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Message from the Founding Facilitator for
Volume 5, Issue 1

Richard J. Barohn MD

Welcome to the first issue of 2024: Volume 5, Issue 1.
Here is what is in this issue:

Two excellent editorials from our recuring authors
regarding problems facing our health care delivery systems
and society in general. Drs. Josh Freeman and Donald Frey
are both leaders in family medicine and former chairs of
departments of family medicine. Dr. Freeman discusses
how and why the number of primary care physicians is
falling, in part due to inadequate reimbursement, and he
gives some ways the Center for Medicare and Medicaid
Services (CMS) could provide some relief for this problem.
Dr. Frey takes on the issue of the national minimum wage
and asks, “what does it take o make a living wage?”

In the New Stuff category, our colleagues at the
University of Towa and the Towa City Velerans Affairs
Medical Center compared demographic, treatment, and
survival data on ALS patients from the Towa VA Medical
Center with data published by other ALS clinics across
the US and Europe. They conclude that the length of
survival of patients in the VA clinic was comparable to these
other multidisciplinary clinics. They also conclude that
multidisciplinary clinic care provides better outcomes than
care in general neurology clinics. Their data also suggests
that edavarone may provide some survival benefit for ALS
patients. A second manuscript on ALS comes from three
leaders in the field: Dr. Bedlack at Duke, Dr. Heitzman in
Dallas, and Dr. Sheffner at Barrow Neurologic Institute
in Phoenix, AZ. They asked ALS clinicians to complete a
survey regarding their attitude on which FDA approved
drugs should be used in ALS patients and rank the barriers
o getting patients on each drug. Clinicians also provided
responses regarding the need for prior authorizations and
denials and delays in getting prescriptions approved. They
conclude insurance barriers are the main reason preventing
large portions of ALS patients who should be taking
edavarone and sodium phenylbutyrate/taurursodiol from
actually being on these medications, and other useful
insights facing clinicians and ALS patients. The final
manuscript in the New Stuff section is by the University
of Kansas neuromuscular group and myself and describes
a pilot study of phenylbutyrate used in inclusion body
myositis. We were able to demonstrate that phenylbutyrate
is tolerated and safe in this population of patients and hope
this pilot study will lead to a larger randomized controlled
trial.

In the Clinic Stuff section we publish two nice case
reports. Oneis from our colleagues at UT Southwestern, led
by Dr. Bhai (one of the journal’s associate facilitators) and
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his team that included several students (Ahmad, Govil, and
Modi) and describes a case of rhabdomyolysis and exercise
intolerance in a middle-aged man. They present the case
as a diagnostic problem that posed key questions, to which
they uncover answers. The eclegant work-up ultimately
reveals the diagnosis of McArdle’s disease. We were pleased
to receive a manuscript from India by Drs. Sankalp Mohan
and Megha Dhamne which describes two cases that raises
the quandary of distinguishing between acute and chronic
inflammatory demyelinating polyneuropathy.

Finally, in the Looking Back/Looking Forward section
we publish two rather unusual review articles that emanated
from a longstanding course on neuromuscular disease that
I have been involved in with Drs. Mazen Dimachkie, Todd
Levine, Jonathan Katz and, more recently, David Saperstein.
We began conducting this course “on the road” many years
ago and delivered it dozens of times throughout the USA
and Canada. During COVID, we naturally switched the
course to Zoom, where it has remained. The course was
recorded, and these are the first edited “transcripts” along
with figures that cite the power point slides we used in
the course. When you read these reviews, envision one
of the authors delivering this as a lecture, which is how it
was originally presented. It is conversational, in the first
person. The first lecture is titled “Pattern Recognition of
Neuropathy and Neuronopathy: 7 Questions / 11 Patterns.”
I first developed this pattern recognition approach to
neuromuscular disease in the 1990s. Over the years we
have made some modifications and, in this version, we
have expanded the approach from the prior 6 questions /
10 patterns. To paraphrase the great William James, MD
who said, “The rivalry of the patterns is the history of the
world,” the talk concludes “The recognition of the patterns
is the key to understanding neuromuscular discase.” The
second review is on the laboratory approach to testing in
neuropathy and neuronopathy and emphasizes that one
must start with the clinical pattern, which will guide the
clinician in deciding the laboratory tests to order. All the
course teachers are equal authors on these publications and,
at any given time, any of the authors could deliver one of the
dozen lectures, so we hope to continue publishing further
review articles based on course transcripts. This course has
been an exciting journey for all involved. We hope that by
publishing these lectures we can make them available to a
wider audience in a meaningful way. Finally, [ would like to
thank Lauren Peck, a student at the University of Missouri,
who has served as the undergraduate student editor for
the journal and who provided immense help in manuscript
preparation for these course publications.

For the cover art in this issue, I have chosen the famous
painting Vincent van Gogh painted of his bedroom at Arles
— “The Bedroom At Arles,” 1888. His bedroom is so simple
and in many ways heartbreaking. A true classic of art.
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Primary Care, Private Equity, and Profit:
How to ensure poor quality care for the
American people

Joshua Freeman, MD
This article originally appeared in Dr. Freeman’s blog,

Medicine and Social Justice.
https://medicinesocialjustice.blogspol.com

I -- and many others -- have written (frequently
and recently) about the abuses of for-profit companies,
especially private equity companies and “non-profits” that

act like for-profits in health care (Private equity, private
profit, Medicare and your health: They are incompatible,
May 11, 2023; Privatizing Medicare through “Medicare
Advantage” and REACH: The Wrong Way to Go!, Jan
20, 2023; “Private Equity”: Profiteers in nursing homes,

Medicare Advantage, DCEs, and all of healthcare, Sept
16, 2022). But despite our efforts, it doesn’t get any better.

Indeed it gets worse.

Drs. David Himmelstein, Steffie Woolhandler, Adam
Gaffney, Don McCanne, and John Geyman, leaders in
the campaign for a national health insurance plan (e.g.,
Medicare for All), published an article 18 months ago in
“The Nation” (March 31, 2022) titled ‘Medicare for All
is Not Enough’. They go through the ways in which the
ownership of our health system has changed, particularly
over the last decade, to focus on profit for the private owners
rather than improving “health care”. That is to say, while a
single-payer Medicare for All program would likely limit
the considerable negative impact that for-profit insurance
companies wreak on our collective health, as long as for-
profit companies continue to increasingly own our actual
health delivery systems (in the form of hospitals, nursing
homes, pharmacies, and physician practices), those single-
payer dollars from such a Medicare for All program would
flood into investors’ pockets rather than patient care.

Insurance companies like United Health and giant
pharmacy firms like CVS own large portions of our practice
and health delivery sector. At least as terrifying is the role of
private equity companies and investors, with their “buy ‘em
and burn ‘em” approach to acquisition and profit, in taking
over our delivery system. As the authors state:

At least UnitedHealth and CVS plan to stay in
business for the foreseeable future, and may be
constrained by the worry that substandard care will
damage their reputation. Private equity companies
face no such constraints. They promise investors
quick profits, and often sell off the businesses they ve
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bought within five years, often after stripping their
assets and loading them with debts that hobble
Juture operations.

On top of who will own our care provision, there also
is the issue of who will provide the care. Most developed
countries, with more rational health delivery systems, rely
on primary care physicians and other clinicians far more
than the US does. In those other countries primary care is
at least 30-40% of the physician workforce, while here it is
closer to 20% and dropping, an issue I have written about
often (see, for example, What is the problem with Primary
Care? The US health system!, March 22, 2022). Primary
care clinicians - family physicians, pediatricians, and
general internists, and the NPs and PAs who work with
them - can provide not only cost-effective care but care
that is comprehensive, continuous, and reassuring to
people and families because they know the person who
is providing it and have a relationship with them. And the
cost-effectiveness is not (only) about the fact that they earn
less money (see below) but because they are in a position,
as a result of taking care of the “whole person” and having
a long-term relationship, to more wisely utilize resources
when necessary. Nonetheless, there is a definite shortage
of primary care clinicians, as anyone who has tried to find
one recently can testify, because their physicians moved, or
retired or had their practice bought out by a large company
like Optum (a subsidiary of UnitedHealthcare, which
has become UHC’s major profit center as documented by
former insurance executive Wendell Potter in his “Health
Care Un-covered” substack), or, sometimes in response,
their physician moved into a “concierge” or “boutique”
practice. Elisabeth Rosenthal, editor of Kaiser Health
News, notes in a recent piece in the Washington Post, “The
Shrinking Number of Primary Care Physicians is Reaching
aTipping Point”, that “fewer medical students are choosing
a field that once attracted some of the best and brightest
because of its diagnostic challenges and the emotional
gratification of deep relationships with patients.” And she
makes the important point that:

One explanation for the disappearing primary-
care doctor is financial. The payment structure in
the U.S. health system has long rewarded surgeries
and procedures while shortchanging the diagnostic,
prescriptive and preventive work that is the province
of primary care.

Don’t forget that one. Rosenthal discusses the terrible
experience of colleague Bob Morrow, MD, who, under
financial pressure, finally had to sell his decades-old practice
and then left medicine, having watched how the new owner
ran it (which he considered not in the best interests of the
patients). Morrow is not a depressed person, but reading
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about what has happened to him and thousands of other
primary care doctors is enough to make one depressed.
Inadata-driven “Scorecard” on primary care in the US,
the Milbank Memorial Fund ranks it poorly on all fronts,
although not based on the quality of the physicians:

This first national primary care scorecard
Jinds a chronic lack of adequate support for the
implementation of high-quality primary care in
the United States across all measures, although
performance varies across states. The scorecard finds:

1. Financing: The United States is systemically under-
investing in primary care.

2. Workforce: The primary care physician workforce
is shrinking and gaps in access to care appear lo be
growing.

3. Access: The percentage of adults reporting they do
not have a usual source of care is increasing.

4. Training: Too few physicians are being trained in
communily sellings, where most primary care lakes
place.

5. Research: There is almost no federal funding avail-
able for primary care research.

The Scorecard, created for Milbank by the Robert
Graham Center (the policy arm of the American Academy
of Family Physicians, AAFP) not only identifies these
deficits, but also the importance of solving them for the
health of the American people. One hundred million
people without a primary care doctor who are only able to
see a physician (if they can see any physician) who has a
narrowly focused, disease-based practice is a real problem.
We need those specialists for when we are diagnosed with a
particular condition that requires their expertise, but they
are often not knowledgeable about conditions outside it.
Moreover, the primary care clinician does not only care for
many conditions; much more important is that they care for
the person who has those conditions.

The report also endorses the conclusions from the
National Academy of Science, Engineering, and Medicine
(NASEM) from 2021, recommending that the US:

1. Pay for primary care teams to care for people, not
doctors to deliver services.

2. Ensure that high-quality primary care is available
to every individual and family in every communily.

3. Train primary care teams where people live and
work.

4. Design information technology that serves the pa-
tient, family, and interprofessional care team.

5. Ensure that high-quality primary care is imple-
mented in the United States.

Finally, for the moment, an effort is being made in
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Congress to try to increase the number of primary care
clinicians. In an uncommon bipartisan effort, the bill is
cosponsored by Bernie Sanders (I, VT), chair of the Senate
HELP Committee, and Roger Marshall, MD, an OB/GYN
and conservative Republican from Kansas, as reported
by Jake Johnson in Common Dreams, Sept 14, 2023.
Although bipartisan support is nice to see, the bill would,
sadly, be unlikely to have a major effect on increasing the
primary care physician supply. Funding in the bill - about
$6 billion - would go mainly to Community Health Centers
(CHCs), especially Federally-Qualified Health Centers
(FQHCs). These centers provide care to lower-income
people and communities where access to other clinicians
is difficult. Republicans like them because they are not
actually “government” programs, but responsible only to
their boards of directors. These centers often rely heavily
on primary care, and expanding them will increase the
number of jobs for primary care clinicians. However, such
an expansion would do nothing to increase the supply of
those clinicians, such as by convincing medical students
to enter family medicine, pediatrics, and general internal
medicine instead of much higher-paying subspecialties.

This problem is a lot about money, as the Milbank
report also mentions. Convincing students to enter fields
where their income is likely to be a fraction of that of
subspecialists (even if much better than that of most
Americans) has become increasingly difficult, especially
in the context of huge educational debt borne by these
students (frequently over $250K), and in view of the lack
of respect given by the medical profession and often society
at large to primary care. And, not at all to be minimized, the
takeover of so many practices by for-profit corporations and
private equity, with situations like Dr. Morrow’s becoming
the norm rather than the exception. Some subspecialties
make 2-3 or more times that of primary care doctors,
which makes it increasingly difficult for students to decide
to enter primary care. While some of these subspecialties
have grueling work hours (e.g., general surgery) others have
much more circumscribed work hours, often characterized
by shift work with little call.

There IS certainly something the federal government
could do. The Center for Medicare and Medicaid Services
(CMS) sets the relative reimbursement for physician
services (office visits, procedures, etc.) and virtually all
private insurance companies reimburse based on multiples
of the Medicare rate (traditionally more, but now often
less). So, CMS could revise its fee schedule, increasing the
relative value of primary care visits relative to procedures.
Of course, there would likely be great opposition from
other specialists; indeed the “RUC”, a non-government
committee that advises CMS on this ratio is completely
dominated by subspecialists (Changes in the RUC: None..
How come we let a bunch of self-interested doctors decide
what they get paid?, July 21, 2013). CMS is not required
to follow the recommendations of the RUC, although it
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usually does; CMS could ignore or adjust what the RUC
recommends or reconstitute the membership of the
RUC to have more primary care doctors. Primary care
physicians do not need to make as much as the highest-paid
subspecialists (indeed, neither do those subspecialists!),
but the difference needs to be decreased. Studies have
indicated that if primary care doctors earned 70% of what
subspecialists do, income would no longer be a significant
factor in specialty choice. [CITE]

What’s On Your Mind?

Addressing this income gap is critical to increase
the number of primary care clinicians. Of course, there
is a lot more to do to improve healthcare, like getting for-
profit corporations and private equity out of healthcare
altogether.

For a “humorous” depiction of the takeover of primary
care by for-profit companies like Optum, check out this short
piece by the brilliant Dr. Glaucomflecken: https://twitter.
com/i/status/1706339952857149895
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What Does It Take to Make a Living Wage?

Donald R. Frey, MD

Originally published in Dr. Frey's blog “A Family Doctor
Looks at the World.” https://afamilydoctorlooksattheworld.

com/what-does-it-take-to-make-a-living-wage/

Recently, I was asked by Nebraska Appleseed to write
an opinion piece regarding a proposal to raise the Nebraska
minimum wage. I immediately contacted my old friend
John Kretzschmar, the Founding Director of the William
Brennan Institute for Labor Studies at the University of
Nebraska. He’s spent a career dealing with the status of
American workers and is far more knowledgeable than me.
Together, we put together an article that appeared in the
Omaha World-Herald. There’s a link to the actual article
below.

In the meantime, there’s plenty about the minimum
wage that simply couldn’t be included in the paper because
of space limitations. So here’s some additional information.

First, the national minimum wage has been in place
ever since the Federal Government instituted it in 1938 at
a whopping 25 cents an hour. And ever since, its detractors
have been trying to convince us that it’s all some sort of
communist plot.

Their thinking goes something like this. If employers
have to pay their workers a little more, they’ll either have
to fire some of them or not hire anyone else. In other words,
you can’t raise wages and maintain profits.

It sounds plausible, but in each of the instances
the minimum wage has been increased, no one has
demonstrated any sort of consistent adverse effect on
employment, incomes, or other major economic factors.

Every economic change, whether public or private,
has winners and losers (just ask anyone who used to
work at Sears, K-Mart, or Toys-R-Us). Short term, some
jobs transition. The long-term consequences are usually
different. And no one has been able to clearly demonstrate
that increasing the minimum wage, or for that matter, even
having a minimum wage in the first place, has had a negative
effect on the economy.

But isn’t raising wages substantially something that’s
bad for business? Is it even possible for a business to
increase wages and increase profits at the same time?

History says yes. Enter the picture, Henry Ford.

In 1914, Ford shocked the world when the company
announced that it was doubling the salary of its workers.
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That’s right, doubling—as in a 100% raise.

In Ford’s words “Itis our belief that social justice begins
at home. We want those who have helped us to produce this
great institution and are helping to maintain it to share
our prosperity. We want them to have present profits and
future prospects. ... Believing as we do, that a division of
our earnings between capital and labor is unequal, we have
sought a plan of relief suitable for our business.”

The Wall Street Journal, along with several other
newspapers, went nuts. Ford had “committed economic
blunders, if not crimes,” the Journal’s editorial page
screamed. The conventional wisdom was that Ford would
be bankrupt within a year.

Instead, the opposite happened. Turnover at Ford
factories fell sharply, reducing training costs. Ford workers
poured more money into the local economy. And many of
them bought cars themselves—Fords.

Within two years, Ford doubled its profits.

Let’s get one thing straight, though. The bit about Ford
doing this from a concept of “social justice” is a load of crap.
If you look up “nice guy” in the dictionary, Henry Ford’s
picture won’t be there.

He was a bigoted, anti-Semitic racist. He even
purchased his own newspaper, The Dearborn Independent,
to spread his racist views. He hated the prospect of his
workers organizing, and hired Harry Bennett, once
described as “America’s most reviled corporate thug” to
ambush, beat, and sometimes kill workers who got out of
line.

So what was the real reason Henry Ford massively
raised wages in 1914? Simple. He knew it would be good for
Ford.

Ford’s decision proved the fallacy of the “Gee, if we have
to raise wages we’ll automatically lose money” thinking.

Economics is a complex field, full of human variables.
It’s not a hard-science, and every honest economist knows
this.

A scientist can predict what will happen when two
particles collide. But when humans with their own biases
collide? That’s much less predictable. It's what makes
psychology, sociology, and economics more subjective, and
in many ways, much more difficult.

And in all my reading, I've yet to find convincing
evidence that paying a living wage ends up being an
economic negative in the long term.

As a nation, that’s where our focus really needs to be.
On the future, and notjust next quarter’s report to corporate
shareholders.
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ABSTRACT

Introduction/Aims: The purpose of this work was to
investigate survival outcomes in patients with amyotrophic
lateral sclerosis (ALS) at our Veterans Affairs Medical
Center multidisciplinary ALS clinic and compare this to
relevant data from several European studies.

Methods: Our sample consisted of 56 total Veterans (n=56;
54 males, 2 females) who had been seen between June 24,
2013 and February 1, 2021 at our multidisciplinary ALS
clinic.

Results: The median survival time of our Veterans from
symptom onset was 40.96 months (95% CI of 32.17,76.07),
and the median survival time from diagnosis was 23.77
months (95% CI of 18.64, 38.58). This was consistent
with the literature. Further consistent with the literature is
that multidisciplinary clinics, including ours, have survival
advantage over general neurology clinics. Analyzing factors
that contributed to this survival, we found a significant
protective effect on survival from Edaravone use (HR -
0.32, p = 0.036). Otherwise, there was no significant effect
on survival noted from use of percutaneous endoscopic
gastrostomy (PEG), non-invasive ventilation (NIV), or
Riluzole.

Conclusion: We found no significant difference in survival
rates between our U.S. Veterans in our multidisciplinary
ALS clinic and European multidisciplinary ALS clinics, and
both are better than general neurology clinics. We also found
that Edaravone use may provide some benefit to survival in
this patient population.

Keywords: ALS, multidisciplinary, PEG, NIV, Edaravone,
survival
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1Background

Amyotrophic lateral sclerosis (ALS) is a devastating
neurodegenerative disorder characterized by progressive
loss of upper and lower motor neurons. There is currently
no cure for ALS, and treatment options are limited and
focus on slowing disease progression and improving quality
of life. Until the recent approval of sodium phenylbutyrate
and taurursodiol in September 2022, pharmacological
therapy has been restricted to two FDA-approved drugs,
Riluzole and Edaravone, which have shown modest benefit
in survival time or benefit in delaying functional decline.!?
Symptom-based palliative care that includes use of non-
invasive ventilation (NIV), percutancous endoscopic
gastrostomy (PEG), and assistive equipment has also been
shown to positively modify outcomes in affected patients.>*

Guidelines from professional societies in the United
States (American Academy of Neurology [AAN])®
and Europe (European Federation of the Neurological
Societies [EFNS])* recommend ALS multidisciplinary
clinics (MDCs) for managing patients with ALS to
optimize healthcare delivery and prolong survival. This
recommendation has Level B (“Probably effective”)
evidence, based primarily on two European studies from
Ireland” and Italy® which showed an increase in time of
survival from symptom onset and from diagnosis compared
to similar patients managed in general neurology clinics
(GNCQ). A single study from Italy’ did not show a survival
benefit from MDC care. MDC care is also recommended
for improving quality of life in patients with ALS, based
on a study from the Netherlands' with Level C (“Possibly
effective”) evidence. No similar studies have been done
in the United States or with U.S. Veterans as the study
population.

U.S. Veterans are at increased risk of developing ALS.
In 2008, the U.S. Institute of Medicine released a report
that determined that there was evidence of a relationship
between military service and later development of ALS.!
The evidence from reviewing 30 studies was too limited,
however, and found “no strong evidence that any particular
military exposure is associated with ALS etiology”.”
Persistent exposures to neurotoxicants that accumulate in
the central nervous system, as well as service-linked trauma,
are thought to contribute to ALS pathogenesis.™

In September 2008, the VA established ALS as a
service-connected disability for Veterans who served 90
days consecutive active duty and who later were diagnosed
with ALS.™ In January 2012, the VA determined that the
service-connection for ALS would automatically be rated
as 100% disabling.” This service-connected disability
status entitles Veterans with ALS to a substantial package
of financial and healthcare benefits that includes providing
free medical care, equipment, transportation, monthly
compensation for work lost, and nursing home coverage.

In 2013, our VA Healthcare System developed an ALS
multidisciplinary clinic (MDC). The multidisciplinary team
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Table 1. Results for VA MDC together with relevant results from comparison studies. VA = Veterans Affairs medical
center; PEG = percutaneous endoscopic gastrostomy; NIV = noninvasive ventilation; MDC = multidisciplinary clinic;
GNC = general neurology clinic; N/A = not applicable; * Respiratory subtype also included generalized onset disease causing

relatively large number

Traynor Chio et. al. Zocollela Paipa et. Aridegbe Martin et.
et.al. 2006 et.al. al. et. al. 2012 AL 2017 19 VAMDC
20037 2007° 2019 ¢ 17 '
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(n) included in each 82 221 84 344 254 330 56
cohort
1;3}‘;2‘: ;‘yg:a?z)symptom 590 60.8 635 62 62.6 581 64.9
xs::s;‘ge pigenbals 60.1 N/A 64.2 N/A N/A N/A 66.5
Pyil:;)yut)(:nd:;gst(: E‘;ﬁf)‘;’t‘l‘;) 13.0 N/A N/A 10 166 12.0 16,5
Mean age at death (years) = 6195 N/A 05.7 N/A N/A N/A 714
. 58.5% T/ 75% 66.65% 73% 73.6% 60.7%
Percentlimb onset (N-4g) VA (N-63)  (N-220)  (N-I85)  (N-243) | (N-34)
34.1% < 19% 29.9% 27% 25.5% 179%
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: 74% » o ey 35% ! 214%
N// =t . /£ .
Percent respiratory onset (N=6) N/A 6% (N=5) (N-12) N/A N/A (N-12)*
32% 0N 323% 26% » 464%
Percent PEG tube use N/A (N=unknown) 0% (N=5) (N-111) (N-66) N/A (N-20)
{)chnt PEGpvaluevs. | /) N/A <0.0001 0.0480 0.0035 N/A Reference
0.1% 154% 48.8% 29% 13.3% 80.4%
2.5% (N= .
Percent NIV use (N-5) Nounknown) | 27 N2 0 (\Cles) | (N73) (N-44)  (N-45)
zg“’e"t NIV pvaluevs. <0000l N/A <0.0001 <0000l <0.0001 <00001 | Reference
44.6%
Percent use of Riluzole 98.8% N/A 006% 88.7% 89% 00.9% EI:I:(Z)O;)
(N=80) | (N=55) (N=305)  (N=222)  (N-201) UZLd (l“
medication)
Riluzole p value vs. VA <0.0001 N/A 0.0144 <0.0001 <0.0001 0.0275 Reference
Median time of survival : ] ; 1239 days
from symptom onset in N/A 2?? Q i?;; ths) 26 months | 40 months iﬁ)ﬁ the N/! (4096
MDC o0 ) months)
Median time of survival 2 o2 | am
from symptom onset in N/A 705 dks (258 | S 34 months = 28 months = N/A N/A
GNC months) months
. . . 077 days . 719 days
Median time of survival =) , N/A 176 months =~ N/A 19months | 20 (2377
from diagnosis in MDC i months )
months) months)
Median time of survival 448 days . .
) 7. , /
from diagnosis in GNC (14.7 mos) N/A 18 months = N/A 11 months N/A N/A



at our MDC includes a physiatrist, specialist nurse, social
worker, dictitian, psychologist, occupational therapist,
physical therapist, speech and language pathologist,
pulmonologist and respiratory therapist, and a palliative
care physician. (Table A.1 in supplement)

In this retrospective chart review, we evaluated data
from the ALS MDC at our VA medical center as it more
closely resembles that of the European model in terms of
access to and financial coverage of care compared to private
practices in the United States. Outcomes regarding survival
time, medication use, and symptom-based treatments of
patients treated in MDCs were compared to those reported
in prior studies.

2 Methods
2.1 Study Design

The previously mentioned studies on which current
ALS multidisciplinary clinic recommendations from the
AAN and EFNS are based were retrieved electronically
using PubMed.gov. " By reviewing the references of these
papers; scarching PubMed using keywords “amyotrophic
lateral sclerosis,” “motor neuron disease,” “ALS,” and
“multidisciplinary”; and using editorial suggestions, we also
identified four newer studies from Paipa et al.', Aridegbe
ct al’, Rooney et. al.®®, and Martin et. al.'’. Survival,
intervention use, and type of ALS onset data reported for
the multidisciplinary clinics in these studies is included
in Table 1 except for the study by Rooney et. al. which
did not include comprehensive survival data for the Irish
multidisciplinary clinic studied. This data was recorded
to be used for comparison with the corresponding data
obtained from our VA MDC.

A list of VA MDC attendees from June 24, 2013 to
February 1, 2021 was obtained from VA records. This list
included a total of 56 patients (n = 56) which is consistent
with the rarity of ALS and catchment area of our VA
medical center. 41 of these patients were deceased on
or before February 1, 2021. A retrospective chart review
was then performed on our 56-patient cohort to identify
patient gender; age at symptom onset; age at diagnosis;
age of death (if applicable); onset type (bulbar, limb, or
respiratory/generalized onset); use of a PEG; use of NIV,
including continuous positive airway pressure (CPAP),
bilevel positive airway pressure (BiPAP), and/or average
volume assured pressure support (AVAPS); use of Riluzole;
and use of Edaravone. If only the month was noted for time
of symptom onset or diagnosis, the first of the month was
used as the date of symptom onset or diagnosis for age
calculation. If only the year was noted for time of symptom
onsetor diagnosis, the first of the year was used as the date of
symptom onset or diagnosis for age calculation. Of note, we
defined the subtypes based on what the charts mentioned as
the first symptom at onset.
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2.2 Ethical Approval

This study was approved by the Institutional Review
Board of our VA Medical Center (IRB # 202101656).
A waiver of the requirement for informed consent was
obtained because of the retrospective design of the study.

2.3 Statistical Analysis

For survival analysis, two patients with ALS in our
sample were involved in the MDC from the beginning of the
clinic and survived for the entire duration of the study. These
observations were censored beginning on February 1, 2021,
the last day that patients were monitored. A Kaplan-Meier
survival curve was constructed to find the distribution of
the survival times of the patients in our study. The median
survival time for our study was determined, along with its
corresponding 95% confidence interval (CI), and this was
compared with the median survival estimates from the
other studies of interest.

Pairwise differences for PEG and NIV userates between
our MDC and each of the other relevant studies with
sufficient data were assessed using Fisher’s exact test. To
account for multiple comparisons, a Bonferroni correction
was employed for the PEG and NIV rate comparisons, such
that the alpha threshold for the PEG comparisons was
0.05/3 = 0.0167, and the alpha threshold for the NIV, bulbar,
and Riluzole comparisons was 0.05/4 = 0.0125.

Theimpact of Edaravone on survival times was assessed
using Cox proportional hazards models to determine a
hazard ratio (HR). A multivariate model was constructed
for both survival time from symptom onset and survival
time from diagnosis, in which Edaravone was assessed,
along with the effects of age and gender. Schoenfeld
residuals were also obtained to ensure that the Cox model
was appropriate for the analysis.

Results
3.1 Demographics

Our cohort was comprised of 56 Veterans (n = 50).
There were two females (4%), which is consistent with our
VA population.2*?! Our results, together with results from
the literature, are presented in Table 1.

3.2 Survival from Time of Symptom Onset and Time of
Diagnosis

The median survival time from symptom onset and
from diagnosis in our VA MDC was 40.96 months (95% CI
0f 32.17,76.07) and 23.77 months (95% CI of 18.64, 38.58)
respectively. The survival probability is plotted as a function
of time from symptom onset in Figure 1.
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Figure 1. Survival probability as a function of days from symptom onset and diagnosis
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Figure la. Survival probability as a function of days from symptom
onset

3.3 Effect of Age and Gender on Survival

Using time to death from symptom onset as the
outcome, and after adjusting for gender and Edaravone
use, our model found age at symptom onset (Age_SO) to
be a substantial risk factor (HR = 1.06, p < 0.001; Table
2). The Age_SO HR is interpreted as follows: at any given
timepoint, the likelihood of a patient dying is 6% greater
than that of a patient who is one year younger. This model
found no noteworthy effect related to gender after adjusting
for Edaravone use and age (HR = 0.79, p = 0.80; Table 2).

Table 2. Effect of age at symptom onset on survival,
controlling for gender and Edaravone use

Characteristic HR! 95% CI! p-value
Edaravone 0.32 0.11, 093 0.036
Age at Symptom Onset 1.06 1.03,1.10 <0.001
Gender

F

M 0.79 0.18, 340 0.8

'"HR = Hazard Ratio, CI = Confidence Interval
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Figure 1b. Survival probability as a function of days from
diagnosis.

3.4 Survival by ALS Subtype

The Cox proportional hazards model demonstrated
that the location of symptom onset had an effect on patient
survival from symptom onset. Specifically, patients who had
limb onset subtype had greater lengths of survival from time
of symptom onset relative to those with bulbar onset (HR
= 0.26, p = 0.002). This effect remained significant after
adjusting for Edaravone use, gender, and age at symptom
onset (HR = 0.34, p = 0.020; Figure 2a; Table A.2a in
appendix).

Similarly, survival from time of diagnosis was also
longer in limb onset vs. bulbar onset. The results of the
unadjusted effect of limb onset type on patient survival time
from diagnosis, relative to bulbar onset were statistically
significant (HR = 0.34, p = 0.010). When the model
accounted for the effects of Edaravone usage, gender, and
age at diagnosis, the effect of limb onset was similar, but no
longer statistically significant (HR = 046, p = 0.071; Figure
2b; Table A.2b in appendix).
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Figure 2a. Survival probability as a function of time from symptom
onset by ALS subtype

3.5 Use of Equipment: PEG or NIV

The PEG use rate among patients in our study was
464%. If it was noted in a patient’s chart that PEG had not
been used yet, the data were analyzed as PEG not being
used, although PEG might have been used at a later date.
Figure A.3a and Table A.3a show the effect of PEG use on
survival from symptom onset, and Figure A.3b and Table
A.3b show survival from time of diagnosis (see appendix). In
both univariate and multivariate (aka adjusted) models, we
did not detect a relationship between PEG use and survival
times from symptom onset (Table A.3¢; see appendix) or
diagnosis time (Table A.3d; see appendix).

80.4% of the patients in our study used NIV. In both
univariate and multivariate (aka adjusted) models, we did
not detect a relationship between NIV use and survival
times from symptom onset (Table A.3¢; see appendix) or
diagnosis time (Table A.3f; see appendix).

3.6 Use of Riluzole

Riluzole was prescribed in 44.6% of our patients. We
investigated a multivariate model (controlling for age and
subtype), and the effect of Riluzole was not statistically
significant in both survival from symptom onset (p =
0.8) and survival from diagnosis (p = 0.6); similarly, the
univariate model also was not significant. (Figure A4a-A.4b
and Table A 4a-A4b; see appendix).
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Figure 2b. Survival probability as a function of time from diagnosis
by ALS subtype

3.7 Edaravone Effect on Survival

Fourteen of our patients (25% of our sample) were
using Edaravone. When investigating the survival time
from symptom onset, the Cox proportional hazards model
found that Edaravone had a significant protective effect on
our patient population (HR = 0.32, p = 0.036). The global
Schoenfeld test of this model resulted in a p value of 0.9948,
implying that the use of the Cox model is justified.

Using the Cox proportional hazards model to predict
survival time from diagnosis, results were similar to those
of survival from symptom onset. Edaravone is found to have
a protective effect on the survival of our patient population
(HR = 0.29, p = 0.023), while age at diagnosis was shown
to be a risk factor (HR = 1.07, p < 0.001), and gender was
not found to influence survival times (HR = 0.94, p > 0.9).
The global Schoenfeld test of this model resulted in a p
value of 0.9994, implying that the use of the Cox model is
justified. Additionally, univariate Cox proportional hazards
models were used to predict the survival time of patients
with ALS from symptom onset (Table A.5a; see appendix)
and diagnosis (Table A.5b; see appendix). In both instances,
Edaravone usage is shown to increase survival times.

The effect of Edaravone on survival from symptom
onset and diagnosis while controlling for age and gender of
the patient is presented in Figure 3 and Tables 2 and 3.

n
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Figure 3. Survival from Symptom Onset (SO) and diagnosis in patients on Edaravone vs patients not using it
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Figure 3a. Survival from Symptoms Onset in patients on
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Table 3. Effect of Lidaravone on survival from time of diagnosis,
controlling for age and gender

Characteristic HR! 95% C1! p-value
Edaravone 0.29 0.10,0.84 0.023
Age at Diagnosis , ,
) ) 1.07 1.03, 1.10 <0.001
Gender
I o o
M 094 0.22,4.01 09

'"HR = Hazard Ratio, CI = Confidence Interval

4 Discussion

The median survival time of Veterans in our MDC from
symptom onsel was significantly greater than the median
estimate provided in Zocollela et al.?, whereas no significant
difference is shown between the median survival time from
symptom onset and the estimates provided in other similar
studies”#101719 Similarly, the median survival from time of
diagnosis is significantly greater than the median estimate
provided in Zocollela et al’ Apart from the Zocollela
study,’ all the other studies”®!%17 showed that their MDC
improved survival compared to the care provided at a
general neurology clinic (GNC). The Zocollela study is
one of the oldest studies (recruited in the 1990s), so it is
possible their MDC did not provide the same level of care
that is provided in MDCs more recently, such as fewer
medications and less equipment support (Table 1). In the
study by Chio,® their MDC used more NIV and PEG than
what was used in their GNC; the MDC in Paipa'® also used
more PEG, NIV, and Riluzole vs. GNC; and similarly, the
MDC studied by Traynor” used more NIV and Riluzole.
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Figure 3b. Survival from diagnosis in patients using edaravone
vs. patients not using it

Use of PEG, N1V, and Riluzole have all shown some benefit
on survival,?*?* but it is possible that the combination of
these treatments, along with daily psychosocial support,
contribute to improved survival in MDC clinics, with up to
an additional 9-10 months in some cases.”®** Furthermore,
quality of life was improved in patients with ALS in MDC
clinics independent of the use of aids and appliances.!**

Our results also agree with the hypothesis that MDC
care improves median survival relative to GNC care. The
95% confidence intervals for our survival times were
32.17-76.07 for time of survival from symptom onsel and
18.64-38.58 for time of survival from diagnosis. Comparing
the time of survival seen in our study with that reported by
GNCs in the included studies (data summarized in Table 1),
our survival values fall outside of the range for survival from
symptom onset reported for GNCs in Chio and Arideghe®"”
and outside of the range for survival from diagnosis reported
for GNCs in Traynor, Zocollela, and Aridegbe.”'” The time
of diagnosis is a more definite starting point than symptom
onset and therefore possibly more likely to accurately reflect
adifference.

4.1 Survival by ALS Subtype

We found that Veterans who had limb onset ALS
survived longer from time of symptom onset or time of
diagnosis relative to those with bulbar onset ALS. This
remained true even after controlling for Edaravone usage,
gender, and age. Our findings are consistent with the
literature where bulbar onset ALS is thought to have a
poorer prognosis than spinal onset ALS (recorded as limb
or respiratory/generalized onset in Table 1), although this
can be variable.”> Furthermore, we found no statistically
significant difference in the number of bulbar onset cases in
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our study versus all five relevant studies from which this was
reported suggesting that our sample make up is consistent
with the literature.

4. 2 Survival by Age and Gender

Our model found that age at symptom onset is a
substantial risk factor and that at any given time point,
the likelihood of a patient dying is 6% greater than that of
a patient who is one year younger. This is consistent with
the literature.?® This model also found no noteworthy effect
of survival based on gender. This is consistent with the
literature, where most studies did not find a role for gender
in the prognosis.2

4.3 Equipment Use

The rate of PEG use in our study was significantly
greater than that of patients in the study from Zocollela et
al. (p < 0.0001) and from Aridegbe et al. (p = 0.0035).*"” No
significant difference was detected between PEG use rates
from our study and the study from Paipa et al. (p = 0.0480).'°
Chio et al. and Martin et al. did not report the percentage
PEG use.?” We did not find that PEG use added survival
advantage. Burkhardt et al.”’found that PEG (p < 0.01) had
a significant impact on survival. They initially did not find
benefit for PEG use, but after adjustments for diagnostic
delay, region of onset, predicted ALS-FRS (ALS-functional
rating scale), gender, age at diagnosis, and BMI loss, they
found significant benefit. We repeated a similar analysis
but did not find a survival advantage. Although PEG use
is widely accepted in ALS care to prevent starvation and
dehydration and to improve quality of life, survival benefit
of PEG is not universally demonstrated.*

The reason for increased PEG use in the VA MDC
is not clear. In the VA MDC, PEG use is discussed carly
but generally, patients are not referred for the procedure
until they have significant weight loss (>10%), dysphagia,
aspiration, or fatigue with eating which is in accordance
with AAN guidelines.”” All patients are seen quarterly by
nutrition, speech pathology, and pulmonology. Weights,
pulmonary function tests, and bedside swallows are
monitored quarterly. Video swallows are done when
deemed indicated by speech pathology. Patients are referred
to gastroenterology for consultation if/when they want to
proceed with a PEG and they perform the procedure if they
feel it is indicated. If patients choose a PEG, the procedure
is performed when FVC is still >50%.

The percentage of our patients using NIV was greater
than the percentage of NIV use in any of the other studies (p
<0.0001 for each comparison), but we did not find a survival
advantage. This is consistent with the literature, where
survival advantage was found in some studies,?®? but not
universally.®® It is possible that this result was confounded
by NIV use for non-ALS purposes such as obstructive sleep
apnea. Overall, there is a higher use of CPAP and BiPAP in
the U.S., possibly due to a higher prevalence of sleep apnea
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in the U.S. vs. Europe. Therefore, we hypothesize that the
percentage of NIV use in our sample is diluted by patients
using N1V for other reasons, though we did not perform an
analysis of who was started on NIV initially for alternative
reasons and did not require adjustments based on weakness
due to ALS progression.

4.4 Medication Use: Riluzole

Significant differences were detected in Riluzole use
rates between our VA MDC and the studies performed
by Traynor, Paipa, and Aridegbe et. al.”'%” The difference
between Riluzole use rates of our VA MDC and the studies
performed by Zocolella and Martin et. al. was marginally
significant,”” but not statistically significant, after applying
the Bonferroni correction for multiple comparisons.

This difference in Riluzole use is most likelyrelated
to patient preference. All patients at the VA MDC are
offered medications unless they have a contraindication
to use. Since ALS care is palliative by nature, it is not
unreasonable for a patient concerned about quality of life
to decline Riluzole use given minimal clinical benefit. Some
VA MDC patients used both Riluzole and Edaravone; 30 of
56 patients used either one or both medications (53.6%).
Because our Riluzole use was very low, we could not detect
survival advantage.

4.5 Medication Use: Edaravone

Our Cox proportional hazards model found that
Edaravone had a significant protective effect on our patient
population and improved survival from symptom onset, as
well as from time of diagnosis (HR = 0.29, p = 0.023). No
other identified study has reported Edaravone use in MDC.

Edaravoneis arelatively newly approved medication for
ALS and therefore was not included as a variable in any of
the European comparison studies. A clinical trial published
in 2017 showed benefit in reducing the decline in the ALS-
FRS in well-selected patients with ALS,> but survival
advantage has not been well-established. Two recent studies
with small cohorts of 45 and 57 patients, both conducted in
Japan, demonstrated evidence for improvement in survival
with Edaravone use.**® A larger retrospective review in the
U.S. also showed survival benefit,*® while a study conducted
in Germany showed no survival benefit or slowing of clinical
decline.”” Twenty-five percent of our cohortused Edaravone
and we were able to show a statistically significant increase
in life expectancy in the patients that had used Edaravone
relative to those who had not, though we did not record
dosage or dosing frequency amongst these patients. We did
not perform an analysis on comorbidities, other medication
use, or personal opinions in the patients who opted to take
Edaravone, though it seems possible that those patients
who chose to take this medication preferred a maximum
treatment approach as opposed to a comfort-focused
approach. While this philosophy may confer survival benefit,
itis beyond the scope of this retrospective review. Our data

13



may still contribute to recent findings that Edaravone may
in fact prolong life in ALS patients.

Limitations

There are several limitations in our research. First,
the diagnosis of ALS is clinical, often with the assistance
of electromyography (EMG) to help support the diagnosis.
The El Escorial criteria, which provide a unified set of
ALS diagnostic criteria, were first published by the World
Federation of Neurology in 1994.% These criteria remain
a standard of diagnosis for ALS. Unfortunately, we do not
know what criteria were used to make a diagnosis of ALS
for the patients in our study, because most patients in the
VA MDC were not diagnosed at the VA hospital but were
initially seen by a non-VA neurologist. While all of the VA
MDC referrals came from neurologists, making proper
criteria usage more likely, we cannot say whether the
patients in our cohort would be defined as having definite,
probable, or possible ALS based on El Escorial criteria. A
misdiagnosis could certainly affect survival data and should
be mentioned. The most recent Gold Coast criteria has
simplified the ALS diagnostic categories and would be used
moving forward.*

Second, we lacked the exact date for onset of symptoms
for most patients given that this date is generally subjective
and based on patient history. We suspect this is not unique
to our study since ALS is insidious.

Third, our clinic is a relatively small ALS clinic with
less than 8 new patients added per year. It is not a typical
multidisciplinary ALS center, and the findings might not be
applicable to larger, much busier clinics as the amount of
time available to each patient would be significantly higher
in our clinic.

Finally, we did not compare our results to a local GNC,
because the veterans with ALS in our study were enrolled
only in the VA MDC. In the future, as veterans have options
to go to community neurologists, our study will provide a
basis against which to compare survival of veterans in VA
MDCsvs. GNCs.

In conclusion, we found that Veterans enrolled in a US-
based multidisciplinary ALS clinic had similar survival to
those cared for at European MDCs, and both have survival
advantage over those cared for by general neurologists
reported in the literature. This becomes relevant if more
Veterans choose to seek care outside the VA, in locations
where only general neurologists exist. Fortunately,
according to the recent Veterans Health Administration
Directive 1101.07, Amyotrophic Lateral Sclerosis (ALS)
System of Care, released on August 30, 2021, “Community
care referrals will include approval for interdisciplinary
ALS care”* Future research should compare ALS care at
VA MDC versus that at academic center MDC and private
general neurologists. We also showed agreement with
recent literature suggesting that Edaravone was associated
with a prolonged life expectancy.
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Table Al. ALS clinic roles

ALS Clinic team member Role

RN Case Manager P}“e—cllnlc check-in call to complete ALS FRS-R; rooming veterans,
vitals

Respiratory Therapist Complete respiratory testing at the start of the clinic day

Physiatrist/PA Medical management; medication management

Social Worker Assists with support system and VA /community benefits & resources

Dietitian Diet and nutritional assessment; feeding tube formulas management

Psychologist Adjustment/grief/loss support; brief counseling support

Occupational Therapist Strategies/tools/equipment for managing ADL/TADLs

Physical Therapist Home and community mobility support; transfers; wheelchair

assessments

Swallowing changes; augmentative and alternative communication

Speech and language pathologist (AAC) strategies for managing speech changes

Pulmonologist Management of neuromuscular respiratory failure

Ongoing palliative care support, care planning, and hospice

Palliative care physician L O
P coordination
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Table A.2a. Model for survival from symptom onset by ALS subtype

Unadjusted model: This table provides our estimates for the
effect of Onset Type on survival time from symptom onset
without adjusting for patient age, gender, or edaravone usage

Full model: This table provides our estimates for the effect of
onset type on survival time from symptom onset after adjusting
for the potential confounders of edaravone usage, age at symptom
onset, and gender.

Characteristic HR! 05% CI! pvalue Characteristic HR! 95% CI! p value
Onset Type
Edaravone usage 0.32 0.11, 0.96 0.042
Bulbar — —

Age at Symptom 1.06 1.03,1.10 <0.001 Generalized 0.39 0.15,1.04 0.059
Onset Limb 026 01,062  0.002
Ge;lder 'HR = Hazard Ratio, CI = Confidence Interval

M 0.62 0.14, 2.75 0.5
Onset Type

Bulbar — —

Generalized 0.63 0.22,1.75 04

Limb 0.34 0.14, 0.85 0.020

'HR = Hazard Ratio, CI = Confidence Interval

Table A.2b. Model for Survival from time of diagnosis by ALS subtype

Full model: This table provides our estimates for the effect of Unadjusted Model: This table provides our estimates for the
onset type on survival time from diagnosis after adjusting for the effect of Onset Type on survival time from diagnosis without
potential confounders of edaravone usage, age at diagnosis, and adjusting for a patient’s age, gender, or edaravone intake.
gender.
Characteristic HR! 95% CI! p-value Characteristic HR! 95% CI' p-value
Onset Type
Edaravone 0.30 0.10, 0.88 0.028 Bulbar B B
Age at Diagnosis 106 103,110 <0.001 Generalized 046 0.18,1.19 0.1
Limb 0.34 015,077 0.010
Gender '"HR = Hazard Ratio, CI = Confidence Interval
F _ _
M 0.76 0.17,3.35 0.7
Onset Type
Bulbar — —
Generalized 0.79 0.29,2.12 0.6
Limb 046 0.19,1.07 0.071

'HR = Hazard Ratio, CI = Confidence Interval
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Table A.3a. PEG and survival from symptom onset
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Table A.3b. PEG use and survival from time of diagnosis

Characteristic 95% CI' p-value Characteristic HR! 95% CI! p-value
PEG 0.71, 2.66 0.3 PEG 1.14 0.59,2.21 0.7
Age_SO 1.04,1.11 <0.001 Age_Diag 1.07 1.04,1.11 <0.001
Gender Gender

F — F — —

M 0.16,3.18 0.7 M 0.76 0.17,3.33 0.7

'HR = Hazard Ratio, CI = Confidence Interval

Table A.3c. Model: PEG use and survival from symptom onset

'HR = Hazard Ratio, CI = Confidence Interval

Table A.3d. Model: PEG use and survival from time of diagnosis

Characteristic HR! 95% CI! p-value Characteristic HR! 95% CI! p-value
PEG 0.90 0.36,2.23 0.8 PEG 0.56 0.21,1.50 0.3
Age_SO 1.06 1.03,1.10  <0.001 Age_Diag 1.07 1.03,1.10 <0.001
Gender Gender

F — — F — —

M 0.52 0.10,2.59 04 M 041 0.08,2.07 0.3
Onset_type onset_type

Bulbar — — Bulbar — —

Generalized 041 0.15,1.14 0.086 Generalized 045 0.16,1.26 0.13
Limb 0.32 0.10,1.02  0.054 Limb 0.23 0.07,0.82  0.023
Delay to Diagnosis 1.00 1.00,1.00  0.10 Delay to Diagnosis 1.00 1.00, 1.00 >0.9

'HR = Hazard Ratio, CI = Confidence Interval

Table A.3e. Survival from symptom onset model and NIV use

'HR = Hazard Ratio, CI = Confidence Interval

Table A.3f. Survival from symptom onset model and NIV use

Characteristic

HR!

95% CI

Characteristic

p-value HR! 95% CI! p-value
NIV 1.50 0.58,3.83 04 NIV 1.30 0.50, 3.36 0.6
Age_SO 1.07 1.03,1.11 <0.001 Age_Diag 1.07 1.03,1.12 <0.001
Gender Gender
F — — F — —
M 0.62 0.14,2.78 0.5 M 0.64 0.14, 2.89 0.6
Onset_type Onset_type
Bulbar — — Bulbar — —
Generalized 0.37 0.13,1.04 0.060 Generalized 0.50 0.18,1.34 0.2
Limb 0.34 0.14,0.84  0.020 Limb 0.39 0.16,0.93 0.035
Delay to Diagnosis 1.00 1.00,1.00 0.12 Delay to Diagnosis 1.00 1.00,1.00 0.8

'HR = Hazard Ratio, CI = Confidence Interval

'HR = Hazard Ratio, CI = Confidence Interval
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Table A.4a. Effect of riluzole on survival from symptom onset,
controlling for age and gender
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Table A.4b. Effect of riluzole on survival from time of diagnosis,
controlling for age and gender

Characteristic HR! 95% CI! p-value
Riluzole 0.89 044,1.82 0.8
Age at Symptom 1.06 1.03,1.10 <0.001
Onset
Onset_type
Bulbar — —
Generalized 043 0.16,1.15 0.092
Limb 0.30 0.12,0.75 0.010

'HR = Hazard Ratio, CI = Confidence Interval

Table A.5a. Model demonstrating that edaravone is a
preventative factor against death from ALS from symptom onset

Characteristic HR! 95% CI' p-value
Riluzole 0.82 0.40,1.67 0.6
Ageat Diagnosis 1.06 1.03, 110 <0.001
Onset_type

Bulbar o _

Generalized 0.54 0.20,141 0.2

Limb 0.39 017,0.90 0.028

'HR = Hazard Ratio, CI = Confidence Interval

Table A.5b. Model demonstrating that edaravone is a
preventative factor against death from ALS from diagnosis

Characteristic HR! 95% CI' p-value

95% CI' p-value

Characteristic HR!

0.007

Edaravone 0.24 0.09, 0.68

'HR = Hazard Ratio, CI = Confidence Interval

Edaravone 0.25 0.09,0.70 0.009

'HR = Hazard Ratio, CI = Confidence Interval
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A worsening problem in ALS: insurance
barriers between drug approvals and
patient access

Richard Bedlack MD PhD!, Daragh Heitzman MD?,
Jeremy Shefner MD PhD?

1. Duke University Department of Neurology,
Durham NC USA
2. Texas Neurology ALS Clinic, Dallas TX USA
3. Barrow Neurological Institute, Phoenix AZ USA

For most of the past 150 years, clinicians have had few
treatments to offer patients with ALS. Riluzole was approved
in 1995," and this ushered in an era initially characterized
by hope for the rapid development of new therapeutics.
However, despite great progress in the development of
disease models, breakthroughs in understanding ALS
pathophysiology, and large federal and pharma investment,
more than 20 years elapsed before the next positive phase
3 trial >3

In the past six years, three new drugs have been FDA-
approved for ALS: edaravone (an antioxidant that slows
accumulation of disability by about 30% over 6 months),?
sodium phenylbutyrate/taurursodiol (a  combination
with multiple intracellular actions which similarly slows
disability and also prolongs survival by 4-6 months)* and
tofersen (an antisense oligonucleotide which lowers mutant
SODI protein and neurofilament light chain levels).” This
progress is much welcomed, but it has led to a worsening
problem in ALS: insurance barriers between drug approvals
and patient access. The most extreme examples are payors
who deny coverage for newer FDA-approved medications,
claiming they are “experimental” (ex. 6). Other payors have
instituted “step therapy”™ and are only covering the newer
medications for those who “fail” riluzole.®* Some only cover
the newer medications for patients who meet certain clinical
criteria, similar to the entry criteria for the pivotal trials.5"
In our experience, these insurance barriers are resulting
in already-stretched clinicians and clinic staff needing to
spend time on prior authorization forms, appeals of denials,
and peer-to-peer reviews. More importantly, all of this
results in potentially harmful delays between a medication
being prescribed and a patient being able to start taking it.

To better quantify and understand the impact of these
insurance barriers across more providers and clinics, we
conducted and herein report the results of a survey of our
colleagues in the Northeast ALS Consortium (NEALS).

We created a 16-question survey to better understand
ALS Clinician perspectives on the barriers associated
with riluzole, edaravone, and sodium phenylbutyrate/
taurursodiol treatments (Figure 1). We did not include
tofersen because it was not FDA-approved at the time our
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survey launched. An electronic link to the survey was sent
to 128 clinicians identified as primary site investigators in
the Northeast ALS Consortium (NEALS). The link was
sent three times between May 14 and May 30, 2023.

Twenty-eight clinicians completed the survey, for a
response rate of 22%. The average number of patients with
ALS being followed by the respondents was 168.

Clinicians were asked about the percentage of patients
they felt should be taking cach of the 3 drugs, versus the
percentage that are taking it (Table 1). There was a large
amount of variability in responses between different
clinicians. The gap between these estimates for riluzole
was 10%; it was 19% for edaravone and 38% for sodium
phenylbutyrate/taurursodiol.

Clinicians were asked to rank the barriers to getting
more patients on each drug, from biggest (1) to smallest
(4, Table 2). For riluzole, the biggest barrier was a lack of
patientinterest. For edaravone and sodium phenylbutyrate/
taurursodiol, the biggest barrier was payor restrictions.

Clinicians were asked about the percentage of
prescriptions on which they encountered a need for prior
authorization, denials with options to appeal, and final
insurance denials (Table 3). All of these barriers were
rare with riluzole. Denials with options to appeal occurred
with more than half the prescriptions for edaravone and
for sodium phenylbutyrate/taurursodiol. Less than 1% of
riluzole prescriptions were met with a final insurance denial,
while more than 25% of those for the newer medications
met this fate. Given the frequency of these insurance
barriers, it is not surprising that the average clinician time
per script for riluzole was only 7 minutes, but it was more
than 100 minutes for the newer medications. The delay
between the script being written and patients being able to
access the drug averaged only 4 days for riluzole, but it was
around a month for edaravone or sodium phenylbutyrate/
taurursodiol.  Although not universal, clinicians felt
on average that the delays between scripts for sodium
phenylbutyrate/taurursodiol and access were more than
50% likely causing patients harm (Figure 2).

Our small survey confirms our impressions across a
wider sample of clinicians. Insurance barriers, while not the
onlyreasons, are the main reasons for the large gaps between
the percentage of patients with ALS who should be taking
edaravone and sodium phenylbutyrate/taurursodiol versus
the percentage that are taking these. Prior authorizations
and appeals of denials are commonly encountered in the
prescribing of the newer ALS medications; these cause
significant time burdens for physicians and delays between
script and patient access. At least in the case of sodium
phenylbutyrate /taurursodiol, these delays are perceived
by experts as more than 50% likely harmful to patients.
This perception is supported by open-label extension data
showing that patients who receive sodium phenylbutyrate/
taurursodiol early do much better on functional measures,
risk of hospitalization, and survival compared to those who
receive it after a delay.!>!3
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There are limitations to this study. First, we did not
address the pricing of the newer ALS medicines, which,
given the small effect sizes and lack of replication trials
for edaravone and sodium phenylbutyrate/taurursodiol,
some have understandably criticized."*"Determining how
many ALS trials or what effect size is needed to establish
confidence in an ALS drug, or to determine its cost, are
beyond the scope of this paper. We refer readers to an
excellent editorial that touches on some of these complex
questions.'® Second, we did not survey payors nor patients
to get their perspectives. Finally, the response rate of
our survey was low, which may have introduced bias.
Nonetheless, we believe we have identified an important
and worsening problem facing ALS clinicians.

These types of insurance barriers are not unique to
ALS treatments,”® but they are especially problematic
due to the aggressive and fatal nature of the disease. And
they are not evidence-based. FDA-approved therapies
are not “experimental.” The idea of a patient needing to
“fail” riluzole is farcical since essentially all ALS patients
will worsen over time. Using clinical trial inclusion criteria
as a basis for coverage reflects misunderstanding both of
the differences between clinical trial methodology and
clinical care, as well lack of understanding of the nature of
ALS. Clinical trials attempt to reach efficacy conclusions
as efficiently as possible, while practice entails treating as
many patients as effectively as possible. The idea that a
clinical trial population in ALS is somchow etiologically
different than those needing care is not supported by any
available data. Indeed, at this time, the authors of this paper
do not believe there is a point in ALS progression where the
available drugs would no longer be effective. Roadblocks to
the use of effective drugs in combination with riluzole mean
that patients get access cither late or not at all. As ALS
involves the inexorable death of motor neurons, delaying
treatment is a guarantee of inadequate treatment.

For other discases, advocacy has been effective in
reducing insurance barriers.” Laws have even been enacted
to ensure insurance coverage for treatments that experts
felt were important.>”'®*We hope that discussion of this
important topic will result in recognition from payors that
ALS patients deserve access to care that meaningfully
impacts their discase. If not, then perhaps it will galvanize
advocates and lawmakers toward addressing the
unacceptable insurance barriers to newer ALS treatments.
People affected by this disease have waited long enough for
these treatments.
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Table 1. Based upon what you know today about these drugs, what percentage of the people with ALS that you care for
should be/are taking:

Riluzole Edaravone NaPB/TURSO
Should Be Taking 88% (0,100) 51% (0,100) 76% (0,100)
Are Taking 78% (30, 98) 32% (5,95) 38% (5,90)
Difference in Means 10% 19% 38%

Data presented are means and (ranges).

Table 2. Rank the barriers to getting more patients on each drug, from biggest (1) to smallest (4):

Riluzole Edaravone NaPB/TURSO
Lack of physician
confidence in benefits 1.9 (0.88) 2(0.82) 2.6 (0.79)
Lack of physician
confidence in safety 3.1(0.65) 3.8 (0.52) 3.1(0.88)
Lack of patient interest | 1.7 (0.98) 2.8 (0.84) 3.1(094)
Payor restrictions 3.3 (1.0) 1.5 (0.74) 1.2 (0.69)
Data presented are means (and standard deviations)
Table 3. On what percentage of prescriptions do you encounter the following:
Riluzole Edaravone NaPB/TURSO
Prior Authorization 20.7% (364) 87.2% (9.7) 90.3% (9.7)
Insurance Denial with - . - . ooy (e
Option to Appeal 5.6% (3.3) 56.2% (22.1) 05.2% (206.5)
Final Insurance Denial 0.3% (042) 20.1% (204) 28.8% (17.1)
Data presented are means (and standard deviations)
Table 4. Time To Get Each Drug
Riluzole Edaravone NaPB/TURSO

Clinician Time Per Script

7 minutes (0, 30)

110 minutes (15, 360)

126 minutes (15, 360)

Delay Between Script
and Patient Access

4 days (0, 30)

29 days (5, 60)

32 days (2, 60)

Data presented are means and (ranges).
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Figure 1. Survey Questions

1. Based upon what you know today about these drugs, what percentage of the people with ALS that you care for
should be taking riluzole, edaravone, sodium phenylbutyrate/taurursodiol?
2. Inyour estimation, what percentage of the patients you care for are currently taking riluzole, edaravone, sodium
phenylbutyrate/taurursodiol.?
3. Rank the barriers to getting more patients on riluzole from biggest (at the top) to smallest (at the bottom):

a. Lack of physician confidence in benefits

b. Lack of physician confidence in safety

c¢. Lackof patient interest

d. Payorrestrictions
4. Rank the barriers to getting more patients on edaravone from biggest (at the top) to smallest (at the bottom):

a. Lack of physician confidence in benefits

b. Lack of physician confidence in safety

c¢. Lackof patient interest

d. Payorrestrictions
5. Rank the barriers to getting more patients on sodium phenylbutyrate/taurursodiol.from biggest (at the top) to
smallest (at the bottom):

a. Lack of physician confidence in benefits

b. Lack of physician confidence in safety

c. Lackof patient interest

d. Payorrestrictions
6. On what percentage of riluzole prescriptions to you encounter the following:

a. Prior authorization

b. Insurance denial with option to appeal

c.  Final insurance denial
7. Onwhat percentage of edaravone prescriptions to you encounter the following:

a. Prior authorization

b. Insurance denial with option to appeal

c.  Final insurance denial
8. Onwhat percentage of sodium phenylbutyrate /taurursodiol prescriptions to you encounter the following:

a. Prior authorization

b. Insurance denial with option to appeal

c.  Final insurance denial
9. How much effort (in average minutes per prescription) does it take your team to get a patient on:

a. Riluzole

b. Edaravone

c.  Sodium phenylbutyrate/taurursodiol.
10. How much time passes (in average days) between your prescription for riluzole and your patient getting it from
their pharmacy?
11. How much time passes (in average days) between your prescription for edaravone and your patient getting it from
their pharmacy?
12. How much time passes (in average days) between your prescription for sodium phenylbutyrate/taurursodiol and
your patient getting it from their pharmacy?
13. Onascale from O (not at all) to 100 (very), how confident are you that delays in starting riluzole are harmful to your
patients?
14. On ascale from 0 (not at all) to 100 (very), how confident are you that delays in starting edaravone are harmful to
your patients?
15. On a scale from O (not at all) to 100 (very), how confident are you that delays in starting sodium phenylbutyrate/
taurursodiol are harmful to your patients?
16. How many people with ALS do you currently provide care for?
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Figure 2. Clinician Confidence in Delays Causing Harm

On a scale of 0 (not at all) to 100 (very high), how confident are you
that delays in starting these medications are harmful to your

patients?
NaPB/TURSO 52.88
Edaravone 32.4
0 10 20 30 a0 50 60

Data presented are means. Standard deviations: Riluzole (30.6), Edaravone (28.1), NaPB/TURSO (32.2)
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ABSTRACT

Introduction

Phenylbutyrate (PBA) showed a positive effect on the
muscle cell model of Inclusion Body Myositis (IBM) by
improving lysosomal activity, ameliorating consequences
of impaired autophagy, and decreasing vacuolization. This
provides a rationale to study this medication in patients
with IBM.

Objectives

To evaluate the safety and tolerability of phenylbutyrate in
IBM and monitor for any early signal of effectiveness.
Methods

Open-label study of 10 subjects with IBM who received
treatment with PBA for 3 months after a 3-month run-in
period. The PBA dose was 3 gm twice daily. The primary
outcome measure was adverse event reporting. Secondary
outcome measures included manual muscle testing, timed
up and go test, IBM functional rating scale, and grip
strength, along with exploratory biomarkers evaluating
the mitochondrial function, stress response, degenerative
process, and apoptosis.

Results

Ten subjects completed the study. PBA was well tolerated
with no serious adverse events related to it. The most
common adverse events were gastrointestinal-related and
did not require stopping treatment. One of the biomarkers
(MitoTracker) showed a statistically significant drop over
the treatment period of the study (p-value of 0.02 for the
mean change). There were no statistically significant
changes in other secondary outcome measures, but the
study was limited by a small sample size and short treatment
period.

Conclusions

Phenylbutyrate was safe and well tolerated in patients with
IBM in this pilot study. The change in the Mito'Tracker
suggests target engagement, but a Phase 1 study is needed
to confirm and study the efficacy of PBA in IBM.

RRNMF Neuromuscular Journal 2024;5(1)
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Introduction

Inclusion body myositis (IBM) is the most common
acquired muscle disorder after age 50. The prevalence
of IBM varies from study to study and ranges in United
States from 10.7 per million (28.9 per million for age 45 and
older)! to 70.6 per million? with male to female ratio of 2:1 to
3:1.2 While IBM does not change life expectancy, it causes
significant disability.

IBM was classically classified as inflammatory
myopathy considering inflammatory infiltrate found on
muscle biopsy. The lack of response to treatment raised
the impression that IBM is a degenerative disorder with
secondary inflammation* This was further supported
by other findings on muscle biopsy like inclusions and
amyloid deposits as can be seen in other neurodegenerative
disorders.

The abnormal accumulation of amyloid-beta protein
precursor, and its proteolytic fragment amyloid-beta,
associated with intracellular aging of muscle fibers, is
thought to be the key pathogenic event.” Low-molecular
amyloid-beta oligomers, which are highly cytotoxic,
have been demonstrated in IBM muscle tissues with
immunoblots but not in control muscle tissue.

Studies have suggested that cultured human muscle
fibers (CHMFs) with experimentally inhibited autophagy
and lysosomal activity had pronounced vacuolization, in
addition to significantly increased amyloid-beta and its
oligomers.”®

Many similar neurodegenerative disorders, termed
“protein-misfolding disorders” are characterized by the
accumulation of intracellular or extracellular protein
aggregates. These aggregates, or more likely their
intermediate oligomeric precursor forms, can act to catalyze
the process of additional aggregation.’

A highly conserved class of proteins called molecular
chaperones has evolved to prevent inappropriate
interactions within and between non-native polypeptides,
to enhance the efficiency of de novo protein folding, and to
promote the refolding repair of proteins that have become
misfolded as a result of cellular stress.'*! In addition to this
protein repair activity, chaperones can mediate targeting
to the proteasome system or to lysosomes, resulting in
selective degradation of the misfolded protein when the
chaperones cannot repair the misfolded proteins.

Phenylbutyrate, an orally active chemical chaperone
approved by the US Food and Drug Administration for the
treatment of urea cycle disorders, mimics the function of
intracellular molecular chaperones in preventing protein
aggregation and oligomerization."

Nogalska et al. reported a novel function of
phenylbutyrate, namely that in lysosomal activity-inhibited
CHMFs it substantially: (a) improved the phenotype
of muscle fibers by decreasing their vacuolization; (b)
increased cathepsins D and B activities, accompanied
by a decrease of NBRI1, p62 and LC3-II; (¢) decreased
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AR42 and Ap42 oligomers; and (d) decreased v-secretase
activity.® This improvement of lysosomal activity and
striking ameliorative consequences of experimentally
impaired autophagy provide a rationale for considering
phenylbutyrate as a potentially beneficial drug for IBM.

Study design

We conducted a pilot study (phase 1 clinical trial) to
evaluate the safety and tolerability of phenylbutyrate in IBM.
In this open-label study, the plan was to enroll 10 patients
with sporadic inclusion body myositis who would be treated
with phenylbutyrate (3 gm twice daily) for 3 months. There
would be a run-in period of 3 months, during which no
study medication would be taken, and certain exploratory
biomarkers would be measured at baseline and at the end
of the run-in period in addition to final measurement at the
end of the treatment period.

These biomarkers evaluate the mitochondrial function,
stress response, degenerative process and apoptosis and
include mitochondrial membrane potentials through
MitoTracker red (shows overall mitochondrial mass),
MitoSox (a mitochondrial biomarker which detects
mitochondrial superoxide levels), tetramethylrhodamine
cthyl ester (determine mitochondrial ~membrane
potential and a marker of overall mitochondrial activity),
Annexin binding in lymphocytes (apoptosis marker).
We have previously assayed TDP-43 and its derivative,
phosphorylated TDP-43 (pTDP-43) in peripheral blood
platelets in our laboratory (Dr. Agbas). TDP43 positive
cytoplasmic aggregates have been described in ALS motor
neurons and IBM skeletal muscle tissue with significant
up-regulation of TARDBP (the gene expresses TDP-43
protein) and SQTMI (Sequestosome-1) gene expression.'*
Therefore, we planned to measure blood-derived platelet
total TDP-43 and pTDP-43 as surrogate biomarker for
skeletal muscle TDP-43 profile of IBM patients. Our
laboratory had demonstrated analytical capability of the
measurement of platelet TDP-43 and pTDP-43 in human
platelets.!>1017

Primary outcome measures included adverse event
reporting. Secondary outcome measures included multiple
strength and functional measures: manual muscle testing,
timed up and go test (TUG), IBM functional rating scale
(IBMFRS), and grip strength. These clinical outcome
measures were commonly used in evaluating progression of
IBM and in clinical trials of this discase. #1222 [n addition,
safety laboratory tests and electrocardiogram would be
monitored regularly. As mentioned above, the biomarkers
would be repeated at the end of the treatment period.

Study Eligibility
Inclusion Criteria
L. Fulfill ENMC 2011 diagnostic criteria for IBM
2. Age = 18 years
3. Women must be post-menopausal (no menses in >12

New Stuff

months) or status post hysterectomy.

4. Able to give informed consent

5. Subjects must be able and willing to remain on stable
concomitant medications throughout the duration of
the study.

Exclusion Criteria

1. Presence of any one of the following medical conditions:
chronic infection; chronic renal insufficiency; cancer
other than skin cancer less than five years prior;
multiple sclerosis or prior episode of central nervous
system demyelination; or other chronic serious medical
illnesses

2.Presenceofany ofthefollowingonroutineblood screening:
WBC<3000; Platelets < 100,000; hematocrit < 30%;
BUN > 30 mg/dl; creatinine > 1.5 mg/dl; liver discase
with serum albumin < 3 g/dl

3. Women who are pregnant or lactating

4. History of non-compliance with other therapies

5. Coexistence of other muscular disease

6. Drug or alcohol abuse within the past three months

7. Known bleeding disorder

8. Known liver discase

9. Known congestive heart failure

10. Known hypernatremia

Statistical Method

This is a pilot study with a sample size of n=10 subjects.
For both the primary and secondary outcomes, statistical
reporting would be in the form of descriptive statistics.

Demographic variables are reported using mean and
standard deviation (or median) for continuous variables
(age, weight, height) and frequency counts for categorical
variables (gender, race, ethnicity). The disposition to
complete or not complete treatment would be recorded as
a ‘Yes/No’ dichotomous response and would be reported
using frequency counts.

For the primary outcome of safety, the frequency of
Adverse Events (AEs) and Serious Adverse Events (SAEs)
by grade, would be reported. This would be done for each
follow-up visit as well as for all visits combined.

For the secondary outcomes, the measurements at
baseline, month-3, and month-7 would be reported using
mean and standard deviation (or median and interquartile
range for skewed measurements) along with acorresponding
95% confidence interval. These measurements would be
visually compared using box plots to detect the presence
of a trend over time by drawing a trend line on the means
(or median). Due to the small sample size, this comparison
would be done visually, and no formal statistical test would
be done routinely but it would be considered to further
study a trend.
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14 subjects

screened

11 subjects
enrolled

3 excluded,
did not meet

criteria

10 subjects 1 subject had
completed the transportation

study

difficulty

Results

Fourteen patients with IBM were screened for this
study. Three patients were excluded from the study due to
not meeting the inclusion/exclusion criteria. Ten patients
were enrolled in the study, but one subject dropped out of
the study due to transportation difficulties. After getting
IRB approval, one additional subject was enrolled, and all
10 subjects completed the study.

The demographic characteristics can be seen in Table
1 (a, b). F:M ratio was 7:4 and median age was 73 (67, 76).

Table 1b - Detailed Demographics

Table 1a. Demographics Characteristics

New Stuff

Participants

Enrolled, N 11
Female N (%) 7 (63.6%)
Caucasian N (%) 10 (90.9%)

Age (years median (IQR))

73 (67,76)

Subject numb(ir (enrolled Gender Age Race
only, n=11)

1 F 73 Caucasian
2 F 72 Caucasian
4 F 77 Caucasian
5 M 91 Caucasian
6 F 74 Caucasian
7 M 57 Caucasian
9 F 76 Hispanic or Latina
10 M 80 Caucasian
11 F 77 Caucasian
13 F 68 Caucasian
14 M 67 Caucasian
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The study drug was well tolerated, and all enrolled  Figure 1- IBMFRS Changes
subjects were able to continue it throughout the treatment

25
period. There was one serious event (a fall that required B

a hospital visit) that was not related to the study drug. No == o T
study drug-related serious events were reported. 28 o @

Two subjects had mildly elevated liver enzymes at & o o
baseline before the treatment period. No other significant T oo I - -
laboratory changes were noted. One subject had hair loss E i
which was considered possibly related. The most common <
adverse events were related to gastrointestinal symptoms n 14
(n-9), (Tables 2 and 3).

The IBMFRS did not seem to change during the study 7 @

(Median was 23 at baseline, 24 at the beginning of the .
treatment period, and 23 at the end of it), (Figure 1). e
. . . o

There were no meaningful changes in the other clinical ot 0 o 3 Mokt &
outcomemeasures either (TUG, Total MMT, Dynamometer o ::m o
of the knee extension or hand grips), (Figure 2).

Table 2 — Adverse Events (considered possibly or probably related)
Adverse Events (possibly or probably Number of occurrences Number of subjects
related)
Gastrointestinal AEs 9 9
Heartburn 4 4
Nausea 2 2
Urgency 1 1
Constipation 1 1
Oral Aphthous Lesion 1 1
Musculoskeletal Pain 2 2
Drowsiness 1 1
Tremor 1 1
Hair Loss 1 1
Two Itchy Skin Lesions 1 1
Nasal Congestion 1 1
Table 3 - Adverse Events (considered unrelated)
Adverse Events (considered unrelated) Number of occurrences Number of subjects

Falls 9 6

Urinary Urgency 2 2

Elevated blood pressure 2 2

Elevated liver enzymes 2 2

Low blood pressure 1 1

Headache 1 1

Chills 1 1

Numbness in the Legs 1 1

Back Pain 1 1

Elevated White Blood Count 1 1

Right Bundle Branch Block 1 1

Strep. Throat Infection 1 1
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Figure 2 - TUG, MMT and Dynamometer changes
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Figure 3 — Changes in Annexin, TMRE, MitoSox and TDP 43
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While there was no meaningful change in most
exploratory biomarkers used in this study (Figure 3), the
MitoTracker dropped at the end of the treatment period
(median of 8010 comparing to 19299 at the baseline and
28823 at the beginning of the treatment period (Figure
4). This was investigated further with a statistical analysis
(detailed below in Table 4 and Figure 5) which showed that
the mean change between the run-in period and treatment
period was statistically significant (p=0.0243).

Statistical Analysis

Box plots of outcomes provide for visual inspection
of the observed values as well as a representation of the
median, inter-quartile range, and mean.

The trend observed in the boxplots of MitoTracker
data warranted further exploration with a post hoc analysis.
A generalized linear mixed model was used to estimate
mean values of MitoTracker at each timepoint. 10 of 11
subjects had measurements at all 3 timepoints. Time
was used as a categorical value and correlation among an
individual’s repeated measurements was accounted for with
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Table 4 - statistical model
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Effect Estime(lgeS((l%cgelgﬁcient Std Err df p-value
Intercept 20,574 (15,596, 43,552) 6274 | 10 0.0008
Month 2/15 0.0724"
Month 0 1,128 (20,038, 17.782) 8872 15 09005
Month 3 0 reference
Month 6 21,344 (-41402, -1,287) 9410 | 15 0.0385
Mean E?g;l%‘;i thl(; Change Std Err df p-value
gzattﬁitnr?em - Off 20,780 (3,091, 38,469) 8299 15 0.0243'

F: An F-test of fixed effects
t: t-test comparing mean change to zero.

arandom effect for subject. The fixed effect, month, was not
statistically significant (p=0.0724). Although, MitoTracker
values after treatment are statistically significantly different
from pre-treatment, months 0 and 3 combined (p=0.0243).
The results from the model are exploratory.

Discussion

This is the first clinical trial of phenylbutyrate (PBA)
in inclusion body myositis (IBM), and it was justified by the
potential benefits of PBA in IBM as detailed above. This is
a phase 1 trial to study the safety and tolerability of PBA in
IBM.

We found PBA to be safe and well-tolerated in subjects
with IBM. There were no concerning safety findings in this
study and the only serious event reported (a fall) was related
to the disease itself, not the study drug.

There were no meaningful changes in all clinical
and most biological outcome measures. This was not
unexpected considering the short duration of this study
and the small sample size. Despite these limitations, the
MitoTracker showed a significant drop with treatment.
Reduced MitoTracker with treatment could be due to
reduced mitochondrial number/mass. We propose that
PBA induces autophagy/mitophagy as it is known to reduce
protein aggregation and one way to process aggregates is to
ship them to mitochondria and then induce mitophagy.

A phase 2 study is needed to verify the MitoTracker
change and to further evaluate for any clinical or biological
outcome measures changes that might have been missed
due to the small sample size and short duration of our pilot
study. Studying the muscle tissue should be considered in
any future trial to evaluate for histopathological changes

Figure 5 - Mean Change of MitoTracker
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secondary to treatment with PBA considering the changes
found in the muscle cell model of IBM when exposed to
PBA®

In addition, PBA with tauroursodeoxycholic acid
(TUDCA) showed positive results in a phase 2 clinical trial
in another neurodegenerative disorder, amyotrophic lateral
sclerosis (ALS). This further supports the need for a larger
and longer study to evaluate its efficacy in IBM, which likely
shares pathophysiological mechanisms with ALS.

Conclusion

Phenylbutyrate was safe and well tolerated in patients
with IBM in this small pilot study. The change in the

33



MitoTracker suggests target engagement, but a longer
and larger study is needed to confirm that and study the
efficacy of PBA in IBM. Such Phase II study may include
tissue markers to further evaluate PBA effect on the treated
muscles. If PBA is found to be beneficial for the treatment
of IBM, it would represent the first effective treatment for
this progressive and debilitating discase.
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ABSTRACT

A 45-year-old man presented to neuromuscular clinic after
a first-time episode of non-traumatic rhabdomyolysis after
aerobic exercise. Prior to his diagnosis, he had an extensive
medical workup to evaluate for elevated transaminases and
creatinine, including liver and renal biopsies. On history, the
patient confirmed a lifelong history of exercise intolerance.
Creatine kinase evaluation revealed an elevated baseline
value. Genetic testing disclosed homozygous variants of
uncertain significance and required exercise testing and
muscle biopsy to identify the underlying etiology. This case
demonstrates pitfalls of genetic testing and an approach to
identify this form of myopathy.

Section 1

A 45-year-old man presented to neuromuscular clinic
for an episode of non-traumatic rhabdomyolysis. He had a
history of elevated transaminases for which he underwent
two liver biopsies, seven years and one year prior to his
clinic visit, and was diagnosed with fatty liver disease. He
was noted to have an elevated creatine kinase (CK) to the
3800s U/L after his second liver biopsy. He had repeat
CK values that were elevated but less than 1000 U/L.
After performing routine aerobic exercise, he developed
muscle weakness and dark colored urine. He was admitted
for further work-up. CK was >35,000 U/L. and creatinine
(Cr) peaked at 6.66. A renal biopsy was performed and was
normal. His CK and Cr improved with intravenous fluids.
MRI of his proximal lower limbs and EMG were normal.
During his initial clinic visit, he described difficulty with
exercise since childhood. He had no prior identifiable
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episodes of rhabdomyolysis or myoglobinuria. He denied
weakness, cramping, contractures, rashes, dyspnea, and
dysphagia. There was no family history of muscle or
metabolic disorders. The neurological exam was normal.
There were no rashes and lungs were clear to auscultation
bilaterally.

Questions for consideration:
1.  What diagnoses should be considered?
2. What tests would you perform next?

Section 2

The patient’s symptoms localize to the muscles given
the elevated CK and rhabdomyolysis. Normal EMG and
strength exam do not eliminate a myopathy from the
differential. The patient’s reported persistent exercise
difficulty since childhood and rhabdomyolysis were most
suggestive of a metabolic (glycolysis/glycogenolysis and
fatty acid oxidation disorders) or mitochondrial myopathy.
Typically, glycogen-storage disorders present during
periods of high-intensity exercise, whereas fatty acid
oxidation disorders and mitochondrial myopathies present
during longer duration endurance-type activities or periods
of metabolic stress such as surgery or infection. Given
the non-specific history of exercise intolerance, further
investigation was needed to differentiate between these.
There were no systemic features which could point to a
specific subtype of fatty acid oxidation disorder. There were
no specific features such as proximal weakness or a rash
that would suggest an inflammatory myopathy. The patient
was not taking statins or cortico- or anabolic steroids, which
excluded forms of drug-induced myopathy.

Comprehensive testing was performed to narrow the
diagnosis. Repeat CK was 609 U/L. A neuromuscular
disorders gene panel (Invitae, next-generation sequencing)
was obtained and revealed a pseudodeficiency allele in
GAA and homozygous variant of uncertain significance in
PYGM (c403G>A [p.Glyl35Arg]). Non-ischemic forearm
test (NIFT) (Table 1A) and cycle exercise test (‘Table 1B)
were performed. Cycle exercise test showed elevated heart
rate (HR) and rate of perceived exertion (RPE) at low
workloads with a reduction of HR (31 beats per minute from
minute 8 to 16) and RPE with better tolerance to higher
workloads, a physiologic response known as the second
wind phenomenon, seen in McArdle disease (GSD V).
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Table 1

A. Non-ischemic forearm test

Time

Absolute
Force (kg)

Grip Force
(% max)

Lactate
mM

Ammonia

pMIL

Serum CK

rest

30.0

100

0.67

31

1834

1 sec

10.6

22

30 sec

194

65

60 sec

129

i3

0.66

97

post exer

1 min

0.41

121

2 min

0.46

74

5 min

0.55

41

10 min

0.56
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Lactate response was blunted, and ammonia production was increased in the context of a baseline elevated CK value.

B. Cycle exercise test

Time | WL

—rwin T iy

RPE O, sat |
| (mmHa/mmHa)

BF

VO, | Q | avOdiff | AQ/
(Limin) | (L/'miny | (mIOdiQ) | AVO,

[ avOLdiff

T30

_lactate
(mM)

10

_rest |

181/107

_130/98 |

20

12

166/92

14

i~ oo swni-o

169/92

136

174/96

146

148

8701 |

162

23 70

17 | 97

209/83

165

2.010

18.67

108 | 729

0.42

The exercise test showed reduced peak VO,, blunted lactate production, second wind phenomenon, and a defect in oxidative

phosphorylation.

WL: workload, RPE: Rate of Perceived Exertion (6-20, no exertion to maximal exertion), BP: blood pressure, HR: heart rate,
VO, oxygen consumption, Q: cardiac output, a-vO, diff: arteriovenous oxygen difference
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Questions for consideration:
1. What additional testing would you obtain to de-
termine the diagnosis?

Section 3

A lifetime of exercise intolerance, non-traumatic
rhabdomyolysis, and chronically elevated muscle enzymes
are all highly suggestive of a metabolic myopathy. While
primary mitochondrial myopathies (PMM) and fatty acid
oxidation disorders (FAOD) can present with exercise
intolerance and rhabdomyolysis, the lack of lactate
production on NIFT and the second wind phenomenon

Clinic Stuff

argue in favor of a glycogen storage disorder (GSD),
specifically McArdle disease. His genetic results and
absence of symptoms with fasting, illness, and exposure to
cold temperatures argue against FAOD and mitochondrial
myopathies. It is therefore unnecessary to order
mitochondrial DNA testing or urine organic acids, serum
acylcarnitine, and carnitine profiles. We pursued a vastus
lateralis muscle biopsy to test for the defective enzyme in
GSD V, myophosphorylase (PYGM gene). The patient’s
myofibers revealed a complete absence of reactivity (Figure
1) and provided the diagnosis. His homozygous VUS was
recharacterized as pathogenic per American College of

A.  PYGM control

B. Patient PYGM

Figure 1: Quadriceps muscle biopsy showed a vacuolar myopathy with subsarcolemmal vacuoles (arrows) in
a subset of myofibers (C), complete absence of myophosphorylase reactivity in all myofibers (B) compared (o a
control myophosphorylase image (A), and accumulation of free glycogen particles in subsarcolemmal space in
some fibers on EM (D). Periodic acid-Schiff'is not shown as there was no increased PAS staining.
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Medical Genetics and Genomics guidelines given the low
frequency of this mutation in the population, established
clinical testing, and in silico analysis.

The patient was educated on the second wind
phenomenon, benefits of high carbohydrate diet, and
high-risk activities that could trigger rhabdomyolysis. We
recommended low and moderate intensity acrobic exercises
with modest use of sports drinks prior to activity. After
implementing these measures, he reported an improvement
in muscle symptoms and has not had a recurrence of
rhabdomyolysis.

Discussion

McArdle disease! is an autosomal recessive
disorder caused by a PYGM gene defect, encoding for
myophosphorylase, a muscle-specific isoform of glycogen
phosphorylase that catalyzes the degradation of glycogen
into glucose-1-phosphate. Nearly all mutations in PYGM
lead to complete loss of enzyme activity, thus blocking
glycogenolysis.>® In the initial stages of exercise and
during intense activities, skeletal muscle predominantly
depends on anacrobic glycogenolysis for energy. Thus,
within minutes of starting the activity, patients describe
fatigue that progresses to muscle cramps, contractures, and
rhabdomyolysis if the activity is continued. Since glycogen
is also needed for oxidative metabolism, patients have a low
capacity for moderate exercise as well. Sustained moderate
activity leads to fatigue, tachycardia, and dyspnea. After
resting or maintaining a low level of activity, patients
experience the pathognomonic second wind phenomenon
related to greater mobilization of fatty acids to fuel oxidative
metabolism.*>©

Although exercise intolerance is present in childhood,
the diagnosis is almost never made until at least the
second decade of life due to misdiagnoses like “growing
pains” or “being unfit.” Patients typically present in carly
adulthood with exercise intolerance, cramps, and recurrent
rhabdomyolysis that can progress to fixed proximal
weakness.! Work-up often begins at the time of non-
traumatic rhabdomyolysis. CK is typically elevated to 5-10
times the upper limit of normal. Importantly, AST and
ALT are present in myofibers and are not specific for liver
pathology and can lead to unnecessary invasive procedures,
such as liver biopsy. Significant delays in diagnosis are
common, with a high rate of misdiagnosis (up to 90%).
Women are substantially more likely to receive a psychiatric
or psychological misdiagnosis.®

NIFT is classically performed rather than ischemic
forearm testing, which can lead to muscle contractures and
rhabdomyolysis.”® During NIFT, a block in glycogenolysis
is demonstrated by absent lactate and increased ammonia
production. Cycle testing demonstrates and helps patients
recognize the second wind phenomenon. Molecular testing
may obviate the need for exercise testing and muscle
biopsy in patients with the typical clinical phenotype and

Clinic Stuff

known pathogenic PYGM mutations. When PYGM VUS
are found, a normal NIFT can exclude GSDs. If NIFT is
abnormal, a muscle biopsy should be performed to assess
for myophosphorylase activity.

The goal of management is to reduce episodes of
rhabdomyolysis and improve exercise tolerance. Avoidance
of intense activities, especially those requiring isometric,
repetitive, and eccentric actions, is recommended. Low-to-
moderate aerobic exercise (no greater than approximately
70% of maximal HR) improves muscle oxidative capacity
and increases the threshold for muscle injury due to
exertion.” Patients should warm-up at a low intensity
for at least 10 minutes to help achieve the second wind
phenomenon. Pre-exercise simple sugars improve exercise
tolerance and reduce the risk of rhabdomyolysis during
activity.'"'? Because McArdle disease patients are at risk
of obesity, consuming sugar prior to all activity is not
recommended. Additionally, carbohydrate-rich diets are
beneficial by bolstering hepatic glycogen stores and glucose
mobilization.
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ABSTRACT

The most common acquired immune mediated
polyneuropathies are acute inflammatory demyelinating
polyradiculoneuropathy (AIDP), a form of Guillain-Barré
syndrome (GBS), and chronic inflammatory demyelinating
polyradiculoneuropathy (CIDP). Sixteen percent of cases
ultimately diagnosed as CIDP may present acutely and
be indistinguishable initially from AIDP. While GBS is
typically thought of as a monophasic illness, 10% may show
treatment related fluctuations. Therefore, distinguishing
acute onset CIDP (A-CIDP) from GBS with treatment-
related fluctuations may be difficult early in the discase
course but it’s important to distinguish between the two
entities to guide further treatment strategies. We present
2 illustrative cases of A-CIDP, diagnosed as GBS who
eventually required long term immunosuppression for
sustained recovery.

Introduction

Guillain-Barré syndrome (GBS) is an acute immune
mediated polyradiculoneuropathy that presents with
acute flaccid paresis. Although GBS is considered to be
monophasic, recurrences are reported in 2 to 5% of patients.
[1.2]

Acute inflammatory demyelinating polyradiculoneu-
ropathy (AIDP), a subtype of GBS, is characterized by its
acute onset and progression up to four weeks and is often
preceded by an infection. However chronic inflammatory
demyelinating polyradiculoneuropathy (CIDP) progresses
slowly over weeks to months or in a relapsing remitting
manner ##, Five percent of patients initially diagnosed with
GBS may evolve into CIPD and 16% of patients with CIDP
present with an acute GBS-like illness P+ Distinguishing be-
tween GBS, GBS with treatment related fluctuation (TRF)
and A-CIDP is important as patients with A-CIDP require
long-term immunotherapy. Treatment related fluctuation
in GBS is defined as worsening by at least one grade in the
GBS disability scale or by at least 5 points in MRC sum
score after initial improvement or stabilization with the ini-
tial treatment with immunotherapy by cither plasmapher-
esis or intravenous immunoglobulin therapy, not occurring
more than 2 times and within the first two months of onset
of symptoms. A-CIDP should be considered when a patient

RRNMF Neuromuscular Journal 2024;5(1)

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial

Clinic Stuff

with GBS deteriorates after 9 weeks of onset or deteriora-
tion occurs more than 3 times "/,

Here we present 2 cases: one presenting as recurrent
GBS and the other one as GBS with TRF and relapses
which posed a diagnostic dilemma of A-CIDP vs GBS. Both
required initiation of immunosuppression and achieved
remission after rituximab infusion.

Case 1

A 17-year-old girl presented to the emergency depart-
ment with a history of low-grade fever lasting for 1 day fol-
lowed by rapidly progressive weakness of all four limbs over
the next 2 days. On examination she had bilateral lower mo-
tor neuron facial nerve palsy, absent gag reflexes, strength
0/5 (MRC grade) in all 4 extremities. She developed bulbar
and severe respiratory weakness requiring mechanical ven-
tilation. She had a previous history of similar illness on two
occasions.

The first episode of weakness was in 2016 when
she was diagnosed with Guillain-Barré Syndrome. She
was treated with intravenous immunoglobulin (IVIG)
followed by plasmapheresis due to no response to IVIG. A
second episode of GBS occurred in 2020 where she again
received IVIG in an outside hospital. This was followed by
plasmapheresis with improvement. In between the above
episodes, she had complete recovery and was walking
independently. This was treated as recurrent GBS. Nerve
conduction studies (NCS) revealed absent I responses
in bilateral median, ulnar and common peroneal nerves
with mildly prolonged latency in the peroneal motor nerve
and a sural sparing pattern. Cerebral spinal fluid (CSF)
examination showed albumino-cytological dissociation.
Serum acetyl choline receptor binding antibody was
negative. Urine porphobilinogen was negative.

In the current episode she was treated with
plasmapheresis due to no response to IVIG in previous two
episodes. Since she had no response by the fifth session,
we she received two more sessions of plasmapheresis.
Over the next 3 weeks she showed gradual improvement
and was weaned off the ventilator. She showed complete
improvement in weakness over one month and could walk
independently at discharge. In view of this third episode
of severe GBS-like presentation, she was treated with
rituximab infusion 1000 mg followed by another 1000 mg
2 weeks apart with premedication. Since she had three GBS
episodes, CIDP was considered and a nodopathy panel was
sent which was positive for NF-155 and NF-186 antibodies.
She received maintenance dose of 500 mg rituximab at
6 months follow up. She is in remission with minimal left
facial weakness.

Case 2

A 35-year-old female presented to the hospital with
a history of tingling in hands and feet for 4 days prior to
admission. She also had imbalance on walking. This was
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preceded a week prior with fever and upper respiratory
infection. She was admitted with a clinical diagnosis of GBS
with proximal and distal weakness in the lower extremities
(MRC grade 3) and upper extremities (MRC grade 4-/5 in
proximal and distal muscles). No sensory impairment was
present. There was generalized hypo/areflexia. An NCS
was performed (table 1). Examination of CSF revealed
albuminocytological dissociation. Treatment was initiated
with IVIG 2g/kg divided over 5 days. However, on the
second day of IVIG she developed bulbar symptoms with
dysphagia, diplopia and strength in the upper and lower
extremities worsened to grade 0-1/5. She progressed rapidly
to respiratory failure requiring mechanical ventilation.
There was an initial slight improvement after IVIG but she
deteriorated again to grade 1/5 in arm strength. Hence, she
received another course of IVIG. However, there was no
improvement and she remained dependent on ventilator at
week 3 of illness. A repeat NCS was performed at week 3
(table 1). Since there was no improvement after IVIG, she
underwent plasmapheresis 2 weeks after IVIG. She showed
remarkable improvement and after the fourth session of
plasmapheresis, she was weaned off the ventilator, strength

Clinic Stuff

in the upper extremities improved to 4-/5 and was shifted
out of the intensive care unit. However, four days after the
initial response, strength in shoulder abduction worsened
to 2/5. She underwent two more sessions of plasmapheresis
in view of this treatment related fluctuation. She was
also started on oral prednisolone 40 mg once a day with
azathioprine 50 mg twice a day and physiotherapy were
continued. Strength in the upper extremity gradually
improved. She was discharged in a week and started walking
2 months later. Prednisolone was gradually tapered off over
next 2 months. She developed pancytopenia at that time
which was thought to be due to azathioprine. Hence it was
stopped at 3 months from the onset of her illness.

However, one month after stopping immunosuppres-
sion, (5 months from initial symptom onset) she noticed
worsening of gait imbalance, diplopia with weakness in both
lower (MRC grade 2/5) and upper extremities (MRC grade
4-/5). She was treated with plasmapheresis. This was the
first relapse after the initial episode of GBS like presenta-
tion.

2 months later, she presented for the third time with
gait imbalance, this time with predominant sensory ataxia,

Table 1: Case 2: Nerve conduction study at week 1 (day2) and week 3 of illness

Recording LT et (o ,, . (i Velocity o Tt (i
site Peak Latency (ms) Amplitude (microV) (m/s) F wave latency (ms)
oo Joe O Ao
SENSORY }M“k }j“k }N“k }f“k Weekl | Week3 | Weekl | Week3
R Sural Lateral 2,60 2.86 54.6 119
malleolus
Ruperficial |y e | 2,60 270 27.2 130
peroneal
R Median Digit 11 2.76 NR 15.3
R Ulnar Digit V 240 NR 234
R Radial Thumb 2.03 240 42.8 11.8
~ 1 T v
MOTOR Recordmg Distal latency (ms) Amplitude (mV) Velocity I wave latency (ms)
site (m/s)
Week 1 Week 3 Week 1 Week 3 Week 1 Week 3 Week 1 Week 3
RPeroneal 917 22.86 2.6 09 45.10 Absent
Ankle
Fibular head 15.31 30.36 2.5 0.5 48.8 40.0
Pop fossa 1745 34.79 2.3 04 42.1 20.3
RTibial AH 740 14.90 5.7 1.1 4710 Absent
Ankle
Pop fossa 1646 30.57 5.1 1.1 40.8 22.3
R Median APB 8.07 24.38 11 2.6 Absent | Absent
Wrist
Elbow 12.71 31.82 1.1 2.5 49.6 309
-
R Ulnar ADM 443 14.74 2.0 2.5 Absent | Absent
Wrist
B elbow 792 20.00 1.8 2.1 544 36.1
A elbow 9.84 28.07 14 1.5 519 124
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areflexia, and weakness in her extremities (MRC grade 4-/5
in the upper and 2/5 in the proximal lower extremities). She
responded to IVIG with improvement in the strength, sen-
sory symptoms and gait. She received rituximab infusion
1000 mg followed by another dose of 1000 mg after 2 weeks
in view of these frequent relapses. Since then, her disease
is in remission for last 3 years with no neurological deficit.

Discussion

Guillain-Barré syndrome (GBS) is an acute immune
mediated polyradiculoneuropathy affecting 0.8-1.9 subjects
per 100,000 every year worldwide!”!. A preceding infection
can be identified in about 70% of cases. GBS represents a
model for post-infectious auto-immune disorders ! The
most common preceding infection causing GBS has been
shown to be Campylobacter jejuni enteritis, responsible
for 50% of cases. Recurrences of GBS are rare, reported in
2-5% of patients.

CIDP is a chronic progressive or relapsing condition
that develops over at least 2 months. Studies have shown
that up to 16% of CIDP patients may present acutely like
AIDP, developing in <8 weeks.!®! This entity is defined as
acute-onset CIDP (A-CIDP) which presents acutely like
GBS but followed by a chronic course beyond 2 months.

Treatment-related fluctuations (TRF) may be observed
duringthe course of GBS, during which clinical deterioration
after treatment is observed but <8 weeks after symptom
onset. Acute onset with more than three fluctuations after
treatment and progression beyond 9 weeks was considered
as A-CIDP as against GBS with TRF. "/

A-CIDP patients in Dionne et al. and Alessandro et al.
studies ®! were significantly more likely to have prominent
sensory signs with proprioceptive disturbances and sensory
ataxia, which was noted in both our patients. Cranial
nerve involvement including bulbar weakness (defined as
dysphagia, dysarthria), and respiratory tract involvement
are atypical features of CIDP, which was however present
in both our patients.

A sural-sparing pattern or elevated sensory ratio,
when observed, might be useful to differentiate a length-
dependent axonal polyneuropathy from an acquired
demyelinating and potentially treatable polyneuropathy.
According to the study by Dione et al., this pattern is
observed with similar frequency in both AIDP and CIDP, at
least when studied acutely. None of the electrophysiological
parameters studied could reliably differentiate between
AIDP and A-CIDP. [9,10]

Kerasnoudis et al. observed that nerve ultrasound
score called Bochum ultrasound score could be a useful
tool in distinguishing CIDP from AIDP. The score includes
measurement of cross-sectional area of (a) the ulnar nerve
in Guyon’s canal, (b) the ulnar nerve in upper arm, (c) the
radial nerve in spiral groove and (d) the sural nerve between
the lateral and medial head of the gastrocnemius muscle. M

The spectrum of CIDP is expanding and patients with
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antibodies against nodal or paranodal antigens seem to
constitute a distinct group, referred to as the autoimmune
nodopathies'?.  Antibodies against CNTNI1 have been
reported in these patients, they may present acutely as
GBS, have a severe disease course with predominant distal
weakness and sensory ataxia, with no or poor response
to IVIG. Antibodies against NIF155 have been observed
mainly in young adults with a subacute or chronic disease
course, distal more than proximal weakness, sensory ataxia,
tremor, and poor response to IVIG. CIDP with anti-Casprl
antibodies had more frequent respiratory failure and cranial
nerve involvement.'?

Plasma exchange after initial IVIG in GBS was not
associated with improved short-term outcomes but rather
with increased cost and hospital stay™. However, we believe
there is a subgroup of patients who do not respond to IVIG
may benefit with plasmapheresis. These may be A-CIDP as
in our patients or nodopathies. We need prospective studies
to identify this subgroup of patients.

Our first patient clinically behaved like recurrent
AIDP. However, this was the third relapse of weakness
with severe illness each time requiring ventilatory support
with prolonged recovery. She received IVIG despite non-
responsiveness to initial IVIG at an outside hospital.
Given the 3 relapses of GBS-like presentation, and non-
responsiveness to IVIG she was treated at our hospital with
plasmapheresis. She had dual positive Neurofascin NF-155
and NF-186 antibodies and was given Rituximab to prevent
further relapses. Hence, her clinical presentation was that
of A-CIDP.

The second patient presented as GBS, with prominent
cranial nerve and respiratory involvement at the onset.
In her subsequent relapses there was prominent
proprioceptive impairment with sensory ataxia in addition
to severe proximal and distal weakness. With more than
3 relapses and progression beyond 9 weeks, she was also
treated as CIDP. Given the severe clinical course with
sensory ataxia, GBS-like presentation and poor response
to IVIG, nodopathy was considered. Neurofascin NF-155,
anti-contactin and anti-CASPR antibodies were negative.

Both the patients had poor response to IVIG and
responded well to plasmapheresis and rituximab raising
the possibility of nodopathies which show poor response
to conventional IVIG treatment "I, They both showed
improvement with remission after treatment with
rituximab.

Conclusion

Patients presenting as GBS with treatment related
fluctuations or recurrent relapses may be A-CIDP. IVIG
unresponsive patients with a fluctuating clinical course
may benefit with aggressive treatment with plasmapheresis.
It is important to recognize this subgroup of patients
while treating them as GBS as they may require long term
immunosuppressive treatment.
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Pattern recognition of neuropathy and neuronopathy: 7 Questions / 11 Patterns
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Every neurologist has three goals when they see a patient: 1. To determine the site of the lesion; 2. To determine the
cause of the lesion; 3. To determine the specific therapy for the patient’s problem and if not a specific therapy, what the best
management is. (Figure 1)

Figure 1

Approach to Neuromuscular Disorders
3 Goals

1. Determine the site of the lesion
2. Determine the cause of the lesion

3. Determine if there is a specific Rx therapy

+ If not, What is the best management?

RRNMF Neuromuscular Journal 2024;5(1)

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial
No Derivatives (by-nc-nd) License. (CC-BY-NC-ND 4.0: https://creativecommons.org/licenses/by-ne-nd,/4.0/)
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This discussion will concern the peripheral nervous system components that include the lower neuron nerve cell bodies,
roots, plexus, and nerves. (Figure 2)

Figure 2

GOAL 1: Determine the Site of the Lesion

Potential Peripheral Sites
for a Weak Patient

Neuronopathy (motor, * Anterior horn cell

sensory, autonomic cell *» Peripheral nerve
body)

Neuropathy (root/plexus/ Axon

nerve) » Myelin
Neuromuscular junction
disorder

Myopathy N * Muscle

» Neuromuscular jxn
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Therefore, this includes both lower motor neurons (anterior horn cells) and sensory neuron cell bodies or the dorsal
root ganglia.

Using the pattern recognition approach to neuropathies and neuronopathies, clinicians can place a patient in a
clinical pattern before ordering a single laboratory test.

In order to do that there are seven key questions that you need to be asking yourself when you take the history and
when you do the physical exam. When you have the answers to these seven key questions, then you will put the patient into
one of the patterns. Then after you put the patient into one of the patterns, it is time to think about ordering laboratory
tests to finalize the diagnosis.

In previous publications and lectures, we taught the 6-question/10-pattern approach. We have now added question
#7 on excessive muscle activity and created pattern 11 to accommodate some of these patients.
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What are the SEVEN KEY QUESTIONS you need to answer to put the patient into a pattern? (Figure 3)

Figure 3
Approach to Neuropathy / Neuronopathy: 7 KEY QUESTIONS:

1.What systems are involved? . What is the temporal evolution?
- Motor / Sensory / Autonomic Acute < 4 weeks Concurrent illness
Subacute 4 to 8 weeks Drugs

2. What is the distribution of weakness? .
Chronic > 8 weeks

Proximal ‘

5. Is there evidence suggesting a hereditary

Distal EEp Also- neuropathy?
, § 7 Midine -Family history
Proximal - | ARYTNIES -Physical

? Cranial Nerves

Distal ﬂ s 6. Is there evidence on the physical

. exam of upper motor neuron
3. Does sensory involvement: involvement?

-Consist of pain?
-Loss of proprio / vib / reflexes?
-Dissociated symptoms & signs?

’ \ 7. Is there evidence of involuntary muscle fiber
g
activity?

Question 1: What systems are involved?

When we ask, “What systems are involved?”, what we are asking is if there is motor, sensory, or autonomic involvement.
To determine if there is motor involvement you need to determine if the patient complaining of weakness. In addition, if
the patient complains of muscle twitches or fasciculations, this could also indicate motor involvement. If there is sensory
involvement, the patient will complain of numbness, tingling, pain, and poor gait or clumsiness.

If there is autonomic involvement, the patient will complain of lighthecadedness when standing (orthostasis) or issues
involving sweating, gastric motility, or impotence. Patients may complain of a combination of motor, sensory, and autonomic
symptoms.

Question 2: What is the distribution of the weakness?

Once the patient says that they are weak, then you need to examine them and determine the distribution of the weakness.

Is the weakness exclusively distal, such as in an axonopathy or is it proximal and distal such as in an acquired
myelinopathy? Is the weakness symmetric or asymmetric?

Does the weakness involve midline musculature such as cervical and thoracic paraspinous muscles, oropharyngeal
muscles, other cranial nerve innervated muscles, and the diaphragm?

Question 3: What is the nature of the sensory involvement?

Question 3 further investigates sensory involvement and has several sub-questions. If the patient complains of numbness
and tingling, then you know there is most likely sensory involvement. Additional questions regarding sensory involvement
are as follows:

Does the patient have neuropathic pain?

If there is severe pain, then that will lead you down certain pattern pathways.

Also, if there is severe pain you know that you will need to treat the patient’s neuropathic pain.

Next, you need to determine if there is severe proprioception loss, vibration loss, or loss of reflexes.

If the patient has numbness and tingling, and if proprioception, vibration, and reflexes are normal, then there is a
possibility that this is a small fiber neuropathy. If vibration, proprioception, or reflexes are abnormal the neuropathy involves
large fibers as well. If proprioception and vibration are severely involved, the lesion could also be either in the dorsal root
ganglion or posterior columns.
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Finally, are there dissociated sensory symptoms and signs?

The phrase “dissociated sensory symptoms and signs” may be unfamiliar to you.

The concept of dissociated cerebrospinal fluid findings in Guillain-Barré syndrome and chronic inflammatory
demyelinating polyneuropathy (CIDP) with elevated protein and normal cell count is well known. This is a dissociated
laboratory finding,

What do we mean by dissociated sensory symptoms and signs? The concept of dissociated sensory loss is sometimes
a finding in cervical syringomyelia when due to a central cavity in the spinal cord, crossing spinothalamic pathways are
disrupted causing pain and temperature loss bilaterally in the upper extremities with preservation of posterior column
function. This has been termed dissociated sensory loss. But the concept of dissociated sensory symptoms and signs is a
different concept and can be explained as follows:

When the patient presents with distal weakness (foot drop or hand weakness) and they do not complain of numbness
and tingling, but on examination, you find a significant loss of either light touch, vibration, proprioception, temperature, or
pinprick, that implies that there has been a long-standing disorder over many years and the etiology is most likely hereditary.

Question 4: What is the temporal evolution of the neuropathic disorder?

How fast or how slow is the condition progressing?

Acute is less than 4 weeks, chronic is more than 8 weeks, and subacute is 4-8 weeks.

This temporal framework comes from our understanding of Guillain-Barré syndrome which always evolves over less
than 4 weeks and CIDP which by definition has to progress longer than 8 weeks.

But we use this temporal evolution to apply to all neuromuscular disorders and indeed it can be used for all neurologic
disorders.

While we are considering the temporal evolution, we also want to know if the patient was exposed to any drugs that
could cause neuropathic disorders, were they exposed to an infection that could have precipitated a neuropathic disorder,
and do they have another underlying systemic condition that could predispose them to a neuropathic disorder.

Question 5: Is there evidence of a hereditary neuropathy?

To determine if there is a hereditary neuropathy, one needs to take a careful family history. In addition, on examination,
one needs to determine if there are high arches, hammer toes, or scoliosis. One may have to examine family members as well.
If there are dissociated sensory symptoms and signs as described above this strongly suggests a hereditary neuropathy.

Figure 4 shows a picture of three successive generations (grandmother bottom picture, mother middle picture, daughter
top picture) of Charcot-Marie-Tooth disease patients demonstrating high arches and hammertoes that worsen as the patient
ages.

Figure 4

'u TH. Progression of Charcot-Marle Tooth Foot and
Hand ities in a Family with CMT1A. RRNMF Neuromuscular
Journal 2020; 1(3):32-33.
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Question 6: Is there evidence on the physical exam of upper motor neuron involvement?
Are there brisk reflexes, Hoffman'’s signs, any increased tone, or extensor plantar responses?

Question 7: Is there evidence of excessive muscle fiber activity?

First, you should ask the patient if they have noticed muscle twitches. If the answer is “yes” then ask them which muscles
have had twitches and how frequently they occur and what time of day. They can also ask if the twitches are exacerbated
by exercise or drinking caffeine. Then, examine the patient once they have disrobed and carefully look for fasciculations.
Sometimes fasciculations can be elicited by gently tapping a muscle with a reflex hammer or with the tip of the examiner’s
finger. More complex spontancous muscle activity can be classified as myokymia. To classify an excessive muscle movement
as myokymia it is necessary to do a needle EMG and determine if the spontancous muscle activity is regular and periodic.
Fasciculations are usually irregular and have no periodicity. Fasciculations can ultimately be benign in etiology or could
indicate underlying nerve damage. Question 7 only addresses excessive muscle activity due to neuropathic disorders and not
myopathic (see discussion below).

Once the answers to these seven key questions are obtained, you can place the patient into one of the ELEVEN
NEUROPATHIC PATTERNS.

The ELEVEN NEUROPATHIC PATTERNS (NP) are as follows:
NP1: Symmetrical, proximal, and distal weakness with sensory loss. (Figure 5)

Figure 5

Pattern Recognition of Neuropathic Disorders
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We also refer to this as the GBS/CIDP pattern. These patients have numbness, tingling, and weakness, and on
examination, they have weakness in proximal and distal muscles.

It is extremely important to identify the NP1 pattern because it is the hallmark of classic acquired myelinopathy and
is treatable with either immunomodulating or immunosuppressive therapy. While a temporal distinction is the primary
determination between acute GBS (less than four weeks) and chronic CIDP (greater than eight weeks), there are other
features that are more consistent with GBS such as significant autonomic and respiratory involvement.

NP2: Symmetric distal sensory loss with or without weakness. (Figure 6)

Figure 6

Pattern Recognition of Neuropathic Disorders
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This is also referred to as the DSPN/CSPN pattern.

This is the most common generalized neuropathy pattern. In the NP2 pattern, patients often have no or very little
weakness, although prominent distal weakness can occur. The most common causes of this pattern are diabetic sensory
polyneuropathy (DSPN), or cryptogenic sensory polyneuropathy (CSPN). More recently, the metabolic syndrome has also
emerged as a cause. We, therefore, believe this pattern also occurs in metabolic syndrome and painful neuropathy associated
with impaired glucose intolerance.

Other causes of this pattern are toxicity from drugs or other toxins.

Hereditary neuropathy, also known as Charcot-Marie-Tooth disease (CM'T) also falls into this category. However, in
hereditary neuropathy, the weakness is out of proportion to the sensory involvement as noted above.

Amyloid neuropathy, both hereditary and acquired, can have an NP2 presentation. Hereditary or familial amyloidosis is
very important to recognize because we now have treatments for this disorder.

We group all small and large fiber neuropathies in the NP2 pattern.

Based on the clues from the physical exam you will determine if the patient is likely to have a small fiber neuropathy,
as noted above. Then, laboratory tests such as nerve conduction studies and skin biopsies can further support the clinical
impression that only small fibers are involved.

Usually, vasculitis presents as mononeuritis multiplex (see NP3 below) but rarely, vasculitis presents with an NP2
pattern. When this occurs, there is usually intense pain, significant distal lower extremity weakness with sensory loss, and
the temporal evolution is more often acute or subacute.

In addition, while most chronic acquired demyelinating polyneuropathies have an NP1 pattern, one variant called distal
acquired demyelinating symmetric neuropathy (DADS) will have an NP2 pattern.
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NP3: Asymmetric distal sensory loss with or without motor weakness (Figure 7).

Figure 7

Pattern Recognition of Neuropathic Disorders
Pattern NP3: Asymmetric Distal Sensory Loss With or Without Weakness

+ Single Nerves/Roots: The most common neuropathy
pattern

* compressive mononeuropathy and radiculopathy
* Multiple Nerves, Consider: mononeuritis multiplex

* vasculitis MULTIFOCAL ACGUIRED
DEMYELINATING SENSORY AND
MOTOR NEUROPATHY: THE
LEWIS-SUMNER SYNDROME

* HNPP (hereditary neuropathy with pressure palsy)

+ infectious (leprosy, lyme, HIV, sarcoid, hepatitis)_

* Multifocal Acquired Demyelinating Sensory And
Motor (MADSAM: G61.81: Chronic inflammatory
demyelinating polyneuritis) Neuropathy/Lewis-
Sumner

= Collins M.P, Arnold DW.,, Kissel )T, The neuropathies of vasculitis. Neurol Clin. 2013 May;31(2):557-95. Saperstein DS, Amato AA, Wolle GI, Barohn RJ, at
= Dimachkie M.M., Barohn R.J., Katz ). Multifocal motor neuropathy, multifocal acquired demmyelinating sensory and motor neuropathy and other chronic al, MULTIFOCAL ACQUIRED DEMYELINATING
acquired demyelinating polyneuropathy variants. Neurol Clin. 2013 May;31(2):533-55. SENSORY AND MOTOR NEUROPATHY: THE LEWIS—

" " " SUMNER SYNDROME.
. LA, S ), . L o ' n block. 982;32 5
Lewis RLA., Sumner AL, Brown M., et al. Multifocal demyelinating neuropathy with persistent conduction block. Meurology 1982;32:958-64. Muscle 1999:22:560-566

This is the most common neuropathy when it is a single nerve or root.
Examples are median neuropathy at the wrist, ulnar compressive neuropathy, peroneal compressive neuropathy, or a
cervical or lumbar radiculopathy (ex., C5, C6, L5, S1).

On the other hand, if two or more distal peripheral nerves are involved, then that is mononeuropathy multiplex.

It is important to recognize mononeuritis multiplex quickly as one of the causes is vasculitis which is serious and can be
life-threatening.

Vasculitis typically occurs subacutely or acutely. There also is a hereditary form of mononeuropathy multiplex,
hereditary neuropathy with liability to pressure palsy (HNPP) which evolves over months or years with different episodes
of compressive neuropathy.

Avariety ofinfectious diseases can produce mononeuropathy multiplexin which caseitis thenreferred to asmononeuritis
multiplex (Figure 8).

There is another variant of chronic acquired demyelinating neuropathy that presents with mononeuritis multiplex and
that presents multifocal acquired demyelinating sensory and motor neuropathy (MADSAM), this is also referred to as the
Lewis Sumner syndrome. This is another CIDP variant.
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NP4: Asymmetric proximal-distal weakness with sensory loss (FFigure 8).

Figure 8

Pattern Recognition of Neuropathic Disorders
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We call this “The Neurologist’s Pattern” because it is usually the neurologist who makes the diagnosis after others have
incorrectly diagnosed the patient.

The key distinguishing variable that distinguishes NP3 from NP4 is the presence of proximal weakness in NP4.

Patients will present with an entire arm or leg involved, proximally and distally, from nerve roots C5 to T1 or from L1 to S1.

All of these segments do not have to be equally involved but both proximal and distal muscles are involved to some
extent. When this occurs, the lesion has to be in either multiple roots, (polyradiculopathy) or in the plexus, or in both-
radiculoplexopathy.

These patients usually have severe pain at the onset.

The most common cause of NP4 is diabetes and therefore we call this diabetic lumbosacral radiculoplexopathy. In the
older literature, it was called diabetic amyotrophy, but we do not use that term any longer as it is nonspecific and simply
implies loss of muscle mass in a diabetic. Another term for diabetic lumbosacral radiculoplexopathy (DLSRP) that we have
used in the past is Bruns- Garland syndrome (Figure 9).

Usually, the patients have been misdiagnosed and they may have had back surgery for presumed compressive
radiculopathy, but they are still getting worse.

The neurologist often will then be consulted after lumbar surgery and make the diagnosis of DLSRP. Hence, as noted
above, we call this “The Neurologist’s Pattern”.

Other causes of NP4 are ncoplasia, either direct invasion into the plexus or the meninges (either carcinomatous
meningitis or lymphomatous meningitis).

Other causes of NP4 are idiopathic or immune-mediated such as the Parsonage-Turner Syndrome that occurs in the
brachial plexus.

There is also a lumbosacral idiopathic variant as well.

There are also hereditary causes of plexopathy due to hereditary neuralgic amyotrophy (HNA) related to SEP9
mutations. SEP9 mutations account for approximately 50% of HNA and other gene mutations have been identified with this
phenotype. These are generally autosomal dominant. HNPP can occasionally present with a painless recurrent plexopathy.
Hereditary plexopathy cases generally are painless in contrast to acquired cases which are usually painful.
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NP5: Asymmetric distal weakness without sensory loss (Figure 9)

Figure 9

Pattern Recognition of Neuropathic Disorders
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NP5 is also known as the “ALS/MMN pattern”. With this pattern, the patient presents with progressive foot drop
or progressive hand weakness typically for six to twelve months. There are no sensory symptoms or signs. After you have
established that the patient is weak in this distribution then you need to assess for upper motor neuron signs. You need to
determine if there are hyperactive reflexes or increased tone or pathologic reflexes. If they have upper motor neuron signs
the diagnosis is almost always going to be amyotrophic lateral sclerosis (ALS). Occasionally, with exclusively upper motor
neuron signs the diagnosis can be primary lateral sclerosis (PLS). ALS is much more common than PLS. If they do not have
upper motor neuron signs, then the differential diagnosis is more challenging. The patient could have progressive muscular
atrophy (PMA) which is the lower motor neuron form of ALS. If the weakness begins in one hand, the diagnosis could be
multifocal motor neuropathy, which is treatable. There are a few other diagnoses that can present with this pattern such as
juvenile monomelic atrophy, polio or polio-like viruses that can cause weakness, and multifocal acquired motor axonopathy,
which we call MAMA.
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NP6: Symmetric sensory loss with or without distal weakness and upper motor neuron signs. (Figure 10)

Figure 10
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This is similar to the NP2 but with upper motor neuron signs. The patient presents with numb hands and feet.
Sometimes the sensory symptoms can begin in the hands before the feet. They have significant gait instability, and they have
significant proprioceptive and vibration loss, more than is seen in a typical DSPN or CSPN patient. They have brisk reflexes,
pathologic reflexes, and they may have increased tone. All of these features in combination suggest myeloneuropathy. Both
the peripheral nerves and the spinal cord are involved. That is why these sensory symptoms can begin in the hands and also
why there is extensive proprioception and vibration loss due to posterior column damage. The patient may not have all of
the abnormal symptoms and signs noted above and the evidence of upper motor neuron signs could be subtle. Therefore, a
high index of suspicion is indicated. For example, the patient with a typical NP2 pattern may have a loss of ankle reflexes but
have crossed adductor reflexes at the knees and Hoffman’s reflexes in the fingers. Or the patient may have an NP2 pattern
with easily obtainable ankle reflexes, crossed adductors, and Hoffman’s signs. Any of these combinations would put the
patient in the NPO category. The next step is to search for combined system generation due to B12 and /or copper deficiency.
Therefore, you have to ask about prior gastrointestinal surgery, excessive zinc use, and illicit nitrous oxide use. Other rare
entities that can have a combination of upper and lower motor neuron signs with motor and sensory involvement include
inherited disorders such as Friedreich’s ataxia, adrenomyeloneuropathy, and metachromatic leukodystrophy. On the other
hand, the NP6 pattern can also be produced when a second lesion is superimposed on CSPN or DSPN, such as cervical
spondylosis or bilateral strokes. Therefore, these patients usually have to have MRI imaging of the cervical spine and the
brain to exclude second lesions.
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NP7: Symmetric weakness without sensory loss. (Figure 11)

Figure 11

Pattern Recognition of Neuropathic Disorders
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In the NP7 pattern, the weakness is usually proximal and distal and when this occurs, the diagnosis is usually spinal
muscular atrophy (SMA), either type 1, 2, or 3. This is extremely important to recognize as autosomal recessive SMA is now
treatable with gene therapy and antisense therapy. While SMA can present at birth or shortly after birth it is considered a
chronic condition. On the other hand, if this pattern occurs acutely in either adults or children, the diagnosis may be acute
motor axonal neuropathy (AMAN). If the presentation is chronic and only distal, then we refer to this entity as hereditary
motor neuropathy. In the older literature hereditary motor neuropathy was referred to as distal SMA.

NP7 overlaps with myopathic and neuromuscular junction patterns which can present with proximal and distal
weakness with no sensory loss.
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NP8: The Midline Pattern (Figure 12)

Figure 12
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The “midline pattern” term is used when there is weakness of midline muscles involving bulbar or cervical or thoracic
musculature, or the diaphragm. When aneuropathic patient presents with chronic progressive bulbar weakness the diagnosis
is most likely going to be ALS, PMA, or PLS. Alternatively, it could be Kennedy’s syndrome, X-linked bulbospinal SMA. If
it is an acute presentation the diagnosis may be a bulbar presentation of GBS. Also in the midline pattern are patients who
present with neck or trunk drop. When it is neuropathic, the most likely cause is motor neuron disease, ALS, or PMA. If
they present with progressive shortness of breath over months ALS is a consideration and if it occurs acutely then GBS is a
consideration.

Also included in the midline pattern are muscle disorders involving ocular motility or facial musculature. In other words,
any disorder involving cranial nerves the oculomotor nerve (cranial nerve 3), trochlear nerve (cranial nerve 4), abducens
nerve (cranial nerve 6), or facial nerve (cranial nerve 7). Most of the time individual cranial nerve disorders involving these
nerves are benign and often idiopathic and they improve over time. Multiple cranial nerves can be involved in Guillain-Barré
syndrome. When multiple cranial nerves are involved subacutely or chronically and the disorder is progressive this could
be due to an underlying malignancy or infectious process. Occasionally, multiple cranial nerves are due to an idiopathic
condition called facial onset sensory and motor neuropathy, also known as FOSMN. These patients present with numbness
beginning in the lower face and oral cavity that progresses over several years to involve the scalp, neck, shoulder, and arms.
The muscles of the facial nerve (cranial nerve 7) and hypoglossal nerve (cranial nervel2) are involved and eventually, the
patients develop dysphagia due to involvement in the glossopharyngeal nerve (cranial nerve 9) and the vagus nerve (cranial
nerve 10).

NP8 midline patterns can overlap with myopathic and neuromuscular junction patterns. For example, bulbar weakness
occurs in myasthenia gravis and oculopharyngeal muscular dystrophy (OPMD). Also, neck and trunk weakness can be a
prominent feature of myasthenia gravis, isolated neck extensor myopathy (INEM), and isolated trunk extensor myopathy
(ITEM). Finally, both myasthenia gravis and myopathies such as Pompe discase can have predominant diaphragm weakness
causing shortness of breath.
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NP9: Asymmetric proprioceptive loss without weakness. (Figure 13)

Figure 13
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This is often due to an underlying malignancy with a parancoplastic presentation. Therefore, we refer to this as “The
Cancer Pattern”. These patients present with numbness and tingling in either one leg or one arm or poor control of that
limb which is due to proprioceptive loss. When you examine the patient, in addition to decreased touch and pin sensation,
they have severely decreased proprioception cither at the toes, ankles, and knees or the fingers, wrists, and elbows. When
this occurs, the lesion is in the dorsal ganglion and the most common cause is cancer. Causes other than cancer include
an autoimmune disorder such as Sjogren’s discase. There may be other autoimmune causes of this pattern that may be
associated with newly discovered antibodies to FGFR-3 and TS-HDS. Vitamin E deficiency neuropathy, either acquired or
hereditary, can have the NP9 pattern. Another variant of CIDP, chronic immune sensory polyradiculopathy (CISP) presents
with a classic NP9 pattern. CISP is presumably due to inflammation and demyelination of the sensory roots proximal to
the dorsal root ganglion, and it is potentially treatable with IVIG. Some of these patients reportedly respond to intravenous
immune globulin therapy, however, 2 small randomized, placebo-controlled trials showed no benefit from IVIG. CISP and
sensory neuronopathy can clinically look very similar. The way to distinguish them is by the sensory nerve conduction studies
which are preserved in CISP and abnormal in sensory neuronopathy. Other considerations with this pattern are toxicity due
to drugs such as the platinums. HIV infection has been associated with neuropathies that have this pattern. A new entity
has recently been described called CANVAS- cerebellar ataxia, neuropathy (most likely a neuronopathy), and vestibular
dysfunction. This is due to a genetic defect in the RFC1 gene with a repeat expansion of AAGGG. These patients have severe
proprioceptive loss and ataxia for multiple reasons including sensory neuronopathy. One of the clues to diagnosing these
cases is that patients have recurrent coughing for which no etiology has been found.
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Figure 14
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NP10: The Autonomic Pattern (Figure 15)

Figure 15
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With the autonomic pattern patients present with orthostasis, impotence, abnormal gastrointestinal motility, and abnormal
sweating symptoms. The most common cause is diabetes. But there are other causes such as hereditary amyloidosis and it is
important to recognize this entity because it is treatable. Acutely, Guillain-Barré syndrome can have significant autonomic
symptoms and signs.
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NP11: Excessive muscle activity. (Figure 16)

Figure 16

Pattern Recognition of Neuropathic Disorders
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There are a variety of types and ctiologies of excessive muscle activity that range from benign to ominous. Most
fasciculations are indeed benign and do not represent any underlying medical problem or diagnosis. It is very common to
experience muscle twitches and to visibly see them, particularly in the calf muscles such as the gastrocnemius, arm muscles
such as the deltoid or biceps, or facial muscles such as the orbicularis oculi. These can occur when an individual is overly
fatigued, after exercise, or after drinking an excessive amount of caffeine. Pyridostigmine for myasthenia gravis commonly
causes fasciculations in the extremities and facial muscles. On the other hand, fasciculations can occur as a result of many
types of peripheral nerve damage. This can be due to a relatively simple median nerve damage from carpal tunnel syndrome.
Fasciculations can also occur in multiple skeletal muscles as a result of motor neuron disease from spinal muscular atrophy or
amyotrophic lateral sclerosis. More complex, repetitive, and regular muscle twitches are often termed myokymia. However,
determining the regular periodicity of myokymic twitches usually requires a needle EMG examination. Myokymia also can
be the result of median nerve damage in carpal tunnel syndrome. Myokymic potentials can also occur after radiation therapy
for cancer in muscles that are exposed to the radiation window. For example, radiation to the neck as a treatment for head
and neck cancers can produce a brachial plexopathy with myokymic potentials in arm muscles. More dramatic excessive and
continuous muscle fiber activity can produce what has been called neuromyotonia. Neuromyotonia can superficially look
like multiple fasciculations, but a needle EMG examination will reveal the characteristic high-frequency neuromyotonic
discharges. Neuromyotonia is usually the result of an autoimmune process at the presynaptic nerve endings and is due to
antibodies directed to presynaptic potassium channels. This is also called Isaac’s syndrome. The Schwartz-Jampel syndrome
due to a mutation of the HSPG2 gene which codes for perlecan is a hereditary disorder that can produce an unusual
continuous muscle fiber activity and muscle stiffness. This rare autosomal recessive disorder appears to cause an instability
of neuromuscular junction transmission causing continuous muscle discharges. Therefore, while it is considered to cause
a form of continuous muscle fiber activity it is probably better categorized as an unusual muscle-based myotonic disorder
rather than neurogenic muscle stiffness. This entire category can be considered to overlap with muscle stiffness due to other
common myotonic disorders due to hereditary mutations of sodium channel, chloride channel, and other genes related to
muscle function.

A whole limb that is stiff from multiple involuntary muscle contractions could be due to something as common as
spasticity due to upper motor neuron damage. Of course, any case of corticospinal tract damage can result in spasticity.
However, in the context of neuromuscular disorders, motor neuron disease is the primary consideration for spasticity
due to upper motor neuron damage. If both upper and lower motor neuron findings are present, the diagnosis is generally
amyotrophic lateral sclerosis. In this case, there is almost always distal asymmetric weakness which would be recognized
as an NP5 pattern. If there is only spasticity and other upper motor neuron findings in a case of presumed motor neuron
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discase, then the diagnosis is primary lateral sclerosis. Whole-muscle involuntary contractions can rarely be due to stiff
person syndrome due to antibodies directed against glutamic acid decarboxylase on neurons. Stiff person syndrome most
often involves all four extremities but at times can be two or three limbs.

In this discussion, we are not considering rigidity and excessive movements due to extrapyramidal disorders.

Bonus/ Exception Concept:
The Non-Length Dependent Sensory Neuropathy. (Figure 17)

Figure 17
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An exception to isolated sensory involvement being predominantly distal is the isolated sensory neuropathy that is non-
length dependent. This was first described by Dr. Robert Wartenberg, and he even wrote a book on this entity (see Figure
18). Therefore, in the older literature, this has been referred to as Wartenberg’s Sensory Neuritis. These patients have odd
patches of numbness, tingling, and pain anywhere on their body including the trunk and face. The distribution can be proximal,
distal, or proximal and distal and can be symmetric or asymmetric therefore if the sensory loss is both proximal, distal, and
symmetric it would probably fit into the NP-1 pattern but there would be no weakness; if distal and symmetric- NP-2; if distal
and asymmetric- NP-3; if proximal, distal, and asymmetric- NP-4; if only midline face or trunk- NP-8. Often these patients
are thought to be psychogenic, but we now know that this can be a true non-length-dependent sensory neuropathy. Many of
these cases only involve small fibers and electrodiagnostic studies would be normal. In these small fiber cases, a skin biopsy
to assess epidermal nerve fiber loss is often needed to make the diagnosis. Some of these patients reportedly respond to
intravenous immune globulin therapy. It is important that the clinician be aware of this sensory pattern and not immediately
dismiss the patient as being psychogenic without further workup.

Some of the cases that Dr. Wartenberg described involved multiple distal sensory nerves and would fit the pattern of a
sensory mononeuritis multiplex- NP-3. Another neuropathy that could be put in this pattern are the truncal diabetic sensory
radiculopathies which can produce odd and asymmetric arcas of sensory loss on the thorax and abdomen sometimes these
cases are associated with the classic diabetic radiculopathy involving the lower and occasionally upper extremities described
in the NP-4 pattern but sometimes they can occur in isolation without the extremity involvement.
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Summary
The following two figures summarize the patterns. Figure 18 involves patterns with motor involvement and Figure 19 involves
patterns with predominant or exclusive sensory involvement.

Figure 18
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weakness (NP3) Multiple:
* Acute/subacute Suspect vasculitis; nerve biopsy
* Immunosuppressive Rx
* Chronic HNPP, MADSAM

Asymmetric proximal & distal weakness & DLSRP / idiopathic / cancer
sensory (NP4)

Asymmetric distal without sensory (NP5) Suspect MND/ALS or MMN
NCS: Look for focal demyelination
Consider GM-1 Ab assay
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Ifthe pattern is symmetrical, proximal, and distal weakness with sensory loss then itis NP1- GBS or CIDP pattern. Ifitis
asymmetric, distal weakness, and sensory loss and only one nerve or root are involved it is probably a simple mononcuropathy
or radiculopathy. If multiple nerves or roots are involved, then it is mononeuropathy multiplex. If the pattern is asymmetric
proximal and distal weakness with sensory loss, then it is most likely DLSRP until proven otherwise. If the pattern is
asymmetric distal weakness without sensory loss, then this is the ALS/MMN pattern. The majority of these patients usually
have motor neuron disease. If the pattern is symmetric weakness that is proximal and distal without sensory symptoms or
signs, then this is most likely SMA which is now treatable. This is also the AMAN pattern when it is acute, a pure motor GBS
variant. When the patient presents with distal weakness but without sensory signs, this is the dissociated sensory pattern and
is likely to be a hereditary neuropathy.
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Figure 19
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Bottom-Line Approach to
Peripheral Neuropathy

Clinical Pattern

Distal Sensory -/+ weak motor
(NP2)

* Mixed large/small fiber

* Pure small fiber

Sensory + UMN
(NPB)

Asymmetric severe
proprioceptive deficit
(NP9)

Autonomic
(NP10)

Only cramps and/or
fasciculations
(NP11)

Think of:

CSPN/DSPN

EMG/NCS

If NL, skin biopsy

If autonomic — genetics for transthyretin
Symptomatic Rx

Check for B12 deficiency
Check for copper deficiency
Could be 2nd |esion — cervical MRI

Suspect cancer
Check for Anti-Hu Ab
Check for FGFR-3/ TS-HDS Abs

Acute — GBS

Chronic — usually Diabetes
Amyloid — genetic testing for TTR
(Now FDA approved drug)

Usually benign — normal CK/EMG
Usually won't find NM disease
? Cramp Fasciculation Syndrome - ? K+ Ab

If the neuropathic presentation is predominantly sensory, symmetrical, and distal this is the NP2 pattern (Figure 19).
In the NP2 pattern, there may be mixed large or small fiber involvement, and the diagnosis is usually CSPN, DSPN, or the
neuropathy associated with the metabolic syndrome, but isolated small fiber involvement can occur. If it is the same pattern
but with upper motor neuron signs, then check for B12 and copper as this could be a myeloneuropathy- NP6. But the NP6
pattern can also imply that there could be an NP2 neuropathy with a second lesion such as a cervical spinal cord lesion or
bihemispheric strokes. If it is an asymmetric severe proprioceptive deficit, NP9, suspect cancer but there are other causes
as well. If there is autonomic involvement (NP10) and it is acute, consider GBS and if it is chronic, consider diabetes and
familial amyloidosis. If the patient presents with only cramps or fasciculations it is most likely benign (NP11).

In Figure 20 we summarize all eleven clinical patterns of neuropathic disorders.
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Summary of Eleven Clinical Neuropathic Patterns

Figure 20

Proximal Asymmetrical Symmetrical UMN Autonomic Symptoms/ Diagnosis
Signs Signs

NP1-Symmetric,
proximal, distal weakness
w/ sensory loss

NP2-Distal sensory loss
wiwithout weakness

NP3-Asymmetric distal
weakness w/ sensory loss

NP4-Asymmetric
proximal, distal weakness
w/ sensory loss

NP5-Asymmetric distal
weakness w/ out sensory
loss

NP6-Symmetric sensory
loss & upper motor
neuron signs
NP7-Symmetric

weakness w/out sensory
loss*

NP8-Focal midline + Neck/trunk

weakness* extensor
+Bulbar
+Diaphragm
+CN 3,4,5,6,7

NP9-Asymmetric
proprioceptive loss w/out
weakness

NP10-Autonomic
dysfunction

NP11-Excessive muscle
activity

GBS /CIDP

CSPN, metabolic, diabetes,
drugs, hereditary, DADS

Multiple-vasculitis, HNPP,
MADSAM, infection
Single-Mononeuropathy,
radiculopathy

Polyradiculopathy,
plexopathy, DLSRP, cancer,
idiopathic, infection

+UMN-ALS/PLS
-UMN-MMN

B12 / copper deficiency;
Friedreich’s,

ALD

Prox & Distal-SMA
Distal-Hereditary motor
neuropathy

ALS

ALS/PLS

CBS

Isolated CN 34,56, 7-
benign

Multiple CN 3,4,5,6,7-
underlying disease

Sensory neuronopathy
(ganglionopathy) CISP

Diabetes, GBS, amyloid
prophyria

Fasciculations, myokymia,
neuromyotonia, stiff-person
syndrome
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CASE EXAMPLES
The following case studies demonstrate four of these patterns.

Case #1: 45-year-old male with 6 months of tingling in the toes, and 3 months in the fingers and he tells you he is weak.
(Figure 21)

Figure 21

Case 1

History:

* 45-year-old male with 6 months hx tingling toes, 3-month
fingers, and weakness

Exam:
Orb Oculi 4
SA4
EF 4
F Abd 4
HF 4
AD 4

Distal light touch/pin loss
* NoDTR

When you examine him, he has grade 4 weakness proximally and distally: orbicularis oculi, shoulder abduction, elbow
flexion, finger abduction, hip flexion, and ankle dorsiflexion. There is a distal light touch and pinprick loss, and he has no
reflexes.

What pattern of neuropathy does this patient have? (Figure 22)

Figure 22

Case 1 Question 1

What pattern of neuropathy does this patient have?

a. Symmetric proximal and distal weakness with sensory loss (NP1)

b. Symmetric distal sensory loss with or without weakness (NP2)

c. Asymmetric distal weakness with sensory loss (NP3)

d. Asymmetric proximal and distal weakness with sensory loss (NP4)

e. Asymmetric distal weakness without sensory loss (NP5)

63



Looking Back/Looking Forward Stuff

Answer: Symmetric proximal and distal weakness with sensory loss.
What is the most likely diagnosis based on this pattern? (Figure 23)

Figure 23

Case 1 Question 2

What is the most likely diagnosis based on this pattern
presentation?

a. CIDP (Chronic inflammatory demyelinating polyneuropathy)
b. CSPN (Cryptogenic sensory polyneuropathy)
c. DLSRP (diabetic lumbosacral radiculoplexopathy)

d. B12 or Copper deficiency myeloneuropathy

Answer: CIDP or Chronic inflammatory demyelinating polyradiculoneuropathy.

Case #2: 68-year-old male with a 3-year history of slowly progressive numbness and tingling of the toes that then progressed
to the feet and eventually progressed to approximately 6 cm above the ankles. This occurred over 5 years. (Figure 24)

Figure 24

Case 2 History

68-year-old male

3-year history slowly progressing numb/tingling toes,
then feet, then to 6 cm above ankles

Hot “burning” pain in feet
» Esp. at night

No symptoms in upper extremities

No subjective weakness

No history of diabetes mellitus
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There is no hand involvement. The pain is a hot and burning sensation in the feet, especially at night. There is no
subjective weakness and no history of diabetes.

On exam (Figure 25), the cranial nerves are normal. The motor exam has normal strength although there is some
extensor digitorum brevis atrophy in the feet. On sensory exam, there is decreased pinprick and touch above the ankles and
also a slight decrease in the perception of these modalities in the fingertips. Timed vibration testing of the great toes is 2-3
seconds which is probably abnormal for his age. Proprioception is normal. Reflexes are 2 at the arms, 1 at the knees, and
absent at the ankles. His routine gait is normal but when he tries to tandem walk he is unsteady.

Figure 25

Case 2 Physical Exam

CN-NL
Motor- Strength normal
Extensor digitorum brevis Atrophy

Sensory - Dec pin and touch to above ankles and distal fingers

Timed vibration:
great toe 2-3 sec
«distal fingers 18 sec

Propriocep — NL

Reflexes -
*2+ arms
*1 + knees
*Absent ankles

Gait - Mildly poor Tandem

What pattern of neuropathy does this patient have? (Figure 26)

Figure 26

Case 2 Question 1
What pattern of neuropathy does this patient have?
a. Symmetric proximal and distal weakness with sensory loss (NP1)
b. Symmetric distal sensory loss with or without weakness (NP2)

c. Asymmetric distal weakness with sensory loss (NP3)

d. Asymmetric proximal and distal weakness with sensory loss (NP4)

e. Asymmetric distal weakness without sensory loss (NP5)
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Answer: Symmetric distal sensory loss with or without weakness, NP2

What is the most likely diagnosis based on this pattern? (Figure 27)
Figure 27

Case 2 Question 2

What is the most likely diagnosis based on this pattern
presentation?

a. CIDP (Chronic inflammatory demyelinating polyneuropathy)
b. CSPN (Cryptogenic sensory polyneuropathy)
c. DLSRP (diabetic lumbosacral radiculoplexopathy)

d. B12 or Copper deficiency myeloneuropathy

Answer: Cryptogenic sensory polyneuropathy or CSPN.

Case #3: 65-year-old diabetic female. She has been diabetic for 2 years and is on oral hypoglycemics. (Figure 28)
Figure 28

Case 3 History

65 F DM 2 yrs., oral Rx MRI -DJD

Tingling toes x 1 yr. L 4/5 laminectomy

Now CC - leg pain / weak

- Post-op — worse / can’t walk
- ? More tingling

6 mos. - pain / wk. left leg 20 Ib weight loss over 6 mos.

- pain lumbar to hip/post-thigh Gabapentin / TCA no help

2 mos. — similar symptoms right leg
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For the last year, she has had some tingling in the toes. For 6 months she has had leg pain and weakness, and it began
6 months ago in the left leg with severe back pain radiating in the hip and posterior thigh in the leg became weak and 2
months ago similar symptoms occurred in the right leg. This led her to a surgeon who did an MRI, and she then had an [.4-
L.5 laminectomy. Post-operatively she continued to worsen. By the time a neurologist was consulted, she could not walk. The
neurologist obtained the history that there was a 201b weight loss over 6 months. She has been on gabapentin and tricyclic
antidepressants for pain without help.

On examination, (Figure 29) there is severe quadriceps atrophy, worse on the left. Arm strength is completely normal. In
the lower extremities, hip flexors and hip abductors are 3- on the right and 2 on the left; knee extensors and flexors are 4 on
the right and 3 on the left; and ankle dorsiflexors and evertors and inverters are 3- on the right and zero on the left. Reflexes
in the arms are normal but there are no reflexes at the knees or ankles. There is no vibration at the toes; proprioception is
normal, and there is decreased pin and touch to the ankles.

Figure 29

Case 3 Physical Exam

Quad atrophy, L> R
Arm strength - NL

HF / Abd
KE / KF

AD/E/I 3-

DTR - NL arms /0 legs

Sens — No vib toes / prop NL
Dec touch / pin to ankles

What neuropathy pattern is this? (Figure 30)

Figure 30

Case 3 Question 1

What neuropathy pattern is this?

a. Symmetric proximal and distal weakness with sensory loss (NP1)
b. Symmetric distal sensory loss with or without weakness (NP2)
c. Asymmetric distal weakness with sensory loss (NP3)

d. Asymmetric proximal and distal weakness with sensory loss (NP4)

e. Asymmetric distal weakness without sensory loss (NP5)
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Answer: Asymmetric proximal and distal weakness with sensory loss
What is the most likely diagnosis based on this pattern? (Figure 31)

Figure 31

Case 3 Question 2

What is the most likely diagnosis based on this pattern
presentation?

a. CIDP (Chronic inflammatory demyelinating polyneuropathy)
b. CSPN (Cryptogenic sensory polyneuropathy)
c. DLSRP (diabetic lumbosacral radiculoplexopathy)

d. B12 or Copper deficiency myeloneuropathy

Answer: Diabetic lumbosacral radiculoplexopathy
Case #4: 46-year-old female with numbness and tingling in the fingers and toes. (Figure 32)

Figure 32

Case 4 History

46 yr. old Female

Numb / tingling fingers / toes
Begins fingertips, then toes
Very unsteady gait

PE
» Motor normal except HF - 4
Dec LT / PP distally
Vib / prop absent toes / ankles
DTR - Bic/ knees 3 - ankles -0
* + Hoffman’s ; toes — extensor bilaterally

Gait — very ataxic, can’t tandem, using wheelchair
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[t began in the fingertips then went into the toes and has been gradually worsening over the last year and a half. She
complains of a very unsteady gait. On examination, her motor strength is normal except for hip flexors that are grade 4. She
has decreased light touch and pinprick distally, but her vibration and proprioception are absent at the toes and ankles. The
reflexes are 3 at the biceps and knees and absent at the ankles. She has a positive Hoffman’s reflex bilaterally and plantar
responses are extensor bilaterally. Her gait is very ataxic, and she cannot tandem walk. She comes to the office in a wheelchair.

What neuropathy pattern is this? (Figure 33

Figure 33

Case 4 Question 1
What neuropathy pattern is this?

a. Symmetric proximal and distal weakness with sensory loss (NP1)
b. Symmetric distal sensory loss with or without weakness (NP2)

c. Symmetric sensory loss with or without distal weakness and
upper motor neuron signs (NP6)

d. Asymmetric proprioceptive loss without weakness (NP9)

e. Symmetric weakness without sensory loss (NP7)

Answer: Symmetric sensory loss with or without distal weakness and upper motor neuron signs or NP6
What is the most likely diagnosis? (Figure 34)

Figure 34

Case 4 Question 2

What is the most likely diagnosis based on this pattern
presentation?

a. CIDP (Chronic inflammatory demyelinating polyneuropathy)

b. CSPN (Cryptogenic sensory polyneuropathy)

c. DLSRP (diabetic lumbosacral radiculoplexopathy)

d. B12 or Copper deficiency myeloneuropathy
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Answer: B12 or copper deficiency myeloneuropathy

Conclusion

We end this review by showing a quote by William James who said, “The rivalry of the patterns is the history of the world”
(Figure 35). We have paraphrased William James in the following ways:

The recognition of the patterns is the key to understanding neuromuscular disease

And

The patterns are like the operating systems for how we are supposed to think about neuromuscular disease (Figure 36).

Figure 35

William James MD:
The Social Value of the College Bred

Speech, then published essay, then in a book

In Memories and Studies (1911)

“Mankind does nothing save through
initiatives on the part of inventors, great or
small, and imitation by the rest of us.
These are the sole factors active in human
progress." “ Individuals... show the way,
and set the patterns, which... people then
adopt and follow. The rivalry of the
patterns is the history of the world ”.

Figure 36

Ine recogniuon or tne
patterns is the key to
understanding
neuromuscular disease
R Barohn, MD

I Ne paterns are |Iike tne
operating system for how
we are supposed to think

about neuromuscular
disease. Q: What type of

reflex hammer am

J. Katz, MD I holding?
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Figure 37

Hammer Time

TAYLOR BABINSKI

Answer:
DEJERINE

4
TROMNER QUEEN’S SQUARE

Figure 38
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The goal of this review is to guide the physician in
ordering laboratory tests for a patient with a neuropathic
disorder after the patient has been placed in one of the
eleven neuropathic patterns (See this issue: Barohn et al.
Pattern Recognition to Neuropathy and Neuronopathy,
Pages 4-27, 2023). Once the patient has been placed into
one of these eleven patterns, the physician is well on their
way to a correct diagnosis for the neuropathic disorder
that will ultimately lead to a targeted approach, including
treatment. The neuropathic pattern will determine what
laboratory tests should be ordered to confirm the diagnosis.

Figure 1

Looking Back/Looking Forward Stuff

There are many tests one can order in the evaluation
of peripheral neuropathy or neuronopathy; however,
without using the pattern recognition approach to direct
the appropriate laboratory tests the clinician can be left to
process multiple laboratory studies that are not relevant to
the patient’s problem. We sometimes use the phrase when
this occurs: “going down the rabbit hole”. The danger is that
you could end up treating a test result and not the relevant
diagnosis for that patient.

The most common form of neuropathy that any
neurologist or physician sees is the NP2 pattern, symmetric
distal sensory loss with or without weakness. These
individuals present with distal numbness and tingling in the
toes and often burning sensations. Figure 1 lists the blood
tests that are reasonable to obtain on a patient with the NP2
pattern. It also lists the tests that should not be obtained on
a patient with a typical NP2 pattern.

Regarding tests we donot orderroutinely, we discourage
ordering what are often referred to as autoantibody panels.
These panels test for antibodies to neural antigens but often
combine motor, sensory, and sensorimotor syndromes
whichmaynotberelevant to the patient’s clinical phenotype.
Rather we suggest only ordering specific antiganglioside
antibodies that are appropriate for the clinical pattern in
your patient. We will discuss these more later in this review.

Heavy metals do not need to be tested in the blood or
urine unless there is a definite history of exposure. Chronic
heavy metal exposure does not cause the NP2 pattern of
distal sensorimotor neuropathy.

Folate deficiency does not cause peripheral neuropathy;
however, it is mistakenly ordered frequently along with B12.

Evaluation of the Chronic Distal Symmetric
Peripheral Neuropathy- NP2

Blood Tests Done on Most Pts

Referred for Neuropathy

CBC

CHEM-20

Fasting blood sugar
2 hour OGTT
Fasting lipids

B12

SPEP/IFE

Quantitative
Immunoglobulins
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Labs we DO NOT order

* Autoantibody Panels

* Heavy Metals — blood or
urine

Serum Folate
Thyroid Functions
RPR / FTA-Antibody
Lyme Antibody
Vitamin B6
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Figure 2
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American Diabetic Association Diagnostic Criteria of Diabetes and Prediabetes

<5.7%
5.7%-6.4%

Normal

Prediabetes
L)

Diabetes 26.5 %

<100 mg/dL (5.6 mmol/L)
100-125 mg/dL (5.6-6.9 mmol/ 140-199 mg/dL (7.8-11 mmol/L)

2126 mg/dL (7mmol/L)

<140 mg/dL (7.8 mmol/L)

2200 mg/dL (11.1 mmol/L)

Definition of the Metabolic Syndrome: Greatest risk factor for type 2 diabetes and
cardiovascular disease in the 21st Century (24-42% of US over age 50)

Clustering of metabolic abnormalities:

* Central Obesity

* |nsulin resistance

« Hypertriglyceridemia
» Hypercholesterolemia

« Hypertension
* Reduced HDL

References:
+ Wang et al, Ped Gastr Hep and Nutrition; May 2020; 23(3); 189-230

Syphilis can cause a variety of different peripheral and
central nervous system disorders, but it will not present
with an NP2 pattern. While there are certainly reports of
excessive BO causing neuropathies, these cases involve
extremely high chronic ingestion of B6 supplements, and
this information should be acquired by obtaining the history
of the patient. Without such a history there is no need to
check Bo6 levels. Thyroid hormone excess or deficiency
does not cause peripheral neuropathy. Finally, unless one
is in a region in which Lyme disease is common, we do not
routinely recommend testing for this disorder.

Regarding the laboratory tests that should be done
routinely, it is important to check for diabetes and
prediabetes in patients presenting with the NP2 pattern.
There are three different measures of glucose metabolism.
The hemoglobin A1C is a measure for following someone
who has diabetes but not for diagnosing diabetes. Fasting
blood glucose, often referred to as fasting blood sugar or
FBS is an easy, inexpensive, sensitive, and specific test.
The FBS in a healthy person should be less than 100 mm/
dL. In a patient with prediabetes, the FBS will be between

100-125 mm/dL. If the FBS is over 125 mm/dL this meets
the definition of diabetes mellitus. The two-hour glucose
tolerance testis a bit more cumbersome to obtain butit does
increase the sensitivity for diagnosing diabetes. (Figure 2)

Therefore, the FBS and the 2-hour glucose tolerance
test are both excellent screening tools for diabetes in a
patient with the NP2 pattern and are preferable to the
hemoglobin A1C.

Metabolic Syndrome is a growing arca of interest and
is the single biggest risk factor for diabetes or cardiovascular
disease (Figure 3). Metabolic syndrome is present in about

/3 of the population in the United States and consists
of a clustering of metabolic abnormalities that include
central obesity, insulin resistance, hypertriglyceridemia,
hypercholesterolemia, hypertension, and reduced HDL..
Figure 3 shows a number of different sets of criteria for
the definition of metabolic syndrome. For example, in the
Metabolic and Heart Association criteria, three of the
following abnormalitics would constitute the metabolic
syndrome: elevated FBS, treated hypertension, elevated
triglycerides, low HDL, or central obesity.

76



Figure 3
Commonly used different sets of criteria for diagnosis of metabolic syndrome:
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24-42% of the US over age 50

Frame/core criterion  IGT or diabetes and/or

2 other criteria 25% of fasting insulin

Insulin resistance (defined 23 of the 5 criteria
insulin resistance plus 2  as hyperinsulinemia: top below

23 of the 5 criteria below Ethnicity specific waist
circumference as below or BMI

230 kg/m? plus 22 other

values among the criteria

nondiabetics) plus 22 other

criteria
Fasting plasma >110mg/dL but nondiabetic > 100 mg/dl 2100 mg/dL or specific >100 mg/dL or previously
glucose treatment for elevated diagnosed T2DM

glucose

Blood Pressure 2140/90 mmHg 2140/90 mmHg or 2130/85 mmHg 2130/85 mmHg or 2130/85 mmHg or treatment of

treatment treatment of previously previously diagnosed

Plasma triglycerides 1.7 mmol/L (150 mg/dL) 22.0 mmol/L (178 mg/dL)

or treatment or treatment

HDL- cholesterol M, <0.9 mmol/lL (35 mg/  <1.0 mmol/L (39 mg/dL)
dL); ore treatment
F, <1.0 mmol/L

(39 mgldL)

Central obesity M, waist-hip ratio >0.90;  Waist circumference
F, waist-hip ratio >0.850r M, 2 94 cm;

BMI >30 kg/m? F,280cm

M, <1.03 mmol/L (40
mg/dL); F, <1.29 mmol/ L}); F, <50 mg/dL (1.3mmol/ <1.3mmol/L (50 mg/dL) or
L (50mgfdL)

Waist circumference
M, =102 cm;
F, > 88 cm

diagnosed hypertension hypertension

21.7 mmolfL (150 mg/ 2150 mg/dL (1.7 mmoliL) or 21.7 mmol/L (150 mg/dL) or
dL)

specific treatment for
hypertriglyceridemia

M, <40 mg/dL (1.03mmol/

specific treatment for
hypertriglyceridemia

M, <1.03mmol/L (40 mg/dL); F,
L) or specific treatment for  specific treatment for low HDL
low HDL

Waist Circumference:
Europids: M, 294 cm; F 280
cm; South Asians: M, 290 cm;
F, 280cm; Chinese: M, 290cm;
F, 280 cm; Japanese: M, 285
cm; F 280cm

Waist circumference
M, 2102 cm (40 in.);
F, 2 88 cm (35in.)

Figure 4

Evaluation of Metabolic Syndrome, Prediabetes,
and Diabetes

* History and neurologic exam should be conducted along with evidence-based laboratory

tests for both diabetes and prediabetes
» Fasting glucose or 2 hour OGTT

* Hgb A1c is not considered a sensitive test for screening

* Blood pressure & BMI should be recorded

» Evaluation of lipid profile

« History of diet, exercise or level of sedentary behavior
* Aclear pattern is seen linking MetS to CSPN

» Obesity, prediabetes and diabetes, dyslipidemia all are associated with elevated risk of
CSPN

» MetS seen to increase risk of neuropathy in type 1 & 2 DM

References:
* Kazamel, Stino, Smith. Muscle and Nerve; March 2021. 63(3) 285-293

Therefore, it is important to take into account all of
these parameters when evaluating a patient for the NP2
patternofneuropathy (Figure4). Thereisa clear association
between the metabolic syndrome and diabetic distal
sensory polyneuropathy (DSPN) and cryptogenic sensory
polyneuropathy (CSPN) or the NP2 pattern of peripheral
neuropathy. We also know that in a patient who has

diabetes, type 1 or type 2, if they have metabolic syndrome
in addition to their diabetes their risk of neuropathy goes
up significantly. Therefore, metabolic syndrome does seem
to be an independent risk factor even separate from glucose
that links the metabolic syndrome to the NP2 pattern of
neuropathy.
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Figure 5
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Evaluation of Metabolic Syndrome, Prediabetes,
and Diabetes

* MetS neuropathy and early DPN are associated with preferential injury to small nerve fibers

» Epidermal fibers are capable of regeneration and sprouting despite being disproportionally prone
to metabolic, vascular, and mechanical injury

* Small unmyelinated axons are prone to injury from obesity and hypertriglyceridemia
» Large myelinated fibers are susceptible to injury from hyperglycemia

* Autonomic neuropathy is also observed manifesting as cardiac vagal, cardiac adrenergic,
vasomotor, gastrointestinal, genitourinary, and secretomotor dysfunction

* The timing of autonomic neuropathy relative to the onset of SFN in MetS is unknown but cardiac
vagal autonomic dysfunction occurs early in the disease because obesity leads to a reduction in

heart rate variability

* Diagnosis of DPN is determined by abnormality in either nerve conduction studies(NCS) or measure
of small fiber function such as skin biopsy for IENFD

* NCS cannot be used solely to diagnose MetS-related Neuropathy
« Skin punch biopsy evaluation for IENFD is the “gold standard” for SFN diagnosis

References:
» Kazamel, Stino, Smith. Muscle and Nerve; March 2021. 63(3) 285-293

Figure 6

Small Fiber Neuropathy

Symptoms may be distal, proximal, or multifocal

Symptoms may be persistent or intermittent

In Isolated SFN- Exam and NCVs are normal

Some patients can have non-length dependent symptoms

Reported sensitivity and specificity of skin biopsy is 88% and 92%

But useful for the diagnosis of CSPN (NP2) when large fiber signs are absent

on exam and NCVs are normal.

Normal

Metabolic syndrome in the early phases of diabetic
neuropathy tends to affect the smallest nerves first (Figure
5).

These small nerves, the epidermal sensory nerve fibers,
seem to be very susceptible to injury from obesity and
hypertriglyceridemia. The large, myelinated fibers seem
to be more susceptible to damage from hyperglycemia.
Autonomic symptoms and signs can be associated with

Abnormal

small fiber involvement. Nerve conduction studies alone
may not be able to diagnose the neuropathy associated with
metabolic syndrome. Nerve conduction studies measure
large fiber physiology and cannot detect neuropathy when
only small nerve fibers are involved. Rather, skin punch
biopsies assessing small intradermal nerve fibers is probably
amore sensitive test to look for nerve damage (Figure 6).
What do we mean when we talk about intraepidermal
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Figure 7
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A Proposed Algorithm for Evaluating Small Fiber Neuropathies

Non Length Dependent Form: ISFN-1

Disease State

Upper Thigh
10cm Below the
Greater Trochanter

Abnormal Immune Mediated

Lower Thigh: Neuronopathy
10cm Above the
Lateral Knee

Abnormal Immune Mediated

Neuronopathy

Immune Mediated
Neuropathy

Calf:
10cm Above the
Lateral Maleolus

Normal

* —

Diagnostic Tests Potential Therapies

Segrens syndome. 55,555 VG, Serids, 5T

FGFR-3 antibodies

IVIG 34
IVIG 34

IVIG, steroids 34

TS-HDS antibodies

Lumbar Puncture

CISP CSF Protein IVIG, Steroids 5

CISP IgG Synthesis rate IVIG, Steroids s
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* Antoine et al, J Neurol Neurosurg Psychiatry;2015 86(12) 1347-55
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nerve fiber densities? Iigure 6 shows two skin punch biop-
sies. The area at the top is the epidermal layer. Just beneath
that is the basement membrane and the melanocytic layer
and below that is the dermis. The figure on the left shows
normal intraepidermal nerve fiber density and the figure on
the right shows decreased intraepidermal nerve fiber den-
sity.

In skin biopsies for intraepidermal nerve fiber density,
the nerves come in parallel to the surface of the skin and
then they branch upwards. These small unmyelinated nerve
fibers are the nerve fibers that provide sensation throughout
our body. When these small nerve fibers are damaged, this
typically results in distal sensory loss or abnormal sensory
sensations. Therefore, the pattern is the distal NP2 in
most cases. Rarely some small fiber neuropathies can have
proximal or multifocal patches of sensory involvement.
When only small fibers are involved, vibration and
proprioception, and reflexes on the neurologic exam are
normal and nerve conduction studies are normal. In these
cases, a skin biopsy can be helpful in documenting and
quantifying small fiber sensory loss. If the patient presents
with distal sensory loss and/or neuropathic pain distally,
and either proprioception or vibration, or reflexes are
abnormal then you know that both large and small fibers
are involved, and the nerve conduction studies are likely
to be abnormal. In these cases, a skin biopsy is probably
not going to be useful as you have already documented a
neuropathy. In other words, if the nerve conduction studies
are abnormal you will not learn anything additional from the

skin biopsy. The skin biopsy is most useful as a tool in cases
where a patient has sensory symptoms and a normal exam
and normal nerve conductions studies. In these cases, the
skin biopsy has a sensitivity and specificity of about 90%.
We recommend that skin biopsies are taken from three
sites: one from just above the ankle, one from just above the
knee, and one from below the hip. The reason for doing this
is to demonstrate objectively the pattern of small fiber loss.

Based on the patient’s symptoms, signs, and skin
biopsy, there are four different intraepidermal small fiber
neuropathy presentations- IFSN-1; IFSN-2; IFSN-3;
[FSN-4. If you have a patient with upper thigh skin biopsies
that are abnormal, but lower thigh and calf biopsies are
normal, thisisreferred to as the ISEN-1 presentation (Iigure
7) This is a non-length-dependent small fiber neuropathy
which has been shown to predict an autoimmune etiology.

The length-dependent distal pattern, where the skin
punch biopsy is abnormal at the lower thigh and calf and
normal at the upper thigh is the IFSN-2 presentation
of small fiber neuropathy. This falls in the spectrum of
the clinical NP2 pattern and most often due to diabetes
(DSPN), cryptogenic (CSPN), or chemotherapy-induced
neuropathy (CIN). (Figure 8)

There is an entity called Wartenberg’s sensory neuritis
which is a patchy distribution of sensory loss and pain both
proximally and distally. In other words, there is multifocal
patchy sensory loss and pain. For example, the calf and
upper thighs may be involved clinically but the lower thigh is
normal, and this can be at times documented or supported
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Figure 8

A Proposed Algorithm for Evaluating Small Fiber Neuropathies

Disease Association Diagnostic Testing Potential Treatments

Upper Thigh )
10cm Below the Diabetes gbA1C Glucose control
Greater Trochanter

Normal
Diabetes 2 hour OGTT Glucose Control

Lower Thigh:
10cm Above the

il Sjogren’s Syndrome SS-A, SS-B IVIG, Steroids, IST 12

Sarcoid ACE IVIG, Steroids, IST 34

Calf
: ; Serum Immunofixation
10cmiAcove the Lymphoproliferative i .
Lateral Maleolus Dheofder Quantitative Heme/Onc Evaluation
Abnormal Immunoglobulins
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Figure 9

A Proposed Algorithm for Evaluating Small Fiber Neuropathies

Disease State Diagnostic Tests Treatment

Upper Thigh
10cm Below the

Greater Trochanter Glucose Dysmetabolism
Abnormal

e —
2 hour OGTT

Fasting glucose Glucose Control

Lower Thigh
10cm Above the

Lateral Knee I i i
Normal Cryoglobulinemia Cryoglobulins ?ItUXImab, bl s s

—

Systemic Vasculitis ANA; ANCA Steroids, IST 1

* 4= 10cm Above the Sarcoid ACE StBTOidS, |V|G, IST 2

Lateral Maleolus

Abnormal
HIV HIV Retroviral Therapy 3

Calf

References:

* Nicolle, MW. Muscle and Nerve. 2001, 24(3) 438-43

= Tavee, JO. Respir Med 2017: 126: 135-138

+ Pavesi, J. Ital J Neurol Sci. 2004 15(8) 433-436

» Benstead TJ, Cochrane Database Syst Rev 2014 20(12)

by skin biopsies showing a similar distribution of small
fiber sensory loss. We have referred to this as the ISFN-3
presentation. (Figure 9)

There are some pure autonomic neuropathies in
which the intracpidermal nerve fiber density is normal

but the nerve fiber density in the sweat glands in the skin
are reduced. This has been referred to as the ISFN-4
presentation. (Figure 10)

Regarding B12 deficiency, serum B12 is often a poor
measure of B12 deficiency. In B12 deficiency, methylmalonic
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Figure 10
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A Proposed Algorithm for Evaluating Small Fiber Neuropathies

Upper Thigt
10cm Below the
Greater Trochanter
Normal

Disease State

Lower Thigh
10cm Above the
Lateral Knee

Normal :
Acute autonomic

ganglionopathy
Acquired Amyloid
Calf Inherited Amyloid

* 4  10cm Above the
Lateral Maleolus
Normal

Figure 11

Lymphoproliferative D/O

Diagnostic Tests Possible Therapies

Serum Immunofixation
Quantitative
Immunoglobulins

Anti Nicotinic Ganglionic
Receptor antibodies
Gad-65 antibodies

Heme/Onc evaluation

Heme/Onc evaluation

Heme/Onc evaluation

Patiseran

TTR Sequencing o

Distal Symmetric Sensory Neuropathy —
NP2, NP6

* B12 is an insensitive measure for B12 deficiency

« Elevated levels of Methylmalonic acid are a more sensitive test

» Neuropathy progression may also relate to Homocysteine >13

+ B12 deficiency may be induced by metformin use greater than six

months so screen frequently in your diabetics

* 6 year prospective study. Progression of neuropathy related to HC- not

B12.
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acid builds up and is toxic to nerves. Therefore, in evaluating
for possible B12 deficiency it is recommended to do a serum
B12 level with a serum methylmalonic acid level. Blood
methylmalonic levels are elevated in B12 deficiency. Blood
homocysteine levels can also be elevated. Homocysteine
is probably not a direct cause of neuropathy. However,
when homocysteine is elevated, it does predict a faster
progression of the neuropathy. Elevated homocysteine
may be a measure of metabolic syndrome, and it may

be that it is the metabolic syndrome that is causing the
progression of their neuropathy. For diabetic patients who
are on metformin, it should be recognized that this drug
can induce a Bl2 deficiency. Therefore, we recommend
that diabetics on metformin have B12, methylmalonic acid,
and homocysteine levels checked if they have a worsening
neuropathy to make sure there is not a second cause due to
the metformin.
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Figure 12
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Chronic Distal Symmetric Sensory
Neuropathy — NP2

» Paraproteins
- SPEP

« Serum immunofixation

* Quantitative Immunoglobulin

« Serum free light chains

« How and when to send to Heme/Onc.
 Evaluate for lymphoma, Waldenstrom’s

Myeloma

Figure 13

MGUS Risk Stratification

* Risk-stratification model that is useful in predicting the risk of
progression of MGUS to a malignancy

* Serum monoclonal protein level 21.5 g/dL

* Non-IgG MGUS

« Abnormal serum free light chain ratio (i.e., ratio of kappa to lambda

free light chains <0.26 or >1.65)

» The absolute risk of disease progression over 20 years for patients with:
* 3 of the above risk factors (high-risk MGUS) — 58%
« 2 risk factors (high-intermediate risk MGUS) — 37%
+ 1 risk factor (low-intermediate risk MGUS) — 21%
* No risk factors (low-risk MGUS) — ~5%

References:
* Rajkumar et al. Mayo Clin Proceed. 2010 85:10 945-948.

Regarding testing for a paraprotein in the setting of a
neuropathy, it is recommended that patients have a serum
protein electrophoresis (SPEP) blood test or quantitative
immunoglobulins to evaluate the total of the antibody
classes. Inaddition, we recommend aserumimmunofixation
to look for small spikes of abnormal proteins. If any of
these are abnormal an additional test for serum-free light
chains and urine for light chains should be obtained as an
evaluation for underlying blood-based dyscrasias. All of

the tests for serum paraproteins are designed to search for
an underlying lymphoproliferative disorder. However, not
all patients with a serum paraprotein have an identifiable
lymphoproliferative disorder and in these cases, we classify
the abnormality as a monoclonal gammopathy of unknown
significance (MGUS). The incidence of paraproteins
increases with age. Over the age of 75, up to 5% of the
population may have a MGUS. If a paraprotein is found
(also often called monoclonal protein) attention needs to
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Figure 14
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Chronic Distal Symmetric Sensory
Neuropathy

‘ Potential Etiology
Diabetes Mellitus

’Impaired Glucose
|TOIerance

‘Metabolic Syndrome

'B12 deficiency

Tests to Order
Fasting glucose, HgbA1c

2 hour glucose tolerance test
Fasting glucose, Lipids, BMI,

B12 levels; methylmalonic acid,;

Pattern
NP2, NP4
' NP2, NP4

NP2

' NP2, NP6

Homocysteine

Paraproteinemia

Quantitative Immunoglobulins

' NP2, NP1

Serum Immunofixation
Serum Free light chains

Small Fiber Neuropathy"

Figure 15

Skin biopsy if NCS normal '

| NP1, NP2,
NP3

Acute/Subacute Asymmetric Sensory
Neuronopathies — NP9

Predominantly large fiber posterior column involvement with
ataxia and dysmetria as main complaints

—Pseudoathetosis found in many cases
These may be non-length dependent because of effects on cell

body rather than nerve process
Diagnosis often on the NCS:

+ Diffusely absent sensory responses with relative preservation
of motor responses

Higher likelihood for an autoimmune mediated process with
neuronopathies than with neuropathies

be focused on three aspects: the amount of the monoclonal
protein, the type of monoclonal protein, and whether there
are any free light chains.

If we look at the stratification in approaching a patient
with a MUGS outlined in Figure 13, there are three risk
factors that we identify. The type of Ig (IgM, IgG), the
amount of the protein, and the ratio of kappa to lambda
light chains. If the patient has an 1gG level below 1.5gm/dl
and a normal light chain ratio, the chance of any malignancy

is very low. On the other hand, a patient with 3 gm/dL of
paraprotein that is IgM and an abnormal free light chain
ratio, has a very high likelihood of malignancy and needs a
referral to hematology.

Figure 14 summarizes the information we have reviewed
up to this point regarding diabetes, metabolic syndrome,
B12 deficiency, paraproteins, small fiber neuropathy, and
the pattern most often associated with these abnormalities.
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Figure 16
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Sensory Neuronopathies — NP9

» Paraneoplastic — Anti Hu Antibodies

* 50% with no known malignancy at presentation
« Small cell lung cancer most common
* Prostate, breast, ovary less common

» 75% of patients with no motor involvement
* Progresses over days to weeks

» There are often other associated syndromes
 Autonomic in as much as 30%

 Limbic encephalitis with or without seizures
» CSF usually has pleocytosis and elevated protein

Figure 17

Staining of neuronal nuclei
Courtesy Alan Pestronk, MD

Sensory Neuronopathies — NP9

» Described in Fibroblast growth factor-3 (FGFR-3) and
trisulfated disaccharide I1doA2S- GIcNS-6S (TS-HDS)

Syndromes 1
» Sjogren’s syndrome

* The neuronopathy often has associated features
 Typically slowly progressive, but can be acute
» Adie’s pupil in as many as 25%
» Constipation or bladder involvement
« If found with cyroglobulins predicts a worse prognosis

References:
« Pestronk et al, Muscle and nerve 2012, Antoine et al, Neurology 2013.

The NP9 pattern often indicates a neuronopathy
where the damage is to the sensory cell body (Figure 15).
NP9 affects large sensory fibers and can lead to ataxia,
dysmetria, and very often astercognosis. This can be non-
length dependent and asymmetric. Nerve conduction
studies show that sensory responses are absent and motor
responses are normal. These disorders are most likely to be

autoimmune.
Often there is an underlying malignancy as in the
presence of anti-Hu antibodies. (Figure 16)

However, occasionally a malignancy is not found
(Figure 17). In these instances, some cases have been
associated with autoantibodies to FGFR-3 and TS-HDS.
Other cases are associated with Sjogren’s syndrome and

84



Figure 18

Looking Back/Looking Forward Stuff

Vitamin E Deficiency- NP9

» Causes
* A Beta Lipoproteinemia

« Vitamin E Transporter deficiency

* Malabsorption

* Whipple's disease

* Cystic Fibrosis

» Chronic Pancreatitis

* Neuropathy

+ Large fiber modalities with a sensory ataxia
* Pseudoathetosis when severe

« Often with up going toes

+ Can have associated ophthalmoplegia

References:
+ Jackson CE, Amato AA, Barohn RJ. Muscle Nerve 1996;19(9):1161-5

Figure 19

CANVAS: Cerebellar Ataxia with Neuropathy
and Vestibular Areflexia Syndrome

Genetic: AAGGG repeat expansion in RFC1 gene
Recessive, dominant, but most sporadic
Neuropathy is a sensory neuronopathy

« Severe proprioception loss

Onset sixth decade
Dry cough and autosomal dysfunction

References:

« Cortese, A,, et al. Cerebellar ataxia, neuropathy, vestibular areflexia syndrome due to RFC1 repeat

expansion. Brain 2020; 143(2): 480-490.

+ Cortese, A, et al. Cerebellar ataxia, neuropathy and vestibular areflexia syndrome (CANVAS):

genetic and clinical aspects. Practical Neurology 2022; 22: 14-18.

« Ronco, R., et al. Truncating Variants in RFC1 in Cerebellar Ataxia, Neuropathy, and Vestibular

Areflexia Syndrome. Neurclogy 2023; 100: e543-554.

« Gisatulin, M., et al. Clinical spectrum of the pentanucleotide repeat expansion in the RFC1 gene in

ataxia syndromes. Neurology 2020; 95: 2912-2923.

may have SS-A or SS-B serum positivity. Clinically some
of these Sjogren’s patients with neuronopathy can also have
Adie’s pupil, severe constipation, and bladder involvement
suggesting autonomic issues.

Vitamin E deficiency can also present with an NP9
pattern (Figure 18). Vitamin E deficiency is generally only
seen in patients with a severe malabsorption issue or if
they have a specific deficiency like abetalipoproteinemia

or vitamin E transporter deficiency. In many vitamin E
deficiency patients, there are also central nervous system
findings including upgoing toes and ophthalmoplegia.
Recently, a genetic syndrome has been described
consisting of cerebellar ataxia, neuropathy, and vestibular
dysfunction called CANVAS. The neuropathy is believed to
be a sensory neuronopathy with profound proprioceptive
sensory loss. Many patients have a chronic cough, and
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Figure 20

Looking Back/Looking Forward Stuff

Acute/Subacute Asymmetric Sensory
Neuronopathies

Potential Effology | Tests to Order | Pattorn |
Parancopiasic | Huseogy | Weo

Tabes Dorsalis [ RPR |  NP2,NP9
Vitamin B6 toxicity B6 levels “

Immune Mediated

TS-HDS

FGFR-3 Antibodies

CANVAS

AAGGG expansion on

RFC1 gene (Southern

Figure 21

Blot)

Pure Motor Patterns
Without Upper Motor Neuron Signs

* Kennedy's Disease (NP8)

* Multifocal Motor Neuropathy (NP5)
« Slowly progressive weakness: upper > lower extremity
 Atrophy typically present when they come to attention
» Wrist extensor and finger extensor weakness
* IgM antibodies against GM-1- approximately 50%
* Motor conduction block- may be as low as 50%-70%
» Acute motor axonal polyneuropathies
* Post infectious related to campylobacter jejuni
« Patients develop IgG antibodies to GM-1
» Should analyze CSF to rule out autoimmune, infectious or

malignant causes

* Avoid ganglioside antibody panels
* Wolfe et al. Muscle Nerve 1997;20(10):1275-1283

some have autonomic dysfunction the genetic defect is a
novel biallelic AAGGG expansion in the replication factor
subunit 1 complex (RFC1). The repeat expansion cannot be
detected on currently available next-generation sequencing
panels and requires identification by time-consuming
southern blotting. This condition is now thought to be one of
the most common causes of late-onset genetically mediated

cerebellar ataxia. A patient with a combination of cerebellar
ataxia and sensory neuronopathy may have this disorder.

Figure 20 summarizes the information about sensory
neuronopathy discussed above. It also mentions that rarely
HIV, Tabes Dorsalis, and vitamin B6 toxicity can have an
NPO presentation.
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Figure 22

Looking Back/Looking Forward Stuff

Pure Motor Neuropathies

Potential Etiology Tests to Order W
Acute Motor Axonal CSF NP1,
Neuropathy GM-1 antibodies NP7

Multifocal Motor GM-1 Antibodies
Neuropathy Serum Immunofixation

Quantitative Immunoglobulins
Serum free light chains

EMG/NCV
Imaging

Kennedy’s disease Androgen receptor gene m
West Nile Virus CSF for WNV PCR m

Enterovirus-68 CSF viral culture/PCR
SWAgene

ALS- Hyperreflexia

Pure motor patterns are often some of the most
difficult cases mainly due to the fact that if a patient comes
in with pure motor weakness as a result of neuropathic
disorder, it is more likely to be due to amyotrophic lateral
sclerosis- NP5 (Figure 21). If upper motor neuron signs
are present ALS is definitely the most likely diagnosis. On
the other hand, if upper motor neuron signs are not present
the diagnosis may be a pure lower motor neuron disease
often referred to as progressive musculature atrophy
(PMA). However, there are other causes that can produce
pure motor patterns without upper motor neuron signs.
Kennedy’s disease also known as X-linked spinobulbar
atrophy is a genetic disorder affecting men and in addition
to limb involvement has tongue, face, and pharyngeal motor
weakness (NP8). Itis usually symmetric and proximal more
than distal weakness in the extremities. The diagnostic
test is a genetic assay showing an excess number of triplet
repeats in the SMA gene on the X chromosome.

Multifocal motor neuropathy (NP5), like ALS, can
present with distal unilateral hand weakness but without
upper motor neuron signs and the weakness may be
confined at an early stage to one or two nerves. MMN has
a predilection for radial nerves, so wrist and finger drop are
prominent. It is important to recognize as it is treatable.
Half of these patients have serum GMI1 antibodies in the

serum. Conduction block may only be seen in 50-70% of
patients, so a clinical diagnosis is critical in these cases.
Some acute motor neuropathy syndromes are acute
and symmetric and mimic the Guillain-Barré syndrome
but without sensory symptoms, signs, or objective sensory
abnormalities on nerve conduction studies or nerve biopsy.
These GBS variants are usually axonal polyneuropathies
and not demyelinating. The usual term for these disorders
is acute motor axonal neuropathy (AMAN). AMAN usually
follows a gastrointestinal infection with Campylobacter

Jjejuni and has IgG antibodies to GM-1. AMAN cases are

treated like typical GBS but often have a poor prognosis.

Autosomal recessive spinal muscular atrophy presents
with the NP7 pattern with symmetric proximal and
distal weakness and can present from infancy to young
adulthood. The diagnosis is based on genetic testing for
SMN-1 gene deletions and also determining the number
of copies of SMN-2. Now that we have therapies for SMA
it is important to consider this diagnosis even in the non-
pediatric population.

West Nile virus can present as a polio-like syndrome
at any age. Enterovirus can produce a paralytic polio-like
syndrome in infancy and childhood.

Figure 22 summarizes the entities discussed above, and
the associated patterns and laboratory tests.
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Figure 23

Looking Back/Looking Forward Stuff

Acute Mixed Motor Sensory
Neuropathies

* GBS — NP1

* More common after upper respiratory infection
« Examination of CSF for albuminocytologic dissociation
» Autoantibodies can be found in 30-50%

* IgM GAINAc-GD1a
* IgM to Tubulin
* IgM to Heparan Sulfate

* AMSAN - NP1

* More common after campylobacter infection
» Examination of CSF for albuminocytologic dissociation
* Autoantibodies can be found in 30-50%

* IgM to GM-1
* |gM to GM1b
* IgM to GalNac-Gd1a

References:
+ Pestronk A, et al; Journal of Neuroimmunology; 91(1): 204-209

Figure 24

Acute Mixed Motor Sensory
Neuropathies

Potential Etiology Tests to Order m

Mononeuritis
Multiplex

Guillain-Barre syndrome, while often appearing
predominantly motor usually has sensory symptoms and
signs and often can have sensory nerve conduction study
abnormalities (Figure 23, 24). Occasionally 1gG and IgM
antibodies to a number of nerve glycoproteins have been
identified. The pure axonal form of motor and sensory

ESR, ANA, ANCA, RF, SS-A/B
Hepatitis B and C serologies
cryoglobulins

HIV
ACE
Nerve biopsy

Guillain-Barré is often referred to as acute motor sensory
and motor sensory axonopathy (AMSAN), and like AMAN
has a poorer prognosis than GBS. GBS, AMSAN, and

AMAN all typically have elevated CSF protein without

an elevated cell count, or the so-called albumin-cytologic
dissociation.

88



Figure 25

Looking Back/Looking Forward Stuff

Acute Mixed Motor Sensory
Neuropathies
* Mononeuritis multiplex — NP3

» Best indication for nerve biopsy
» Multifocal, Asymmetric-

* Asymmetric neuropathies are more likely to be

treatable

* Typically this represents a vasculitis which
can be associated with underlying diseases
= Cryoglobulins
* Hepatitis
« Systemic Vasculitis
* HIV
* Sarcoid

‘Why have nerve biopsies decreased? Only rarely are
nerve biopsies now needed as a supportive laboratory test
for the diagnosis of neuropathy. This is usually performed
in cases of possible vasculitic neuropathy that presents
with the NP3 pattern (Figure 25). However, other than in
vasculitis nerve biopsies are rarely performed in the modern
era. Why? We have gained a better understanding of clinical
phenotypes and we have gotten better at interpreting nerve

Differential Fascicular
Loss

Perineural Edema

conduction studies; we use more genetics, imaging, and
spinal fluid than we did previously. If you make a provisional
diagnosis using pattern recognition and tests short of a
nerve biopsy, and the patient continues to deteriorate
despite therapies, this may be an indication of the need for a
nerve biopsy. On the other hand, if the patient has an acute
presentation with pain as part of the NP3 pattern, you might
consider treating the patient with prednisone.
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Figure 26

Looking Back/Looking Forward Stuff

Subacute Mixed Motor and Sensory
Neuropathies

Progressive symptoms for greater than 4 weeks but less than

8 weeks

Helpful to distinguish axonal from demyelinating disease

process

NCVs are often mixed axonal and demyelinating
If diseases are progressive consider CSF and nerve biopsy

Demyelinating

» SIDP, MADSAM, MAG, DADS, HNPP

* Use the patterns to distinguish

Axonal

* Lyme, Sarcoid, WNV, Malignancy, Vasculitis

Figure 27

Subacute Mixed Motor and Sensory Neuropathies

Potential Etiology Tests to Order m
e [ e T

CSF

Serum immunofixation, quantitative NP2
immunoglobulins, serum free light chains

MAG/Nodopathies

MAG titers

MAG titers
Neurofascin

Contactin

HNPP PMP 22 deletion

Lyme Lyme serology and CSF NP1,
NP2, NP3

Lymphomatous/Carcinomatous CSF with cytology
meningitis

If tests are normal and marked Nerve biopsy
Progressive weakness

Acute neuropathies are defined as disorders with a
duration under four weeks. Chronic neuropathy has a
duration of over eight weeks with progression. Neuropathic
disorders with progression between four and eight weeks
are considered subacute. Subacute immune demyelinating
polyneuropathy or SIDP falls into this category, between
GBS and CIDP (Figure 26, 27). These cases remain difficult

to approach. The dilemma is often: Should one treat them
as Guillain-Barré only for a limited time or as CIDP on a
chronic basis?

Nerve conduction studies can be helpful in subacute
mixed motor and sensory neuropathies. Progressive
weakness that is subacute or chronic that is associated
with  demyelinating electrophysiologic abnormalities
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Figure 28

Looking Back/Looking Forward Stuff

Laboratory Evaluation of Subacute Mixed
Demyelinating Neuropathies

. ?/Il‘uFl,t:iaf)ocal Acquired Demyelinating Sensory and Motor neuropathy (MADSAM)
« Asymmetric, Distal, Upper Limb Predominant Demyelinating
* CSF protein elevated
* No specific autoantibodies
» Distal Acquired Demyelinating Symmetric neuropathy (DADS) (NP2)
« Distal, Demyelinating- i.e. prolonged distal latencies

* With or without MAG antibodies
* CSF protein elevated
* Nodopathies (NP-2)
* Neurofascin
« Contactin
« Contactin associated protein 1

* Hereditary Neuropathy with Pressure Palsy (HNPP) (NP3)

* Deletion of PMP 22 gene
« Asymmetric, Focal, Motor Sensory

 Often with evidence for multiple compressive neuropathies

superimposed on axonal changes should prompt aggressive
therapy with immunomodulating agents.

There are a series of disorders called nodopathies
(NP-2) (Figure 28). In nodopathies, there is an antibody-
mediated attack on the nodes of Ranvier, so it is not directly
demyelinating but it is interfering with conduction. In those
patients, their exam and nerve conduction studies may look
like a CIDP-type patient, but these patients are difficult to
treat and do not respond to IVIG and steroids. The antibody

in these cases is an IgG 4 and may respond much better to
rituximab than they do IVIG or steroids. Therefore, if a
patient does not respond to IVIG with a subacute or chronic
inflammatory demyelinating polyneuropathy consider
searching for antibodies associated with the nodopathies.
Hereditary neuropathy with pressure palsy (HNPP) can
also present with a mononeuritis multiplex NP5 pattern.
The supporting laboratory test is a genetic test for the
deletion in the CMTIA gene.

91



Figure 29

Looking Back/Looking Forward Stuff

The Value of Lumbar Puncture in Patients with CIDP

« Albumino-cytologic dissociation (i.e. high protein/normal cell count)
is seen in 83-95% of patients with CIDP

» Elevated CSF protein is seen in 95% of patients with symmetric
proximal and distal weakness in CIDP

* More mistakes are made where a phenotype which is not
CIDP is called CIDP because of elevated CSF protein.

Beware

» Elevated CSF is > 60 or age, >100 in Diabetes

 Elevated IgG synthesis

» Reports suggesting IgG synthesis rate correlates with disease

activity

References:
+ Faleck H, et al. Cleve Clin J Med 1989 Jul-Aug;56(5):539-541

Should a lumbar puncture be performed?

Anothervalue that comes up frequently when evaluating
patients with necuropathies is whether or not a lumbar
puncture needs to be done in order to distinguish between
CIDP and diabetes (Figure 29). In immune neuropathy
such as CIDP, approximately 90% of the time there will
be an albuminocytologic dissociation. The problem arises
when the clinical phenotype is not the typical NP1 CIDP
pattern. It is known that patients with typical diabetic
neuropathy can have elevated CSF protein as well, but the
presentation is usually an NP2 pattern. Therefore, if one
did a CSF examination in a typical NP2 DSNP patient and
found an elevated protein it would be a mistake to consider
this CIDP and treat the patient with immunomodulating
drugs. In other words, if the patient has a small amount of

toe weakness and numbness distally, a distal axonal sensory-
motor neuropathy (NP2), and the CSF protein is 150 mg/
dlL, this does not mean the patient has CIDP just because
of the elevated CSF protein. The patient does not have the
pattern of weakness associated with CIDP-NPI1. This is why
you must be very cautious about over-interpreting spinal
fluid protein values. Therefore, whether or not one obtains
a CSF study should be based on the clinical pattern and the
disease progression.

In addition, one needs to take age into consideration
when evaluating CSF protein. CSF protein increases the
more we age. For example, 60mg/dL is normal for a 60 year
old.

In the evaluation of very chronic neuropathies,
for example, over 10 years, it will be unlikely to find an
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Figure 30

Chronic Mixed Motor and Sensory Neuropathies
Tests To Order

Potential Pattern

Etiology

CIDP

CSF, NCS NP1

Diabetes Fasting glucose, HgbA1c NP2

Impaired glucose tolerance 2 hour glucose tolerance test NP2

B12 deficiency Vitamin B12, methylmalonic acid NP6, NP2

Serum immunofixation, Quantitative NP1, NP2

Immunoglobulins, serum free light chains
PMP duplication/ deletion, Cx32, MPZ NP2

Paraproteinemia

CMT1

CMT2 EGR2, FIG4, GARS, GDAP1, HSPB1, NP2
LMNA, MFNA2, MFN2, MPZ, Periaxin,
RAB7, RFC1

Transthyretin

Hereditary amyloidosis NP2, NP3, NP10

Sjogren’s syndrome SS-A, SS-B NP2, NP9, NP10

If tests are normal but there is |CSF, possible nerve biopsy
marked progressive weaknes

Autonomic Neuropathies

« Cardiac, gastrointestinal, thermoregulation, pupillary abnormalities,
sexual dysfunction

» Often confused for IBS, fibromyalgia, malingering

» Helpful to get autonomic testing to confirm presence of autonomic
dysfunction

» Can segregate POTS from Dysautonomia
» Consider other objective tests of neuropathy
- Gastric emptying study
- Skin biopsy
» Skin biopsy can be useful to look at small nerve fibers and at the
innervation of the sweat glands

effective therapy (Figure 30). Nevertheless, an initial hereditary amyloidosis for which genetic diagnosis testing

evaluation for chronic neuropathies is important. In the
modern era, ic testing plays more of a role than ever
before. For this ), it is important to pay attention to
clues from the history and physical exams for a possible
hereditary basis such as a family history of neuropathy,
high arches, and hammer toes. One exception would be

for transthyretin mutations and therapy is now available.
If a diagnosis still is not establisl ter appropriate
blood work and nerve conduction studies but the patient
continues to deteriorate and have ambulation problems,
then it might be reasonable to consider a CSF examination
or anerve biopsy.

93




Looking Back/Looking Forward Stuff

Autonomic Neuropathies

Tests to Order W

Acetylcholine receptor ganglionic antibodies
Voltage gated potassium autoantibodies
GAD-65
Hu serology

Potential
Etiology

Acute autonomic
ganglionopathy

Diabetes Fasting glucose, HgbA1c NP2, NP4,
NP10

Primary Systemic
Amyloidosis

Serum immunofixation, quantitative
immunoglobulins, serum free light chains
Tissue biopsy: skin, fat, rectal

Familial amyloidosis TTR gene sequencing NP2, NP10
(Now FDA approved drug)

NP2, NP10

Sjogren’s syndrome SS-A, SS-B NP2, NP9,
NP10

We are seeing an increase in autonomic neuropathies
in patients with cardiac, GI, thermoregulation, pupillary
abnormalities, and sexual dysfunction (Figure 30, 31).
These patients are often confused with IBS, fibromyalgia,
and malingering. It can be difficult to tell the difference
between patients who have autonomic disorders and
patients who do not. If you have access to autonomic testing
this is where this process should begin. If you do not have
access to this testing, you can use a skin biopsy which can be
useful to look at small nerve fibers as well as the sweat gland
innervation involved in the autonomic nervous system.
There are numerous causes.

Occasionally there is a need to order laboratory studies
for a patient with fasciculations which are likely benign. In
this situation, if the fasciculations are of great concern to the
patient, a serum creatine kinase and an electromyogram to

reassure the patient they do not have motor neuron disease
is reasonable. For patients with florid fasciculations and
myokymia and in the setting of an NP2 neuropathy, voltage-
gated potassium channel antibodies can be obtained to
search for Isaac’s syndrome, which can be parancoplastic.
Patients with Schwartz-Jampel syndrome have excessive
muscle activity, particularly in axial and facial muscles,
and on EMG have continuous motor unit high-frequency
discharges. These patients have a characteristic “pinched”
facial appearance with a tendency to keep their eyes closed
due to hyperexcitable facial muscles. The diagnosis is made
by finding a mutation in the HSPG2 gene which codes
for perlecan. Patients with stiff limbs due to unexplained
upper motor dysfunction can be tested for glutamic acid
decarboxylase antibodies found in stiff person syndrome
(Figure 33)
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Figure 33

Looking Back/Looking Forward Stuff

Tests for Excessive Muscle Activity- NP11

Occasional Fasciculations
and/ or Cramps

Excessive fasciculations
and/ or myokymia

Above with pinched facies
and skeletal deformities

Unexplained stiff limbs
(upper motor neuron)

Figure 34

Do nothing or CK/ EMG

Voltage-gated K channel
antibodies

HSPG mutation

Serum glutamic acid
decarboxylase antibodies

Laboratory Evaluation For Neuropathy
Conclusions

« Differential can be based on history, exam , and the pattern
* Don’t allow EMG/NCV to confuse you
» Rationalize aggressive testing with aggressiveness of the disease

process

 Cryptogenic neuropathies are sensory and slowly progressive
» A 10 year history will almost never ever be treatable.

* If neuropathy is disabling and progressive than keep looking for cause
» CSF: elevated protein, IgG synthesis rate would suggest a trial of empiric therapy
* Nerve Biopsy
* In face of progressive disease consider empiric trials of treatment
* Most immune mediated neuropathies respond to steroids or [VIg within 3
months so don't flog a dead nerve and make the patient worse

References:

« Levine T, Saperstein DS. Laboratory evaluation of peripheral neuropathy. Neuro Clin NA. 2013;31(2):363-376

In conclusion, differential diagnoses should be
established by the history, exam, and by the pattern (Figure
34). Nerve conduction studies can be helpful but often be
very confusing and if it does not correlate with what you
are seeing in the history, the exam and the pattern always
focus on the history, exam, and pattern when interpreting
laboratory tests.

Aggressive testing needs to be rationalized against the
aggressiveness of the disease. A patient who has a 10-year
history of peripheral neuropathy which is slowly progressive
and purely sensory is very unlikely to be able to be treated
to stop the neuropathy from progressing. However, if the
patient has pain that can be treated. On the other hand,
if the neuropathy is progressive and disabling, causing
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weakness and balance difficulties, that is where you want to
be aggressive with spinal fluid and perhaps a nerve biopsy.

Response to immunosuppressive and immunomodu-
lating therapy can be a diagnostic tool in itself. If IVIG or
steroids are used the patient should respond within three
months. If they do not respond, it is very likely that the pre-
sumptive diagnosis of an immune-mediated neuropathy is
wrong, and that the patient most likely has an untreatable
neuropathy.
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Please plan to join us!
The 25th Annual NMSG Meeting will be held in Tarrytown, New York

September 20-22, 2024

Tarrytown House Estate on the Hudson

Draft Meeting Agenda

Complete Meeting Information

SPONSORSHIPS STILL AVAILABLE!



https://www.tarrytownhouseestate.com/
https://neuromuscularstudygroup.org/wp-content/uploads/2024/02/2024-NMSG-Annual-Meeting-Outline-Draft-posted.pdf
https://neuromuscularstudygroup.org/events/2024-neuromuscular-study-group-annual-scientific-meeting/
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