for this drug has also been FDA approved, efgartigimod SQ, with tradename Vyvgart Hytrulo SQ, as

well as another subcutaneous FcRn blocking agent, rozanolixizumab (Rystiggo).

Figure 35

IgG Regulation Through FcRn Blocking:
A Novel Mechanism for the Treatment of
Myasthenia Gravis

W Safety, efficacy, and tolerability of efgartigimod in patients
with generalised myasthenia gravis (ADAPT)

Neonatal Fc Receptor (FcRn) — : : Nl Efgartigimod Phase 3 Trial in MG
Critical for maintaining IgG = = RCT weekly infusions
through rescuing from _ » MG-ADL responders
lysosomal degradation. 44165 (68%) efgartigimod
19164 (30%) placebo

Howard JF et al. Lancet
Neurology 2021; 20:526-536
= FDA approved Dec 2021:

FcRn blocking agents prevent, Vyvaart

reduction of IgG, including IgG
autoantibodies
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Treatment recommendations for MG

Figure 36

Myasthenia Gravis

My Rx Recommendations - prior to 2007 Rx Recommendations — 2025

S " 1st Line: Pyridostigmine
1st Line: Tensilon B

Mestinon Thymectomy | YES
Prednisone
Thymectomy ? 2nd Line: Azathioprine
CyclosporinefTacrolimus
2nd Line: Azathioprine Vg
Mycophenolate
Mofetil

Cyclosporine Complement inhibitors:
Eculizumab (Solins®)

Vig Ravulizumab (ULTOMIRIS®)
Zilucoplain (Zilbrysg®)

FcRn receptor blockers:
Efgartigimod (Vyvgart®])
Rozanolixizumab (Rystiggo SCE)
Efgartigimod SQ (Hytrulo SQ®)

3rd Line: Plasmapheresis

Plasmapheresis

Methotrexate
Mycophenolate Mofetil
Rituximab

Figure 36 shows what our recommendations for MG were in 2007 compared to what they are now in
2024. This figure shows us how far we have come in the field of MG.

The first line treatment is pyridostigmine and we now have a generic form.

Prednisone is still the first line immunosuppressive treatment. Thymectomy is also a first line
treatment, but usually patients are stabilized first on prednisone.

Second line treatment consists of traditional immunosuppressive drugs that have shown to be positive
in randomized controlled trials: azathioprine, tacrolimus, and IVIG although all are off label.

Third line treatment is plasmapheresis, and the new class of FDA approved drugs that either suppress
complement or the FcRn receptor blockers.

The fourth line category includes drugs that still have not been shown to be effective in randomized

controlled trials such as methotrexate, mycophenolate mofetil, and rituximab.
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These drugs may work in selected patients, but they are in the fourth line category as the randomized
controlled trials with these drugs so far have been negative. Now, there is extensive discussion among
the physicians and patients in the MG community whether the complement inhibitor and FcRn
receptor blocking drugs can be used as first or second line therapy. In many instances this is now being
done but the practice is somewhat restricted because often insurance companies require that at least
two traditional immunosuppressive drugs have been used before one of these new classes of drugs can
be tried. We suspect that over time as more data accumulates the newer drugs will be used as first and

second line therapy.

Emerging Therapies

Chimeric antigen receptors T (CAR-T) cell therapy has revolutionized the care of patients with many
advanced malignancies. CAR-T therapies and other related advanced cell therapy approaches are in
clinical trials for autoimmune neuromuscular diseases, including MG. The antigenic targets of CAR-T
are either the B-cell maturation antigen (BCMA, a marker of plasmablasts and plasma cells) or the
CD19 surface cell marker (expressed on plasmablasts and earlier B-cell lineage cells). The goals are to
reset the immune system targeting BCMA+ or CD19+ cells, to revert to a naive B-cell phenotype and
to impact pathogenic autoantibody production. Steps in these studies include leukapheresis to remove
white blood cells from the patient, cell manufacturing (for T-cell enrichment, followed by virus-based
transfection of enriched T cells, then cell expansion), and finally by reinfusion under a controlled
setting into the patient. Therefore, this autologous approach requires close collaboration and care
coordination between neurology, oncology and cell therapy to manage these complex studies. This is to
closely monitor for any adverse event such as cytokine-release syndrome and for immune effector cell-
associated neurotoxicity syndrome. The aim from these studies is to assess whether these approaches

are safe in MG and ultimately whether patients can reach prolonged drug-free disease remission.
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Lambert-Eaton myasthenic syndrome

Lambert-Eaton myasthenic syndrome (LEMS) basically comes in two categories: those patients that
have cancer and those who do not have cancer.

The cancer patients are usually older men and the non-cancer patients are generally younger women,
although of course there are many exceptions.

Both groups have voltage gated calcium channel antibodies in the blood that are directed against the
presynaptic terminals and prohibit the release of acetylcholine into the synaptic cleft. The detection of
voltage gated calcium channel antibodies is not specific for LEMS. The diagnosis of LEMS requires
electrophysiologic confirmation. This can be done even before the voltage gated calcium channel

antibody results are obtained.

Figure 37

LEMS

Malignancy/Non-malignancy Assoc.

e LEMS more common in men - 4.7:1 M:F

¢ Overall 50% have a malignancy
- 75% Males
25% Females

Tumor usually small-cell lung CA

3% small cell lung CA pts develop LEMS
- LEMS can proceed tumor detection by many months

« Most young women: non-malignant

« Most old men: malignant

Voltage-Gated Ca++ Channel Ab’s

e 85% of patients
— Cancer: 98%
— No cancer: 90% Neurol Clin. 2018 May;36(2):379-394
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Electrophysiological evidence is obtained via nerve conduction studies when one can show a dramatic
increment in the size of the compound muscle action potential either by doing a brief 10 seconds of
exercise or by performing 50 Hertz repetitive stimulation.

The treatment of LEMS is twofold: there is symptomatic treatment and there is immunosuppressive

treatment. The symptomatic treatment involves giving 3,4 diaminopyridine (Figure 38).

Figure 38

LEMS - Rx Pharmacologic

3,4-Diaminopyridine
~ Blocks outward K* efflux
Increase duration of presynaptic action potential
Indirectly prolongs activation of VGCC and increases Ca** entry
10-20 mg tid to qid improves strength
Get through:

« Catalyst FDA approved 2018 for adults: Firdapse ®
(amifampridine)
- 10mg tabs

Neurol Clin. 2018 May;36(2):379-394

3,4-Diaminopyridine blocks the outward potassium efflux and increases the duration of the
presynaptic action potential and thereby indirectly prolongs the activation of voltage gated calcium
channels and increases calcium entry.

Inessence, it increases the presynaptic release of acetylcholine vesicles into the neuromuscular
junction.

This is very effective symptomatic treatment for LEMS patients and improves their strength.

The typical dose is 10 to 20 mg three to four times a day.
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There were two FDA-approved forms: one is by Catalyst, and it is called Firdapse; the other was made
by Jacobus, but that drugis no longer on the market. In the past we could obtain 3,4 diaminopyridine
through compounding pharmacy but this is no longer an option now that an FDA-approved drug exists.
Even when you put a patient on 3,4-diaminopyridine you usually still have to treat them with
immunosuppressive treatment for LEMS and this involves the same traditional drugs that we use in

MG (Figure 39).

Figure 39

LEMS - Rx
Immunosuppressive

e Prednisone
e Azathioprine
Mycophenolate

Cyclosporine

Plasmapheresis

IVlg — only published placebo-controlled
study in LEMS

— Bain PG, Motomura M, Newsom-Davis J, et al. Neurology
1996:47(3):678-683.

In general, we do not believe that LEMS can be treated without prednisone. Other traditional
immunosuppressive treatments can be used including azathioprine, mycophenolate mofetil and
cyclosporine. Plasmapheresis and [VIg are also effective in LEMS.

Amazingly there is a placebo-controlled trial of IVIG in LEMS done by the British in the 1990s which

showed a positive benefit of the drug compared to placebo.
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Therefore, there are a number of treatment options. The bottom line is even if patients have cancer,
you as the treating neurologist have to treat LEMS with 3,4-diaminopydridime because treating the
cancer alone will notimprove the weakness from LEMS.

Many of the patients who have small cell cancers and LEMS will die in a matter of months. Therefore,
the goal of the neurologist is to keep them as strong as possible as long as possible so they can enjoy the

remaining days that they have.

The authors would like to thank Michaela Duran for her expert assistance in preparing this manuscript

for publication.
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We are so pleased to again provide an image for the
cover of this publication, this issue being the third such
iteration. Collaboration with disciplines outside of the arts
is a hallmark for museum professionals. Most importantly
(for us), it gets more eyes on art in the Museum of Art
and Archaeology’s (MA&A) permanent collection and
hopefully results in interest in our exhibitions and related
programming,

Claude Raguet Hirst’'s Still Life with Bowl (Lionel
and Clarissa—A Comic Opera) is currently on view in the
museum, greeting visitors as they enter our Gallery of
European and American Art. The label accompanying
it, written by our very talented Curator of European and
American Art, Rima Girnius, PhD, reads as follows:

Claude (born Claudine) Hirst was one of the
few women artists of her era to paint still lifes
in a deceptively realistic style known as trompe
loeil (French for “deceives the eye”). Her skill in
capturing details of texture and fleeting light with
meticulous precision is evident in this assortment
of decorative vessels and old, leather-bound
volumes. Featured in the immediate foreground is
a book open to the title page of Isaac Bickerstaft’s
Lionel and Clarissa. The book is a comedy of
manners that features independent women who
rebel against their fathers’ choices of husbands.
Included on the title page is the name of feminist
critic, Elizabeth Inchbald, perhaps suggesting
Hirst’s support of women’s rights.

Dr. Girnius has taken a thoughtful approach in her
organization of the Gallery of European and American Art.
Visitors can tour the space and appreciate the chronology of
the art within, but Girnius has provided additional layers of
information to give a global perspective. This is in keeping
with current museum practices; that it is important to offer
more than just art at which to look (though “art for art’s
sake” is definitely still a thing). Museums need to provide
context. Dr. Girnius’s introductory panel in the Gallery of
European and American Art does exactly that:
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European and American Art from a Global
Perspective

The Gallery of European and American Art
offers a selective overview of the principal values,
practices, and beliefs underpinning Western art
from the 13th through the 19th centuries. The
presentation pays particular attention to the cross-
cultural exchanges and encounters that fueled the
stylistic and technical development of European
visual arts.

Europe’s  participation in  global trade—first
stimulated by the military campaigns waged by
Christians against Muslims (1050-1300 CE)—
witnessed a dramatic expansion in the early
modern period (ca. 1450-1700 CE). Maritime
and land routes between Europe, Africa, Asia, and
the Americas not only transported raw materials
and luxury goods but also served as conduits for
the movement of people and exchange of ideas.
Because of increased commercial networks,
artists adopted new motifs, experimented with
techniques, and gained access to prized pigments.
There was, however, a human cost attached to
Europe’s increased engagement with the wider
globe. In their pursuit of new markets and sources
of wealth, European kingdoms and states gained
control over territories and their inhabitants in
distant lands through military conquest. They
implemented a system of forced labor to extract
the natural resources of colonized lands at low
cost, exploiting first the indigenous populations
and then enslaved Africans.

The expanded label included with Hirst’s Still Life
with Bowl provides the additional global perspective for the
subject matter depicted:!

! Exhibited in the museum’s Gallery of European
and American Art just under Hirst’s painting is a small
stone sculpture, part of our collection of Asian objects. Its
identifying label, also written by Dr. Girnius, reads:

Seal Stone Surmounted by a Lion, China, ca. 18"
- 19" century, stone, gift of J. Lionberger Davis
(67.5)

This stone sculpture is a Chinese seal used to
stamp and validate important personal documents,
contracts, and works of art. Mounted on its square
base is a crouching lion, a creature traditionally
used as a symbol of good luck and protector of
truth. A Fu dog, as it is known, is among the items
on display in Claude Hirst’s Still Life with Bowl.

This approach also provides an important opportunity

to bring works out of storage that would not otherwise be
on display (Dr. Girnius does so in one other example in
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Collecting East Asian Art in America

A yellow-glazed ceramic bowl, possibly from
Jingdezhen in southern China, occupies a central
position in Hirst’s composition. Its presence, as
well as the addition of the Fudog, reflects America’s
fascination with East Asian art during the late 19th
and early 20th centuries. This taste for “exotic”
luxury goods was fueled by the success of large
international exhibitions held in American cities
from 1876 onwards. Designed to bring together the
technological and artistic achievements of nations
around the globe, the so-called World’s Fairs
exposed a large segment of America’s population
to Chinese culture. Dealers and collectors took
advantage of the political and economic instability
in China during this time, buying or looting art and
antiquities with relative ease.

Ifyou arereadingthis from ascreen in central Missouri,
you have little excuse for not visiting Hirst’s painting in
person, as works of art are best viewed. It is a lovely work
of art. If you live and work further away, I hope you'll plan a
trip to Columbia. The city and the University of Missouri’s
(MU) campus both have so much to offer, including the
museum.

Please ask for me at the museum’s visitors’ services
desk if you stop in during regular work hours. It would
be my pleasure to give you a tour of our galleries and to
admire together Hirst’s painting and her in skill as an artist.
If you are really lucky on the day you come by, you might
encounter Dr. Girnius walking the galleries, checking on
the art, and considering next projects for the museum’s
spaces that host temporary exhibitions and displays.

In case I cannot meet you during your visit, I'll share
with you here a basic timeline of the museum which is,
unfortunately, a hidden gem of MU’s flagship campus.

The museum’s history is a storied one, starting in
the late nineteenth century when a teaching collection
was established by professors Walter Miller and John
Pickard for students matriculating in MU’s department of
classical archaeology and history of art. Miller and Pickard
acquired photographs, plaster cast reproductions of well-
known Greek and Roman sculptures, and original works
of art. A letter written by Professor Pickard on January
1, 1895, to MU President Richard Jesse (for whom Jesse
Hall is named), asked for $10,000 to purchase objects
and furniture. That same year, MU’s catalog included a
mention of a museum in Academic Hall. More than 100

the European and American Art Gallery, with an ancient
Mesoamerican). In this case, it is doubly important since
we do not have a dedicated gallery for Asian art as previous
museum locations did. And while it is just one small work, it
allows us to discuss an important cross-cultural trend that
might not otherwise be a topic in this exhibition space.
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works acquired in those early years remain in the MA&A’s
collection today.

Professors Miller and Pickard both retired from
MU during the Great Depression. In 1935, the university
disbanded its department of classical archaeology and
history of art, though the study collections were maintained.

The arrival to campus of professors Saul S. Weinberg
in 1948 and Homer L. Thomas in 1950 revived the study
of art history and archaeology at MU. And with the support
of MU President Elmer Ellis, the study collections became
an official project of the university, complete with a modest
budget for the purchase of seventeen objects.

Professor Weinberg served as the museum’s first
director. His wife Gladys, an accomplished archaceologist in
her own right and an internationally recognized expert in
ancient glass, was the museum’s first curator of ancient art
and eventually became assistant director. Gladys founded
the museum’s peer-reviewed journal, M USE, still published
today.

A formative gift of Old Master works was received
from the Samuel H. Kress Foundation in 1961, essentially
launching a museum of art and archaeology and its
designated gallery space in Ellis Library. In 1976, the
MA&A moved into its first permanent location on campus,
in Pickard Hall, immediately north of the Chancellor’s
Residence, allowing the MA&A to significantly expand
public programming,

An abrupt move of the museum in 2013 occurred when
radiation was discovered in Pickard Hall (the building
had once housed the university’s chemistry department
including a contemporary of Dr. Marie Curie). That move
landed the collection in an off-campus location for nearly
ten years. While exhibitions continued to change and new
educational programs were offered, MU student and faculty
attendance plummeted. The time needed for transportation
to and from the museum’s location on Columbia’s business
loop made it prohibitive for most university classes to meet
in our galleries and storage areas.

As with so many other industries, MA&A operations
grinded to a halt with the onset of the global COVID-19
pandemic in March 2020. After an initial shut-down, the
museum re-opened for a brief period before closure for its
eventual move back to campus in 2022 to the lower level
of Ellis Library. Once all 16,000 objects were carefully
packed and transported across town (again), the museum
remained closed for nearly four years as renovation of
our current space was undertaken. Along the way, several
important staff changes occurred, including the hiring of
a new director, curator of European and American Art,
deputy director, registrar, and educator.

Less than a year ago, on May 3, 2024, the museum
finally reopened in the heart of MU’s flagship campus. We
offer five gallery spaces, two of which are permanently
installed: the Saul S. and the Gladys D. Weinberg Gallery
of Antiquities, named in honor of the museum’s founders,
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and the Gallery of European and American Art. The latter
includes Claude Raguet Hirst’s Still Life with Bowl, featured
as this issue’s cover image.

Many other paintings, drawings, and prints are
displayed in our galleries, of course, as well as sculpture,
textiles, and mixed media objects. Our permanent
collection spans six continents and 6,000 years, with
ancient works to contemporary art. This spring semester,
three new exhibitions will open in addition to the ongoing
permanently installed displays, two of them organized by
Dr. Girnius, the other by Curator of Antiquities, Benton

Art and Creative Works

Kidd, PhD.

The Museum of Art and Archaeology is located in
the lower east side of Ellis Library, with entrances off Hitt
Street, Lowry Mall, and from within Ellis. Regular hours
during the week are 10 am. to 4 p.m. Tuesday through
Friday, and noon to 4 p.m. on Saturdays and Sundays.
Admission to the museum is always free.

For more information about the MA&A, including
a calendar of events and a searchable database of the
museum’s permanent collection, visit maa.missouri.edu.
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