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EDITOR'S DESK

Missouri Medicine
Again Indexed
by Scopus

by John C. Hagan, lll, MD

ELSEVIE

Scopus

&

Twenty Missouri Medicine articles were in the top 10%
most viewed publications in 2012-2016.

issouri Medicine is pleased to announce that
Mindexing of manuscripts from the Journal

will resume in Elsevier Scopus for works
published in 2021 and thereafter. Publications for
Missouri Medicine works dating from 1945 to 2016 are
currently indexed in Scopus.

Scopus indexes from more than 25,000 multi-
disciplinary sources including journals, book series, and
conference papers that have an International Standard
Serial Number (ISSN).

There are nearly 82 million records in Scopus
dating from 1788 and over 17 million author
profiles. This ensures that the meticulous work of
published authors will be retrievable and appear in
internet searches world-wide. Access to Scopus is by
subscription only. Please check with your campus
librarian to confirm access.

John C. Hagan, lll, MD,

FACS, FAAO, is a Kansas City,
Missouri, ophthalmologist and
Missouri Medicine Editor since
2000 and member since 1975.
He is a multi-year Diamond
Contributor to MMPAC.
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The more observant among you will notice the
changes on the masthead page which now includes the
Scopus icon proudly displayed along with our other
major indexing and archiving services: MEDLINE,
PubMed, PubMed Central and EBSCOhost databases.
This ensures that the meticulous work of our published
authors will be retrievable and appear in internet
searches world-wide.

We wish to thank and acknowledge Cathy C. Sarli,
Senior Librarian at the world-famous Bernard Becker
Medical Library of Washington University School
of Medicine in St. Louis, Missouri, for assistance in
completing the re-enrollment process in SCOPUS.
Additionally, Cathy is working with Missouri Medicine
and Elsevier to retrospectively index our content at
Scopus published from 2017 to 2020.

In publication for 117 years, Missouri Medicine
has become one of the top three state medical journals.
The Journal’s reputation is based on being peer-
reviewed, published six times/year, indexed by the
world’s most important data bases, regular superlative
content by six medical schools on eight Show-Me
state campuses, and a distinguished Editorial Board of
experts and Contributing Editors. Our medical school
theme issues, the mainstay of our quality content,
are subscribed through January/February 2023.

Our articles are regularly cited by journals listed in
Clarivate Analytics Journal Citation Reports and the
media. This past year scientific articles were published
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Publication Summary of Missouri Medicine articles
published from 2012 to 2016 in Scopus:

495 articles
687 authors

23 dffiliations represented by the authors

4,333 views by users in Scopus

20 articles were in the top 10% most viewed publications

Citation Summary for Missouri Medicine articles
published from 2012 to 2016 worldwide in Scopus:

1,130 citations
2.3 citations per article

86 countries represented by dffiliations of citing authors
11 non-English languages represented by citing articles

from South Africa and a first literature report from
Morocco and non-published manuscripts received
from three other countries. Missouri Medicine has an
international readership. The number of unsolicited
scientific manuscripts has risen steadily over the years,
precipitously during the COVID-19 pandemic, and
our publication queue now exceeds eight months. Our
acceptance rate for unsolicited manuscripts is about
40-50%.

This issue’s membership pages also include
profiles of four new Editorial Board members: Beth
E. Rosemergey, DO, (Family Medicine), Leonid
Shunyakov, MD, (Hematology & Oncology), David
J. Haustein, MD, MBA, (Physical Medicine &
Rehabilitation), and Andrew J. Bierhals, MD, MPH,
(Radiology). We also thank these previous Editorial
Board members for their time and expertise: Michael
L. O’Dell, MD, Amy K. Patel, MD, Gregory M.
Worsowicz, MD, and Stephanie L. Graff, MD. I never
miss an opportunity to thank Liz Fleenor our highly
capable managing editor. Liz has worked with Missouri
Medicine for almost two decades and deserves much
credit for its reputation and its artistic composition.
Coming on board in 2000, I thank the members
of MSMA for the honor and privilege of being the
Journals second-longest serving Editor.

Missouri Medicine is supported by MSMA
members. I urge all Missouri physicians to join
MSMA. I ask all current MSMA members, especially
those in leadership positions, to help recruit new
members. MSMA dues are among the lowest in the

nation; the accomplishments of MSMA for Missouri
physicians and their patients at the very top of all state
medical associations. MSMA needs you and you and
your patients need MSMA. Contact Cassie Williams
at cwilliams@msma.org for renewals or prorated new
member enrollment.

MM

Join Missouri Medicine’s
Index of Authors

Instructions for Authors
www.msma.org/missouri-medicine
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¢ Opinions - Praise, criticism, and comments about particular articles, events, or issues.
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MSMA Helped Pass SB 514 Mitigating
Onerous Requirements of Prior Authorization

by Alexander R. Hover, MD

young woman was referred to me with
A[rjlrogressive bloody diarrhea through the day and
ight, abdominal pain, nausea, arthralgias, and
profound fatigue. Colonoscopy confirmed severe left-
sided distal ulcerative colitis. She was referred as she did
not have a complete resolution with oral mesalamine
preparations.

I told her that the current recommendation
based on clinical trials and specialty guideline
recommendations was to add rectal mesalamine.

The rectal mesalamine would cost $400 per month
without insurance coverage. I changed her to an oral
mesalamine preparation approved by her new insurance
company and prescribed rectal mesalamine enemas.
Initially, the insurance denied the rectal mesalamine
prescription despite a call and letter. The insurance
company’s decision was appealed and finally approved.
Unfortunately, during this time she had missed more
work and had difficulty even affording even the co-
pay. Her evaluation, colonoscopy, and decision on
treatment was complete in the month I saw her, so she
could have begun effective therapy almost two months
earlier absent the prior authorization difficulty. This is
a common story in my practice. I will bet it is in your
practice as well.

In 2019 MSMA helped pass SB 514 that mitigated
some of the most onerous requirements of prior
authorization. SB 514 provided multiple improvements
to smooth the prior authorization process for
physicians. Those improvements were to have been in
place no later than January 1, 2021.

Among the improvements included in the bill
were: 1) an adverse determination notice must include

Alexander R. Hover, Jr., MD, FACP,
AGAF, is President of the Missouri
State Medical Association for 2021-
2022. Heis a Gastroenterologist
from Ozark, Missouri.
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a written statement of the clinical rationale rather than
the physician having to request that; 2) each health
insurance carrier or utilization review entity must
post their current prior authorization requirements;
3) that restrictions including written clinical criteria,
and requirements for step therapy must be described
in detail; and 4) that an enrollee’s grievance involving
an adverse utilization review or prior authorization
determination would require the carrier to submit
the grievance for review to two independent clinical
peers in the same or similar specialty as would
typically manage the case being reviewed. I have

not experienced a consistent application of the 2019
law when I deal with health carriers. A December
2020 AMA survey of physicians confirmed that little
progress has been made in reducing prior authorization
regulatory burden for physicians over the past few
years. The lack of progress is despite a 2018 multi-
organizational consensus agreement on principles

for reform that included the AMA, AHIP, AHA,
BCBS, MGMA, and APhA. Clearly, MSMA and the
AMA have work yet to do. You can review all 21
principles and concurring organizations in the “Prior
Authorization and Utilization Management Reform
Principles” on the AMA website.

Well, this is where you should play the video clip of
actor Peter Finch in Network exclaiming, “I'm mad as
hell and I'm not going to take it anymore.”

Take heart, progress is being made through the
work of MSMA in Missouri and the AMA nationally.
have seen some improvement since the 2019 Missouri
Senate bill 514. This is also a reminder, however, that
progress is only made by our tireless advocacy with
legislators for medical practice that benefits our patients
and not the health carriers. That requires MSMA
members paying dues, but more is needed. We must
all be advocates for the MSMA to gain more members
and, thereby, more clout with legislators. We must also
participate in the White Coat Day and Friday virtual
lunches with legislators when they continue next year.
Sometimes we do have to stand up, go to the window,

and shout on behalf of our patients. MM
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AMA House of Delegates Holds
Virtual Annual Meeting

by Charles W. Van Way, lll, MD & the Missouri Delegation to the AMA

r I Yhe 2021 Annual Meeting of the AMA House

of Delegates (HOD), normally several days

in Chicago, was held as a virtual “special”
meeting from June 11 through June 16. Normally, the
annual meeting considers many issues, and sets new
policy for the AMA. This year, the HOD was able to
consider the greatest part of its normal business. The
numbers of resolutions and other items was somewhat
limited, because of the requirements of the virtual
platforms. This meeting also included inauguration of
the President and elections of officers and leaders. Jack
Resnick, Jr, MD, was selected as President-Elect. Bruce
Scott, MD, and Lisa Egbert, MD, were re-elected as
Speaker and Vice-Speaker. Madeline Butler, MD, and
S. Bobby Mukkamala, MD, were elected to the Board
of Trustees (BOT).

Outgoing President, Sue Bailey, MD, spoke of the
strength and resilience of the physician community.
During the COVID pandemic, we have all lived
through a “hero’s journey.” She said we have inspired
many young people to become physicians, following
our examples. How we have come through this
pandemic will shape the AMA and medicine itself, the
health care system, and our entire society.

Charles W. Van Way, lll, MD,
FACS, FCCP, FCCM, Missouri/AMA
Delegate, and Missouri Medicine
Contributing Editor, is Emeritus
Professor of Surgery, University of
Missouri - Kansas City, Kansas City,
Missouri.

James Madiera, MD, Executive Director, praised
physicians for “standing tall,” advocating for physicians
and patients and supporting good science and our
public health system. AMA membership has grown
during the last year. The increase in 2020 was the
greatest year-to-year increase in the last 70 years.

The AMA was the leading non-partisan voice in the
national response to the pandemic. Visits to the AMA
website in 2020 were more than the previous two years
combined. Innovation, health equity, and advocacy
have been the accelerators of our public exposure. Our
policy is to define the “right thing” with increasing
strength and deeper granularity. We continue to be
dedicated to the house of medicine.

Gerald “Gerry” Harmon, MD, was inaugurated
as the 176" president of the AMA. A physician from
South Carolina, he is active in medical education and
childhood health. He has been a strong advocate for
physician autonomy. He was a Major General in the
South Carolina National Guard. He has served the
AMA on the Council of Medical Services (CMS) and
the BOT, serving as Chair in 2017-18. His inaugural
address spoke of battles for freedom in the American
Revolution and the Civil War. Dr. Harmon echoed the
memory of Dr. Joseph Warren, another Major General,
who died in the Revolution. We are still in battle to
care for our patients during the pandemic, he noted,
to provide justice for our fellow citizens, to provide
freedom for oppressed peoples throughout the world,
to work for health equity, to support public health.

As physicians, we struggle with bureaucracy, with
regulators, with ignorance. But amid the tribulations
of the pandemic, many of us have discovered renewal
of our dedication to our profession. We don’t have to
be elected to the AMA to lead. We can lead by simply
being physicians, as clinicians, researchers, academics,
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teachers. As Dr. Warren said over two centuries ago,
“Act worthy of ourselves and of our cause.”

The House of Delegates does more than simply
listening to speeches and electing the physicians who
will give next year’s speeches. The real business of
the HOD is to set policy or recommend action to be
taken by the AMA. This is done in two ways. First,
the BOT or one of the Councils may submit a report,
with recommendations for policy changes or actions.
Second, resolutions may be submitted to the HOD
proposing policy or action.

Health equity, racial discrepancies in health
outcomes, and systemic racism were consistent
themes throughout the meeting. Existing AMA
policy promotes health equity and opposes racial
discrimination in any form. Such policies were re-
stated and strengthened in a number of areas. There
were initiatives to reduce racism and discrimination in
medicine, to enhance medical education in order to
increase diversity, and to address equity in telehealth. A
resolution was passed to establish a task force to guide
the AMA further into health equity and racial justice.

The HOD considered a number of BOT and
Council reports. A special task force on elections at
the AMA made 41 separate recommendations, which
were vigorously discussed. All but three were adopted.
The overall effect will be to modernize and streamline
the election process and to increase participation in
leadership offices and activities.

Law enforcement works closely with emergency
medical services (EMS). With increased emphasis on
avoiding force has come a renewed demand for using
sedatives to assist arrests of agitated individuals. The
AMA wants to ensure that any such intervention is
under medical control, with collaboration among EMS,
law enforcement and behavioral health professionals.

New policy was adopted by the HOD to encourage
work with specialty societies and state and local
medical societies to develop practices for notification of
abnormal test results. A Council on Science and Public
Health report analyzed youth suicide, recommending
a broad set of new policies to address the problem. A
resolution from the Senior Physician Section called
increased use of advanced directives among physicians,
and promoting their use for patients.

The Council on Medical Education (CME) and
others had several concerns relating to increasing the
physician supply. Of particular interest to Missouri,
CME report #2 called for setting up alternate licensing
procedures for international medical graduates.

This would involve alternatives to graduate medical
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programs, as long as they were not called “assistant
physicians.” CME report #4 called for streamlining
the entry of qualified international graduates into the
health care system. CME report #5 called for pathways
to increase diversity in medicine. And CME report
#3 addressed optimizing outcomes from the residency
match (NIRMP). A related resolution called for
rescinding USMLE Step 2 CS and COMLEX Level

2 PE examinations, removing one more barrier to
physician training. Resolutions called for forgiving
student loans, providing childcare and other benefits
to residents, and decreasing examination fees charged
by the American Board of Internal Medicine. Others
called for increased salaries for residents and for debt
cancellation for medical education.

On the perennial problem of opioid use, a
resolution called for increased availability of opioid use
disorder treatment in correctional facilities, and better
health care in general for prisoners. The ill health of
prisoners has concerned the AMA for years. Another
resolution called for making naloxone more widely
available as an over-the-counter drug.

The COVID pandemic winds down in the US,
but spreads across the world. Several resolutions called
for sharing COVID-19 resources with other countries
where the pandemic is still accelerating. Temporary
waiver of patent protections for vaccines was considered
and was referred to the BOT. A BOT report called for
the development of Federal standards for vaccination
certificates. Resolutions recognized post-acute sequelae
of COVID (PASC or “Long COVID”) as a diagnostic
entity, calling for research and funding. Resolutions
called for improvements in personal protective
equipment, for strengthening public health services,
for universal access to public health services for
modernization of reporting data systems.

The Council on Medical Service (CMS) reports
addressed telehealth, calling for greater broadband
access and for expansion of license recognition to
facilitate the use of telehealth. Other resolutions called
for a study of reimbursement for telehealth visits and
for universal access to broadband services.

Prior authorization requirements often allow
insurance companies to delay or deny services needed
by patients, and are a perennial concern of the AMA.
A CMS report discussed prior authorization, making
a total of 11 recommendations to improve processes
and accountability. Another report proposed a number
of policy changes to improve regulation of urgent care
centers.



The continuing effort of non-physician
practitioners to increase their scope of practice
continues to concern the AMA. Resolutions called for
restricting such terms as “residency” and “fellowship”
to physician training programs and for opposition
to the recent effort by the Academy of Physician
Assistants to call themselves “Physician Associates.”

Concerns about social media were expressed,
calling for studies of the impact of social media on
adolescent mental health and for means to deal with
medical “misinformation” on social media. This last
amounted to a demand for censorship of medical
information on social media, as noted by an editorial
in the Wall Street Journal (Doctors for Progressive
Conformity, WSJ, Saturday, June 19, 2021).

As noted earlier, one of the great strengths of the
AMA is its public respect. It has gained respect from
both sides of the political spectrum precisely because it
is non-partisan. There was an increasing tendency this
year to inject partisan politics into the debates. On
issues ranging from banning “ghost guns” to waiving
patent protection for vaccines, the HOD advocated
policies of the current Federal administration, even
where those policies were only marginally related to
medicine and public health. There is a danger in
failing to maintain impartiality. Perhaps this was
attributable to the virtual conference format, which
definitely repressed debate. Both Twitter bullying and

AMA REPORT

political “groupthink” were visible. We can hope the
next meeting will be in person.

Several physicians from Missouri serve in
leadership roles. David Barbe, MD, represents the
AMA on the world stage as President of the World
Medical Association. Edmond Cabbabe, MD,
serves as Vice-Chair of the Council for Long Range
Planning and Development. Elie Azrak, MD, serves
on the board of the AMA Political Action Committee.
Jerry Kennett, MD, serves on the AMA Foundation
Board. Marc Mendelsohn, MD, is chair of the Young
Physicians Section. Sue Ann Greco closed her year
as the AMA Alliance President. Charles Van Way,

I1I, MD, was re-elected to the Steering Committee of
OSMAP, the Organization of State Medical Association
Presidents.

All of the business of the meeting, as well as
summaries of the addresses by Drs. Harmon and
Bailey, are available on the AMA website. Highlights
from the meeting are at https://www.ama-assn.org/
house-delegates/special-meeting/top-10-stories-june-
2021-ama-special-meeting and https://www.ama-assn.
org/house-delegates/special-meeting. The Interim
Meeting of the HOD is scheduled to take place in
Orlando, Florida, November 13-16, 2021. We all hope
that it will proceed in person, and that the worst of the

pandemic will be behind us. MM

ONE PICTURE = 1,000 WORDS

Drug Overdose Deaths
Soar Nearly 30% in 2020

93,331 people
died of drug overdoses
in the U.S. in 2020

[ 1980

Source: Centers for Disease Control and Prevention

2020 |
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ALLIANCE

Reflections on My AMA Alliance

Presidential Year

by Sue Ann Greco, Immediate Past AMA Allianc

Now that I finally have a chance to sit and catch
my breath, I can seriously say my tenure as president
of the AMA Alliance this past year was challenging
but exhilarating. We started out the year saying we
would make lemonade out of lemons, and we did! Our
bi-monthly Zoom calls on various subjects throughout
the year helped us stay in touch and get to
know each other in a new way. As physician
spouses, we experienced COVID from a
truly unique perspective. Many of us had
spouses who were on the front line, or at
least never missed a day of going into the
office.

This past year was challenging to all
types of member organizations. The AMA
Alliance found that the key to keeping our
members engaged was to present content
meaningful to them at this point in their
lives.

One of our first presentations
was on dealing with the challenge of
homeschooling children. Long time AMA
Alliance member Debbi Ricks, suggested
her daughter, an education specialist, as a
presenter. Members on the call, both young
and old, offered advice. It was truly a
chance to share an experience that was new

to everyone.

As the year went on, we reached out to
AMA members and staff to present content
on COVID and related topics to keep our
members informed. This gave us a chance
to really strengthen our partnership with
AMA. Throughout the year we used social
media to get AMA’s messages out to our
members and to support their MaskUp

program.

We also encouraged state and county
Alliance affiliates to stay engaged with
their local members through Zoom and
small social distancing projects. It was
amazing to see what some counties were
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able to accomplish, including our own counties here
in Missouri. Greene county won the Health Awareness
Promotion award for their billboard thanking essential
workers. St. Louis County used a Health Policy
Promotion Grant to thank essential frontline workers
at two local hospitals with treat bags.

Congratulates
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Correspondence

Cannabis Harmful & Unhealthy:
Oppose Recreational Use in Missouri

I want to comment on the article by Eric A. Voth,
MD, “Physicians Warn Cannabis Can Cause Serious
Health Hazards,” Missouri Medicine 2021 May-June
118 (3):203-205. Dr. Voth stressed and documented
the negative and serious health hazards of the use of
marijuana such as psychosis and paranoia resulting in
violent behavior. Also noted was increased depression
with a threefold risk of suicide in young people. Low
body weight and future cognitive and emotional
problems are negative effects associated with neonatal
exposure. Dr. Voth discusses the negative neurological
consequences on brain structure and function that
increase the “likelihood” of addiction.

States that have marijuana programs have 23%
higher opioid overdose death than states without
(ref.19 in the Voth paper). More visits to emergency
department, more hospitalizations, traffic fatalities and
the Cannabis Hyperemesis Syndrome, potentially fatal,
have been observed. This alone should call the attention
of physicians, parents, and teachers. Drug abuse should
be treated medically, patients should not be treated as
criminals and drugs should remain controlled until
evidence shows that they are not harmful. References
supporting these claims are in the paper.

Popular culture and the cannabis industry describe
the effects of marijuana as producing relaxing, peaceful,

CORRESPONDENCE

and nonviolent behavior, ignoring Dr. Voth’s cited
data. Lack of motivation and low energy levels have
devastating effects on the lives of young people affecting
their present performance and their future development
and maturity. I always remember one young patient
who started marijuana during his military wartime
service, he could not tell what he did with his life
during the past ten years previous to the interview. He
said: “I was empty, ten years were lost, I don't know
what happened.”
We commend International Academy on the
Science & Impact of Cannabis (IASIC) physicians
for their effort researching and utilizing data to slow
and reverse the proliferation of recreational/medicinal
cannabis. I ask MSMA members to act to keep high
THC recreational marijuana from legalization in our
state of Missouri. Our population needs motivation,
ideals, work, and physical activity to face reality and
to live a full and productive life. As the Roman poet
Juvenal told us, we should strive for a “Mens sana in
corpore sano” (A healthy mind in a healthy body).
To give access to another mind-altering drug that
increasingly reaches younger and younger people is
dangerous and irresponsible.
Juan C. Corvalan, MD
Distinguished Life Fellow
American Psychiatric Association
St. Louis, Missouri

MM

AMA Alliance, continued

One thing we learned this past year is that
physician families are very resilient. Physician spouses
have always had to adapt to their spouses’ long hours
and career paths, but during COVID, we had to adapt
to the fact that our spouses were putting themselves
in harm’s way on a daily basis. That is why keeping
our connection to our members this past year was so
important. We all supported each other and helped
keep each other informed about the latest news about
the virus and vaccinations. We became role models for
our communities. I hope Alliance members can always
be seen as positive influencers when it comes to public
health.

I would like to take this opportunity to thank the
members of the Missouri State Medical Association

and the MSMA Alliance for all the support you have
given me this past year. Many of you stepped up to
work at the national level, and I truly appreciated
having you by my side.

I want to especially thank MSMAA and MSMA
for honoring me at the end of my term. Knowing
that I had my state and county Alliances and medical
societies behind me meant more than I can possibly
express.

I wasn't born in Missouri, but it has been my
home for the past 40 years, and I am so proud of how
Missouri has represented itself through the both the
AMA Alliance and the AMA. Both organizations
truly make the health of our citizens their number
one priority.

MM
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MSMA MEMBERS IN THE NEWS

NEW MSMA MEMBERS!

Rabya Mian, MD - Allergy & Immunology — O’Fallon
John Swab, DO - Unspecified — Kansas City

Elizabeth Marsicano, MD - Gastro — Washington

Zahid Tarar, MD - Internal Medicine — Columbia
George Mansour, MD - Internal Medicine — St. Louis
Michael Feuerbacher, MD — Family Practice — Maryville
Brian Golightly, MD — Family Practice — Maryville
Virginia Nagy, MD - Family Practice — Lake Ozark

R. Stephen Griffith, MD — Family Practice — Kansas City
Holly Monroe, MD — Pediatrics — Columbia

Today - Do more of what you love

At Mercy Clinic, we span across four states with a team of more than 2,100 Mercy primary

top five largest U.S. Health Systems in 2017 by Truven, an IBM Watson Health Company and
we serve millions annually. Mercy includes 44 acute care and specialty (heart, children's,

more than 40,000 co-workers and more than 2,000 Mercy Clinic physician in Arkansas,
Kansas, Missouri and Oklahoma. Mercy also has outreach ministries in Arkansas, Louisiana,
Mississippi, and Texas.

To find out about Physician and Advanced Practitioners
openings across the Mercy System please contact:

Sara McCleary, Director of Physician Recruitment
Sara.McCleary@mercy.net | 417-556-8963

Or go to http://www.mercy.net/careers to search for
your specialty opportunities.

Mercy"i'l=

care and specialty care physicians, 600 advanced practitioners. Mercy was named one of the

orthopedic and rehab) hospitals, more than 700 physician practices and outpatient facilities,
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List of Specialties:

* Anesthesiology

= Cardiology -
Electrophysiology

= Cardiology -
Interventional

= Cardiology - Non-
Invasive

= Critical Care - Intensivist

* Dermatology

* Emergency Medicine

* Endocrinology

* Family Medicine

= Family Medicine - OB

* Gastroenterology

* General Surgery

= General Surgery - Breast
Surgery

= Geriatric Medicine

* Gynecology -
Urogynecology

* Hematology and
Oncology

= Hospitalist

* Infectious Disease

* Internal Medicine

* Maternal-Fetal Medicine

* Med-Peds

* Neonatology

* Nephrology

= Neurological Surgery

* Neurology

* Neurology -
Neuroimaging

* Obstetrics and
Gynecology

* Obstetrics and
Gynecology - OB
Hospitalist

* Occupational Medicine

* Oncology - Gynecological

Byron Law, DO - Family Practice — Kansas City

John Hall, MD — Dermatology — Prairie Village, Kansas
Daniel Keleti, MD — Radiation Oncology — Lee's Summit
Tria Wilhite, MD — Anesthesiology — Hannibal
Vincent Boston, MD — Emergency Medicine — St. Louis
Jean-Baptiste Le Pichon, MD — Child Neuro — Kansas City
Melissa Leimkuehler, MD - Diagnostic Rad — Kansas City
Michael Bauer, MD — Family Practice — Springfield
Joshua Mayer, DO - Internal Medicine — St. Louis
Diane Rankin, MD — Psychiatry — St. Louis

* Oncology - Surgical

* Ophthalmology

« Oral and Maxillofacial
Surgery

* Orthopaedic Surgery

* Orthopaedic Surgery
- Adult Reconstructive
Surgery

= Orthopaedic Surgery -
Hand Surgery

* Orthopaedic Surgery -
Trauma

= Otolaryngology

= Pain Medicine

= Palliative Care

* Pediatrics

* Pediatrics - Emergency
Medicine

* Pediatrics - Hospitalist

* Pediatrics -
Ophthalmology

= Pediatrics - Surgery

* Pediatrics - Urgent Care

= Physical Medicine and
Rehab

* Plastic Surgery

* Psychiatry

* Psychiatry - Child

* Pulmonary Disease

* Pulmonary Disease -
Critical Care

* Radiation Oncology

* Radiology

* Rheumatology

= Sleep Medicine

* Telemedicine

* Trauma Surgery

* Urgent Care

* Urology

= Vascular Surgery




New Missouri Medicine Editorial

Board Members

Andrew Bierhals, MD,
MPH, is the new Editorial Board
member for Radiology. Dr.
Bierhals is an Associate Professor
at Washington University School
of Medicine in St. Louis. He
replaces Amy Patel, MD, who is
stepping down due to a conflict
of interest policy with another
medical journal.

Missouri Medicine welcomes David J.
Haustein, MD, MBA, who is our new Physical
Medicine and Rehabilitation
Editorial Board member.

Dr. Haustein is an Associate
Professor, PMR, University
of Missouri-Columbia School
of Medicine and Associate
Dean of MU’s Springfield
Clinical Campus. He replaces
Gregory Worsowicz, MD,
who has joined the Mayo Clinic in Florida.

Beth Rosemergey, DO, is the new
Editorial Board member for Family Medicine.
Dr. Rosemergey practices
Community and Family
Medicine, Pediatrics, and Family
Care at the Bess Truman Family
Medicine Center and Maternal
Care Clinic, and the Truman
Medical Center Lakewood,
Kansas City, Missouri. She w
replaces Michael O’Dell, MD, -
who is retiring from practice. We thank Dr. O'Dell

for his service to Missouri Medicine.

Leonid Shunyakov, MD,
is the new Editorial Board
member for Hematology/
Oncology. He is board
certified in Hematology,
Internal Medicine, and
Oncology. He practices

MSMA MEMBERS IN THE NEWS

at Citizens Memorial Healthcare in Bolivar,

Missouri. He replaces Stephanie Graff, MD,
who has accepted a faculty position at Brown
University School of Medicine in Providence,

Rhode Island.

Past Missouri Medicine Editor is
Installed as President of the lllinois
State Medical Society

J. Regan Thomas, MD, Past Editor of
Missouri Medicine (1992-2000) was installed as
the Illinois State Medical Society
President for 2021-2022. In
addition to otolaryngology,
he is board-certified in facial
plastic and reconstructive
surgery. Dr. Thomas practices
at Northwestern Medicine,
Chicago, where he is a
professor of otolaryngology —
head and neck surgery at the
Northwestern Feinberg School of Medicine. He
earned his medical degree from University of
Missouri School of Medicine.

Seeking Pain Management Member
for Missouri Medicine Editorial Board

Missouri Medicine has an opening on the
editorial board in Pain Management. Applicants
must be active MSMA members, board certified,
and capable of high quality peer-reviews of pain
management manuscripts. Send CV to the
Editor at drjhagan3@gmail.com. All applications
must be submitted by September 1, 2021.

e ) Letters to the Editor
Submissions reflect readers’
opinions and may be edited
for length. Use in subject line:
“Letter to Editor.”

Email
e drihagan3@gmail.com
e [fleenor@msma.org
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MEDICAL | LEGAL

Be Careful What You Write:
Employment, Disability, and Healthcare
Law Considerations for Doctor’'s Notes

by Julianne Story, JD & Erica Ash, JD

Introduction

In a perfect world, employees would start
the interactive process of asking for employment
accommodations, including extended leave or a
remote work arrangement, for a health condition
before the condition affected their work. However,
often times employees do not disclose such issues to
their employers until after a performance problem
arises, and the employee believes their position is in
jeopardy. In some of those instances, a healthcare
providers’ certification stating that the employee
has a health condition requiring accommodation
can seem like a convenient excuse—especially when
medical certifications can be easily forged or simply
downloaded from a suspect website without ever
having been examined by a healthcare provider. These
issues are further complicated when the employer is a
medical practice or other covered entity.

Julianne Story, JD, (left), alabor and employment partner,
and Erica Ash, JD, (right), a healthcare regulatory associate,
from the Kansas City office of Husch Blackwell, wrote

this article. Husch Blackwell represents a full spectrum of
healthcare providers and ofther businesses in regulatory
compliance and litigation matters. The information
contained in this artficle should not be construed as

legal advice or a legal opinion on any specific facts or
circumstances. The contents are infended for general
information purposes only, and readers are encouraged fo
consult their own attorney concerning their specific situatfion
and specific legal questions.
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When facing these types of issues, employers and
healthcare providers must keep in mind certain legal
considerations, including 1) whether an employer
can require a certification from a healthcare provider
substantiating both the existence of a health condition
and the need for accommodation; 2) the extent
to which an employer can push back on suspect
certifications without violating employees’ rights; 3)
the consequences of providing a false certification to
a patient, either purposefully or because the patient
misrepresented their symptoms; and 4) patient privacy.

Employers-Considerations for Requiring a
Medical Examination and Certification

The Americans with Disabilities Act (“ADA”) and
the Missouri Human Rights Act (“‘MHRA?”) prohibit
employers from discriminating against individuals
with disabilities.! Furthermore, in situations where
an employee’s disability is also considered a “serious
health condition” under the Family and Medical Leave
Act (“FMLA”), an employer may be subject to the
requirements of both FMLA and the ADA.

The prohibitions in the ADA and MHRA against
discrimination apply to people with qualifying physical
and mental impairments and/or people who have a
record of such impairments. These laws also require
employers to make reasonable accommodations for
known limitations (disabilities) of otherwise qualified
applicants and employees, unless doing so poses
an undue hardship.? The ability of an employer to
inquire about health conditions varies depending on
the stage of the employment relationship. For pre-
employment applicants, the ADA generally restricts
medical inquiries and examinations by employers and
generally does not allow employers to make inquiries
likely to illicit information about potential disabilities
during the hiring process. Once the applicant is hired,
however, these laws allow employers to request medical
information in certain circumstances.

The U.S. Equal Employment Opportunity



Commission (“EEOC?) has stated that one specific
circumstance in which employers may request
medical information is when an employee requests
an accommodation for a medical condition,

which may occur as the first step in an “informal,
interactive process between the individual and

the employer.” In such a situation, under both

the ADA and FMLA, the employer may request
information sufficient to substantiate the limitation
or serious health condition, but may not ask for
information unrelated to the specific disability or
serious health condition. In other words, under
the ADA and/or MHRA, the employer’s inquiry
must be limited to the impairment and the job at
issue. It must be job-related and consistent with
business necessity.” Under the FMLA, the employer
“requests” needed information through the Health
Care Provider Certification form.

Documentation is sufficient if it substantiates
that the individual has a disability and needs the
accommodation requested. Specifically, sufficient
medical documentation should describe the
nature, severity, and duration of the impairment,
the activity or activities that the impairment
limits, the extent to which the impairment limits
the employee’s ability to perform the activity or
activities of the employee’s position, and should
also substantiate why the requested reasonable
accommodation is needed.® If the documentation
is not sufficient, the employer should explain to
the employee why it is insufficient and give the
employee time to get the needed information.
Absent express written authorization from the
employee, the employer should not contact the
healthcare provider directly to obtain the additional
information needed, and, for reasons more fully
explained below, the healthcare provider should
not provide such information unless the patient has
specifically authorized him/her in writing to do so.”

Employers—-Considerations for Suspect
Certifications

Suspected Employee Falsification

Employers may contact a medical provider
who has supposedly provided medical certification
in order to authenticate that document under
FMLA; however, the employer should first give
the employee an opportunity to clarify or cure

MEDICAL | LEGAL

any deficiencies with the documentation.® If the
employee fails to satisfactorily cure the deficiencies,
then the employer’s “authentication” must be limited
to the most basic, factual inquiry. Specifically, the
employer can give the health care provider a copy of
the certification and request the health care provider
to confirm that the document was, in fact, provided
and signed by that office/professional for the date(s)
in question. This employer contact should be made
by someone who is not in a direct supervisory role
of the employee in order to protect confidentiality
and minimize the possibility of improper use of the
information learned.

Suspected Healthcare Provider Falsification

A more difficult instance is when an employer
receives a certification that it believes is not accurate
or is suspect for some reason. Because healthcare
providers often have to rely on what a patient
tells them about their alleged symptoms, it can
be difficult for an employer to know whether the
provider knowingly falsified a medical certification
or simply documented the subjective reports of an
employee patient concerning the patient’s condition.

One simple way for an employer to check
whether the certification was provided by a
legitimate provider, as opposed to an online service
that sells fake certifications, is to ensure the provider
listed on the certification is licensed in the state
where the examination was performed. Typically,
states require that physicians are licensed in the state
where the patient is located if they are performing
medical examinations for treatment or diagnostic
purposes. Whether a provider holds a license
to practice in a particular state is usually readily
available to the public through the state’s licensing
body’s website (e.g. the Board of Healing Arts). If
the physician is not licensed in this state, it could
mean the certification was bought through a website
or that the provider should not be examining
patients in the state.

Applicability of Non-Medical Opinions

More often than false certifications, providers
will sometimes include non-medical opinions in
certifications. For example, a certification may
explain an illness and state that “this employee
should not be terminated” or, commonly in the
era of COVID-19, “this employee must continue
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in work from home status.” The former statement is
not a medical opinion regarding the employee’s health
condition. The latter could be related to a possible
accommodation of a medical condition but does not
link the possible accommodation to any medical need.
In short, both comments are intended to assist the
employee patient in maintaining employment, which
is not the provider’s role. An employer may consider
but is not obligated to abide by such statements.
Further, attempting to step outside the provider’s role
by offering non-medical opinions, detracts from the

provider’s credibility.

Healthcare Providers-Licensing
Considerations

Providing False Certifications

Many conditions require healthcare providers to
rely on the patient’s own report of their symptoms
(e.g. migraines). Thus, it can be difficult for providers
to ascertain the severity of the condition and whether
the patient is being truthful in all instances. That said,
it is important that physicians and other healthcare
providers take care in ensuring that they are not
misrepresenting a condition or committing fraud.

Under Missouri Revised Statute § 334.100,
the Missouri Board of Healing Arts may revoke a
physician’s license to practice medicine for “[m]
isconduct, fraud, misrepresentation, dishonesty,
unethical conduct or unprofessional conduct in
the performance of the functions or duties.” This
can include “[k]nowingly making, or causing to
be made, or aiding, or abetting in the making of, a
false statement in any . . . certificate or document
executed in connection with the practice of the person’s
profession[.]” Thus, if a physician were to knowingly
certify to an employer that a patient had a certain
condition, the physician could lose their license to
practice medicine in Missouri. Furthermore, if the
physician were licensed in more than one state, such
actions would likely cause all the states of licensure to
investigate the physician.

Patient Abandonment Considerations when
Terminating the Relationship

In extreme cases, physicians may consider
terminating the physician/patient relationship with
a patient who they believe is not being honest with
them or patients who ask them to misrepresent their
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condition to an employer. In such cases, if a physician
does not properly terminate the relationship to

ensure the patient has continuity of care, it could be
considered patient abandonment and the physician
could face discipline by the Missouri Board of Healing
Arts.

Prior to taking such extreme action; however,
physicians should: 1) counsel the patient and
explain why the provider does not think he/she
has a condition that would interfere with his/her
jobs 2) clearly document these interactions and the
patient’s response; 3) send a warning letter explaining
the health consequences of the patient’s continued
non-compliance and explain that it could lead to
termination of their relationship if not corrected
immediately; and 4) if none of these options get
through to the patient, the provider may terminate his/
her relationship with the patient but should first review
the network agreement with the patient’s insurance to
determine if there are any obligations to give the payor
notice or if any prohibitions exist.

In addition to contractual obligations in
terminating a physician/patient relationship, there
are state law requirements physicians must adhere to
in order to avoid patient abandonment. In Weiss ».
Rojanasathit, the Missouri Supreme Court explained
that:

The duty to attend the patient continues so long
as required unless the physician-patient relationship
is ended by 1) the mutual consent of the parties; 2)
the physician’s withdrawal after reasonable notice;

3) the dismissal of the physician by the patient; or

4) the cessation of the necessity that gave rise to the
relationship. Absent good cause to the contrary, where
the doctor knows or should know that a condition
exists that requires further medical attention to prevent
injurious consequences, the doctor must render such
attention or must see to it that some other competent
person. . .does so until the termination of the
physician-patient relationship.’

Generally speaking, reasonable notice when
terminating a physician/patient relationship should be
1) provided in writing; 2) allow the patient sufficient
notice to find a new physician (at least thirty days);
and 3) documentation of the notice should be retained,
keeping the return receipt and a copy of the letter in
the patient’s file should be standard practice in such
instances.



Health Care Providers—Privacy
Considerations

Healthcare Providers Disclosures to Employers
The information a provider may release to
an employer is governed by the Health Insurance
Portability and Accountability Act of 1996
(“HIPAA”) Privacy Rule and state confidentiality
laws. Generally, this rule applies to disclosures
made by a health care provider and not the
questions an employer may ask. If an employer
asks a health care provider directly for information
about an employee/patient, the provider cannot
give the employer the information without
patient authorization unless other laws require
them to release such information.'” Healthcare
organizations have been sanctioned for improperly
disclosing protected health information (“PHI”) to
an employer without patient authorization. Thus,
healthcare providers must be careful not to disclose
PHI. That said, if a health care provider receives a
picture or fax of a certification or note purporting
to be from the provider, they can verify whether the
provider did, in fact, provide such information.

Healthcare Providers as Employers

Because the Privacy Rule protects PHI and
not employment records, it can be confusing when
the employer is a healthcare provider. In those
instances, the employer may have access to both
employment records and PHI, and it is important
to maintain these records separately to ensure
that health records containing PHI are adequately
protected. This issue may arise when fellow
employees or supervisors look at other employees’
health records without authorization or a valid
reason to do so.

For example, suppose a nurse at a hospital
system presented a doctors’ note stating that the
nurse had tested positive for COVID and, thus,
needed to isolate for fourteen days. The nurse’s
supervisor remembers that this nurse presented a
similar note six months ago and is suspicious of
its validity. It would not be permissible for the
supervisor to look at the nurse’s medical record and
check the results of the nurse’s lab work without
the nurse’s express authorization to do so. If the
supervisor took such actions, it could be considered
an improper access of the employee’s medical record
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and would be impermissible under HIPAA. Ina
similar case, the Department of Health and Human
Services Office of Civil Rights (“OCR”) imposed
sanctions on a clinic when a supervisor accessed an
employee’s medical record. OCR explained that,
while the employee record was not protected by
HIPAA, the medical record was protected, and the
supervisor accessed PHI in the employee’s medical
record and shared it impermissibly. Thus, OCR
imposed sanctions and required the clinic to take
corrective action and retrain its staff regarding these
issues. !

The correct course of action in the example
described above would be for an employee who
was not the nurse’s direct supervisor to contact the
physician and ask whether the note was authentic
and from the time stated. Alternatively, the
nurse could authorize the physician to give the
supervisor or the human resources department such
information.

Conclusion

While the internet makes life much more
convenient, it can also make a false medical
certification much easier to obtain. However,
due to patient confidentiality requirements and
employment laws prohibiting discrimination,
employers and healthcare providers must use caution
in their communications about employee/patients’
health. As such, having robust policies in place and
following such policies when these issues arise is
imperative for compliance.
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The Last Word

The Flaws of Recent Omega-3
Clinical Trials Should Not
Prevent Their Use

by James DiNicolantonio, PharmD & James H. O'Keefe, MD

e appreciate the article by Khoukaz and

Fay suggesting that “The Jury is Still

Out” regarding fish oil supplements for
prevention of cardiovascular disease.! However, we
wanted to take this opportunity to reply to some
of their arguments in their article. The failure of
the OMEGA trial was not surprising as the rate of
sudden cardiac death was unexpectedly low.> The
ASCEND trial’ failed likely due to the low dose
of Lovaza that was used (1 gram/day), whereas the
REDUCE-IT* utilized 4 grams of Vascepa and found
a significant 25% reduction in the primary endpoint.
STRENGTH cannot be considered a complete failure,
as there was a significant 15% reduction in coronary
events in patients with established cardiovascular
disease at baseline.” If anything, STRENGTH teaches
us the difficulties for showing benefits with the use
of marine omega-3s when given to patients without
cardiovascular disease and in a short-term clinical
study (2.5 years from end of study recruitment to
study termination). OMEMI waited 2-8 weeks after
an acute MI had taken place before giving omega-3s,
a length of time that would have missed many of the
fatal or ischemic events that occur early after a MI.°

We believe there is sufficient evidence for the

use of marine omega-3s, especially for the secondary
prevention of cardiovascular disease. This is based
on decades worth of clinical studies indicating
reductions in all-cause mortality, sudden cardiac death,

James J.
DiNicolantonio,
PharmD, (left), and
James H. O’Keefe,
MD, (right), are at
Saint Luke's Mid
America Heart

Missouri.
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Institute, Kansas City,

and myocardial infarction in this clinical setting.”
Considering the safety of omega-3s, as well as their
benefits for reducing blood pressure, heart rate and
stabilizing atherosclerotic plaque, there should be
little reason to not prescribe them for the secondary
prevention of cardiovascular disease.””

We appreciate the opportunity to have an open
scientific debate with our esteemed colleagues and
thank them for their contribution to the scientific
literature.
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Fish Oil Supplements for Prevention
of Cardiovascular Disease:
Response to Opponents

by Hekmat B. Khoukaz, MD, Mojgan Golzy, PhD & William P. Fay, MD

t was a pleasure to read the “pro” article by

DiNicolantonio and O’Keefe,! and we commend

them for their numerous contributions in the field
of preventive cardiology. Nevertheless, we disagree
with several of their comments and conclusions
regarding the use of fish oil supplements to prevent
cardiovascular diseases.

Foremost, we object to the heavy use of secondary
endpoints to support their argument that “most
‘negative’ fish oil trials can actually be considered
positive.” DiNicolantonio and O’Keefe rely heavily on
secondary endpoints in making this statement because
many clinical trials have failed to find a beneficial effect
of EPA/DHA supplementation on primary endpoints,
which are the most consequential output of any clinical
trial. Secondary endpoints are important, as they
provide key information about an intervention, such
as its mechanism of action or associated toxicity. The
utility of secondary endpoints, particularly if they
are prespecified at the time of study design, is to help
interpret the study’s primary results and guide future

Hekmat B. Khoukaz, MD, (left), is in the Department
of Medicine; Mojgan Golzy, PhD, (center) isin the
Department of Health Management and Informatics
and the Biostatistics & Research Design Unit, and
William P. Fay, MD, (right), is in both the Departments
of Medicine and Medical Pharmacology and
Physiology, University of Missouri-Columbia School

of Medicine, Columbia, Missouri. Dr. Fay is also in
Research Service, Harry S Truman Memorial Veterans
Hospital, Columbia, Missouri.

research.”? However, secondary endpoints often lack
the statistical power of primary endpoints. As such,
they should not be used to interpret a clinical trial

as “positive” if there was no statistically significant
effect of the intervention on the study’s primary
endpoint.® Put another way, secondary endpoints are
at best suggestive, but they are not conclusive, and
they should not be used to override negative primary
endpoint results and adopt an intervention into clinical
practice.>*?

Similarly, an individual component (e.g.,
myocardial infarction, MI) of a study’s composite
primary endpoint (e.g., MI, stroke, or cardiovascular
death) should not be teased-out to interpret the study
as positive when the primary composite endpoint was
negative,” though such data can be used to support
hypotheses and inform future prospective studies.

Let’s discuss some specifics. Regarding the VITAL
study,'” the conclusion by DiNicolantonio and O’Keefe
that fish oil supplementation produced a “statistically
significant 17% reduction in death from coronary heart
disease” is incorrect, as Table 2 of this study shows that
the difference in coronary deaths between treatment
groups was statistically insignificant. Furthermore,
this parameter was neither a primary nor secondary
endpoint, which was specifically mentioned by
VITALs authors. In the case of ASCEND,!! vascular
death was an individual component of the composite
endpoint; as such, it does not provide rigorous evidence
of benefit. We are intrigued that our Kansas City
colleagues disapprove of including “soft events such
as hospitalization” in composite primary endpoints,
yet they do not criticize the JELIS™ or REDUCE-

IT" trials, positive fish oil studies, for including
hospitalization endpoints such as unstable angina in the

composite endpoint. Similarly, we find it surprising
that DiNicolantonio and O’Keefe refer to ASCEND
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as a “failure” because it found no significant effect of
n-3 fatty acid (FA) supplementation on the primary
composite endpoint of non-fatal M1, ischemic stroke,
transient ischemic attack, or vascular death. Negative
clinical trials are not failures, rather important
findings that help physicians and patients avoid the
cost and potential side-effects of treatments that do
not provide rigorously determined benefits. Our
opponents inaccurately state that “most deaths occur
early on after a myocardial infarction.” While the
risk of death is higher shortly after an MI than later,
this does not mean that most deaths occur within this
time window.

DiNicolantonio and O’Keefe cite the important
role of meta-analyses in formulating clinical practice
guidelines, with which we agree. In citing the meta-
analysis by Bernasconi et al.,'* " our opponents refer
to “the totality of this evidence regarding the cardiac
effects of omega-3 supplementation.” However,
the Bernasconi meta-analysis included trials that
were unblinded and lacked a placebo control.'?> !¢
Furthermore, a closer look at the 40 included trials
reveals that 9 of them (adding to 7,220 participants)
studied populations and/or diseases lacking any
cardiovascular connection.

For example, the FOSTAR trial studied the
effects of fish oil on knee osteoarthritis without
any assessment of cardiovascular outcomes.” Also
misleading is the statement by DiNicolantonio and
O’Keefe that “fish oil supplementation has decades
worth of evidence including a recent pooled analysis
of 17 prospective studies in 42,466 individuals,” as
these 17 studies were not randomized trials of n-3 FA
supplementation! Rather, they were epidemiologic
studies in which plasma n-3 FA levels (among many
other parameters) were measured and correlated with
risk of death.

In conclusion, we believe that currently available
evidence is still not sufficiently convincing to endorse
broad use of n-3 FAs to lower cardiovascular risk. We
hold our position of restrictive use pending new data
from refined clinical trials, as discussed in our “con”
article. Until then, uncontested benefit may lie in the
simplicity of recommending two meals of fish weekly
to our patients. We appreciate the opportunity to
participate in this scientific debate and commend our
colleagues for their thoughtful argumentation and
faithful disclosure of financial conflicts of interests.

324 | 118:3 | May/June 2021 | Missouri Medicine

References

1. DiNicolantonio J, O’Keefe JH. Does Fish Oil Reduce the Risk
of Cardiovascular Events and Death? Recent Level 1 Evidence Says
Yes: PRO: Fish Oil is Useful to Prevent or Treat Cardiovascular
Disease. Mo Med. May-Jun 2021;118(3):214-218.

2. Endpoints in asthma drug trials--what do they mean? Drug Ther
Bull. Mar 2006;44(3):21-4. doi:10.1136/dtb.2006.44321

3. Brown-Tuttle M. The Regulatory Strategist Toolbox: Clinical
Endpoint Analysis Tools. Regulatory Affairs Professionals Society.
Accessed 06/23, 2021. https://www.raps.org/news-and-articles/
news-articles/2018/9/the-regulatory-strategist-toolbox-clinical-
endpoi

4. Dmitrienko A, Tamhane AC, Bretz E. Multiple Testing Problems
in Pharmaceutical Statistics Preface. Ch Cre Biostat Ser. 2010;33:1-
33.

5. O’Neill RT. Secondary endpoints cannot be validly analyzed

if the primary endpoint does not demonstrate clear statistical
significance. Control Clin Trials. Dec 1997;18(6):550-6; discussion
561-7. doi:10.1016/s0197-2456(97)00075-5

6. EMA/CHMP/44762/2017 EMA. Guideline on multiplicity
issues in clinical trials. Accessed May 2021, https://www.ema.
europa.eu/en/documents/scientific-guideline/draft-guideline-
multiplicity-issues-clinical-trials_en.pdf

7. GUIDANCE D. Multiple endpoints in clinical trials guidance
for industry. Center for Biologics Evaluation and Research (CBER).
2017;

8. Freemantle N. Interpreting the results of secondary end points
and subgroup analyses in clinical trials: should we lock the

crazy aunt in the attic? BMJ. Apr 21 2001;322(7292):989-91.
doi:10.1136/bmj.322.7292.989

9. Moye LA. End-point interpretation in clinical trials: the case for
discipline. Control Clin Trials. Feb 1999;20(1):40-9; discussion
50-1. doi:10.1016/s0197-2456(98)00051-8

10. Manson JE, Cook NR, Lee IM, et al. Vitamin D Supplements
and Prevention of Cancer and Cardiovascular Disease. N Engl ]
Med. Jan 3 2019;380(1):33-44. doi:10.1056/NEJMoal809944
11. Group ASC, Bowman L, Matham M, et al. Effects of n-3 Fatty
Acid Supplements in Diabetes Mellitus. N Engl ] Med. Oct 18
2018;379(16):1540-1550. doi:10.1056/NEJMoa1804989

12. Yokoyama M, Origasa H, Matsuzaki M, et al. Effects

of eicosapentaenoic acid on major coronary events in
hypercholesterolaemic patients (JELIS): a randomised open-label,
blinded endpoint analysis. Lancet. Mar 31 2007;369(9567):1090-
8. doi:10.1016/S0140-6736(07)60527-3

13. Bhatt DL, Steg PG, Miller M, et al. Cardiovascular Risk
Reduction with Icosapent Ethyl for Hypertriglyceridemia. N Engl J
Med. Jan 3 2019;380(1):11-22. doi:10.1056/NEJMoa1812792

14. Bernasconi AA, Lavie CJ, Milani RV, Laukkanen JA. Omega-3
Benefits Remain Strong Post-STRENGTH. Mayo Clin Proc. May
2021;96(5):1371-1372. doi:10.1016/j.mayocp.2021.03.004

15. Bernasconi AA, Wiest MM, Lavie CJ, Milani RV, Laukkanen
JA. Effect of Omega-3 Dosage on Cardiovascular Outcomes: An
Updated Meta-Analysis and Meta-Regression of Interventional
Trials. Mayo Clin Proc. Feb 2021;96(2):304-313. doi:10.1016/j.
mayocp.2020.08.034

16. Dietary supplementation with n-3 polyunsaturated fatty acids
and vitamin E after myocardial infarction: results of the GISSI-
Prevenzione trial. Gruppo Italiano per lo Studio della Sopravvivenza
nell'Infarto miocardico. Lancet. Aug 7 1999;354(9177):447-55.
17. Hill CL, March LM, Aitken D, et al. Fish oil in knee
osteoarthritis: a randomised clinical trial of low dose versus

high dose. Ann Rheum Dis. Jan 2016;75(1):23-9. doi:10.1136/
annrheumdis-2014-207169

Disclosure
None reported.

MM



SCIENCE OF MEDICINE | FEATURE SERIES

SAINT LOUIS UNIVERSITY

HENRY AND AMELIA NASRALLAH
CENTER FOR NEUROSCIENCE

Center for Neurosciences
Responsive to Jesuit Catholic Mission
of Saint Louis University

by Daniela Salvemini, PhD

s director of the Henry and Amelia
Nasrallah Center for Neuroscience, I
welcome this opportunity in Missouri
Medicine, the Journal of the Missouri State Medical
Association, to introduce you to the Center,
its mission and scope, and a small sample of
the diverse and transformative research of its
members.

The Henry and Amelia Nasrallah Center for
Neuroscience, endowed in 2018, brings together
researchers and clinicians throughout Saint
Louis University who share a common interest
in the neurosciences. The center is comprised
of more than a 100 members across six schools
and colleges in 23 departments, institutes, and
centers.

Center scientists and clinicians focus on
fundamental questions relevant to the continued

health of our society:

Daniela Salvemini, PhD, is Director
of the Henry and Amelia Nasrallah
Center for Neuroscience, Saint

St. Louis, Missouri.

Louis University School of Medicine,

*  Understand how we sense and perceive
pain, to develop safer and more effective
non-opioid pain medications;

*  Understand how age-related dementias,
genetic disorders of the nervous system,
and injuries due to trauma or stroke
cause pathology, to develop new drugs to
delay or prevent dementia and promote
recovery from injury;

* Develop new ways to translate basic
research discoveries into clinical practice,
such as drugs, drug delivery systems, and
other medical devices;

* Identify new approaches to identify and
mitigate the effects of psychological
stress, depression, aging, and other
factors on cognitive function, to
improved neuro-psychiatric conditions
for underserved communities.

Together, these objectives are highly
responsive to the Jesuit Catholic mission of Saint
Louis University to serve the least fortunate and
most vulnerable among us.

The articles in this issue highlight some
of the work being advanced by research
labs in the Center, funded by the National
Institutes of Health and various foundations.
The Salvemini lab is pioneering research to
fill the need for non-opioid analgesics to treat
chronic pain. The Hawiger lab is pursuing novel
immunotherapeutic approaches to Multiple
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Collectively, such advances
will continue to revolutionize our
understanding of the nervous
system under physiological and

pathological settings and accelerate

discovery of new approaches to
treat and prevent disease and

impact patient care.

Sclerosis. The Ayala and Nguyen labs are secking
to develop innovative RNA-based therapies

for neurodegenerative diseases like Alzheimer’s
and amyotrophic lateral sclerosis. The Zustiak
lab is developing new models for brain tumors
using hydrogel technology to provide better
drug screening tools. Drs. Yosten, Kolar,
Salvemini, and Samson describe a strategy

to drive breakthroughs in drug development
targeting pathways controlling pain, diabetes,
appetite behaviors, infertility and obesity. And
Drs. Oberle, Postman, and van den Berk-Clark
describe recent advances in clinical interventions
for trauma in hospital, primary care, and
community settings.

Center faculty have a strong record of
publication, are recognized worldwide for
their research and clinical expertise, train
the next generation of clinical and research
neuroscientists, and are actively engaged
in outreach activities to improve the lives
of individuals experiencing the burden of
neurological disorders and injuries. Moreover,
we are entrepreneurial, creating novel SLU-
based start-ups, recognizing that private sector
investment is key to moving new medicines
forward to the marketplace to impact patient
care.

Building on the tremendous progress made
over the last decades, the future of neuroscience
continues to be highly exciting. Advances are
expected to be many and in multiple areas.
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For example: single

cell transcriptomics/
proteomics to expand
our understanding of
the huge diversity of
cell types within the
brain; high-resolution
microscopy to allow us
to visualize subcellular
compartments; use of
artificial intelligence
for disease diagnosis;
development of new
technologies to dissect
and understand specific
neuronal circuits;
integration of brain-
computer interfaces to improve patient health;
refined use of organoid systems to expand our
understanding of neuronal plasticity or use in
drug discovery screening efforts; development of
animal models that more closely mimic disease
in humans to further mechanistic understanding
and aid in neurotherapeutic development.

Collectively, such advances will continue to
revolutionize our understanding of the nervous
system under physiological and pathological
settings and accelerate discovery of new
approaches to treat and prevent disease and
impact patient care. Additional areas within
the neuroscience field are also anticipated to
grow as we move forward. For example, we are
already witnessing how systems neuroscience is
contributing to improved educational strategies
aimed at students with neurorelated disorders.

Interdisciplinary collaborative approaches
are key to the continued advancement of
neuroscience. Members of Henry and Amelia
Nasrallah Center for Neuroscience are poised
to make extraordinary contributions in the field
touching on multiple components from research
and patient care to education, outreach and
social justice.

Finally, I would like to express my deepest
gratitude to Joel Eissenberg, PhD, for all the
help and support he has given us while putting
together this issue and his dedication to our
efforts.
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Novel Non-Opioid Based Therapeutics
for Chronic Neuropathic Pain

by Timothy M. Doyle, PhD, Kathryn Braden, BS, Caron M. Harada, BS, Fatma Mufti, MS,
Rachel M. Schafer, BS & Daniela Salvemini, PhD

SAINT LOUIS UNIVERSITY

HENRY AND AMELIA NASRALLAH
CENTER FOR NEUROSCIENCE

Since there will never
be that “silver bullet”
to treat pain, we need
to continue to find
multiple avenues to
tailor our freatment

of chronic pain to the
patient.

Timothy M. Doyle, PhD, Kathryn
Braden, BS, Caron M. Harada, BS,
Fatma Mufti, MS, Rachel M.

Schafer, BS, and Daniela

Salvemini, PhD, (above), are
members of or are affiliated with the
Department of Pharmacology and
Physiology and the Henry and Amelia
Nasrallah Center for Neuroscience,
Saint Louis University School of
Medicine, St. Louis, Missouri.

Abstract

Chronic neuropathic pain
is currently a major health issue
in U.S. complicated by the
lack of non-opioid analgesic
alternatives. Our investigations
led to the discovery of major
signaling pathways involved
in the transition of acute to
chronic neuropathic pain and the
identification of several targets
for therapeutic intervention.
Our translational approach has
facilitated the advancement of
novel medicines for chronic
neuropathic pain that are in
advanced clinical development
and clinical trials.

Introduction

Neuropathic pain arises
from injury to peripheral nerves
following trauma, disease, or
toxin exposure. These conditions
are severe and can be chronic
and debilitating.! They are also
often associated with many co-
morbidities, such as depression and
anxiety.” Chronic neuropathic pain
is currently a major health issue in
the U.S. that affects an estimated
50 million people, with over 19.6
million suffering debilitating
chronic pain (high-impact chronic
pain)® and an economic burden
exceeding $600 billion.* Treatment
of neuropathic pain is complicated
by the lack of effective analgesics,
leaving patients and physicians to
rely on opioids that are themselves

limited by loss of efficacy during
long-term use, severe side effects
and strong abuse liability. ¢ The
mission of our investigative group
has been to define the underlying
mechanisms of chronic pain and
to find novel pharmacological
strategies to maintain opioid
efficacy and lower its adverse effects
while developing essential novel
non-narcotic therapeutics. Our
work has significantly impacted
the understanding of the role of
nitro-oxidative stress and several G
protein-coupled pathways in pain
(Figure 1). In this review, we will
encapsulate our work, highlighting
how it is leading to the next
generation of pain therapies.

Nitroxidative Stress

Beginning in the mid 1990s
and continuing over the last 25
years, we have identified a role
for nitro-oxidative stress in the
development and maintenance of
chronic pain. Nitro-oxidative stress
is an imbalance in the production
of reactive oxygen (e.g., superoxide)
and nitrogen (e.g., peroxynitrite)
species and their removal by
cellular antioxidant mechanisms
(e.g., superoxide dismutases).”
Injection of superoxide and
peroxynitrite into the hind paw of
a rodent produced painful thermal
hypersensitivity by activating
inflammation and cyclooxygenase-
dependent pro-nociceptive PGE2
synthesis in animal paws.® We
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Advanced to 2 NCI clinical trials
* NCI0941743
¢ NCI0394498

Sphingolipids/
S1PR1

SLU-based start-up
Biolntervene (founded 2014)
A;AR agonists in advanced clinical development

Adenosine/
A,AR

Chronic pain and
comorbidities

Nitro-
oxidative
stress

Opioid tolerance,
OIH and withdrawal
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P2YR14

Figure 1. Avenues our group has investigated fo idenfify underlying mechanisms of pain and adverse opioid effects in order

to develop novel strategies to freatf pain.

found that if levels of superoxide and peroxynitrite
are reduced using drugs that catalytically remove
superoxide and/or peroxynitrite (collectively referred
to catalysts), we could block the development of
painful hypersensitivities to thermal or mechanical
(e.g., mechano-allodynia and mechano-hyperalgesia)
stimuli in response to peripheral inflammation,”"
traumatic nerve injury,'’ chemotherapy-induced
neuropathy (CIPN)'> '3 or bone cancer.'* These
catalysts also reverse established neuropathic pain.' In
addition to their anti-nociceptive effects, superoxide/
peroxynitrite catalysts also protected opioid utility to
treat pain. Long-term morphine-induced tolerance to
its antinociceptive effects and a paradoxical opioid-
induced hypersensitivity (OIH) in animals; mimicking
adverse opioid effects in patients.”> ¢ We found these
phenomena can be prevented or reversed by catalysts in
animal models.” % 1518

Superoxide and peroxynitrite cause oxidative and
nitrative modifications to biomolecules that regulate
a variety of cellular pathways.”? Nitro-oxidative
stress drove inflammation in peripheral tissues that
led to inflammatory pain’ and axonal mitochondrial
dysfunction in sensory neurons, resulting in CIPN."

328 | 118:4 | July/August 2021 | Missouri Medicine

In the spinal cord, nitro-oxidative stress can sensitize
neurons by enhancing excitatory glutamatergic
neurotransmission via the N-methyl-d-aspartate
glutamate receptor.”? This occurs through nitration
and activation of glutamate receptors and nitration
and deactivation of glutamate channels and metabolic
enzymes that remove synaptic glutamate.”? We found
increased nitration of these proteins in the spinal
cord concurrent with pain that is attenuated when
painful hypersensitivities were blocked or reversed by
superoxide/peroxynitrite catalysts. Neuroinflammation
associated with opioid tolerance,” ¥ OIH," or
neuropathic pain'? was also blocked by superoxide/
peroxynitrite catalysts in rodents. We also discovered
oxidation and nitration of supraspinal met-enkephalin
(an endogenous opioid) disrupted its ability to inhibit
pain signaling at the spinal cord level."” Noteworthy,
local injections of a peroxynitrite decomposition
catalyst into supraspinal sites prevented met-enkephalin
modifications and restored descending inhibitory
signaling."

Superoxide and peroxynitrite maintain nitro-
oxidative stress in pain states by nitrating and
inactivating endogenous mitochondrial manganese



superoxide dismutase (MnSOD) that constitutes a
large part of a cell’s antioxidant capacity. In several
pain models, nitration and inactivation of this enzyme
occured in the spinal cord of animals with peripheral
inflammation®”?' and neuropathic pain'**® and in
the axons of peripheral nerves from animals with
neuropathic pain." Nitration and inactivation of
MnSOD were reduced at these sites in animals when
pain was attenuated with various catalysts.'> 20!

We are now seeing clinical trials of compounds
targeting nitro-oxidative stress in pain, such as the
Phase II CIPN trials of the SODms mangafodipir
and calmangafodipir (PLEDOx; PledPharma AB) and
Phase II trials of a potential peroxynitrite-targeting
therapeutic, ACP-044 (CERSCI Therapeutics, a
subsidiary of ACADIA Pharmaceuticals) for surgical,
osteoarthritic, and diabetic pain.

G Protein-Coupled Receptors

A major focus of our investigative group is now
on using or targeting G protein-coupled receptors
(GPCRs). GPCRs are membrane-bound receptors
containing seven transmembrane domains; their genes
make up about 4% of the human genome.* Their
signaling is transduced through guanine nucleotide-
binding proteins (G proteins) classified by their
alpha subunit and the ability to stimulate (Gas) or
inhibit (Gaii) cyclic AMP formation, activate protein
kinase C beta (Gag/11) or transduce Rho signaling
(Ga12/13).2% With as much as 34% of our current
FDA-approved drugs acting at GPCRs,* these
receptors are highly druggable. Our investigations have
now shed light on new roles in pain for four GPCRs:
S1PR1, A;AR, GPR160, and P2YR14.

S1PR1

S1PR1 is one of the five receptors (S1PR1-5) for
the sphingolipid, sphingosine-1-phosphate (S1P),
and couples to Gaii.”” S1P is formed by sphingosine
kinase phosphorylation of sphingosine generated from
ceramide produced by the enzymatic hydrolysis of
sphingomyelin or by de novo synthesis starting from
serine and palmitoyl CoA.” Fingolimod (FTY720)
is the first FDA-approved treatment for multiple
sclerosis (MS) and targets S1PR1 signaling by reducing
lymphocyte trafficking to the CNS and/or attenuating
astrocyte-specific neuroinflammation in MS.”

The role of sphingolipids in painful

hypersensitivities was not known until the early 2000s.
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Early studies identified a gain-of-function mutation
in serine palmitoyltransferase (first step reaction of the
de novo synthesis) as the cause of hereditary sensory
neuropathy in humans® and ceramide-induced
increased painful hypersensitivity in rodents.”” Studies
in peripheral nerves showed ceramide and S1P enhance
sensory neuron excitability.”” Then, a group of studies
found that SIPR1 activation produced antinociceptive
effects, leading to the notion that SIPR1 agonism
could be used to treat pain.”?! These findings were
based in part on the use of FTY720. As a S1P analog,
FTY720 acts as an agonist of SIPR1, 3, 4 and 5;
however, it also prevents SIPR1 from recycling back
to the plasma membrane, resulting in long-lasting
downregulation of SIPR1 and thus, FTY720 will act as
a functional S1PR1 antagonist.”

In contrast to analgesia conferred through
S1PR1 agonism, our investigations of sphingolipids
and S1PR1 found that intraplantar injections of
ceramide induced painful hypersensitivity in rats
by activating PGE, and TNF signaling, which was
readily attenuated by sphingosine kinase inhibitors,
anti-S1P antibodies, or SIPR1-specific antagonists.”
These pro-nociceptive effects of ceramide could be
recapitulated with intraplantar injections of S1P or
the SIPR1-specific agonist, SEW2871, which also
induced nitro-oxidative stress in the paw.”” In animal
models of inflammatory pain, FTY720 and selective
S1PRI antagonists attenuated painful hypersensitivity
and neutrophil infiltration into the paw.” Collectively,
these were transformative findings, as they were the first
to show S1PR1 antagonism, not SIPR1 agonism, was
anti-nociceptive. This was further supported in animal
models of neuropathic pain associated with CIPN,
bone cancer,’ and traumatic nerve injury.”” Moreover,
S1PR1 antagonists prevented opioid-induced
antinociceptive tolerance, OIH, and withdrawal in
animals to preserve the utility of opioids for pain
treatment. In cancer bone pain,*” bortezomib-induced
neuropathic pain,* and morphine withdrawal,** de
novo sphingolipid metabolism was active in the spinal
cord.

The effects of SIPR1 antagonists revealed
that SIPRI signaling is a major contributor to
neuroinflammation in the spinal cord following
chemotherapy,® % traumatic nerve injury®® or
morphine use.** %’ We now think this is due in part
to direct activation of the NOD-, LRR- and pyrin

domain-containing protein 3 (NLRP3) inflammasome
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and IL-1P signaling in the spinal cord.”® NLRP3 is

one of the inflammasome mechanisms that activate
caspase-1 for post-translational maturation of IL-1f.%
We found that intrathecal administration of SEW2871
increased NLRP3 expression, caspase 1 activation

and IL-1 maturation in the spinal cord.*® Blocking
NLRP3 or IL-1p signaling prevented SEW2871-
induced painful hypersensitivities as did SIPR1
antagonist (selective or functional) and genetic deletion
of SIPR1 in astrocytes.*

Over the last decade, several orally bioavailable
and CNS penetrant SIPR1 functional and competitive
antagonists have been developed.” Two S1PR1
functional antagonists are now FDA-approved
for the treatment of MS: the pro-drug FTY720
(Gilenya®, Novartis) approved in 2010 and ozanimod
(RPC1063, Zeposia®, Celgene) approved in 2020.*
S1PR1 competitive antagonists, such as NIBR-

15 and TASP0277308, are in advanced preclinical
development for a variety of disease states.”” Our work
in this field has now led to the two NCI clinical trials
(NCI0941743 and NCI0394498) to test the efficacy of
S1PRI antagonists in the prevention and treatment of
CIPN in breast cancer patients.

A,AR

Adenosine is released in response to physiological
stress and inflammation. It can act at four GPCRs (A1’
A,,, A, and A,).** Adenosine has been known for over
30 years to possess potent and long-lasting analgesic
effects in both preclinical and human subjects.® Pain
studies have focused solely on the role of A AR and
A AR in these analgesic effects.*” However, these targets
have not achieved clinical relevance due to adverse
cardiovascular side effects.*” With the development
of more specific A,AR agonists, such as IB-MECA
(50-fold selective for A/AR over A or A),AR), our
group began investigating adenosine A, receptor
(A,AR) as a potential target for treating chronic pain.*
AAR is expressed throughout the nervous system,
including neurons and glia.** A,AR couples to Gati
to inhibit cyclic AMP signaling and regulate MAPK
pathways.” In 2012, our investigations demonstrated
that IB-MECA and CI-IB-MECA reverse traumatic
nerve injury-induced neuropathic pain in rodents
without affecting normal protective nociception.!
This was further confirmed with the development of
even more highly selective A, AR agonists, MRS1898
and MRS5698 in models of traumatic nerve injury-
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and chemotherapy-induced neuropathic pain. The
antinociceptive effects of MRS5698 are abolished
in A/AR" mice or following administration of the
A_AR antagonist, MRS1 523. Importantly, AAR
agonists were effective at reversing traumatic nerve
injury-induced neuropathic pain whether administered
intradermally (paw ipsilateral to injury), intrathecally,
or directly into the RVM; indicating that A3AR
is functionally involved in the maintenance of
neuropathic pain at all levels of the pain pathway.**
Recently, we also found that A AR agonists prevented
the development of opioid-induced antinociceptive
tolerance, OIH and withdrawal.®

We found that the analgesic effects of A AR
agonists were mediated by several mechanisms that
contribute to their potency and efficacy as therapeutics.
A AR was able to inhibit neuropathic pain and adverse
morphine effects by suppressing glial activation and
pro-inflammatory cytokine production, such as IL-1
and TNE while increasing anti-inflammatory IL-
10.* A|AR agonists also inhibited NADPH oxidase
activity and activation of MAPK and NF«B signaling
in response to nerve injury,* which contributes
to inflammation and neuronal hyperexcitability.*
Following nerve injury, A;AR agonists were able to
prevent the inactivation of GLI-1 and glutamate
synthetase in the spinal cord and triggered GABAergic
signaling through direct modulation of GADG65 and
GAT-1 or indirectly through KCC2.%

The multiple molecular mechanisms underlying
A AR analgesics mirror those provided by opioid
therapies, but A3AR agonists avoid the tolerance and
abuse potential associated with opioids.” Importantly,
A AR agonists are currently in clinical trials for
inflammartory diseases and cancer with good safety
profiles,”* suggesting that the cardiovascular side
effects that have limited clinical use of adenosine
receptor therapy in the past can be overcome by
targeting the A AR for the treatment of neuropathic
pain. Our investigations have led to the founding of
Biolntervene, a Saint Louis University-based biotech
start-up, to identify potent and efficacious A,AR
agonists for clinical studies in pain.

CARTp/GPR160 in Pain

Recently, we discovered a role of GPR160 in
neuropathic pain.*® Investigation of GPR160 came
after unbiased receptomic canvassing for orphaned

GPCRes in pain suggested a role of GPR160 in pain.*



Follow-up PCR and RNA-Seq studies revealed up-
regulation of GPR160 in the dorsal spinal cord on the
side of nerve injury relative to the non-injured side.*®
When we blocked GPR160 signaling by gene silencing
or antibody neutralization, nerve injury-induced
neuropathic pain was reversed or prevented.” This
suggested for the first time that GPR160 contributed
to neuropathic pain.

However, as an orphaned GPCR, the ligand
for GPR160 was not known. We were able to
deorphanize GPR160 by identifying the cocaine- and
amphetamine-regulated transcript peptide (CARTp)
as its ligand.”® CARTp is an anorexigenic neuropeptide
and involved in many biological processes.>* CARTp
is processed into at least two bioactive peptides,
which are CARTp (55-102) and CARTp (62-102)
in animals.”>5* CARTp is expressed in unmyelinated
peptidergic sensory neurons that terminate mainly
in pain processing centers of the spinal cord.”® In our
studies, CARTp not only colocalized with GPR160 in
cells, but immunopreciptated with GPR160, suggesting
GPR160 was a receptor for CARTp.*® Early studies
in pain produced contradictory evidence for pro->¢
and anti-"""* nociceptive effects of CARTp in animals.
In our studies in mice, a single intrathecal injection
of CARTp induced painful hypersensitivities within
1 h after injection; suggesting CARTp was a pro-
nociceptive agent.*® Moreover, the effects of CARTp
were blocked when it or GPR160 were neutralized by
antibodies.”® This provides conclusive evidence that
CARTYp signaling is transduced by GPR160 to produce
a pain state in animals.

We are still investigating the mechanisms by
which CARTp/GPR160 signaling promotes chronic
pain. CARTp potentiates hyperalgesia mediated by
the excitatory glutamatergic receptor, N-methyl-d-
aspartate receptor (NMDAR).®" % CARTp also induces
phosphorylation of extracellular signal-regulated
kinase (ERK) and cAMP-response element binding
protein (CREB) in cell cultures® that contribute to
the development and maintenance of neuropathic pain
states.” In our CARTp-induced pain models, ERK
and CREB phosphorylation and signaling increased
in the spinal cords of mice, which was blocked by
attenuating GPR160 signaling.*®

A major focus now for our group is to identify
and develop small molecule GPR160 inhibitors for
which there are currently none. This will provide the
tools to define GPR160 function in pain, but more
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importantly, to develop molecules as potential non-
opioid drug candidates for clinical studies. We have no
reason to believe that interrupting GPR160 signaling
to treat pain would have adverse effects, as GPR160
knockout animals are do not exhibit adverse health
effects.”” Identifying small molecule GPR160 inhibitors
and linking CARTp to GPR160 affects not only pain,
but other diseases where CARTp plays a roles, such as
feeding disorders,*® substance abuse,*® and depression.’

P2Y14 Receptor

The P2Y14 receptor (P2RY14) is a purinergic
Gati-coupled GPCR that binds nucleotide-sugars, such
as UDP-glucose.”” P2RY14 protein is found in nervous
and immune tissues’’”* and its transcript is found in
glial cells within the rat dorsal root ganglia and spinal
cord,” and in murine microglial cell lines.”*

There is evidence of the involvement of P2RY14 in
pain. In rat traumatic nerve injury-induced” and post-
surgical’® pain models, P2RY14 transcript levels were
found to increase on the same side of the spinal cord as
the nerve injury. P2RY14 elevation was also observed
in the rat trigeminal ganglia in an inflammatory pain
model after a complete Freund’s adjuvant (CFA)
injection.”” Attenuating P2RY14 signaling with an
antisense-locked nucleic acid also reduced traumatic
nerve injury-induced neuropathic pain.”” In our
studies, we found that administration of P2RY14
antagonists reversed traumatic nerve injury-induced
neuropathic pain in a dose-dependent manner.””

Apart from inhibiting cAMP signaling,”® 7 the
signaling pathways and effects of P2RY14 activation
are not well characterized. Some studies observed
increased P2RY14-dependent ERK,’® % p38,%° and
JNK?*® phosphorylation in cell culture. UDP-glucose
induced RhoA activation and chemotaxis in human
neutrophils.®” ¥ However, not much is known about
the role of P2RY14 in the nervous system. Current
evidence suggests its involvement in neuroimmune
responses. For example, P2RY14 transcripts increased
in various areas of rat brain after an acute bacterial
endotoxin challenge.®>”! In CFA pain models, the
P2Y14R antagonist, PPTN, attenuated the production
of proinflammatory cytokines IL-18, CCL2, and
TNFa in the trigeminal ganglia.*

Several P2RY14 antagonists, with varying
potencies and bioavailabilities, have been developed.
One main group is naphthoic acid derivatives, which
includes aforementioned PPTN and its analogues.®
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However, this is an area ripe for developing novel
small molecules that can be advanced as candidate
drugs for clinical studies for pain. Our current focus
is identifying such molecules and assessing their
effectiveness in pre-clinical studies.

Conclusion

In light of the current opioid epidemic, an
increasing aging population, and the lack of adequate
therapies to combat pain, we will continue to be
faced with the social and economic tolls that chronic
neuropathic pain exacts on our society. We anticipate
that our work will produce much-needed clinical
solutions to the unmet medical need. Since there will
never be that “silver bullet” to treat pain, we need
to continue to find multiple avenues to tailor our
treatment of chronic pain to the patient.
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Abstract

Despite substantial
progress in developing new
immunotherapies against
multiple sclerosis (MS), currently
available immunotherapies
are only partially effective for
this debilitating neurological
disease, thus necessitating new
therapeutic approaches. Here,
we review the immunotherapies
already approved for MS as well
as relevant clinical trials. Further,
we present some experimental
approaches that are currently
being developed and are focused
on modulating the functions of
dendritic cells and regulatory T
cells.

Introduction

Multiple sclerosis (MS) is
a complex autoimmune disease
characterized by inflammation
of the central nervous system
(CNS). It is caused by immune
cells that attack components of
the myelin sheath surrounding
the neuronal axons of the nerves,
resulting in demyelination and
neurologic dysfunction. Although
some patients with MS suffer
from the primary-progressive
form characterized by its steady
progression, most cases of MS
are characterized by a relapsing-
remitting disease course. However,
many MS patients eventually
develop secondary-progressive MS,
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resulting in a steady progression
of symptoms.”* While the causes
of MS remain elusive, both
genetic and environmental factors
contribute. It is clear, however,
that the key processes leading

to MS depend on an aberrant
immune response directed
against specific antigens derived
from components of the CNS.*

¢ This autoimmune process is
initiated when specialized antigen
presenting cells (APCs) such

as conventional dendritic cells
(cDCs) activate autoreactive
CD4* T lymphocytes (cells).
Such neural antigen-specific
(encephalitogenic) CD4" T cells
can enter the CNS and become
additionally re-activated and also
recruit other effector cells, such
as CD8" T cells, establishing

an inflammatory lesion. In
addition, CD4* T cells orchestrate
functions of autoreactive B cells
that, along with natural killer
(NK) cells and macrophages,

also contribute to MS
immunopathology."* Given the
multi-faceted autoimmune nature
of MS, multiple FDA-approved
disease-modifying therapies
(DMTs) that reduce relapses

and slow disease progression

of the relapsing-remitting and
secondary-progressive MS have
been developed to modulate the
inflammatory immune response
that drives MS pathogenesis.



Further, intense research involving experimental
animal models of MS may result in improved future
therapy options for patients. In this article, we discuss
the immunological mechanisms of current FDA-
approved DMTs and some ongoing clinical trials,

as well as provide an overview of the relevant pre-
clinical research focusing on work by our own group
afliliated with the Saint Louis University Center for
Neuroscience.

FDA-Approved Disease-Modifying
Therapies

The available treatments for MS aim to achieve at
least one of the two main goals: to restore functions
that were lost as a result of specific disease processes
and to prevent further tissue damage by blocking the
underlying aberrant activity of the immune system.
Immunotherapies are crucial for any treatment
options because long-term success of MS therapy
ultimately depends on limiting the underlying
autoimmune process. Beta-inteferon (currently
available in three forms: IFN-B-1b, IFN-§-1a, and
pegylated-IFN-B-1b) was approved by the FDA in
1993 as the first DMT for MS and remains a first-
line treatment.” Although not completely understood
in the context of MS, IFN-f exerts broad anti-
inflammatory and immunomodulatory effects. By
altering several aspects of dendritic cell (DC) biology,
a type of APC crucial for antigen presentation and
expression of costimulatory molecules and cytokines,
IFN-B treatment limits effector CD4* and CD8* T
cell responses. It may also enhance development of
regulatory T cells (Tregs) that are key to restraining
effector T cell functions.”” Further, IFN-B dampens
B cell responses by maintaining a population
of regulatory B cells and inducing apoptosis of
pathogenic memory B cells.'®!!

Another first-line therapy is glatiramer acetate
(GA), a mixture of synthetic polypeptides consisting
of four amino acids found in myelin basic protein:
glutamic acid, lysine, alanine and tyrosine.® Like
IFN-B, GA exerts broad immunomodulatory
effects that are incompletely understood. GA binds
indiscriminately to major histocompatibility complex
(MHC) class II molecules on DCs and other APCs,
thus competing for binding with myelin-derived
peptides.® Although it is unclear how, GA treatment
results in the skewing of autoreactive T cells away
from the pathogenic effector T cell responses and
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towards regulatory functions.'>"? Other broadly
immunomodulatory DMTs include dimethyl
fumarate (DMF) and its bioequivalent diroximel
fumarate, which activate the antioxidant nuclear
erythroid 2-related factor 2 (Nrf2) transcriptional
pathway.®!* The effects of these fumarates include
changes in the differentiation of various effector CD4*
T cells (specifically a shift from T helper Th1/Th17

to Th2 profile), an expansion of Tregs, and additional
inhibition of B and NK cell responses.®

There are multiple DMTs that prevent
lymphocyte migration, thus preventing effector T
cells from crossing the blood-brain barrier. Four of
these are sphingosine-1-phosphate (S1P) receptor
modulators: fingolimod, siponimod, ozanimod, and
ponesimod. S1P forms a gradient in the blood to
promote lymphocyte egress from secondary lymphoid
tissues through S1P receptor 1 (S1PR1) signaling."
Fingolimod (FTY720) is structurally similar to
naturally occurring S1P and can be phosphorylated,
allowing it to bind to SIPRs. This results in receptor
internalization and the eventual proteasomal
degradation of SIPR1."®" This inhibits lymphocytes
from leaving lymph nodes and entering the central
nervous system, thus preventing relapses. Fingolimod
was approved as the first oral medication for MS by
the FDA in 2010.8 Potential side effects of fingolimod
include bradycardia due to S1PR3 signaling, so more
specific S1P receptor modulators were developed,
including siponimod (approved in 2019), ozanimod
(approved in 2020), and ponesimod (approved
in 2021).%'%2% S1P receptor modulators may also
have additional therapeutic benefits by reducing
neuropathic pain.?*!

Another DMT that prevents the entry of
immune cells into the CNS is natalizumab, which
was approved in 2006.% Natalizumab is a monoclonal
antibody that binds to o,-integrin. In MS, this
prevents interactions between vascular cell adhesion
molecule-1 (VCAM-1) and o -integrin (very late
antigen-4). VCAM-1 is expressed by blood vessel
endothelial cells at sites of inflammation and binds to
a3, -integrin-expressing leukocytes, allowing for the
trans-migration of immune cells across the blood-
brain barrier. Natalizumab disrupts this interaction,
thus preventing the transmigration of leukocytes,
including activated auto-reactive T cells, into the

CNS.»
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Another family of DMTs works by depleting
lymphocytes that are involved in MS pathology.
Ocrelizumab, which was approved in 2017 as the first
DMT for primary progressive MS, is a monoclonal
antibody that binds to CD20 expressed on immature
and mature B cells, thus leading to their depletion.®
Alemtuzumab is a monoclonal antibody specific for
CD52, which is expressed at high levels on activated B
and T cells. Alemtuzumab binding leads to antibody-
dependent, cell-mediated cytolysis and complement-
dependent cytolysis of the targeted cells.®

Several DMTs work by suppressing the
proliferation of activated T and B cells. Mitoxantrone,
a synthetic anthracenedione derivate, was approved
for the treatment of MS in 2000 and acts as a
type II topoisomerase inhibitor.® By disrupting
DNA synthesis and DNA repair, mitoxantrone
promotes the death of proliferating T and B cells.**
Cladribine is a purine analogue that is taken up
into rapidly proliferating cells, including activated
lymphocytes, and incorporated into DNA during
synthesis, resulting in DNA strand breakage and
apoptosis.® Teriflunomide inhibits de novo pyrimidine
synthesis by blocking the enzyme dihydroorotate
dehydrogenase, which also leads to the apoptosis of
proliferating T and B cells.®

Clinical Trials of Interest

While there are several ongoing clinical trials
investigating therapies similar to already approved
DMTs, there are quite a few therapies in development
with novel mechanisms of action. Like many of the
approved DMTs, some of these therapies have broad
immunomodulatory effects. A phase III clinical trial
(NCT03896217) is currently investigating the use
of simvastatin in secondary progressive MS (SPMS).
Simvastatin is an HMG-CoA reductase inhibitor
(statin) commonly used for hyperlipidemia, but
statins also exert anti-inflammatory effects such as
reducing MHC class II antigen presentation, altering
DC maturation and reducing effector CD4* T cell
responses. Statins also prevent leukocyte migration
across the blood-brain barrier, further making them a
promising treatment for MS.*> A phase II trial showed
treatment with high-dose simvastatin reduced SPMS
progression, thus advancing it to phase III testing.”®
Another ongoing phase I1I trial (NCT04291456) is
investigating the use of minocycline which reduces
the conversion from clinically isolated syndrome
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to multiple sclerosis.”” Minocycline is a tetracycline
antibiotic with broad immunomodulatory effects that
include reducing microglial activation and preventing
leukocytes from crossing the blood-brain barrier by
inhibiting matrix metalloproteinases (MMPs).* The
recently completed phase II trial of ibudilast, a small
molecule phosphodiesterase inhibitor, in progressive
MS slowed progression of brain atrophy.” Ibudilast
inhibits macrophage migration inhibitor factor
(MIF), reduces IL-1B, TNF-a and IL-6 production,
and functions as a TLR4 antagonist. Although it is
not completely understood, it is thought that these
functions reduce neuroinflammation.”

Other clinical trials are using more
targeted antigen-specific approaches to
reduce neuroinflammation. Two phase I trials
(NCT02618902 and NCT02903537) are
investigating autologous myelin peptide-pulsed
monocyte-derived dendritic cells (moDCs) tolerized
with 10,25 dihydroxyvitamin D, (tolDC-VitD3) in
multiple sclerosis patients.’® This approach, which
has also been used for rheumatoid arthritis, type 1
diabetes, and Crohn’s disease, aims to induce antigen-
specific T cell tolerance that may modulate the MS
disease course. A similar approach using autologous
moDCs tolerized with dexamethasone for patients
with neuromyelitis optica spectrum disorders and MS
showed altered immune profiles following treatment,
although better moDC-tolerizing conditions may
need to be developed.®! A different approach to
achieve antigen-specific tolerance is being used in the
Phase II trial of the TCR peptide vaccine NeuroVax™
(NCT02057159). This trivalent vaccine consists
of three peptides (BV5S2, BV6S5, and BV13S1)
emulsified in incomplete Freund’s adjuvant and
induces IL-10-secreting T regulatory 1 (Tr1) cells and
FoxP3* Tregs.*”

Experimental Approaches
at the Pre-Clinical Stage

Despite substantial progress in developing new
immunotherapies against MS, currently available
immunotherapy protocols are only partially effective,
and most of these approaches are burdened by
side effects. This necessitates new approaches for
immunomodulation of MS to specifically alter
the functions of offending immune cells without
impairing other immune responses such as those

against pathogenic microorganisms and tumors.?>3*
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Figure 1. Tolerogenic BTLA" conventional dendritic cells (cDCs) express the lectin
receptor DEC-205, which can serve as a targeft for specifically delivering antigens for

Immunization with
neural antigens such as
myelin oligodendrocyte
glycoprotein (MOG),
myelin basic protein
(MBP) or proteolipid
protein (PLP) leads to
different variants of
EAE resembling the
human progressive

and relapsing—
remitting forms of
MS.?* In contrast,

the introduction of
MOG, MBP and PLP
in a non-immunogenic
context blocks the
corresponding forms
of EAE.»3%3 However,
administration of such
antigens without control
over which APCs will
present them to T

their presentation to T cells with engineered recombinant chimeric antibodies. The
constant regions of such DEC-205-specific chimeric antibodies are fused with a defined
antigen of choice, such as myelin oligodendrocyte glycoprotein (MOG), that is then
processed by BTLANDEC-205* cDCs and presented on major histocompatibility molecules
(MHC:s) for their subsequent recognition by encephalitogenic T cells. Such specific
targeting of encephalitogenic antigens to tolerogenic BTLAM cDCs results in the BTLA-
dependent induction of peripheral regulatory T cells (pTregs) that block autoimmune
responses mediated by encephalitogenic autoimmune effectors.

cells in vivo may not
guarantee the ultimate
therapeutic results.
Alternatively, some early
experimental approaches
relied on transfers of

There are two main considerations guiding these
approaches. First, the neural-derived antigens

are specifically recognized only by corresponding
encephalitogenic T cells but no other T cells.
Second, such specific antigens need to be delivered
in a “tolerogenic” context that eventually leads

to an elimination or functional inactivation of
antigen-activated encephalitogenic T cells. Previous
research from various groups showed the efficacy
of specific neural antigens in an animal model of
MS, experimental autoimmune encephalomyelitis
(EAE).* The characteristic neural inflammation
resulting from infiltration of nervous tissues by
perivascular CD4* T and other immune cells,
eventually leading to clinical symptoms of ascending
paralysis, makes EAE a relevant model for MS

and a powerful model of immune regulation of
Th1 and Th17-dependent autoimmunity.?>’

autologous DC with
tolerogenic functions
induced in vitro, and similar approaches are now in
clinical trials as discussed above.?**" These therapeutic
outcomes can be improved by the specific delivery

of antigens to APCs with specialized tolerogenic
functions in vivo, thus allowing for better control

of the ensuing immunological processes such as the
de novo induction of antigen-specific peripheral
regulatory T cells (pTregs).>** In contrast to the
earlier described and well-established roles of Tregs

of a thymic origin (tTregs), the functions of pTregs,
although crucial, still remain less characterized.
In general, Tregs play a pivotal role in protection
and recovery from EAE and MS by suppressing
autoreactive T cells, and functional defects of
Tregs have been implicated in MS pathogenesis.?
However, specific pro-inflammatory autoimmune
activation can overwhelm tTreg functions. Resembling
the sudden onset of MS in patients, the robust

5
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triggering of MS-like EAE in healthy animals
indicates that the functions of tTregs are unable to
block encephalitogenic T cell activation. In contrast,
neuroinflammation can be ameliorated or even
completely prevented by antigen-specific pTregs
that are formed extrathymically in the peripheral
immune system during specific tolerogenic responses
to relevant neuronal antigens. Research from our
group established that such neural antigen-specific
pTregs are induced by a specialized type of ¢cDC and
confer a long-lasting tolerance that prevents EAE.*"#?
Although ¢DCs were initially described as having key
roles in priming of effector T cells during immune
and autoimmune responses, some cDCs have natural
tolerogenic properties that help regulate such effector
T cells. These cDCs have been referred to as natural
tolerogenic cDCs (ntDCs) to distinguish them from
cDCs whose tolerogenic functions can be induced
by specific treatments including those administered
ex vivo as discussed above and as we reviewed
previously.* The ntDCs with tolerogenic functions
express B and T lymphocyte associated (BTLA)
protein, and we defined the specific mechanisms
engaged by BTLA that result in enhanced formation
of pTregs with anti-autoimmune functions in
EAE.?># Therefore, further manipulation of these
specific BTLA-mediated mechanisms could open new
avenues for immunomodulation via manipulating
specific formation and functions of relevant pTregs.
Tolerogenic BTLA" cDCs also express a lectin
receptor DEC-205 that can serve as a specific target
in strategies for delivering antigens in vivo for their
presentation to T cells. We previously pioneered an
approach that depends on engineered recombinant
chimeric antibodies specific for DEC-205 that also
carry peptides for their subsequent recognition by
encephalitogenic T cells (discussed in****4%). This anti-
DEC-205 chimeric antibody is comprised of variable
(V) regions derived from monoclonal antibodies
specific for DEC-205 that are fused with the species-
specific heavy and light constant (C) regions derived
from separate immunoglobulins. A similar design is
found in antibodies used for therapeutic purposes
such as the anti-tumor checkpoint blockades.?***
Importantly, the constant regions of the DEC-
205-specific chimeric antibody are also genetically
fused with a defined antigen of choice that is
then processed by ¢cDCs and presented on major
histocompatibility molecules for its recognition by T
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cells.*# Such specifically targeted encephalitogenic
antigens delivered to tolerogenic BTLAMDEC-205*
cDCs induce pTregs that block encephalitogenic
autoimmune effectors (Figure 1).3** Importantly,
pTregs that are induced systemically in the secondary
immune organs can suppress local effector responses
in the CNS.>>*! Overall, these approaches allow for
highly specific immunomodulation that is focused
only on autoreactive encephalitogenic T cells without
impairing other immune responses. The importance
of well-controlled immunomodulation is further
underscored by our most recent results that uncovered
a concomitant induction of T cells with regulatory
and also effector autoimmune properties under
normal homeostatic conditions.”> These findings
further highlight the importance of therapeutic
interventions aimed at APCs with specific tolerogenic
properties for novel efficient immunotherapies that
can minimize potential risks of overstimulating
potentially harmful T cells. Overall, results of this
basic research are likely to inform future therapeutic
approaches that will be more selective and have fewer
side effects.
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Abstract

Most neurodegenerative
disorders afflict the ageing
population and are often
incurable. Therefore, therapeutic
development is a major focus
in biomedical research. We
highlight a new class of drugs,
RINA molecules, to control
gene expression and decrease
neurotoxicity. Their efficacy is
shown in pre-clinical studies,
clinical trials and in cases of
approved patient treatment.
As the number of RNA-based
strategies increases, so does
the promise of targeting more
disease-associated genes through

a variety of different mechanisms.

Introduction
Neurodegenerative diseases
encompass a heterogenous
group of diseases that involve
progressive degeneration of the
nervous system. They include
more common forms such as
Alzheimer’s disease (AD) and
Parkinson’s disease (PD), as well
as less common forms including
Huntington’s disease (HD),
frontotemporal dementia (FTD),
amyotrophic lateral sclerosis (ALS),
spinal muscular atrophy (SMA),
and others. There are currently
few therapeutic options for these
neurological disorders and most
are incurable. A common, but not
universal feature, is aggregation
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of specific proteins including
tau (in AD and FTD), amyloid
beta (AD), a-synuclein (PD),
huntingtin (HD), and TDP-
43 (FTD and ALS). For many
of these neurodegenerative
diseases, inherited forms exist and
multiple gene mutations have
been identified. Generally, these
mutations result in either gain-of-
toxic function or loss-of-function.
At the cellular level, gain-of-
toxic function mutations lead to
production of aberrant mutant
proteins (such as huntingtin with
expanded polyglutamine repeats
in HD, SOD1 point mutations
in ALS, and C9ORF72 with
repeat expansions in ALS and
FTD), which have detrimental
effects. On the other hand, loss-
of-function mutations can lead
to several different scenarios.
Fundamentally, they can result in
inadequate/insufficient production
of the protein encoded by the
mutated gene (such as progranulin
or C9ORF72 in FTD). Loss-of-
function mutations can also alter
protein homeostasis, including
protein processing (such as
amyloid beta in AD), protein
degradation (through autophagy
and the ubiquitin proteasome
system), and protein trafficking
(such as nucleocytoplasmic
transport and endolysosomal
transport in ALS and FTD).
Additionally, loss-of-function



mutations can result in changes in RNA metabolism,
as is case when the functional levels of the RNA
binding protein TDP-43 are reduced in ALS and FTD.

RNA-Based Therapies for
Neurodegenerative Diseases

RNA-based therapies present as attractive
therapeutic approaches for a number of these
neurodegenerative diseases because they enable highly
specific control of gene expression — either to reduce
levels of target proteins in situations of gain-of-toxic
function, or to increase levels of target proteins in
situations of loss-of-function mutations. For RNA
therapies, RNA molecules are designed to bind
specifically to their target RNAs through Watson-
Crick base pairing. In this way, RNA therapies can
be used to precisely target the molecular causes of
diseases and/or key pathogenic mechanisms. A major
advantage of RNA-based therapy is that it can directly
target any desired RNA, and thus it greatly expands
the realm of possible targets beyond traditional
druggable targets that are accessible to small molecule-
and antibody-based approaches (Figure 1).

RNA therapies largely fall into two classes
— antisense oligonucleotides (ASOs) and RNA
interference (RNAi). ASOs are single-stranded RNAs
that work by specifically binding to and modulating
their target RNAs for translation or turnover. The
use of ASOs to lower target protein levels was first
reported in 1978 by Mary Stephenson and Paul
Zamecnik,' but ASOs subsequently faced considerable
challenges in the 1980s. Following major advances
in ASO chemistry and delivery, ASOs made a
strong resurgence in the 1990s. There is currently
high enthusiasm for ASOs for neurodegenerative
diseases, with the recent FDA approval of nusinersen
(Spinraza) for SMA in 2016 and promising results in
ongoing clinical trials with ASOs targeting huntingtin
and SOD1.% In a more limited way, RNAI uses double
stranded RNA molecules for gene silencing. RNAi was
first reported in 1998 by Andrew Fire et al.,® who later
shared the Nobel prize in 2006 with Craig Mello for
this discovery. Two RNAi-based therapies — patisiran
and inotersen — received FDA approval in 2018 for
hereditary transthyretin-mediated amyloidosis.

Antisense drugs have been in used to study
neurological disorders for more than two decades and
improvements in the chemistry have extended the
lifetime of these reagents. DNA and specially RNA
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are highly unstable due to degradation by nucleases
present in all organisms. The efficacy of RNA
oligonucleotides as drugs is made possible by chemical
modifications to increase their stability, improve

RNA binding activity and enhance distribution.

To protect RNAs from nucleases, modifications are
commonly designed to the phosphate backbone and
ribose sugar. These and additional alterations have also
been applied to increase RNA binding affinity and
reduce toxicity.*> The most common modification

in therapeutic ASOs has been introduction of a
phosphorothioate backbone. Sugar modifications are
included at the ends of the oligonucleotides as an
additional way of preventing nuclease degradation
and enhancing RNA binding. The most common
substitutions are to the naturally occurring
2’-O-methyl and the synthetic 2’-O-methoxyethyl (2’-
MOE). These types of modifications have also been
introduced for the drugs tested in clinical trials and
those approved for patient use.

For neurological disorders, ASOs are commonly
delivered directly into the cerebral spinal fluid
(CSF). Clinically, ASOs are injected intrathecally
to the spinal canal to reach the CSE In pre-clinical
animal models, such as rodents, ASOs are typically
administered by direct intracerebroventricular
injection. These forms of delivery result in widespread
distribution of the molecules throughout the central
nervous system (CNS).!° Examination of ASO
distribution in nonhuman primates via CSF shows
distribution throughout the spinal cord and cortex'!
and deeper brain regions, such as the hippocampus,
pons and amygdala.”!!2

RNA-based therapies inherently have great
potential as a form of personalized medicine. RNA
therapies are versatile and can be designed to target
specific genes, and potentially even to target specific
patient mutations. In the case of ASOs, the most
commonly applied approach is to design ASOs to
downregulate protein levels (such as for SODI1,
huntingtin, and tau). This type of mechanism is
particularly useful for targeting mutant proteins with
gain-of-toxic function and key cellular pathways/
proteins involved in disease pathogenesis. ASOs can
also be designed to modulate splicing of the target
RNA (such as for the SMN2 RNA by nusinersen)
to effectively increase the levels of functional SMN
protein. Additionally, ASOs can be designed to block
microRNAs and degradation of mutant mRNAs
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Figure 1. Overview of Different Mechanisms of Action
of Different RNA Therapeutics.

(1) Without therapeutic RNA molecules, the
franslafion of a pathogenic protein proceeds
without inhibition (shown in the broken line box).

(2) ASOs hybridize to the target mRNA, while the

(3) SIRNA/mIRNA mimics ufilize the RISC in the

RNAI pathway to (4) inhibit franslation of target
mMRNA. (5) Overexpression of a therapeutic protein
that counteracts the function of the pathogenic
profein can be done by delivering the mRNA of the
therapeutic protein. (6) saRNA can be delivered to
the cell where it binds to AGO2, is imported to the
nucleus, and in turn activates an endogenous gene.
(7) A more permanent approach to remove the
pathogenic protein is by gene knockout using Cas?
and sgRNA RNPs.

Abbreviations: AGO2, argonaute 2; ASO, antisense
oligonucleoftide; RISC, RNA-induced silencing
complex; RNP, ribonucleoprotein; saRNA, small
activating RNA.

Source: Trends in Pharmacological Sciences
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through the nonsense-mediated mRNA decay
pathway. Below, we present these different ASO-based
approaches in more detail in the context of specific
neurodegenerative diseases.

ASOs Downregulate Protein Expression and
Reduce Disease Toxicity

One of the most common uses for ASOs has
been to lower the expression of proteins to reduce
the levels of toxic aggregates. This is achieved by
inducing targeted degradation of mRNA transcripts,
such as in the case of SOD1, huntingtin, and tau.
The oligonucleotides are designed to pair with the
coding mRNA transcripts and trigger degradation
by the enzyme ribonuclease (RNase) H1, which
specifically degrades RNA:DNA hybrids. In this case,
ASOs are designed with five to seven central DNA
nucleotides. This approach has been successfully used
to target superoxide dismutase 1 (SOD1), the first
gene identified in connection with inherited ALS.
Mutations in SOD1 account for 20% of familial ALS
cases."? The mechanism by which SOD1 mutations
cause disease is unknown, but most evidence suggests
a gain-of-toxic function rather than loss of function.
ASOs designed to downregulate SOD1 levels in
preclinical research proved successful and moved on to
testing in clinical trials. This was the first use of ASOs
for neurodegenerative disease. The drug, Tofersen, is
now in phase III clinical trials.'>'* The collection of
these studies showed efficacy in distribution of ASOs
in the CNS using targeted therapy that proved safe
and correlated with a measurable decrease in SOD1
levels and a reduction in disease in patients.

Based on the promising results for SOD1 in
preclinical trials and in patient trials, the use of
ASOs has been extended for another gene linked to
familial and sporadic cases of ALS and frontotemporal
dementia. The repeat expansion in the first intron
of the gene COORF72 is linked to ALS and FTD
(C9-ALS/FTD), resulting in a combination of gain
and loss of function mechanisms.'>'® This mutation is
the most common genetic link in inherited ALS and
FTD (approximately 40% of familial and 8-10% of
sporadic ALS cases). Carriers of this repeat expansion
accumulate RNA foci of the repeat transcript along
with an increase in dipeptide repeats translated from
the C9ORF72 mutation via repeat associated non-
canonical (RAN) translation."” In addition, the repeat
expansion causes haploinsufficiency as seen by reduced



C9ORE72 protein levels in patients. The main
pathogenic process contributing to disease in C9-ALS/
FTD remains under debate, and it is likely that all
these defects synergize during disease. ASOs targeting
the pathological COORF72 repeat expansion promote
degradation of the noncoding region and reduction

of RNA foci in patient-derived fibroblast and induced
pluripotent stem neurons. Treatment of C9-ALS/

FTD mouse models also showed a decrease in the toxic
polypeptides derived from the repeat expansion and
improved behavioral phenotype.'® Importantly, an ASO
with these characteristics does not affect COORF72
protein synthesis from the unaffected allele and is
currently in patient clinical trials. The success of ASOs
directed to SOD1 and C9ORE72 show the promise
of ASO therapy for ALS and FTD, which may be
applied to other targets associated with sporadic disease
cases, which account for the majority of ALS and FTD
patients.

Several laboratories within the Henry and Amelia
Nasrallah Center for Neuroscience are currently
carrying out research relating to RNA-based therapies
in the context of different neurodegenerative diseases.
Susan Farr’s group has focused on using ASOs to
target key proteins implicated in the pathogenesis of
AD. Their studies have demonstrated that ASOs that
decrease levels of amyloid precursor protein (APP),
glycogen synthase kinase (GSK)-3p3, and presenilin-1
improve learning and memory in mouse models of
AD."?* More recently, her laboratory is studying
traumatic brain injury (TBI) and has found that
post-injury administration of ASOs targeting GSK-
3P prevents cognitive deficits.”” These results strongly
suggest that ASOs targeting these proteins could have
similar beneficial cognitive effects in people with AD
and TBIL.

ASOs that Restore Gene Runction by
Modulating mRNA Splicing

One of the most exciting developments in the ASO
field has been the development of the RNA molecule
nusinersen (Spinraza) to treat spinal muscular atrophy
(SMA), which is the first FDA-approved drug for this
disorder. SMA is a genetic disease involving death of
motor neurons that had been the most common genetic
cause of death in children before development of the
drug. Life expectancy in the more severe cases was
two years of age.”*” This defect is caused by decreased
production of survival motor neuron (smn) protein
of which there are two paralogous genes in humans,
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SMN1 and SMN2. The two genes are nearly identical;
however, SMN2 is expressed at much lower levels than
SMNI1 because of a single site substitution in exon 7

in SMN2, which destroys an exonic splicing enhancer
(ESE) sequence. Exon 7 skipping results in a truncated
mRNA transcript and protein, which becomes degraded
and generates loss of function. This results in 80%
reduction in smn levels produced from SMNZ2. The
downstream intronic region in SMN1 and SMN2
contains an intronic splicing silencer (ISS) sequence
that binds the trans regulatory proteins hnRNP A1l and
A2. Therefore, inhibition by ISS is counteracted by the
ESE element in SMN1, resulting in sufficient inclusion/
splicing of exon 7 and production of smn protein.
SMA results from mutations in SMN1 that disrupt
smn protein levels. Starting in the 1990s, the team of
Dr. Adrian Krainer at Cold Spring Harbor Laboratories
investigated the possibility of manipulating SMN2
splicing to enhance exon 7 inclusion and compensate
for the loss of SMN1. The team tested the capability of
ASOs to bind the SMN2 transcript and increase exon 7
inclusion. Their results showed that binding to the ISS
was able to significantly enhance exon 7 inclusion by
preventing the binding of hnRNP A1 and A2.%%* The
research carried out by Krainer and others determined
the molecular mechanisms of exon 7 splicing regulation
using splicing reporters and other in vitro tools followed
by the characterization of SMA mouse models to study
the process in vivo. The ASO molecules designed

based on the collection of the research worked in all
pre-clinical trials in cells and in animal models. These
also proved successful in clinical trials and warranted
FDA approval. The use of nusinersen has already made
a difference in the lives of many patients and their
families. Similar methods have been used to control
RNA splicing by ASOs for the treatment of Duchenne
muscular dystrophy. In this case, the drugs promote
exon skipping to restore the correct reading frame

and generate the functional protein dystrophin, albeit
smaller than normal.*® The ASOs are approved for
patients who benefit from having restored functional
dystrophin at significantly levels. The results of these
novel drugs show that ASOs may be used to modify
RNA processing, not only to modulate transcript
degradation, and that their use may be safe in patients.

RNA-Based Approach to Prevent Protein

Aggregation and Restore Protein Function
One innovative proposal for the use of RNA for

therapy is in the modulation of protein stability. This is
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based on recent observations that RNA is very effective
at maintaining RNA binding proteins in a soluble state,
preventing them from misfolding and aggregation.
Most neurodegenerative disease is characterized by

the accumulation of protein aggregates, which may
result in gain-of-toxic function. In the case of ALS and
frontotemporal lobar degeneration with ubiquitin-
positive inclusions (FTLD-U), the characteristic
aggregates consist of the RNA binding protein
TDP-43 (TAR DNA binding protein).*"* TDP-43
pathology is observed in other neurodegenerative
diseases, including approximately half of Alzheimer’s
disease (AD) cases.?* ¢ The prevalence of TDP-43
pathology is even more widespread in Limbic-
predominant Age-related TDP-43 Encephalopathy
(LATE), an AD-like disorder affecting the oldest
population.’” The pathogenesis of ALS and FTD is
now widely viewed to be caused by dysfunction of
RNA binding proteins and defects in RNA processing
mechanisms. RNA binding proteins, like TDP-43,
are extremely prone to aggregation. TDP-43 regulates
RNA processing and thus controls the expression

of hundreds of genes. Aggregation is linked to loss

of protein function, which is highly deleterious in

all cell types and in the model organisms tested.
Therefore, approaches that alter TDP-43 levels, either
by up or down-regulation, would negatively impact
cell survival. Exciting new findings from different
groups, including the Ayala lab, show that RNA acts
as chaperone to these proteins under physiological
conditions. Therefore, the Ayala lab and others aim
to exploit RNA-based molecules to test their efficacy
in preventing TDP-43 aggregation and restoring

its function. If successful, this approach offers the
advantage of preventing aggregation without altering
normal levels of functional protein. Promising

data suggest that RNA-based approaches may hold
therapeutic promise for ALS and FTD, disorders
associated with RNA-binding protein dysfunction,
by specifically modulating protein function and
homeostasis.

ASO-Based Approach to Increase
Protein Levels

Another innovative use of ASOs that is being
pursued in the Henry and Amelia Nasrallah Center
for Neuroscience is for increasing protein levels. The
Nguyen lab studies a progranulin-deficient form
of FTD, in which one GRN (progranulin) allele is
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mutated and one intact GRN allele remains. The
vast majority of disease-causing GRN mutations are
nonsense mutations — which introduce a premature
termination codon — and these mutant mRNAs are
degraded by the nonsense-mediated mRNA decay
(NMD) pathway. In 2016, the Krainer lab reported
that ASOs can be designed to block NMD in

cells.?® Together with Ionis Pharmaceuticals, our lab
developed an ASO-based strategy to block degradation
of the mutant progranulin mRNA harboring the
GRN™%X mutation, which is the most common
GRN mutation found in individuals with FTD. Our
cell-based studies had established that the truncated
progranulin protein produced from the GRN*3
mRNA is functional, and thus we reasoned that
increasing levels of the mutant protein would restore
sufficient levels of functional progranulin protein.
While we found that eight ASOs increased progranulin
mRNA and protein levels in cells,?” these ASOs did
not increase progranulin levels in mice harboring the
Grn**3* mutation.

The Nguyen lab is currently testing a different
ASO-based strategy that targets specific microRNA
(miR) binding sites within the GRN mRNA. miRs
regulate protein levels of about one third of all proteins
in humans, and three microRNAs in particular (miR-
29b, miR-107, and miR-659) have been reported to
lower progranulin protein levels. We designed ASOs
to target the binding sites of two of these miRs — with
the rationale that ASOs that partially overlap with
the miR binding sites would sterically hinder binding
of the cognate miR and thereby increase progranulin
levels. Our ongoing studies have identified a number
of ASOs that effectively increase progranulin protein
levels in human cells. We are excited to next test these
ASOs in a humanized GRN mouse model. Overall,
we are hopeful that ASOs can be used to increase
progranulin levels and potentially lead to a treatment
for progranulin-deficient FTD.

Conclusion

RNA-based therapies hold great promise for
certain neurodegenerative diseases and may offer
a tangible path to personalized medicine. These
therapeutic efforts are largely informed by genetic
studies that identify the genetic bases of disease
and by basic science studies that identify specific
molecular targets. As we continue to learn more
about neurodegenerative diseases we can design and

test additional RNA-based therapies.
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Abstract

Glioblastoma multiforme
(GBM) is the most aggressive
brain tumor, with median patient
survival of 12-15 months even
after treatment. To facilitate basic
research as well as treatment
development, bioengineered
GBM models that adequately
recapitulate aspects of the in
vivo tumor microenvironment
are greatly needed. Multicellular
spheroids are a well-accepted
model in tumor biology as
well as drug screening because
they recapitulate many of the
solid tumor characteristics,
such as hypoxic core and cell-
cell communication. There are
multiple approaches for growing
GBM cells into tumor spheroids
— non-adherent plastic dishes,
hanging drop, bioreactors, and
hydrogels, amongst others.
Suspension spheroid models offer
ease of growth, uniformity, and
overall lower cost, but neglect the
cell-matrix interactions, while
hydrogel-based spheroids capture
cell-matrix interactions and allow
co-cultures with stromal cells.
In this review, we summarize
various approaches to fabricate
GBM spheroid models as well as
GBM spheroid characteristics and
chemotherapeutic responsiveness
as a function of hydrogel matrix
encapsulation and properties, in
order to advance therapies.
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Glioblastoma, the Tumor
Microenvironment, and
Current Treatments

Glioblastoma Multiforme
Glioblastoma multiforme
(GBM) is a lethal disease with poor
patient prognosis that represents
16% of all brain tumors.! GBM is
the most aggressive type of brain
tumor, with median patient survival
of only 12-15 months. Over 23,000
new cases of central nervous system
tumors are reported, and over
14,000 deaths occur annually due
to GBM in the United States.?
The initial GBM symptoms are
non-specific, such as headaches
or nausea and worsen rapidly.?
The cause for most GBM cases is
not known and there is no known
method to prevent the disease.
While the disease can happen at any
age, it occurs most often in older
adults and it is more common in
males than females.*

GBM Microenvironment

The GBM microenvironment
is extremely complex, consisting of
various extracellular matrix (ECM)
proteins, glucosaminoglycans
(GAGs) and cell types. Healthy
brain tissue contains low levels of
fibrous proteins such as fibronectin,
laminin and collagen and high
levels of GAGs, both unbound
and bound to fibrous proteins
and proteoglycans.’ The presence
of GBM tumors greatly alters the
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ECM both in concentration and
composition, with the relative
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Figure 1. A simplified schematic of the GBM microenvironment.

cell migration and ECM secretion
from surrounding cells.® The
GBM microenvironment also includes various cell types
such as glioma cells, glial support cells (astrocytes and
oligodendrocytes), and immune cells.”'® A simplified
schematic of the GBM microenvironment is represented
in Figure 1.

The GBM microenvironment provides structural
support and directs GBM cell behavior, disease
progression and therapy responsiveness.'" For
example, presence of the proteoglycan tenascin-C
correlates with angiogenesis and the progression of
glioma.'? Collagen IV, V, fibronectin, and laminin,
which abound in the basolateral membrane of GBM-
associated vessels, enhance cell survival, proliferation
and migration."’ Adhesion of integrins to their ECM
ligands lessens GBM response to therapy.' In terms
of mechanotransduction, increased tumor stiffness
contributes to malignancy.”” and alters integrin
expression, which in turn regulates GBM cell survival,
proliferation, migration and invasion.'® In terms of
support cells, endothelial cells in the perivascular niche
secrete interleukin-8, which enhances the proliferation
and migration of glioblastoma stem cells (GSCs)."”
Microglia, another support cell type, produce matrix
metalloproteinases (MMPs) and modulate growth and
migration of glioma cells.” Hence, mimicking key
aspects of the glioblastoma microenvironment, such as
biochemical and mechanical input as well as presence of
support cells, is critical for the development of faithful in
vitro GBM models that could lead to the discovery and
development of successful therapies.

GBM Treatments

Typical GBM treatments include maximum
safe surgical resection of the bulk tumor followed by
chemotherapy with temozolomide (TMZ), coupled
with radiation therapy."” TMZ is currently the only
approved GBM chemotherapy, and provides only
a modest two-month increase in median survival.?’
Overall, with current treatments, median survival rate
is only 12-15 months with a two-year survival rate of
only 25%.?' Anti-angiogenesis therapy via bevacizumab
(BEV) showed promising results at early clinical trials,”
but phase III trials revealed increased toxic side effects
without additional overall survival.” The challenge with
successful chemotherapy is typically the complex tumor
microenvironment and difficulty passing the blood brain
barrier, which can lead to chemoresistance.?® To address
chemoresistance of individual chemotherapeutics,
combination therapies are commonly used, but
GBM recurrence is still a serious issue with current
treatments.” Targeted therapies are currently being
researched to help improve GBM treatment efficacy,
including targeting epidermal growth factor receptor
(EGFR), vascular endothelial growth factor (VEGEF),
and other receptor tyrosine kinase (RTK) pathways.?**

GBM Subtypes
Perhaps one of the biggest contributors to GBM
resistance to therapies is its heterogeneity. Recent

large-scale genomic analyses of GBM by the Cancer
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Genome Atlas Research Network identified four distinct
molecular subtypes of GBM: neural, proneural, classical
and mesenchymal.?®*’ Proneural GBM patients had the
poorest response even to the most rigorous treatment,
while patients with the other three subtypes had modest
survival gains. Furthermore, each subtype had different
genetic mutations and expression, suggesting the need
for subtype-specific and individualized treatment.

This and many follow-up studies have demonstrated
GBM heterogeneity’® and many others have addressed
the critical importance of the microenvironment on
GBM response to therapy.’' However, it is yet to be
interrogated how individual GBM subtypes respond

to microenvironmental cues and how this interplay
translates to therapeutic responsiveness. This is a

potential new frontier in the search for GBM treatments.

Hydrogel-Based in vitro Spheroid
Models for GBM

The Need for Hydrogel-Based Mulficellular
GBM Spheroid Models

Multicellular tumor spheroids could lead to a cancer
therapy breakthrough by modeling avascular tumor
nodules in the laboratory®>* providing a substrate for
predictive high-throughput drug screening. The need for
better screening has intensified as advances in genomics
and organic chemistry created a backlog of candidate
drugs.®* Even with high-content screening, current
methods frequently fail to eliminate poor candidates:
roughly 90% of late-stage clinical trials fail, often due to
unforeseen ineffectiveness or side effects.”> Multicellular
tumor spheroids could improve the predictive capacity
of drug screening platforms, relieving cost and ethics
concerns of human and animal trials.

Most commonly, spheroids are grown in a liquid
- on non-adhesive substrates, hanging drops or in
bioreactors.*® While such suspension spheroids mimic
many morphological, functional and mass transport
features of naturally occurring tumors,”” unlike
natural tumors, these mimics exist in an attachment-
free microenvironment which does not resemble the
mechanical, physical, and biochemical properties of
the native tumor ECM. To more faithfully mimic
the native microenvironment, formation of spheroids
in an external matrix has emerged as a promising
alternative to suspension spheroids. Unlike suspension
spheroids, matrix-grown ones can mimic tumor stroma,
allowing tests of therapies that target the stroma, the
immune system, or stromal cells.*® Recent studies also
demonstrate that growing spheroids in a matrix can
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produce more cancer stem cells,®“° which have been

implicated as major contributors to therapy resistance
and tumor recurrence.!

Tumor Spheroid Fabrication Methods

Tumor spheroids for drug screening can be formed
via clonal expansion or through cell aggregation. For
clonal expansion, single cells are immobilized in a
hydrogel matrix such as Matrigel,** polyethylene glycol
(PEG),”® or fibrin* and allowed to grow into spheroids
from a single cell. These spheroids require long growth
times of one to two weeks, but are relatively simple
to prepare, and the matrix provides critical physical,
biochemical, and mechanical cues to the cells. However,
they also result in spheroids of heterogenous sizes
and shapes, where spheroid size is further limited by
the formation of a hypoxic core. Alternatively, tumor
spheroids can be formed in hydrogel matrices through
aggregation either by loading cells at high density into
hydrogel microspheres®“® or by seeding and allowing
cells to aggregate in hydrogels with pre-templated
spherical openings.”” Such methods allow better control
over spheroid size and heterogeneity, while still enabling
cell-matrix interactions during spheroid maturation and
growth.

For fast spheroid fabrication, cells could be seeded
in specialty plates that prevent cell-surface interactions
and forced to aggregate through forming strong cell-cell
contacts. For example, the hanging drop method puts
a high concentration of cells in a drop of cell culture
media suspended in the air through surface tension,
where cells aggregate and form spheroids.*® “ However,
hanging drop plates are difficult to handle, are not
amenable to robotic handling and do not allow spheroid
characterizations directly in the plates. Micropatterned
plates with ultra-low attachment surfaces (ULAP)
have been developed for easier handling and spheroid
characterizations, where cells are allowed to aggregate
in the microwells.”®>' Spheroids of uniform sizes can
be produced robustly, and the spheroid size can be
controlled via the microwell size. Upon formation,
which happens within 24 hours, spheroid aggregates can
be characterized directly in the plate, harvested and used
as is, or harvested and seeded in an external matrix and
allowed to grow further in the presence of cell-matrix
interactions.’

Spheroid Models Using GBM Cell Lines
Cell lines have been extensively used in drug
screening in general and for spheroid fabrication in



particular. For example, the National Cancer Institute
uses a panel of 60 cells lines representing various cancers,
namely NCI-60, to screen all U.S. Food and Drug
Administration (FDA) approved chemotherapeutics.”
Cell lines are less expensive than patient-derived
primary cells and allow a high level of reproducibility
and direct comparison of results between different labs.
However, cells lines do not recapitulate the properties
and heterogeneity of the primary tumor cells and are
pre-conditioned to tissue culture plastics (TCP), thus
possibly leading to altered cell-matrix interactions.
While simplistic, GBM spheroid models involving
cell lines have taught us a lot about the effect of
the mechanical, physical, and biochemical matrix
properties on GBM spheroid characteristics and drug
responsiveness. For example, Wang et al. demonstrated
that U87 GBM spheroids proliferate more and show
more infiltration in soft gels compared to stiff gels.*
The researchers used PEG/HA hydrogels with MMP-
cleavable crosslinkers and grew the spheroids for 14
days via clonal expansion. Varying the hydrogel stiffness
also affected the expression of MMPs with MMP-1
upregulated in stiffer gels and MMP-9 upregulated in
softer gels. MMP production is indicative of tumor
progression, as invasion increases with increase in
MMP production. Matrix stiffness has also been shown
to affect the invasive capacity of tumor spheroids.*
Specifically, U87 and U118 spheroids were formed and
allowed to infiltrate into varying stiffnesses of gelatin/
HA/PEG hydrogels (2 vs. 5 kPa). Cells preferentially
infiltrated into the softer gels. Further, infiltrating cells
were able to form secondary spheroids, demonstrating
how cancer cells could infiltrate into brain tissue
and create tumors in secondary locations. In another
infileration study, Stein et al. encapsulated U87 spheroids
in collagen gels, using cells with (U87WT) and without
(U87AEGFR) epidermal growth factor receptor
(EGFR), present in malignant tumors, to model the
spheroid invasive potential.”* The authors found that
the infiltrating periphery of the U87WT spheroids had
higher invasion rate into the collagen gel, but the core
radius of both U87WT and U87AEGEFR grew at a
steady rate of 27 pm/day. Interestingly, the core radius of
U87WT decreased initially due to cells infiltrating into
the collagen gels faster than the core was able to grow.
Multiple spheroid models have also been developed
to understand how the surrounding matrix affects
GBM spheroid drug responsiveness. For example,
U87 spheroids were encapsulated in fibrin gels and
allowed to infiltrate into the matrix.> When exposed
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to the chemotherapeutic atorvastatin, the infiltration
capacity of the spheroids greatly decreased, and the
number of apoptotic cells increased compared to the

no drug control. It is important to note that while
different hydrogel matrices can be used for spheroid
encapsulation, the type of matrix itself could influence
the cells’ chemotherapeutic response. For example,

U87 and U118 spheroids formed via clonal expansion
within three to five days were treated with TMZ

and Carmustin (BCNU).* The authors specifically
compared spheroids formed in chitosan/PEG hydrogels
vs. ones formed in Matrigel, and noted more invasion in
Matrigel but increased chemoresistance in the chitosan/
PEG hydrogels. Further, the matrix presence alone,
compared to suspension spheroids, can affect spheroid
characteristics and responsiveness to chemotherapeutics.
For example, Erkoc et al. compared suspension

U373 spheroids to spheroids encapsulated in gelatin
methacryloyl (GelMA) hydrogels.*” Spheroids grown

in GelMA show increased diameter and cell viability
compared to suspension spheroids over the course of

14 days with protrusions from the spheroid at day
seven. MMP production, which contributes to spheroid
invasiveness, is also dependent on matrix presence as
MMP-3 expression increases in the gel matrix and
MMP-9 increases in suspension spheroids. Anti-cancer
drug treatment using Digitoxigenin (Dgx) results in
decreased spheroid size and increased sensitivity to the
anticancer drug compared to single cells in GelMA.

Spheroid Models Using Primary Cells
and Tumor Explants

Primary cells and tumor explants address some
concerns associated with cell lines, primarily introducing
more tumor complexity. Primary cells are not pre-
conditioned to the in vitro environment prior to drug
screening, and the chances of mutations are greatly
decreased. Tumor explants are even better at mimicking
the tumor microenvironment as the cells contain some
of the native ECM proteins as well as various support
cells. In addition, using patient-derived cells and explants
opens the door to personalized therapy, where drug
and drug combinations can be pre-screened in vitro
to determine efficacy prior to patient administration.
While primary cells and tumor explants provide more
physiologically relevant conditions compared to cell
lines, they might not always be practical as they lack the
reproducibility and verification potential of using cell
lines.

In one study, Akay et al. created a microfluidic
chip to be used on tumor explants for drug screening.”
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Spheroids were formed in the microfluidic device on
micropatterned PEGDA and treated with TMZ and
BEV alone and in combination. The results showed
that both drugs were effective in lowering cell viability,
especially when used in combination. Of the three
patient samples used, each sample had varying effects
on tumor responsiveness due to the complex and
heterogeneous tumor microenvironment. Another
study specifically addressed the ability of tumor explants
encapsulated in a physiologically relevant matrix,
named VersaGel, to replicate patient drug responses.’!
Retrospective drug screening was performed on

five patients and the results seen for explants in the
VersaGel corroborated clinical responses: three patients
were responsive to TMZ, one patient was partially
responsive and one patient was non-responsive. With
the non-responsive patient samples, three different
chemotherapeutics were investigated and gave results
with two drugs giving IC, s lower than maximum blood
concentration and one drug giving an IC_ higher than
maximum blood concentration, but patient response to
the drugs was not determined.

Note that most spheroid models replicate avascular
tumors and are usually cultured for up to 14 days due to
diffusion and nutrient limitations. To further recapitulate
the complexity of the tumor microenvironment,

Ozturk et al. 3D printed a tumor organoid containing

a tumor spheroid and blood vessel analogs.® Tumor
spheroids were formed using patient-derived cells in

a micropatterned plate, placed on top of a collagen
hydrogel and sandwiched between two gelatin perfusion
channels, with HUVEC cells perfused to mimic blood
vessels, and subsequently covered with a collagen gel.
The vascularization allowed for tumor spheroids to be
cultured for two months, where spheroids infiltrated
into the gelatin matrix. When treated with TMZ, the
spheroids showed higher cell viability compared to single

cell suspensions.

Conclusion and Future Perspectives
Hydrogel-grown GBM spheroids are promising
tools for drug screening applications to address the
growing backlog of drug candidates and the growing
concerns with low drug efficacy or unexpected side
effects. While there are a variety of preliminary studies
describing the utility of such models and showing their
ability to predict clinical outcomes, there are many
venues available for future explorations. Those include
studies to determine key hydrogel properties that
affect spheroid responsiveness to chemotherapeutics or
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increasing model complexity by adding vascularization,
perfusion, support cells and physiologically relevant
ECM components. However, to be useful in drug
screening, the complexity needs to be balanced by
robustness and the amenability to high-throughput
screening. In addition, while cell lines are useful for
reproducibility, further research involving patient-
derived cells would be useful in translational research
and personalized medicine. Lastly, models need to
take into account the different GBM subtypes and
their specific microenvironment as they have shown
differential drug responsiveness.
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Abstract

G protein-coupled receptors
(GPCRs) transmit the signals
of a variety of hormones and
neurotransmitters and are
targets of more than 30% of
all FDA-approved drugs. We
developed an approach for
identifying the endogenous
ligands for a family of
orphan GPCRs that enables
the development of novel
therapeutics for the potential
treatment of a wide variety
of disorders including pain,
diabetes, appetitive behaviors,
infertility and obesity. With this
approach, we have deorphanized
five previously orphaned

GPCRs.

G Protein Coupled
Receptors as Potential
Therapeutic Targets

It is estimated that 30-50%
of all FDA-approved medications
target G protein-coupled
receptors (GPCRs)."? There are
three major classes of GPCRs in
humans: Class A (rthodopsin-like),
Class B (secretin-like), and Class
C (metabotropic/glutamate-like).
These are large proteins that
reside in the cell membrane with
a characteristic 7-transmembrane
spanning domain and an
extracellular terminus that may be
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glycosylated.? GPCRs also contain
intracellular domains that interact
with downstream signaling
cascades that communicate the
message imparted by a ligand
(e.g. hormone) binding primarily
to extracellular epitopes on
the receptor. The selectivity of
ligand-receptor binding makes
them attractive candidates for
drug development. Examples
of existing therapeutics based
upon knowledge of ligand
structure/function relationships
and receptor recognition motifs
are numerous and include,
for example, Class A receptor
therapeutics targeting the
angiotensin receptors, Class B
receptor therapeutics targeting
the GLP-1 receptor, and Class C
receptor therapeutics targeting
neurotransmitter receptors.
There may be as many as one
thousand genes encoding GPCRs,
but by far the largest number
of these encode receptors in the
Class A category. Remarkably,
even with the development of
the most modern molecular
approaches, it is estimated that
130 or more of those identified
genes encode GPCRs for which
an endogenous ligand has
yet to be identified. Think of
these receptors as door locks,
which protect entry into new
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Figure 1. The Deductive Reasoning Strategy for the G protfein-coupled
receptor (GPCR) De-Orphanization. Demonstrated here is the
identification of a top receptor candidate for neuronostatin (NST) a
recently discovered, endogenous hormone,5 that is encoded in the
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handicapped by the need for large
amounts of tissue, extensive protein
purification steps and laborious
ligand-receptor binding assays. The
development of modern, robotic-
based screening assays provided
hope for increased success in the
search for these endogenous ligands,
but in fact this approach has been
disappointing. All the same, those
robotic screening assays have become
critically important only once a
candidate, endogenous ligand has
been identified.* These may be
proteins recently discovered or
hormones that have been known to
exist and have significant biologic
activity for years, for which a
cognate receptor has not been
identified.

Our laboratory group recently
discovered two previously
unrecognized endogenous peptide
hormones, neuronostatin, and
phoenixin.>¢ After validating
the gene sequences and proteins
encoded, we identified tissue
sites where they are produced,
physiologically relevant changes
in their production, and finally
tissues where they exert actions
both in vitro and in vivo. Those

same gene product as somatostatin (SRIF).

foundational studies identified

multiple sites of action, suggesting

knowledge of cell function and potential avenues
for the treatment of human diseases. This is exactly
the reason why pharmaceutical companies and
independent laboratories have expended such
effort and capital in the search for the keys to those
locks, the ligands that interact with those so-called
“orphan receptors.”

How do researchers identify endogenous ligands
for these orphan receptors? The classic approach
is to search tissue extracts for substances that
interact with the receptor protein. This approach is

important contributions of the two

hormones in such diverse functions
as glucose homeostasis, growth, autonomic
function, appetite/thirst, fluid and electrolyte
homeostasis, and reproduction. The challenge
then was to determine which of the myriad
pharmacologic actions of these two hormones were
physiologically relevant. To accomplish this task,
we either had to create an animal model in which
the gene expressing the hormone was ablated or
find a population of animals or humans in which
the gene product was missing or improperly
produced. The first approach was impossible for
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several reasons. For neuronostatin, creation of

a knockout animal by embryonic gene deletion
would not be instructive because encoded in the
same gene as neuronostatin (NST) is the potent
growth restricting hormone somatostatin (SRIF).
Gene compromise would negate production of
both hormones. We had to develop a unique,
alternative approach.

We knew that neuronostatin exerted
pharmacologic effects unique from those of
somatostatin and that it did not bind to the
known somatostatin receptors.’ Thus, if we could
identify the cognate receptor for neuronostatin,
we might be able to compromise the production
of that receptor and determine the importance
of the peptide’s pharmacologic actions. We
established in cell culture-based experiments
that neuronostatin activates cell-signaling
cascades typical of other GPCRs and thus
made what proved to be a “correct guess.” We
hypothesized that neuronostatin signals via one
of the 130 orphan GPCRs and then developed a
novel strategy to address that hypothesis, “The
Deductive Reasoning Strategy.”” (Figure 1)

The Strategy, which was patented by Dr.
Yosten, basically assumes that all cell types
responding to neuronostatin will share at least one
(and hopefully not too many) GPCR. Multiple
cell types, in this case cardiac myocytes, pancreatic
alpha cells, hypothalamic neurons and KATO III
cells (a gastric tumor cell line), were analyzed by
reverse transcriptase-polymerase chain reaction
(RT-PCR) for the presence of messenger RNA
encoding all the orphan GPCRs.” Commonly
expressed receptors were then compromised
in vitro by the use of small interfering RNA
molecules that blocked expression each of those
candidate GPCRs, one at a time, and then those
compromised cells tested for their response to
neuronostatin. Initially, we had four candidate
shared receptors, and we used the KATO III
cells for the siRNA (small interfering RNA
molecules that block translation selectively of the
mRNA encoding the targeted receptor protein)
compromise study because those cells are readily
transfected with the siRNA constructs and their
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response to neuronostatin (increased early gene,
c-fos, expression) was readily detectable. Using
this approach, we identified GPR107 as the
cognate receptor for neuronostatin, at least in cells
in culture.” Then, our task was to demonstrate
the consequence of compromising GPR107
expression in vivo on the pharmacologic actions of
the peptide and on basic physiologic mechanisms
thought to require neuronostatin, such as
autonomic function and glucose metabolism.

When approaching the in vivo experiments,
it was important to choose a tissue site of action
of neuronostatin that was well validated and
approachable in vivo. We previously identified
several central nervous system actions of the
peptide and felt that intracerebroventricular
delivery of the compromising siRNA would have
the advantage over peripheral administration of
sequestrating the siRNA construct within the
targeted tissue,with less dilution by the general
circulation. Indeed, we showed that neuronostatin
acts pharmacologically in brain to raise blood
pressure by actions on vasopressin release and
increases sympathetic nerve trafficking. Could
this action be blocked by prior compromise of
GPR107 expression? Indeed it was, not only
the pharmacologic effects of the peptide, but
also normal baroreflex function in response to
lowering and raising peripheral mean arterial
pressure with a vasodilator (sodium nitroprusside)
and a vasoconstrictor (phenylephrine),
respectively. Non-GPR107-mediated central
control of autonomic function, in this case the
role of angiotensin II, was not compromised,
demonstrating specificity.

Thus, we demonstrated that neuronostatin
is the key that unlocks the door guarded by
GPR107. But where does this lead us in terms
of developing therapeutics? That promise lies
in another action of neuronostatin, one related
to glucose homeostasis. Neuronostatin is
produced, along with somatostatin, in delta cells
of the pancreas. We demonstrated the ability
of neuronostatin to inhibit glucose-stimulated
insulin secretion, at least in part by an initial
action on the neighboring alpha cells. Importantly,
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Table 1. Ligand-receptor pairs that have been de-orphanized to date using this approach.

LIGAND/HORMONE COGNATE RECEPTOR POSSIBLE APPLICATIONS
Pro-insulin Connecting Peptide (C-Pepftide)8 GPR146 Diabetes, vascular diseases
Phoenixins?.10 GPR173 Reproductive assist, fluid and

electrolyte homeostasis
Adropin!! GRP19 Metabolic disorders, obesity
Neuronostatin® GPR107 Metabolic disorders, diabetes
Cocaine- and amphetamine regulated GPR160 Pain management, appetite
transcript peptide (CARTp) 1617 regulation, obesity

neuronostatin is able to stimulate glucagon
expression and secretion from an alpha cell
line and isolated whole islets. We are currently
extending those initial cell culture experiments
into whole animal studies, both rodent and
human protocols, with the hypothesis that
neuronostatin or a stable analog might be

of value as a prophylactic agent to prevent
insulin overdose-induced hypoglycemia or as
an adjunctive therapeutic in diabetics suffering
from hypoglycemia unawareness. In fact, those
studies are now underway, both here in St. Louis
and in collaborations with clinical investigators
in Copenhagen.

Expanding Discovery with New
Molecular Tools

How applicable is the Deductive Reasoning
Strategy for the identification of other ligand-
receptor pairs? The answer is quite simple:
very. Table 1 demonstrates the ligand-receptor
pairs we have de-orphanized to date using this
approach.

A second problem encountered when
using traditional gene compromise strategies
for testing the importance of either a ligand
or receptor is one of embryonic lethality. If
either the ligand or the receptor is essential
for placentation or embryonic development,
disruption of that protein by traditional means
(global embryonic deletion) will not work.
This has led to the development of conditional
gene compromise strategies, knockouts
that can be induced during the postnatal
period or adulthood. The approach has two

additional advantages: tissue/site-specific gene
compromise can be affected, and the compromise
is permanent. For instance, in the case of
neuronostatin, if the goal is to compromise
peptide signaling just on alpha cells of the
pancreas, in order to determine the physiological
relevance of the glucagon-releasing action of the
peptide, a transgenic rodent line could be created
in which the gene encoding GPR107 is targeted
for deletion only in that cell type. This would
then allow for the interaction of neuronostatin
and GPR107 in other tissues, or even in other
cell types in the pancreatic islet, without any
interruption. Genetic “tricks” also have been
developed for “on/off” switching of select gene
deletion and re-expression in specific tissue.

Taking Discovery to Therapeutic
Development

The goal in developing these state-of-
the-art genetic manipulations is to not only
determine whether a ligand is essential for
normal physiologic function, but also the
culprit in pathologic conditions resulting from
loss of function of the ligand/receptor pair.
However, these approaches require the initial
identification of the receptor that transmits
the ligand/hormone signal. This brings us back
to the discovery process itself. Even after our
Deductive Reasoning Strategy has identified
a ligand for one of the orphan GPCRS, much
characterization work is required. Physical
association of the ligand with the receptor
needs to be proven and, if possible, the epitopes
(amino acid signatures) important for binding
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of ligand to receptor need to be identified.

This would facilitate the development of stable,
efficacious analogs as agonists or antagonists.
Stability of the endogenous ligand, and any
analogs developed, would have to be established
and the pharmacokinetic properties of these
molecules established. Development of effective
analogs can be approached in two ways. First,
knowledge of the amino acid sequence of
protein ligands and the epitope essential for
receptor binding would allow modifications to
the amino acid backbone to be made to enhance
binding affinity and avidity, and to prolong
biologic half-life. An example of this would

be the exendins, analogs of the mammalian
hormone GLP-1, which are prescribed widely
now for appetite and glucose metabolism
regulation (e.g. liraglutide and dulaglutide).

A second approach, once a ligand/
receptor pair has been identified and proven
to be important in the regulation of distinct
tissue functions, is the development of small
molecules, usually organic in composition, with
optimal binding characteristics (e.g. losartan).
Numerous extensive libraries of small molecules
have been assembled over the years in attempts
to develop better therapeutics. Many of these
molecules failed to meet the essential criteria in
the projects for which they were developed, only
later to be found to target a completely different
class of receptors. These molecules have the
advantage of ready synthesis and easily modified
carbon backbones. Thus, a wide variety of
modifications can be made following principles
of intelligent design that result in enhanced
efficacy with less off-target effects (e.g. the V2
antagonists, including tolvaptan). Often these
small molecules display the added advantage of
being orally active.

What’s next? As our discovery work has
demonstrated, there are probably numerous,
endogenously expressed peptides/proteins
yet to be discovered that have important,
physiologically relevant actions. Once
identified, their cognate receptors will have
to be identified. Similarly, peptides that are
produced in a variety of human tissues and
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whose pharmacologic profiles have long been
known still hold promise for the development
of novel, efficacious therapeutics. Perhaps the
best, recent of example of this is the peptide
encoded by the cocaine- and amphetamine-
regulated transcript, CARTp. First identified
by classical peptide chemistry approaches in
the 1980s and later re-discovered by more
modern gene cloning approaches, this peptide
is a potent inhibitor of food intake and
reward-based behaviors, and more recently
was found to act pharmacologically to induce
pain.'2!>1%151¢ Progress in developing agonists
for treating eating disorders/obesity and
antagonists for treating peripheral neuropathies
had been blocked by fact that, even after
extensive efforts using conventional receptor
identification approaches, no CARTp receptor
had been identified. Because of the peptide’s
interesting pharmacology, we teamed with
Dr. Daniela Salvemini to identify the CARTp
receptor using our Deductive Receptor
Matching Strategy, identifying GPR160 as
the CARTp receptor.'® Using a variety of
biochemical and cellular approaches, we
defined the signaling cascade activated by
CARTp-GPR160 interactions, demonstrated
the requirement of GPR160 for CARTp-
induced signaling in vitro and in vivo. Even
more importantly, we demonstrated that
compromise of GPR160 expression in laminae
1-3 of the dorsal horn of the lumbar spinal
cord blocks the development of spinal injury-
induced neuropathy and reverses already-
established neuropathy.'® More recently we
demonstrated that compromise of GPR160
signaling in brainstem structures important for
gut-brain feedback and termination of meals
results in exaggerated eating and drinking
under physiologically relevant conditions and
that the anorexigenic action of CARTp in that
tissue is prevented by GPR160 compromise.'”
This work has opened new avenues for
the development of novel therapeutics to
treat peripheral neuropathies, if antagonistic
analogs or small molecules can be developed
that can be applied regionally over the lumbar



spinal column. Those goals are currently being
pursued in collaboration with Dr. Salvemini

in the Department of Pharmacology and
Physiology at SLU. In terms of the anorexigenic
action of CARTp, we envision structure-
function relationships to reveal avenues for the
development of CARTp-like, GPR160 agonists
devoid of peripheral actions that can be used

to control eating disorders and compulsive
behaviors.

It doesn’t stop there. Our Deductive Receptor
Matching Strategy is being applied to identify the
cognate receptors for several other known peptide
hormones. An excellent example of our current
studies is a search for the cognate receptor for
nesfatin, the most potent anorexigenic peptide
yet described, for which, like CARTp, even
after extensive efforts a unique receptor has
yet to be identified.'®'”** And there are more
hormone targets to be identified, promising
not only novel insight into the mechanisms of
health and disease, but also providing a great
training environment for the next generation of
researchers who will carry our vision forward.
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Abstract

Trauma exposure, a highly
prevalent condition in the
United States, results in the
development of chronic physical
and mental health disabilities,
such as diabetes, cardiovascular
disease and posttraumatic stress
disorder. Bench science advances
in neurobiology and neuroscience
have been translated into exciting
clinical interventions, which have
been shown to improve mental
functioning and stress response.
This article highlights three such
interventions in hospital, primary
care and community settings.

Introduction

Studies show that between
51 and 89 percent of Americans
have experienced trauma at some
point in their life." Individuals
have been trauma-exposed if
they have an emotional response
to a terrible event, such as an
accident, rape, natural disaster,
or combat. Fear, intrusive recall,
pervasive avoidance, depression,
hopelessness, and anxiety are all
common forms of psychological
distress that accompany the physical
pain and discomfort of trauma.?
These psychological stressors can
lead to the development of chronic
mental health issues, including
posttraumatic stress disorder

(PTSD). This negative feedback
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loop can also lead to poor overall
health outcomes, such as diabetes
and cardiovascular disease, and
interfere with crucial components
of recovery and posttraumatic
growth, such as physical therapy,
social reintegration and a return to
a productive life.?

Post-traumatic growth (PTG)
refers to the positive, transformative
psychological adaptation a patient
can experience after experiencing
trauma, helping one gain an
understanding of both the trauma
and its negative psychosocial
impacts. Experiencing high levels
of PTG can lead to a reduction in
many of the psychosocial stressors
associated with trauma, allowing
patients to focus energy on thriving
and having greater chance at a
successful recovery.*

The Neurobiology of Trauma
Individuals with PTSD have
substantial limitations when it
comes to distinguishing between
what is safe and what is not.’
The reason for this is that a set of
chemical changes are set in motion
in the brain and body when trauma
occurs. These are normal processes
that occur as a result of threat, but
when the threat is very severe, the
processes go haywire. For instance,
when an individual is a victim of
an assault, epinephrine (adrenalin)
or norepinephrine floods his/her



brain and gives that person a rush of energy via the
sympathetic nervous system (SNS). This can cause a
startle response, queasiness (stomach), and heightened
blood pressure so the person is able to survive by
fighting or fleeing the offender.® In addition, there is

a release of cortisol (referred to as the hypothalamic-
pituitary-adrenal [HPA] response), a naturally
occurring steroid that reduces the inflammatory
response, which also encourages survival, and beta-
endorphins to reduce whatever pain the individual
may feel. The sheer amount of these chemicals has

a negative effect after the trauma occurs, however,
because it affects memory and the capacity to learn and
focus attention. It also encourages defensive responses
across different situations. This leads to an inability

to interpret different sensory inputs, high levels of
anxiety, irritability, and hypervigilance. In other words,
trauma-exposed individuals can become chronically
hyper-aroused because their bodies are giving them the
wrong messages about threat.

Physical pain resulting from traumatic injuries
and distress are also mutually maintaining, with
the heightened arousal causing muscles to become
more tense and pain more intense. Increased levels of
pain then act as a reminder of the traumatic events,
intensifying the brains’ response and making pain
even worse.” This Cascade Model of PTSDE results in
chronic mental health and behavioral consequences,
such as increased stress-related discomfort, prolonged
poor quality of life, and substance abuse."*”*

Current advances in translational science have
used many of these important neuroscience findings
to develop clinical interventions that correspond with
existing limitations in short term memory, sensory
input, anxiety, and hyperarousal on the part of
individuals with PTSD. The following section reviews
some of the research being done by members of the
Henry and Amelia Nasrallah Center for Neuroscience
(NCIN) at Saint Louis University (SLU) with trauma

survivors in clinical settings.

Treating Severely Traumatized Patients
in Hospital Outpatient Settings

Gun violence was responsible for over 15,000
deaths and 30,000 injuries in 2019 in the U.S., with
gun-related deaths in Missouri ranking fifth in the
country per capita and homicide being the leading

cause of death for young people between the ages
of 15 and 44 in St. Louis (https://giffords.org/).
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When individuals have been shot, they are generally
transported to and treated in the hospital emergency
department, transferred to an acute trauma care floor,
and then discharged to post-acute care (inpatient
rehabilitation, skilled nursing facility, or home) based
on need, and additional follow-up medical care in an
outpatient trauma clinic. Trauma-focused cognitive
behavioral therapy (CBT) can be implemented as a
first-line intervention for individuals experiencing
the negative mental and behavioral health effects of
gun violence trauma in these settings, which do not
normally provide mental health services. Narrative
exposure therapy (NET) is one form of CBT that has
been gaining evidence for efficacy in reducing anxiety
symptoms and hyperarousal in trauma survivors.” The
SLU Oberle Institute has developed a grant-funded
pilot program to further test this approach as part of
their outpatient trauma services.

Neuroscientific research that focuses on
physiological responses to memory informed
the development of NET by incorporating an
autobiographical-memory theoretical framework
for understanding how intrusive symptoms and fear
networks are activated in the brain.'” Over the course
of several NET sessions, participants are guided
through a therapeutic process that encourages them to
share a testimony of their traumatic experiences within
a more general lifespan narrative that includes both
positive and negative memories and thoughts on the
future.

From a neurobiological perspective, NET provides
a safe environment to recall the contextual information
of traumatic “cold memories” associated with an event
and the linked “hot memories” or fear structures,
which consist of the sensory, cognitive and emotional
perceptual information and physiological and motor
responses associated with that same traumatic event.
Flashbacks, a prime symptom of PTSD, are the result
of all the cold and hot memories of the traumatic event
being activated when the survivor encounters just one
internal or external stimulus associated with the fear
structure surrounding that event. PTSD causes the
same SNS and HPA responses that become active when
experiencing a traumatic event to become active and
re-experienced during flashbacks, ultimately hindering
the functioning of HPA. This increases the number
and strength of associations between triggering cues,
making it easier for traumatic memory to be activated.

The negative effect of PTSD on the HPA response
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also restricts memories from incorporating contextual
spatio-temporal information, which makes recall of the
event less coherent and more prone to activating the
fear structure. The autobiographical nature of NET
helps one reduce the sense of threat associated with hot
memories by anchoring them to the spatio-temporal
information of that individual’s life. Continually
sharing traumatic memories within the larger context
of a life narrative with another individual helps one
create a coherent lifeline that provides meaning to the
recollection of traumatic events. It also allows new,
non-traumatic information to become part of memory
recall. This can enhance emotional processing of the
traumatic event by helping to reduce the negative
reinforcement of avoidance thoughts and behaviors.

It can also improve emotional processing, reducing
fear and anxiety associated with the SNS response and
structuring traumatic memories in a way that changes
the pathological associations surrounding them. This
helps survivors understand that traumatic memories
are distinct from the traumatic event itself, allowing
recall to occur more safely and in a controlled manner.’
Studies of NET and its effect on PTSD have focused
almost exclusively on populations facing violence in or
from developing countries. This pilot represents a novel
approach to treating victims of violence in the U.S.

Treating Trauma Exposed Patients
in Primary Care Settings

Studies show that higher lifetime trauma leads to
impulsivity,'"' and a combination of the trauma and
impulsivity are likely associated with a number of
different behaviors such as fiscal imprudence,'” substance
use disorders (SUDs)*">!* and other health impairing
habits of behavior and lifestyle like reckless driving,
physical inactivity, poor diet,' risky sexual behavior,"”
medical non-adherence,' self-mutilation, suicidality,'®
etc. Studies of delayed reward discounting (DRD),
a category of impulsivity that is implicated in these
behaviors, usually focus on SUDs and rarely consider
trauma as a predictor of discounting. This is a particular
concern among physicians in primary care settings where
there is a need to negotiate with patients about decision-
making related to health behaviors that contribute to
chronic disease outcomes.

Meanwhile, neuroscience research has shown
that trauma exposure may be an important predictor
of discounting behavior. When high chronic stress
occurs, such as traumatic stress, the amygdala’s circuitry
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reacts by promoting defensive responding,'’and there
is increasing monoaninergic release that engages

low affinity NA alphal, dopaminergic (DA1), and
serotonergic (5-HT2A) receptors, thereby interfereing
with working memory.” Working memory acts as a
temporary store for mental representations that are
relevant to any decision or task that is currently taking
place. It also sustains relevant information that can be
retrieved from other areas of the brain during active
processing. Several studies show a relationship between
working memory and a measure of discounting.”!

A behavioral economic framework called the
Competing Neurobehavioral Decision System?** is now
being increasingly used to explain health-behavior
decisions. These decisions are thought to be influenced
by an impulsive decision-making system that leads
individuals to choose immediate reinforcements, i.e.,
they “discount,” and an executive decision system (i.e.
working memory and other relevant areas of the brain)
that leads individuals to inhibit impulses in favor
of long-term rewards, i.e., they delay gratification.””
Trauma-exposed patients’ existing chronic stress and
impaired cognitive functioning weakens these systems,
causing them to discount (select smaller, short-term
rewards over larger, long-term rewards).”** This novel
framework could have broad implications for how
the medical community deals with trauma-exposed
patients. Researchers affiliated with the SLUCare
Physician Group, ARCHNet and SLU have already
begun much of this important research.?%

Also, important translational work prompted
by researchers at Virginia Tech’s Addiction Recovery
Research Center has resulted in a number of
interventions that can be used in primary care
settings.” These interventions include modified
behavioral economic approaches to motivational
interviewing and mindful attention, choice bundling/
bracketing (patient asked to make a series of decisions
rather than one discrete decision), episodic future
thinking (projecting self into plausible future
scenarios), working memory training, contingency
management and contracting, which seek to alter how
people structure choices.

One such intervention, episodic future thinking,
has shown to be the most effective in reducing
discounting in laboratory research.’’ Because sessions
of episodic future thinking are very brief, they have
great potential for primary care because they involve
prompting individuals to develop goals and generate



positive cues about the future over pre-determined
periods of time, which can be used by primary care
providers and care teams to revisit during check-ups.
In addition, episodic future thinking interventions

also aid what can become negative thinking about

the future, which is common among trauma-exposed
patients.”> Like NET, which was introduced in the
previous section, episodic future thinking interventions
also are used to improve patients’ ability to establish
narratives — and these narratives help with coping and
behaviors that require decisions between short and
long term rewards. This has led to the development of
a research protocol to test an episodic future thinking
intervention at SLUCare. This intervention would
essentially focus on whether episodic future thinking
reduces not just discounting, but also chronic disease
outcomes (in this case chronic disease outcomes related
to diabetes).?

University-Community Partnership To
Address Trauma-Related
Cognitive-Communicative Decline
Traumatic Brain Injuries (TBIs) are prevalent
in older African Americans of low socio-economic
status, most commonly caused by falls.** The presence
of a TBI increases risk for dementia.”?” Given the
overwhelming evidence that minority elders experience
greater risk but inadequate and frequently delayed
detection of dementia, this group experiences increased
numbers of preventable hospitalizations, and higher
healthcare cost burden.?®* Therefore, culturally
competent strategies are necessary for reducing health
disparities that systematically and disproportionately
affect underserved elderly African Americans with signs
and symptoms of cognitive-communicative decline.
The following paragraphs describe one such strategy.
In 2017, the SLU School of Medicine’s Geriatric
Workforce Enhancement Program partnered with
CareSTL Health and Northside Youth and Senior
Service Center, Inc., two community health centers
serving minority and economically disadvantaged
residents of North St. Louis, to establish the
Senior Social Group For Brain Health As We Age.
The NCIN provided substantial support for the
group, which was operational until the onset of the
COVID-19 pandemic. As indicated by the group
name, sessions focused upon aging brain health issues,
including trauma-related topics such as prevention
and management of TBIs. The group of 10 to 12
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community-dwelling African American elders was led
by a cognitive neuroscientist from SLU with clinical
credentials in speech-language pathology (WP), in
collaboration with the medical, nursing, and behavioral
health staff of CareSTL Health and Northside.

Weekly gatherings were conducted in the North
St. Louis neighborhood of The Ville, on the hallowed
grounds of the former Homer G. Phillips Hospital
(HGPH). Opened in 1937, HGPH welcomed African
American patients and was the premiere medical
training center for African American healthcare
professionals before its forcible closing in 1979.% Later.
CareSTL Health transformed a corner of the HGPH
building complex into a day health center; group
participants gathered at this historic site for weekly
sessions. As a familiar and cherished symbol of this
African American community’s response to racial health
disparities, it was conducive to candid conversations
about health that inspired participants’ revelations of
personal experiences of trauma.

Culturally responsive activities were led with
input and approval from participants and community
health center staff to sensitively address the subject of
TBIs resulting from falls, vehicular accidents, gun-
shot wounds and domestic violence, among other
causes experienced by group participants.“-** Their
learning of trauma-related concepts was promoted
by introducing functional phrases and terms such as
“chronic traumatic encephalopathy” (and the acronym
“CTE”), “cognitive reserve” and “concussion” in guided
group discussions based on collective readings of lay-
friendly materials by the National Institute on Aging,
the Alzheimer’s Association and the Centers for Disease
Control and Prevention, among other authoritative
sources. These take-home materials in the forms of
handouts, brochures and booklets were distributed
to participants as accessible and appealing external
memory aids that could be shared with family and
professional caregivers.

Because falls are a leading cause of trauma-related
hospitalizations among the elderly and are especially
common among low-income African American elders,
we dedicated multiple sessions to falls prevention
(i.e., http://www.cdc/gov/homeandrecreationalsafety/
falls). Participants’ learning about dementia risk
associated with TBI from falls and other causes was
assessed and consolidated through group games which
tested pre-training knowledge, such as Brain Health
Jeopardy, Brain Health Trivia Tournament, and word-
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search contests. Participants reported that their newly
acquired actionable knowledge about trauma enhanced
their interactions with health professionals, family
caregivers and peers, and contributed to their sense of
control over their health and quality of life as they age.

Conclusion

The commitment to improving the lives of
individuals by translating groundbreaking bench
science to novel approaches to health care is paramount
as the NCFEN continues to gain prominence in
academia and academic medicine as a leading Center
of Excellence. The three examples of trauma care in
community clinical settings described in this article
represent how members of the NCIN are fulfilling this
imperative and working to improve care across the
continuum using a neuroscience-informed approach.
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Abstract

Purpose of Study

Plastic Bronchitis (PB) is
a rare pulmonary condition
characterized by the presence of
casts in the trachea or bronchial
tree. While there are many
individual cases reported in
pediatric and adult populations,
no thorough reviews of pediatric
and adult cases of PB exist in
the literature. The purpose
of this article is to conduct a
comprehensive review of PB
regarding presentation, diagnosis,
pathophysiology, and treatments.

Etiology

In the pediatric population,
PB can be attributed to pediatric
cardiothoracic surgeries such as
Fontan procedures, infections,
inflammatory processes, acute
chest syndrome, or iatrogenic
processes. In the adult population,
PB can be idiopathic or
due to infections, anatomic
variations in lymphatic vessels,
surgeries, medications, or other
comorbidities.

Pathophysiology

The pathophysiology of PB
is still widely unknown; however,
associations with inflammatory
diseases and cardiac surgery
have been proposed. There are
two types of cast formations

found in plastic bronchitis:

Type I casts are associated with
inflammatory diseases and Type II
casts are associated with surgical
procedures.

Treatment

Historically, PB has
been treated by a variety of
pharmacological methods
including the use of
corticosteroids and mucolytics.
Recently, the treatment paradigm
has shifted towards procedures
such as lymphatic embolization,
duct ligation, and stent grafting.

Conclusions

The information available
regarding PB is still sparse, hence
future research is necessary for
further understanding of the
disease. Due to its numerous
presentations and disease
associations, awareness of plastic
bronchitis, and its treatment
options is essential for primary
care providers and respiratory
specialists.

Introduction

Plastic bronchitis (PB), also
known as cast bronchitis, is a rare
respiratory condition consisting
of branching intrabronchial cast
formation that leads to the blockage
of distal and intermediate airways.
Patients presenting with PB may
show signs of productive cough,
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Table 1: Plastic Bronchitis Etiologies

Adults (= 18)

Pediatrics (<18)

Anatomic
e  Thoracic Duct Stenosis?!
e Lymph flow variation22
e  Thoracic Duct Duplication2?

|diopathict7-18

Infectious
e  HINT Influenza?
e  AIDS/Kaposi Sarcoma?s

Miscellaneous
e  ACE Inhibitors?8
e  Silicosis2¢
e  Beta Thalassemia Minor?”

Surgery
e  Coronary Artery bypass graft’?
e  Bilateral Lung Transplantation20
e  Fontan procedure; adult onsetd

Acute Chest Syndrome!©
e  Endobronchial Injury

latrogenic4
e  Prolonged chest tube drainage
e  Chylothorax
e  Formation of cardiopulmonary collateral vessels

Infectious
e  Adenovirus!!
e  Adenovirus Serotype 712
e  Mycoplasma pneumonia'3
e Influenza B4

Inflammatory Processes
e  Afopy or Asthma'é
e |diopathic Chronic Eosinophilic Pneumonia’s

Surgerysé
e  Fontan procedure
e  Glenn Shunt
e Tetralogy of Fallot repair
e  Artferial switch operation

Table 1: Shown above is a comparison of the variety of causes of plastic bronchitis between adult and pediatric

populations.

dyspnea, fever, or pleuritic chest pain. Due to the rarity
of the disorder, the true prevalence of PB is unknown.

The majority of pediatric cases of PB are associated
with surgical correction of congenital heart disease,
although many other etiologies have been identified. In
pediatric populations, most causes of plastic bronchitis
are slightly more common in males, excepting allergic
causes in which females predominate.!

Though more prevalent overall in children, many
cases of plastic bronchitis have been described in
adults. From idiopathic cases to abnormal lymphatic
circulation, case reports within the literature describe a
similarly wide variety of etiologies of plastic bronchitis
in adults.

Despite its rarity, plastic bronchitis presents with
common and persistent symptoms that can result in

severe respiratory complication such as respiratory
failure and death.>?
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In addition to pharmacological treatment options,
several novel surgical procedures have been recently
developed that completely alleviate patients’ PB-
associated symptoms. Considering its occurrence in
patients of all ages and potential for severe but treatable
respiratory failure, plastic bronchitis is a condition of
which clinicians should be aware.

Within the current literature, no comprehensive
review of plastic bronchitis in adult and pediatric
populations exists. The purposes of this discussion are
to illuminate differences in etiology between the two
patient populations, present the current understanding
of the pathophysiology causing cast formation, and
discuss emerging treatment options for management,
ultimately providing clinicians with a framework for
identifying and treating plastic bronchitis.

Due to the multiple names describing plastic
bronchitis, the literature search for this review
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Table 2: Plastic Bronchitis Case Studies in Pediatric Patients
Study Number  Mean Diagnostic Procedures Etiology Treatment
of Age
Patients (years)
Singhi et al.s 1 5 Expectorated mucus Fontan Pulmonary vasodilators
casts and Histologic procedure
examination of casts
Grutter et al.” 4 2.6-4 Bronchoscopy and Fontan Procedure  Sildenafil, Bosentan, Inhaled
Histologic examination steroids, Aerosolized tPA,
of casts Nebulized N-acetylcysteine
Feray et al.!© 6 2-18 Chest X-ray, Chest CT, Sickle cell disease  Aerosolized mucolytic agents
and Bronchoscopy and 2-mercapto-ethane
sulfonate and N-
acetylcysteine
Lu et all 1 3 Chest X-ray, Chest CT. Adenovirus Direct extraction of the cast
Bronchoscopy, and infection during bronchoscopy
Bronchoalveolar lavage
Kirito et al.14 3 8 Chest X-ray, Chest CT, Influenza B Direct extraction of casts, IV
and Bronchoscopy infection peramivir, glucocorticoid
Hussain et al.'s 1 15 Chest X-ray, Chest CT, Eosinophilic lung Fluticasone, Albuterol,
Bronchoscopy, Fine disease Mucomyst, 7% hypertonic
needle biopsy of casts, saline, chest physiotherapy,
and Bronchoalveolar Azithromycin, and direct
lavage extraction of casts
Chhawchharia 1 9 Chest X-ray. Chest CT, Dander (buffalo Salbutamol, Nebulized
et al.lé months  and Bronchoscopy and cow) ipratropium bromide,
hypersensitivity Glucocorticoids,3% saline
with chest physiotherapy,
and Oral montelukast

Table 2: Shown above is a summary of the diagnostic procedures, etiology, and treatment of select pediatric cases of

plastic bronchitis.

examined the key words “plastic bronchitis,”, “Hoffman
bronchitis,” and “cast bronchitis” on PubMed and
included only the English literature. Articles were
differentiated between pediatric and adult cases by age,
with patients over 18 years considered as adults.

Etiology

While the etiology of plastic bronchitis (PB)
is poorly described, there are multiple reports that
provide insight on the presentation of PB in pediatric
and adult populations. Emerging cases of PB have
revealed many causes and likely pathologies of this rare
disease, with only some shared etiologies of PB between
the two populations. A summary of plastic bronchitis
etiologies in depicted in Table 1.

The most detailed cases of PB in the pediatric
population are from surgical corrections of congenital

heart diseases and other cardiac procedures. For
instance, the Fontan procedure may lead to PB in
about 4% of patients.*

In these cases, cast formation may be related to
the development of an abnormal lymphatic physiology
(called Fontan physiology) and inflammation.>®

Plastic bronchitis may also be observed in
pediatric patients after undergoing a Glenn shunt
(hemi-Fontan) procedure, Tetralogy of Fallot repair,
arterial switch operation, and other cardiac surgeries.®”
The time of PB presentation after surgery may vary
widely, as patients can present with casts within two
months or several decades after surgery.®?

Aside from cardiac surgeries, cast formations have
been described in patients with sickle cell disease. In
a report by Feray,'® bronchial casts were found in six
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children and one young adult with homozygous sickle
cell disease presenting with acute chest syndrome.

In that report, one patient developed severe acute
respiratory distress syndrome due to airway obstruction
by voluminous casts occluding the left main
bronchus.'

PB cases have also been reported in pediatric
patients with bacterial and viral infections. For
example, a three-year-old male patient presented with
cast occlusion of his left lower bronchus, fever and
cough. Bronchoalveolar lavage (BAL) fluid analyzed
with immunofluorescence confirmed an adenovirus B1
infection."!

Bronchial cast formation also seems to be
a plausible scenario in patients with adenovirus
serotype 7 infections. In one report, two children
with adenovirus serotype 7 infection presented with a
high fever, cough, dyspnea, and bronchial casts in the
left lower lobe.'? Rarely, casts have been described in
patients with atypical bacterial infections, particularly
with Mycoplasma pneumoniae:' Similarly, additional
cases of PB were described in children infected with
the influenza B virus, although some of these patients
had various underlying diseases such as asthma and
nephrotic syndrome. However, all of these patients
developed casts within one week after onset of the
influenza infection (1 to 6 days after onset).'*

Therefore, influenza B should also be considered as
a potential cause of cast formation in children with PB.

Lastly, PB in children may be secondary to
inflammatory processes such as asthma and idiopathic
chronic eosinophilic pneumonia. One report describes
a 15-year-old male with pulmonary eosinophilia
complicated by bronchiectasis and left upper lobe casts.
BAL fluid analysis from the left upper and lower lobes
revealed eosinophilia and Charcot-Leyden crystals."

A similar pathophysiology was also noted in a nine-
month-old male with type II pneumocyte dysfunction,
which was suggested to occur from a hypersensitivity

1 A summary of select

reaction to animal dander.
pediatric cases is further described in Table 2.

Unlike PB in children, cast formation in adults is
usually idiopathic. When etiologies can be identified,
they have an infectious origin, or are associated with
cardiopulmonary procedures, anatomic variations
in lymphatic flow, medications, or environmental
exposures. Casts in adults have been found to vary in
shape, size, location, and symptom presentation.'”'®

Although many cases can be ascribed as idiopathic,
PB in adults can rarely present as a complication of
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thoracic surgeries. One report describes a 54-year-old
male with non-ST-elevation myocardial infarction
required a three-vessel coronary artery bypass that
developed acute respiratory distress four hours after
surgery. Bronchoscopy revealed a cast at the level of
the carina, possibly occurring because of an acute
inflammatory response in the post-operative period."
In another case, a 32-year-old male underwent bilateral
lung transplantation and developed bronchial casts in
the left lower lobe on post-operative day one and day
three.”

Abnormal lymphatic flow because of anatomic
variations or pathologies may explain the appearance
of PB in some adults. In a 42-year-old male presenting
with bronchial casts, a diagnostic lymphangiogram
revealed thoracic duct stenosis which caused abnormal
lymph flow in lymphatic collateral vessels in the
supraclavicular region.?' In another case, a 35-year-
old pregnant female developed casts because
of an abnormal thoracic duct anatomy, and a
lymphangiogram revealed the thoracic duct making
a “hairpin” turn at the left supraclavicular region
and emptying aberrantly into the left pulmonary
hilum. In the same patient, another duct was present
which separated from the main thoracic duct and
emptied into the right hilum.** Lastly, a 32-year-
old female developed three bronchial casts, and her
lymphangiogram revealed duplication of the thoracic
duct with a smaller duct on the left side, a larger duct
of the right, and other small tributary vessels below the
carina, collectively compromising lymphatic flow.”

Similar to the etiology of PB in children, adults
can present with casts formation as a result of
pulmonary infection. A 55-year-old male infected with
HINT1 influenza A presented with cardiac arrest and
respiratory failure. After undergoing bronchoscopy,
bloody casts were found in the right main bronchus. In
this patient, Okada et al. proposed that anticoagulation
and infection exacerbated the patient’s symptoms and
led to the formation of bronchial casts.** AIDS and
Kaposi Sarcoma, an angioproliferative disorder, have
led to the formation of casts as well. For example, in
a 25-year-old male with HIV, a large cast was found
at the carina that extended to occlude the right main
bronchus. It is suspected that these casts formed as a
consequence of lymphatic leakage and stasis secondary
to Kaposi Sarcoma.”

Lastly, PB in adults may have miscellaneous causes
including environmental exposures, drug reaction, and
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Table 3: Plastic Bronchitis Case Studies in Adult Patients
Study Number  Mean Diagnostic Procedures Etiology Treatment
of Age
Patients (years)

Jettetal’®s 1 40 Chest X-ray, Bronchoscopy, Idiopathic Corticosteroids,
Transbronchial biopsy, and Nebulized
Histologic examination of casts Acetylcysteine,

Albuterol

Eberlein et 1 32 Bronchoscopy Bilateral lung Direct extraction of

al.20 fransplantation casts

Albitar et 1 42 Bronchoscopy, Thoracic duct Thoracic duct

al.2! Bronchoalveolar lavage, and stenosis embolization
Diagnostic lymphangiogram

Stoddartet 1 32 Bronchoscopy, Abnormal lymphatic  Thoracic duct ligation

al.z Bronchoalveolar lavage, and drainage- and removal of
Diagnostic lymphangiogram duplication of the subcarinal lymphatics

thoracic duct

Okada et 1 55 Chest X-ray. Chest CT, HINT infection Direct extraction of

al.24 Bronchoscopy, and Histological casts
examination of casts

Habib et 1 25 Chest CT, Bronchoscopy and AIDS associated Failed trial of nebulized

al.zs Histological examination of Kaposi Sarcoma dornase alpha, chest
casts, Diagnostic physiotherapy,
Lymphangiogram, and lpratropium, Albuterol
Lymphoscintigraphy

Watanabe 1 48 Chest CT, MRI, and Pulmonary Silicosis Thoracoscopic

et al.2¢ angiography resection of lymph

node

Plumacher 1 26 Chest CT, Histologic and ACE inhibitor- Switching from ramipril

et al.8 microbiologic analysis of the Ramipril to candesartan
casts

Table 3: Shown above is a summary of select adult cases of plastic bronchitis and associated diagnostic procedures,

etiologies, and treatments.

genetic predispositions. One case describes a 48-year-
old male with lymphadenopathy and a right middle
lobe cast, in whom resection of lymph nodes revealed
lymphadenopathy due to silicosis that may have
impaired lymphatic flow.” PB was also reported in a
33-year-old female with beta thalassemia minor.*”
Bronchial casts were also noted in a 26-year-old
female patient with congestive heart failure who had
been treated with ramipril, an angiotensin converting
enzyme-inhibitor (ACE-I), which was hypothesized
to lead to the development of casts. Switching to
candesartan, an angiotensin receptor blocker, and
performing chest massages to loosen bronchial casts
resulted in cast expectoration and termination of new

cast formation.”® A summary of select adult case studies
is displayed in Table 3.

The etiologies of PB differ between adult
and pediatric populations. In children, many cast
formations can be associated with surgery for
congenital heart defects. Casts can also be formed
through inflammatory processes and respiratory
infections. Rarely, PB can be caused by acute coronary
syndrome (ACS) or iatrogenic processes. Similarly,
adults can develop casts through infections or cardiac
and pulmonary surgeries. Anatomic variations in
the lymphatic system may also be related to cast
formations. Nevertheless, most cases in adults remain
idiopathic at present.
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Figure 1. Chest Radiograph.

Shown are signs of airway obstruction from the bronchial
cast. Complete right upper lobe collapse (blue arrow) with
right hemi-diaphragm elevation due to volume loss. Nodular
opacity in lingual (red arrow) representing bronchial cast.

Clinical Presentation

There are no definitive diagnostic criteria or
tests for plastic bronchitis. The diagnosis of PB is
mainly clinical and is based on clinical presentation,
bronchoscopic, and imaging findings. The clinical
presentation of plastic bronchitis is comparable to
other chronic respiratory illnesses such as asthma, cystic
fibrosis, or bronchiectasis. General symptoms include
productive cough, wheezing, and dyspnea. Physical
examination may reveal decreased breath sounds
at lung bases with simultaneous wheezing.** PB is
distinguished from other chronic respiratory illness by
presence of the branching casts that are expectorated,
commonly containing inflammatory and proteinaceous
material. Episodes of expectoration could go on for
years before the diagnosis is made due to the similarity
of symptoms to disease processes such as cystic
fibrosis. Chest radiographs can demonstrate bronchial
obstruction with possible lobar atelectasis; presenting as
patchy opacities in chest radiographs (Figure 1).*’ Since
signs and symptoms may not be specific, it emphasizes
the importance of acquiring a detailed history and
physical examination along with the need for chest
imaging and possible bronchoscopic evaluation.
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Pathophysiology

The phenomena underlying plastic bronchitis
are still widely unresolved. Plastic bronchitis is
characterized as a condition seen most commonly
in children (but also can be found in adults) in
which thick casts are expectorated (Figure 2A). The
mechanisms behind cast formation remain unknown,
but associations with asthma, congenital cardiac history
status post cardiac surgery, and cystic fibrosis (CF) have
been made.”? Many mechanisms have been proposed to
play a part in cast formation.

Casts have been characterized into two types.
Type I casts are inflammatory with components
including neutrophils, eosinophils, and Charcot
Leyden crystals seen in asthma and CF (Figure 2B
and 2C). These casts are believed to have been formed
due to decreased mucociliary clearance mechanisms.*
Type I casts are associated with congenital heart
disease status post Fontan procedure and are found
histologically to be acellular with proteinaceous lymph
material as the major component. With the inferior
vena cava (IVC) being connected to the pulmonary
artery (PA) for passive redirection of blood flow in
a Fontan procedure, casts can accumulate over time
from insufficient lymph drainage secondary to higher
pulmonary venous pressures. The accumulation of
casts and consequent airway obstruction acutely
increases the pulmonary venous pressure and further
propagates cast formation.” The majority of these
associated conditions are diagnosed in childhood, but
plastic bronchitis should be considered in adults when
individuals have a history of cardiac surgery or chronic
inflammatory lung disease.” An all-encompassing
answer has not been found for what underlies plastic
bronchitis, but these proposed mechanisms provide a
framework for a deeper understanding of the disease.

Treatment

Despite their many differing etiologies, adult and
pediatric plastic bronchitis populations have greatly
overlapped in their treatment methods. Further,
the lack of in-depth knowledge of the underlying
pathophysiology has not prevented the gradual
evolution of effective treatment options for both
symptomatic relief and correction of underlying causes
of plastic bronchitis. Treatment for PB was described
as early as 1960 by Johnson et al. who stated that the
manual removal of casts was the only source of relief
for an adult patient with idiopathic plastic bronchitis.”’
Both pharmacologic and surgically therapies for PB
have greatly evolved since those early efforts.
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Figure 2. Gross and Histological Appearance of Bronchial Cast.
(A) Bronchial cast expectorated by pediatric patient. (B) Hematoxylin and eosin stain displaying inflammatory cells.
(C) Neutrophils and macrophages seen within the cast.

Pharmacological treatment options for plastic
bronchitis are similar to those used in the management
of other obstructive and restrictive lung diseases.
Moreover, the mode of effective treatment has been
shown to vary depending on the cast type present and
its location in the patient. Although no comparative
studies are available to guide treatment, some would
argue that pharmacological treatment is more helpful
for patients with Type I casts of an inflammatory
origin.’” In contrast, plastic bronchitis cases with
Type I, noninflammatory casts require treating the
underlying cause, with surgical options showing more
improved outcomes and prevention of recurrent cases.

One pharmacological treatment option includes
corticosteroids to target underlying inflammation. Both
inhaled and systemic corticosteroid have been deemed
effective in reducing inflammatory cast formation
and alleviating PB symptoms in pediatric and adult
populations.’** Additionally, corticosteroids were
found to reduce hemoptysis in patients who presented
with hemoptysis as a symptom of PB.>* However,
corticosteroids have not been shown to provide
significant reduction in plastic bronchitis-associated
complications or mortality.

For patients in whom corticosteroids are
ineffective or contraindicated, other anti-inflammatory
medications remain available. Low-dose, long term
therapy with macrolide antibiotics have demonstrated
anti-inflammatory effects which reduce the formation
of Type I casts in plastic bronchitis.*** For patients
with an underlying infectious cause of plastic bronchitis
or whose casts demonstrate microbial growth in
culture, additional antibiotic therapy directed towards

the causal organisms is also indicated as part of the
treatment course.”>* More recently, sirolimus, an
immunosuppressant drug used in the prevention of
organ transplant rejection, has been presented as an
emerging treatment for adult cases of PB.* Sirolimus
is hypothesized to reduce the formation of chyle, a
digestion-related bodily fluid consisting of fat droplets
and lymph, which in cases of overproduction, can lead
to obstruction and leakage causing plastic bronchitis.

N-acetylcysteine, a mucolytic agent used in the
management of chronic obstructive pulmonary disease,
has also been used in both pediatric and adult patients
with plastic bronchitis.*** Further, N-acetylcysteine
may a be safe option in the treatment of pregnant
patients with plastic bronchitis. It can be administered
via nebulization to assist with dissolving casts prior to
bronchoscopy.*

Several other medications have been described as
possible plastic bronchitis treatments by preventing
cast formation or accelerating cast dissolution. The use
of intravenous unfractionated heparin in an inpatient
setting in adults with PB may slow the rate of Type I
cast formation.*” In bronchial casts with fibrin present,
plasminogen activators including urokinase and
tPA were demonstrated to reduce cast size and lung
obstruction.”>*> DNAse, an enzyme used to degrade
DNA products in patients with cystic fibrosis, has also
been used to attempt cast dissolution. Nevertheless,
in terms of effectiveness, N-acetylcysteine appears to
be more efficient in performing this objective when
compared to DNAse or plasminogen activators.”®
Lastly, octreotide, a synthetic somatostatin analog,
has been theorized to reduce cast formation via the
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Figure 3. Airway Bronchoscopy.
The images above were captured via flexible bronchoscopy. (A) Shows complete obstruction of the airway (lingula) by a
mucous cast. (B) Demonstrates patent airway (lingula) after complete extraction of the cast.

vasoconstriction of splanchnic vessels and subsequent
reduction in intestinal secretions. These changes lead to
a decreased amount of intestinal absorption, ultimately
reducing lymph flow and leading to a corresponding
decreased production of lymphatic casts. However, this
medication was not effective in the adult case of plastic
bronchitis in which it has been attempted.*

Despite the variety of pharmacological treatment
options available, no single medication has been proven
to effectively and consistently treat patients with plastic
bronchitis. In addition, certain drug classes have been
shown to be ineffective in treating PB. Bronchodilators
such as beta-agonists, guaifenesin, and hypertonic
saline, while used in the treatment of other pulmonary
conditions such as CE have not exhibited any
significant improvement in plastic bronchitis patients
in either pediatric or adult populations.?*#°

In addition to such pharmacologic therapies,
surgical interventions have emerged as effective
treatment options which address both the underlying
cause of plastic bronchitis and provide symptomatic
relief. Procedural methods used in the management
of PB have one of two underlying objectives: (1)
the resection of existing bronchial casts; or (2) the
prevention of new cast formation via lymphatic ductal
intervention.
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Bronchial cast removal via flexible bronchoscopy
has elicited successful outcomes in patients with plastic
bronchitis (Figure 3). In a case described by Sheikh et
al., bronchoscopy was performed daily for removal of
casts until the adult patient gradually recovered and
cast formation ceased.” Further reports on flexible
bronchoscopy in PB indicated that the implementation
of cryoextraction, a method by which bronchial casts
are solidified by cooling at the moment of removal,
was also effective at procedurally treating plastic
bronchitis.*' Respiratory kinesiotherapy was also found
to help facilitate bronchoscopy for cast removal. In
an adult case of idiopathic plastic bronchitis, high-
frequency oscillation was used to vibrate the chest wall,
allowing for the loosening of bronchial casts prior to
bronchoscopy.*

While bronchoscopic cast removal has acutely
benefited patients with plastic bronchitis, emerging
surgical treatment options that permanently modify
lymphatic drainage present a new and effective method
for resolving the underlying causes of some forms of
the disease. As previously mentioned, patients with
abnormal lymphatic flow and drainage show increased
risk for developing plastic bronchitis. In direct
response to these findings, several surgical options
are available for treatment. The first was described
by Itkin et al. and used imaging to identify aberrant
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Table 4: Summary of Treatment Modalities and Corresponding Evidence

Study Level of Evidence

Treatment Modality

Target Population

Pharmacological Treatments

Coen et al®?
Kim et al33
Wang et a3

Case report
Case report
Case series

Coen et al’2
Kim et al33
Madsen et al3®

Case report
Case report
Review

Shah et al3s Case report
Coen et al’2 Case report
Kumar et al Case series

Coen et al’2
Madsen et ald¢
Brogan et al

Case report
Case series
Case series

Corticosteroids

Macrolide antibioftics

Sirolimus

N-acetylcysteine

Unfractionated heparin and
Tissue plasminogen activators
(tPA)

Adults and Pediatrics

Adults and Pediatrics

Adults

Adults and Pediatrics

Adults and Pediatrics

Surgical Treatments

Sheikh et al'? Case report

Sriratanaviriyakul et al4! Retrospective study

Raoufi et al42 Case report

Itkin et al+ Case series
Dori et al44 Retrospective case series
Peyton et al4 Case series

Geanacopoulos et al4¢ Retrospective study

Hess et al0 Case report

Majdalany et al4 Case report

Albitar et al2! Case report
Yung et al4¢ Case report
Hess et al Case report

Flexible bronchoscopy + cast
extraction

Cryoextraction
Respiratory Kinesiotherapy

Lymphatic embolization
surgery

Thoracic duct ligation

Thoracic duct stent grafting

Dietary modifications

Adults

Adults

Adults

Adults and Pediatrics

Adults

Adults

Adults and Pediatrics

Table 4: Shown above is summary of pharmacological and surgical freatment options for plastic bronchitis.

thoracic duct branches that drained directly into the
lung. By occluding extraneous lymphatic drainage

via embolization, the authors reported complete
resolution of symptoms and the prevention of future
complications of plastic bronchitis in five of six
patients.” Furthermore, patients undergoing lymphatic
embolization experienced no additional obstruction or
bleeding and required fewer post-surgical medications
or respiratory support. This novel and minimally
invasive surgical method of percutaneous embolization

has also been applied to pediatric patients with
plastic bronchitis stemming from Fontan circulation
or congenital heart disease resulting in abnormal
lymphatic circulation. In such patients, the procedure
equaled its success in adults in alleviating symptoms

and preventing additional exacerbations.

44-46

Cases of plastic bronchitis have been described
in which patients were unable to undergo lymphatic
embolization for treatment due to higher risk or to
failed previous attempts. In such cases, alternative
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surgical procedures have been attempted. In one
patient for which cannulation of lymphatic vessels was
unsuccessful, thoracic duct ligation was performed,
yielding similar results to percutaneous embolization.*
Another report describes the use of thoracic duct stent-
grafting to re-direct lymphatic flow through the main
thoracic duct and thereby exclude flow to aberrant
lymphatic branches.”

A summary of pharmacological and surgical
treatment options for PB is outlined in Table 4. Even
as pharmacological regimens and surgical treatment
methodologies continue to evolve, alternative therapies
including lifestyle modification remain options to be
considered for PB patients. Albitar et al. described
a 42-year-old male patient whose PB symptoms
worsened upon consumption of meals with high
fat content and were improved by reduction of fat
intake.”’ Indeed, Yung et al. recommended a complete
fat-free diet for patients with severe plastic bronchitis
leading to ventilatory failure.” It was hypothesized that
decreased fat consumption leads to a reduction in chyle
production, ultimately reducing lymph volume and
cast formation.

Discussion

Plastic bronchitis presents as a severe respiratory
condition with a broad spectrum of etiologies. In
children, the surgical correction of congenital heart
disease® and immune-mediated inflammatory’® and
infectious causes prednominate.'’ In comparison,
adults with plastic bronchitis exhibit additional
etiologies such as anatomical lymphatic abnormalities®
or idiopathic causes."” Additional etiologies of plastic
bronchitis are continually being reported, and the full
scope of the origin of this condition remains unknown.
Regardless of underlying causes, patients experience
productive cough, dyspnea, and wheezing which is
easily misdiagnosed as another pulmonary condition
such as chronic bronchitis or atypical asthma.

Due to the potential for severe cardiopulmonary
compromise in patients with plastic bronchitis, it is
essential for primary care physicians and respiratory
specialists to understand the clinical presentation
and available treatment options. The treatment for
plastic bronchitis has evolved with the introduction
of novel lymphatic surgical techniques.* Prior to
the innovation of lymphatic embolization, stent
grafting, and duct ligation techniques for plastic
bronchitis, clinicians focused on the extensive variety
of pharmacological measures for treating the condition.

372 | 118:4 | July/August 2021 | Missouri Medicine

From corticosteroids to reduce inflammation to
mucolytics such as N-acetylcysteine for loosening
and dislodging casts, some patients experienced

at least temporary improvement of symptoms,

but no single medication has provided consistent
efficacy within the current literature. However, the
implementation of new bronchoscopic techniques
along with the aforementioned lymphatic procedures
have led to a dramatic reduction or even elimination
of patient symptoms and recurrence rates for plastic
bronchitis.* Moving forward, the best therapeutic
approach for physicians may be to consider surgery as
a primary intervention, with medications and lifestyle
modifications serving as ancillary therapies targeted
towards continued symptomatic improvement.

Despite these advancements, there is a dire need
for further investigation. Given the broad range of PB
etiologies, the most direct common pathway leading
to the formation of casts is yet to be determined, and
indeed may not exist. Moreover, the advent of many
treatments for plastic bronchitis is recent and none of
them have been evaluated in randomized control trials.
Given the rarity of the disease and a current lack of
controlled trials, the long-term outcomes of surgery,
recurrence rates within different treatment groups, and
overall demographic risk factors for the development of
plastic bronchitis remain unknown.

While rare, plastic bronchitis has emerged as a
treatable condition. With further clinician education,
research, and awareness, many PB patients can look
forward to improved outcomes and more durable and
effective care.
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Abstract

Background

Peripherally inserted central
catheter (PICC) placement
is necessary for delivery of
intravenous (IV) antibiotics
to treat bone and soft tissue
infections. Upper extremity deep
venous thrombosis (DVT) after
PICC placement is a complication
with unknown incidence in the
orthopaedic literature. The major
objectives of this study are

(1) Identifying the rate
of upper extremity PICC-
associated DVTs after orthopaedic
procedures;

(2) Which orthopaedic
subspecialties are most likely to
encounter an upper extremity
PICC-associated DVT?

(3) What surgeries or medical
comorbidities are risk factors for
upper extremity PICC-associated
DVTs?

(4) Does type of DVT
chemoprophylaxis decrease the
risk of an upper extremity PICC-
associated DVT?

Methods
A retrospective review of
electronic medical records (EMR)
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was performed to include all
patients undergoing irrigation
and debridement (I&D) for
treatment of orthopaedic surgery-
related infections over a 10-year
period. All patients with PICC
placement were included for
analyses. Age, sex, and medical
comorbidities were extracted
from the EMR. Mann-Whitney
non-parametric tests, Fisher’s
exact tests, Chi-square tests,

and Cochran-Mantel-Haenszel
(CMH) tests were used to
determine associations with DVT
events for those with PICCs based
on medical comorbidities, PICC
lumen size, team placing the
PICC, impact of implant removal,
and protective effect of DVT
chemoprophylaxis. Significance
was set at p<0.05.

Results

Twenty-one of 660 patients
(3.18% rate) were found to
have an upper extremity PICC-
associated DVT. A history
of DVT (OR=8.99 [95% CI:
3.39, 49.42]) was significantly
associated with an upper
extremity PICC-associated DVT.
The greatest risk for an upper
extremity PICC-associated DVT



was intramedullary implant removal (OR=12.43
[95% CI: 3.13, 49.52]). The type of DVT
chemoprophylaxis did not significantly affect the
likelihood of an upper extremity PICC-associated
DVT.

Conclusion

Intramedullary implant removal and a history
of DVT are risk factors for an upper extremity
PICC-associated DVT. The results of this study
should be of particular interest to surgeons who
do not typically give DVT prophylaxis and plan to
perform surgery on patients with CHE, a history of
a DVT, or plan to manipulate the intramedullary
canal.

Introduction

Long-term antibiotic treatment for deep bacterial
infections involving bone and/or soft tissues often
involves placement of peripherally inserted central
catheters (PICC). The antibiotic selection is often
managed by our infectious disease colleagues, while
orthopedics often prescribes deep vein thrombosis
(DVT) chemoprophylaxis if it is indicated. Previously
identified risk factors for upper extremity PICC-
associated deep venous thrombosis is elevated in
patients with congestive heart failure (CHF),’
malignancy,” and those who are in critical condition.’
However, little peer-reviewed evidence exists in the
orthopaedic literature. Although the insertion of an
indwelling catheter causes endothelial damage—the
other two parts of Virchow’s triad—the patient’s
hypercoagulable state and increased venous stasis are
increased during orthopaedic surgery. The influence
of hypercoagulability can be appreciated in the 5%
rate of PICC-associated DVTs in ambulatory patients
without cancer, which is 15 times lower than the
75% rate reported for cancer patients.*> Accurate
delineation of at-risk patients and appropriate
use of chemoprophylaxis are critical for providing
evidence-based care as DVT events are associated
with significant morbidity and mortality and increase
health care expenditures ranging from $10,000 to
$16,000 per event.®®

This study was designed to assess all patients
undergoing I&D for treatment of orthopaedic
surgery-related infections at our institution over a
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10-year period in order to determine the likelihood
of occurrence of an upper extremity PICC-
associated DVT based on medical comorbidities,
PICC lumen size, the team placing the PICC,
post-operative weight bearing status, impact of
intramedullary implant removal, and type of DVT
chemoprophylaxis. We hypothesized the following
patients would be at significantly greater risk for
PICC-associated DVT: 1) patients with a history
of DVT, cancer, or CHF; 2) patients without DVT
chemoprophylaxis; 3) patients undergoing surgery
with a surgeon who infrequently prescribes DVT
chemoprophylaxis; and 4) patients undergoing more
complex surgery including intramedullary explant
with debridement.

Participants and Methods

With institutional review board approval,
electronic medical records (EMR) were reviewed for
all patients who underwent I&D performed by the
orthopaedic surgery department at our Midwestern,
US-located institution during the years 2008 to
2018. Billing information for CPT codes associated
with “irrigation and debridement” or “incision and
drainage” were used to identify the cohort of patients
included for analysis. The following information was
extracted from the EMR to determine risk factors
for an upper extremity PICC-associated DVT:
age, sex, medical comorbidities, lumen size, PICC
placement by interventional radiology or nurse IV
team, orthopaedic subspecialty performing 1&D,
arthroplasty explant during I&D (intramedullary
implant), post-operative weight bearing status,
days of admission after DVT diagnosis, and post-
operative DVT chemoprophylaxis including type of
chemical prophylaxis. Eighty-one mg aspirin was not
differentiated from 325 mg aspirin when including
aspirin as the type of DVT chemoprophylaxis.
Clopidogrel was included as DVT chemoprophylaxis
if the patient was taking this preoperatively and
it was continued post-operatively. If a patient
had a polyethylene swap without intramedullary
arthroplasty explant, this was not included in the
arthroplasty explant cohort. If the patient was on
DVT chemoprophylaxis for any reason prior to
surgery, and the chemoprophylaxis regimen was
continued post-operatively, it was included as their
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Table 1. Pafient demographics and PICC characteristics, squ.are tests' were used t.o .d.etermln'e
means +standard deviation. which medical comorbidities are risk
PICC-associated factors for a PICC associated DVT
Category DVT NoDVI  OR 95%ORCI P.value event, with dichotomous comparisons
Age 53.67+234  50.48+2155 0.50 performed using Fisher's Exact
S e I 370 34 method. A contingency table was
Male 10 58 ¢ 086,303 DAL used to compare implant removal
BT status and DVT status at fixed level of
size ) % = ! anticoagulation status. The Cochran-
double 18 611 043 (095,193 Mantel-Haenszel (CMH) test was
triple 0 7 used to test the conditional association
pPICC Nurse " - , 01537, - between implant removal status and
placement z 1.0912) : DVT status in the presence of the
anticoagulation status.
DVT chemoprophylaxis regimen. Only patients who Results

had a DVT at the site of PICC placement, which was
confirmed with non-compressibility of the vein on
venous duplex ultrasound, were considered to have
an upper extremity PICC-associated DVT. Other
inclusion criteria included any patient who underwent
an I&D procedure and had an upper extremity PICC
placement during the same hospital visit. All patients
who had the PICC removed during the same hospital
visit were included in the analysis. If it was unclear if
the medical comorbidity was present at the time of
PICC placement, the medical comorbidity was not
recorded to minimize bias.

Statistical Analyses

Data were validated and summarized using
frequency tables and percentages for categorical
variables and means and standard deviations or
medians and ranges, for continuous variables. A
two-tailed unequal variance student t-test or Mann-
Whitney non-parametric test was used to determine
if there was a significant difference between patient
demographics and PICC characteristics with
significance set at p < 0.05. Fisher’s exact test was
used to test the following conditions: if there was
an association between DVT chemoprophylaxis and
implant removal resulting in an upper extremity
PICC associated DVT, to determine if all types of
anticoagulation are equally efficacious at preventing
DVT events, and to determine if certain orthopaedic
subspecialties are at increased risk of having an upper
extremity PICC-associated DVT. Additionally, Chi-
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A total of 1,279 unique patients undergoing
1&D during the years 2008 to 2018 were identified
and had non-missing PICC status. Of these patients
undergoing I&D, 626 patients (48.94%) were
identified as having at least one PICC placed during
the same hospital stay as the I&D. Fifty-nine (9.42%)
of these patients had multiple PICC placements with
12 (1.92%) having three or more PICC placements,
yielding a total of 709 PICC placements. Of the
709 PICC placements identified in our cohort, a
total of 21 upper extremity PICC-associated DVTs
were identified. None of the 21 patients with a
PICC-associated DVT had multiple PICC line
placements. The rate of upper extremity PICC
related DVTs were 3.35% per patient and 2.96% per
PICC line placement. Neither age (p = 0.3037) nor
sex (p = 0.514) was significantly different between
patients who developed an upper extremity PICC-
associated DVT versus those who did not. Eight of
the 21 patients diagnosed with an upper extremity
PICC-associated DVT were non-weight bearing or
partial weight bearing, while the remaining 13 were
designated as “weight bearing as tolerated”. Non-
weight bearing status was not significantly different in
the patients with a PICC-associated DVT compared
to those without (38.1%) an upper extremity PICC-
associated DVT (p=0.9731). The average length
of PICC duration was 34.3 + 10.5 days (range
2-48 days), while the average number of days until
diagnosed upper extremity PICC-associated DVT was
11.7 + 5.6 days. A diagnosis of an upper extremity



Table 2. Likelihood of a PICC-associated DVT based on presence of
DVT chemoprophylaxis and inframedullary implant removal.
For all PICC placements
No DVT (N=673) DVT present Odds 95% OR  p-
(N=19) ratio Cl value
No implant removal and 663 16 1 0.004
had anticoagulation
Implant removal and no 10 3 12.43 (3.13,
anticoagulation 49.52)
For distinct patients
No DVT (N=594) DVT present Odds 95% OR p-
(N=19) ratio CI value
No implant removal and 587 16 1 0.003
had anticoagulation
Implant removal and no 7 3 15.72 3.72,
anticoagulation 66.42)

PICC-associated DVT was associated with immediate
readmission in all patients with a resulting 3.2 + 3.1
days of hospital stay until discharge. PICC lumen
size and team placing the PICC were not significantly
different between DVT cohorts (Table 1). Three
patients with DVT did not have information in the
EMR regarding PICC lumen size or the team who
placed the PICC.

We identified 92 patients (14.65%) in the PICC
cohort who had an intramedullary implant removal
with a total of 115 total intramedullary implant
removals. Of the 92 patients with implant removal,
10 patients (10.87%) did not receive chemical DVT
prophylaxis. When including each explant event, 13
of the 115 implant removals did not receive chemical
DVT prophylaxis. This led to a 12.43 OR [95%

Cl: 3.13, 49.52] for patient specific and a 15.72
OR [95% CI: 3.72, 66.42] for total incidence of
upper extremity PICC-associated DVTs when an
intramedullary implant removal occurred during
1&D (Table 2). When we specifically identified
patients who had chemical DVT prophylaxis with

implant removal compared to no implant removal,
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there was still an elevated,
although lower risk for an
upper extremity PICC-
associated DVT (OR = 3.62
[95% CI: 1.12, 11.76]) (Table
3). With respect to medical
comorbidities, history of
DVT (OR = 8.99 [95% CI:
3.39, 23.86]) was significantly
associated with an upper
extremity PICC-associated
DV'T. Hypertension, CHE,
cancer, smoking, diabetes, and
other comorbidities were not
found to be significant.

When comparing
orthopaedic subspecialties, rate
of upper extremity PICC-
associated DVT events in
shoulder surgery (25%) (p
= 0.0161) and spine surgery
(8.16%) (p = 0.0410) were
significantly higher than rate
of PICC-associated DVT in

orthopaedic trauma (2.01%). Shoulder surgery also

had a significantly higher rate of upper extremity
PICC-associated DVT events compared to hip and
knee arthroplasty (3.10%) (p = 0.0347). Of note,
both shoulder surgery patients who experienced upper

extremity PICC-associated DVTs underwent total

shoulder arthroplasty explant.

Finally, when comparing enoxaparin,

factor Xa inhibitors, 325 mg aspirin, warfarin,

and clopidogrel, we did not find significant

differences in efficacy among these common types
of DVT chemoprophylaxis. Additionally, DVT

chemoprophylaxis did not result in a significantly

lower rate of upper PICC-associated DVT events

when compared to not using DVT chemoprophylaxis

for orthopaedic patients undergoing I1&D, p=0.1344.

Discussion
Data from the present study documented
upper extremity PICC-associated DVTs in 3.2% of
orthopaedic surgery patients who underwent 1&D

at a tertiary care center. Our upper extremity PICC-

associated DVT rate closely aligns with the 5% rate
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and inframedullary implant removal.

Table 3. Odds ratio of developing a DVT based on antficoagulation status

(intramedullary arthroplasty
explants) would be associated
with greater risk for upper

All PICC NoDVT DVT present Odds ratio 95% ORCI  P-value

;‘:ceme“‘s extremity PICC-associated

anticoagulation ~ No implant removal 191 4 1 0.0058 DVTs. While Evans et al.'°

e implant removal 10 3 1433 (2.82.72.85) examined the effects of

‘;:'tei;oaglﬂation No implant removal 388 7 1 0.0508 surgery duration (< 1 or
implant removal 84 5 330 (1.02.10.64) >1 hr) on risk for DVT,

12.43); CMH test p-value = 0.0009.

CMH test result: Common Odds ratio estimate = 4.81; common odds ratio 95% confidence interval = (1.86,

the present study assessed

Distinct NoDVT DVT present Oddsratio 95% ORCI  P-value relative surgical co mplexity
Mo based on the assumption
g;lél;;)ag‘ulatloﬂ No implant removal 179 4 1 0.0032 th at it is a more accurate
implant removal 7 3 19.18 1(326596) alld standar diZCd assessment
‘;i'te:i;oag alation No implant removal 340 7 1 0.0386 Of Op eratw(? burden O.I‘l thC
implant removal 67 5 362 (L12,11.76) patient. This assumption

14.13); CMH test p-value = 0.0003.

CMH test result: Common Odds ratio estimate = 5.41; common odds ratio 95% confidence interval = (2.07,

appeared to hold true as

Evans et al. reported only a

reported by Lobo et al.” Importantly, the present
study delineated risk factors for upper extremity
PICC-associated DVTs in orthopaedic surgery
patients. Of the variables assessed, intramedullary
implant removal, shoulder, and spine surgery, and
history of DVT were significant risk factors for

an upper extremity PICC-associated DVT, while
age, sex, post-operative weight bearing status,
lumen size, number of PICC placement attempts,
cancer, smoking, diabetes mellitus, and DVT
chemoprophylaxis type were not. Taken together,
these data suggest that orthopaedic surgeons should
consider prescribing DVT chemoprophylaxis for
patients who have a history of DVT, patients who
are undergoing I&D for spine surgery or a shoulder
arthroplasty explant.

Similar to Liem et al. and Evans et al., patients
in the present study with a history of DVT had
significantly greater (8x) odds for upper extremity
PICC-associated DVTs.>'” Interestingly, data from
the present study did not show cancer to be predictive
comorbidity for DVT. Perhaps patients with cancer
who are healthy enough to undergo orthopaedic
procedures are not at significantly increased risk
for sustaining a DVT, however, this study may be
underpowered for this analysis based on inclusion
of only 34 patients with cancer requiring PICC
placement.

We also hypothesized that more complex surgeries
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slightly greater risk (1.7x)
for DVT with longer duration surgeries, whereas
arthroplasty explant surgeries were associated with
significantly greater (12.4x) odds of experiencing an
upper extremity PICC-associated DVT in the present
study.

A strength of the present study is its analysis of
a full spectrum of orthopaedic patients undergoing
1&D, regardless of subspecialty. This allowed us to
compare patients who are frequently treated with
DVT chemoprophylaxis (67% of our trauma cohort
and 90% of our arthroplasty service) and compare
them to patients who infrequently are prescribed
DVT chemoprophylaxis (44% of our shoulder
and 44% of our spine service). Interestingly, the
trauma and arthroplasty services, who frequently
prescribe DVT chemoprophylaxis had a lower rate
of PICC-associated DVT events than the shoulder
and spine services who infrequently prescribe DVT
chemoprophylaxis. Even when prescribed DVT
chemoprophylaxis, arthroplasty explant was associated
with a significantly greater (3.6x) odds for an upper
extremity PICC-associated DVT. This data may be
useful to help identify patients who could benefit
from DVT prophylaxis after PICC placement.

An additional strength of the study is that every
patient in the study was seen either by a member of
our orthopaedic team, infectious disease team, or
by the home health service after the I&D and prior
to removal of the PICC. We consider this to be a



100% follow up rate. This was likely possible as the
PICC line required removal by either home health,
infectious disease, or the orthopaedic team. Each of
these teams communicated with our orthopaedic
team if there were any concerns regarding the PICC
not working appropriately or there was concern for a
DVT and this was documented in the EMR.

In contrast to Alnimer et al."” who reported
PICC-associated DV'Ts were minimized with
DVT chemoprophylaxis, our study did not show
administration of DVT chemoprophylaxis or type of
DVT chemoprophylaxis significantly diminished the
occurrence for an upper extremity PICC-associated
DVT when analyzing all patients. We hypothesize
this was due to many [&Ds in healthy patients
undergoing minor bone or soft tissue 1&Ds.

Although we identified potential risks for upper
extremity PICC-associated DVTs, there is an inherent
risk of wound complications with administration of
DVT chemoprophylaxis (14). These complications
can range from increased bleeding, readmission to
the hospital (4.7% rate), return to the operative suite
(3.4% rate), or prolonged hospital stay (5.1% rate)
(15). These risks should be weighed against the 3.2%
rate of upper extremity PICC-associated DVTs, which
resulted in hospital admission with an average hospital
length of stay of 3.2 + 3.1 days. These patients
were admitted to the internal medicine service
who managed the DVT anticoagulation treatment
regimen. This typically consisted of either immediate
oral anticoagulation with a single overnight hospital
stay or immediate use of a heparin drip and
subsequent transition to oral apixaban, subcutaneous
weight-based enoxaparin or an enoxaparin bridge to
warfarin. The second option was typically assigned
to patients who were deemed to be less healthy that
those treated only with an oral regimen.

We recognize there are limitations inherent
with all retrospective studies including the accuracy
of data input in the EMR. If it was unclear if a
medical comorbidity was present at the time of PICC
placement, the medical comorbidity was not included
in our analysis. It is also possible upper extremity
PICC-associated DVTs were not identified because
the patient was asymptomatic. Only symptomatic
patients who had pain at the PICC site or whose
PICC line was not functioning appropriately were
identified as having a DVT after ultrasound diagnosis.

SCIENCE OF MEDICINE

Further, our method of identifying patients with
PICC line placements after I&Ds may have missed
some patients with PICC placements. One potential
alternative would have been to cross-reference all
PICC placements in our hospital system by searching
for CPT codes associated with PICC placements and
then identify all orthopaedic providers who ordered
PICC placement. Due to available hospital resources,
this was not feasible to perform. Additionally, there
were only eight patients in our hospital system

who had a shoulder 1&D with subsequent PICC
placement. Compared to 49 spine, 292 joints,

and 219 trauma patients, the small subgroup of
shoulder patients could lead to high variability in

the percentage of shoulder patients with a PICC-
associated thrombus causing high variation in our
confidence interval and results. Hospital systems with
a larger number of patients undergoing shoulder 1&D
and PICC placement, especially if they underwent an
arthroplasty explant, would help confirm our findings.
Further, although we collected all patients over a
10-year period who had an I&D by the orthopaedic
service, we had inadequate power to determine if the
type of DVT chemoprophylaxis affected the rate of
PICC associated DVT chemoprophylaxis. This was
an expected finding as it requires large studies with
>100,000 patients to identify appropriate efficacy of
different types of DVT chemoprophylaxis to prevent
lower extremity DVTs in the joint reconstruction
literature.'

Conclusion

Upper extremity PICC-associated DVTs are
relatively infrequent occurrences after orthopaedic
irrigation and debridement, occurring at a 3.2% rate.
A history of previous DVT increases the likelihood for
upper extremity PICC-associated DVTs. Additionally,
patients undergoing shoulder or spine surgery appear
to be at increased likelihood for experiencing an
upper extremity PICC-associated DVT. However,
intramedullary explant procedures had the largest
impact in elevating the risk for an upper extremity
PICC-associated DVT. This data should be helpful for
orthopaedic surgeons who do not routinely prescribe
DVT chemoprophylaxis, but who operate on
patients with a history of DVT, patients who require
a complex surgery, or an intramedullary explant.
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In these patients we recommend they be prescribed
DVT chemoprophylaxis to mitigate the risk of a
PICC-associated DVT. Of course, a risk-benefit ratio
should be considered prior to administration of DVT
chemoprophylaxis in all patients as increased bleeding
and post-operative complications are a concern with

DVT chemoprophylaxis agents.

References

1. Dean SM, Abraham W. Venous thromboembolic disease in congestive
heart failure. Congest Heart Fail. 2010;16:164-169.

2. Liem TK, Yanit KE, Moseley SE, et al. Peripherally inserted central
catheter usage patterns and associated symptomatic upper extremity venous
thrombosis. ] Vasc Surg. 2012;55:761-767.

3. Chopra V, Anand S, Hickner A, et al. Risk of venous thromboembolism
associated with peripherally inserted central catheters: A systematic review
and meta-analysis. Lancet. 2013;382:311-325.

4. Fallouh N, McGuirk HM, Flanders SA, Chopra V. Peripherally inserted
central catheter-associated deep vein thrombosis: A narrative review. Am J
Med. 2015;128:722-738.

5. Saber W, Moua T, Williams EC, et al. Risk factors for catheter-related
thrombosis (CRT) in cancer patients: a patient-level data (IPD) meta-
analysis of clinical trials and prospective studies. ] Thromb Haemost.
2011;9:312-319.

6. Lefebvre P, Laliberté F, Nutescu EA, et al. All-cause and potentially
disease-related health care costs associated with venous thromboembolism
in commercial, Medicare, and Medicaid beneficiaries. ] Manag Care Pharm.
2012;18:363-374.

7. MacDougall DA, Feliu AL, Boccuzzi SJ, Lin J. Economic burden of deep-
vein thrombosis, pulmonary embolism, and post-thrombotic syndrome. Am
J Health Syst Pharm. 2006;63:S5-S15.

8. Spyropoulos A, Lin J. Direct medical costs of venous thromboembolism
and subsequent hospital readmission rates: an administrative claims analysis
from 30 managed care organizations. ] Manag Care Pharm. 2007;13:475—
486.

9. Lobo BL, Vaidean G, Broyles ], et al. Risk of venous thromboembolism
in hospitalized patients with peripherally inserted central catheters. ] Hosp
Med. 2009;4:417-422.

10. Evans RS, Sharp JH, Linford LH, et al. Risk of symptomatic

DVT associated with peripherally inserted central catheters. Chest.
2010;138:803-810.

11. Piazza G, Goldhaber SZ, Lessard DM, et al. Venous thromboembolism
in heart failure: preventable deaths during and after hospitalization. Am ]
Med. 2011;124:252-259.

12. Chopra V, Ratz D, Kuhn L, et al. Peripherally inserted central catheter-
related deep vein thrombosis: contemporary patterns and predictors. J
Thromb Haemost. 2014;12:847-854.

13. Alnimer Y, Haddad RA, Abdalla A, Bachuwa G, Rios-Bedoya C. PICC
line-related thrombosis; Does pharmacological deep vein thrombosis help? ]
Hosp Med. 2017;12(2).

14. Shorr AE, Kwong LM, Sarnes M, Happe L, Farrelly E, Mody-Patel N.
Venous thromboembolism after orthopedic surgery: implications of the
choice for prophylaxis. Thromb Res. 2007; 121(1):17-24.

Disclosure

Author Contributions Statement

All authors have read and approved the final
submitted manuscript. The following is the author
contribution: MJL, EVL, M]JS, JLC: substantial

contributions to research design, acquisition, analysis

380 | 118:4 | July/August 2021 | Missouri Medicine

and interpretation of data; MJL, BSS, SMH, AG,
JM, ZS, BTM, JLC, EVL, M]S: drafting the paper
and revising it critically; MJL, BSS, SMH, AG, JM,
7S, BTM, JLC, EVL, MJS: approval of the final and

submitted versions.

Ethical Review Statement

This study was approved and executed under
approval from the University of Missouri’s Institutional
Review Board (#2014081). No external funding was
used in the execution of this study.

Conflict of Interest Statement

The author group reports the following conflicts:

Mark J. Lambrechts: This author has no conflicts
to report.

Bradley S. Spence: This author has no conflicts to
report.

Shelby M. Harris: This author has no conflicts to
report.

Andrea Gilmore: This author has no conflicts to
report.

Jasraj Marjara: This author has no conflicts to
report.

Zhengye Si: This author has no conflicts to report.

Blaine T. Manning: This author has no conflicts to
report.

James L. Cook: Arthrex, Inc: IP royalties; Paid
consultant; Paid presenter or speaker; Research support;
Bioventus: Paid consultant; Coulter Foundation:
Research support; DePuy Synthes, A Johnson &
Johnson Company: Research support; GE Healthcare:
Research support; Journal of Knee Surgery: Editorial or
governing board; Merial: Research support; Midwest
Transplant Network: Board or committee member;
Musculoskeletal Transplant Foundation: Board or
committee member; IP royalties; Research support;
National Institutes of Health (NIAMS & NICHD):
Research support; Purina: Research support; Thieme:
Publishing royalties, financial or material support;
Trupanion: Paid consultant; U.S. Department of
Defense: Research support

Emily V. Leary: JISAKOS: Editorial or governing
board; Journal of Knee Surgery: Editorial or governing
board

Matthew J. Smith: Arthrex, Inc: Paid presenter or
speaker; Research support; DePuy Synthes, A Johnson
& Johnson Company: IP royalties; Paid presenter or
speaker; Ignite Orthopedics: IP royalties; Stock or stock
Options; Wright Medical Technology, Inc.: Research
support. MM



SCIENCE OF MEDICINE

Current Hybrid Interventions in Vascular
Surgery: Merging Past and Present

by Jennifer Huffman, MD, W. Kirt Nichols, MD & Jonathan Bath, MD

Hybrid interventions
in vascular surgery
have evolved
significantly in the last
50 years and have
become a mainstay
treatment option in
re-vascularization of
complex vascular
disease.

Jennifer Huffman, MD, is a third year
general surgery resident; W. Kirt
Nichols, MD, is Professor of Vascular
Surgery, Vice Chair of the Hugh E.
Stephenson, Jr., MD, Department

of Surgery; Jonathan Bath, MD,
FACS, RPVI, (above), is the Vascular
Surgery Missouri Medicine Editorial
Board Member, Assistant Professor of
Surgery, Program Director for Vascular
Surgery, Medical Director of Surgical
Clinics; all are at the University of

Missouri-Columbia School of Medicine,

Columbia, Missouri.

Abstract

As the United States
population continues to age, the
prevalence of vascular disease
continues to increase and thus
the role of vascular surgeons in
disease intervention has become
more important than ever. Over
the last 30 years, endovascular
techniques have become the
mainstay for management of
vascular disease. However,
open operations continue to
play a role in management of
complex vascular disease. This
article provides an update and
discussed the role of hybrid
interventions in vascular surgery
with a focus on its use in femoral
endarterectomy and peripheral
stenting, retrograde open
mesenteric stenting.

Introduction

Hybrid interventions in
vascular surgery are defined as the
utilization of both open surgical
and endovascular techniques
simultaneously in a single setting
operation. The first hybrid
procedure dates back to 1973
when dilation of pelvic arteries was
performed along with a femoral-
femoral bypass procedure for limb
salvage.! Since that time, the use
of hybrid procedures has grown
popularity as it allows additional
management options for complex
revascularization procedures

in patients with significant
comorbidities and complex
disease. Hybrid procedures
were initially utilized for the
management of peripheral artery
disease and in 2008 accounted
for between five and 21% of all
vascular reconstructions.” As the
use of hybrid interventions has
grown, indications for use have
grown beyond peripheral arterial
vascularization and now include
visceral vessel revascularization as
well as carotid revascularization.
Endovascular techniques
were initially developed in
the 1970s with the advent of
percutaneous recanalization after
chronic arterial occlusion.® Since
their introduction, utilization
of endovascular techniques has
grown exponentially, and they
have become integral in the
routine clinical management of
vascular disease with progressive
replacement of open surgery
by endovascular procedures.”
However, the need for open
interventions remain. Hybrid
procedures have combined
elements of both open surgery
and endovascular techniques
as an integral strategy in re-
vascularization operations. Benefits
of hybrid intervention include
decreasing delays to complete
revascularization, the ability to
immediately repair inadequate
endovascular results and vice
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versa, immediate angiographic confirmation of
revascularization, and shortened hospital stays,
making them an attractive option for modern
vascular surgical intervention.’ This review aims
to review three of these hybrid interventions in
vascular surgery.

Femoral Endarterectomy and Peripheral
Stenting
Introduction

Aortoiliac and common femoral occlusive
disease is a variation of peripheral artery disease
that affects the lower aorta and can result in
debilitating claudication and tissue loss.® These
lesions can be exceedingly difficult to manage as

Figure 1. Demonstrates open access of the groin with the

. . . endovascular sheath in place
they involve multiple levels of the arterial

tree. The gold standard for treatment of these
lesions involves open surgical reconstruction
with aortobifemoral or iliofemoral bypass.”
These operations are extensive, requiring
laparotomy or flank incision and often
necessitate aortic cross clamping resulting
in high operative morbidity and mortality
that is often poorly tolerated in patients
with high operative risk.® The advent

of endovascular procedures including

iliac balloon percutaneous transluminal
angioplasty and stenting have allowed an
alternative to open surgery for focal iliac
occlusive disease in high risk patients.”
Meanwhile, femoral endarterectomy for

occlusive disease of the common femoral

Figure 2. Panel A (left) demonstrates the pre iliac stenting angiography
and Panel B (right) demonstrates post stenting iliac angiography.

artery has remained standard of practice

for over 50 years.” A hybrid approach

combining endovascular iliac stenting and with femoral endarterectomy. However, a hybrid

common femoral endarterectomy presents a intervention with femoral endarterectomy and

viable alternative option to open aortoiliofemoral peripheral stenting is also an option. The patient was

reconstruction. taken to the operating room for hybrid intervention
with plan for femoral endarterectomy and peripheral

Case Report 1 stenting. The procedure was performed as follows.

A representative case study involves a 68-year- Using ultrasound, the femoral artery was accessed,
old male with four-week history of foot ulceration and a 7 French sheath placed. The iliac lesion was
who had absent right femoral pulse on physical able to be recanalized and wire access was maintained
examination. CTA was performed demonstrating into the distal aorta. The endarterectomy of the
severe atherosclerotic disease of the right common common femoral and profunda femoris was then
iliac artery as well as the right common femoral performed, and a patch angioplasty completed using
artery. Traditional open revascularization in this Bovine pericardium. The entire iliac system was then
patient would require aorto-bifemoral bypass treated with balloon-expandable stents placed into
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the common iliac artery and self-expanding stents
from the external iliac artery down into the femoral
patch. Completion angiography demonstrated
three vessel run off to the lower extremity at the
completion of the operation. See Figure 1 and
Figure 2.

Discussion
Hybrid approaches combining elements of
endovascular iliac stenting and open common
femoral endarterectomy are a viable surgical option
for the management of complex aortoiliofemoral
peripheral vascular disease. As these alternative
hybrid approaches have gained popularity, studies
have aimed to demonstrate their safety, efficacy,
and durability when compared to traditional
open repair options. When compared to the gold
standard open operative repair, hybrid repair
options are particularly attractive option for hj
risk operative patients.
Traditional open repair
operations are morbid
operations associated
with 8.3% risk of
morbidity and 3.3%
risk of mortality for
all comers." Hybrid
repair options are less
invasive and present
an option for repair in
older patients with more
comorbidities without

SCIENCE OF MEDICINE

Figure 3. Demonstrates the open view of the superior
mesenteric artery with the fransverse colon at the superior
aspect and the small bowel at the inferior aspect. The small
bowel mesentery is opened tfransversely to expose the SMA.

Figure 4. Panel A, (left), represents pre stenting CTA of the SMA and Panel B, (right),
represents post stenting CTA of the SMA.

a prohibitive level of
operative mortality. A hybrid approach eliminates
the invasiveness of an open operation and decreases
the physiological stress associated with aortic
cross-clamping and laparotomy.'" Additionally,

this repair option is associated with shortened ICU
and hospital length of stays also contributing to

a reduced 30-day perioperative mortality in these
patients.'! Overall survival after three years is
higher in the open repair patients when compared
to hybrid repair patients which likely represents

a selection bias where the sickest patients were
preferentially treated with hybrid repair and
therefore had lower long term survivability as a
result of their comorbid disease.!’ Therefore, hybrid
repair is a viable option in high-risk patients unable
to tolerate an open operation.

Review of the literature demonstrates that hybrid
repair options are a durable repair option. Studies
have shown that hybrid repair options have an overall
technical success rate of 99% compared to 100%
success rate in open repair resulting in post-operative
improvement in claudication symptoms and ABIL."!
Both open and hybrid repair options are associated
with a greater than 90% patency. Multiple studies
have demonstrated no statistically significant difference
between primary graft patency in both groups at
both one- and three-year intervals.'"'* Review of the
literature demonstrates a one-year patency of 94%
in open repair and 92% in hybrid repair patients.'?
Three-year patency is cited at 95% for open repair
patients, and 97% for hybrid repair patients.'" Hybrid

repair options for complex aortoiliofemoral peripheral
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vascular disease are technically successfully, safe,
and equivalent in post-operative patency rates
when compared to traditional open approaches.

Retrograde Open Mesenteric Stenting
Introduction

Acute mesenteric ischemia is a rare and
challenging problem that often leads to delayed
diagnosis and comes with an associated mortality
rate the range of 50%.'? Traditionally, acute
mesenteric ischemia was managed with a
combined approach utilizing open mesenteric
bypass and bowel resection with second look
operation in 24 to 48 hours."* Meanwhile, the
rise of endovascular therapy has also presented
alternative options for management especially in
elderly patients with multiple comorbidities who
would otherwise not tolerate an open operation.
However, some lesions remain incompatible
with a completely endovascular approach.” The
advent of retrograde open mesenteric stenting
has emerged as an alternative option that allows
faster revascularization, is effective for embolic or
thrombotic disease, and reduces intraoperative
time.

Case Report 2

A representative case study involves an
83-year-old male with history of weight loss and
abdominal pain with eating who presented with
acute worsening of his abdominal pain. CTA was
performed demonstrating severe atherosclerotic
disease of the superior mesenteric artery with
completely occluded blood flow. He was taken
to the operating room with plan for hybrid
revascularization with retrograde open mesenteric
stenting. Anterior approach to the SMA was
performed via a midline laparotomy. The
transverse colon was mobilized superiorly, and the
small bowel was mobilized interiorly. The small
bowel mesentery was then opened transversely
exposing the SMA. Attempted thrombectomy was
unsuccessful. The SMA was then accessed and a
7 French sheath placed. The SMA lesion was able
to be recanalized and position in the aortic lumen
was confirmed. Stent was then placed across the
SMA with extension several millimeters into
the aorta. Post intervention CTA demonstrated
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restoration of blood flow through the SMA. See
Figures 3 and 4.

Discussion

Hybrid approaches combining open
laparotomy with retrograde open mesenteric
stenting are a viable surgical alternative to open
embolectomy or percutaneous stenting in the
management of acute mesenteric ischemia.

Several factors contribute to poor suitability for
percutaneous stenting including patients with
lesions that are difficult to visualize because of
flush occlusions or that are difficult to cross

with standard guidewire techniques.'®' Acute
occlusions are also prone to distal embolization
because of fresh thrombosis, and therefore poorly
suited for purely endovascular repair approaches.'®
Direct exposure of the vessel allows rapid access
for puncture, improved ability to cross the lesion,
and less risk of distal embolization.’ Stenting also
avoids the need to reconstruct the vessel by surgical
bypass and avoids the need for vein harvesting.'”
Additionally, this approach allows immediate
assessment of bowel viability which is impossible
with purely endovascular approach.

Multiple studies have sought to demonstrate
the safety and efficacy of these hybrid procedures
in the management of mesenteric ischemia.
Retrograde open mesenteric stenting is technically
successful in 98% of patients.'® Despite technical
success, early mortality rates remain high around
45%, which likely reflects a delay in diagnosis and
treatment. This mortality rate is similar to existing
literature for traditional repair approaches.'?
Primary patency rates at two years are 76%.'¢
Freedom from symptom recurrence and freedom
from re intervention are 72% and 74% over a two-
year period.'® Therefore, retrograde open mesenteric
stenting should be considered over percutaneous
stenting in patients with flush occlusion or
peritoneal signs as these patients require laparotomy
for assessment of bowel viability.” This approach is
equivalent in safety and efficacy when compared to
traditional approaches.

Transcarotid Artery Revascularization
Infroduction

Carotid artery stenosis accounts for 7% to
10% of all ischemic strokes.?' The gold standard
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operation for management N
of carotid artery stenosis is m )
a traditional open carotid

endarterectomy due to its excellent

durability and low intraoperative

stroke risk.”> Transfemoral carotid

stenting has emerged as an option A
for endovascular repair however

this procedure is riddled with

issues including a high stroke

rate, difficulty with navigating

the aortic arch and crossing the

lesion, post deployment emboli

and risk of restenosis.”* Hybrid

option of transcarotid artery

revascularization has emerged as

it allows a less invasive approach

while eliminating many of the

issues associated with transfemoral

carotid stenting.

Figure 5. Panel A represents pre stenfing angiography of the carofid and Panel B

Case Report 3
A representative case study for

represents post stenting angiography of the carotid.

the procedure involves a 60-year-

old female with multiple medical comorbidities
including a history of laryngeal cancer with neck
radiation, lung cancer, COPD on three liters

of home oxygen, and carotid stenosis. Given

her multiple comorbidities and history of neck
irradiation, she was a poor candidate for open
revascularization and therefore presented to the OR
for transcarotid artery revascularization. A neck
incision is made along the sternocleidomastoid
muscle and the carotid artery is exposed and

then cannulated with placement of a sheath. This
catheter is externally connected a flow reversal
device that connects to a femoral vein cannulation.
This allows reversal of flow in the carotid artery
thus preventing embolization to the brain in the
stenting process. Once flow reversal is established,
a wire is passed across the stenotic lesion. Pre-
dilation of the lesion is performed followed by
stent placement across the stenosis. Completion
angiography confirms good position of the stent
and the artery is then decannulated. See Figure 5.

Discussion
With the advent of hybrid interventions
for the management of carotid atherosclerotic

disease, literature has sought to compare this
novel procedure to traditional open carotid
endarterectomy to demonstrate its safety and
efficacy. Carotid endarterectomy remains the gold
standard for treatment of patients with carotid
artery disease, mostly secondary to high rates of
morbidity and mortality associated with purely
endovascular interventions for carotid disease.*
The advent of carotid flow reversal systems has
allowed hybrid approaches to carotid repair while
providing a neuroprotection system not available
with traditional endovascular approaches.”
When comparing CEA to TCAR approaches,
TCAR patients had higher rates of pre-operative
co-morbidities including diabetes mellitus,
hyperlipidemia, coronary artery disease, and
renal insufficiency when compared to carotid
endarterectomy patients, owing to a selection for
less invasive intervention strategies in higher risk
patient populations.® Stroke rates were similar
between the two groups and 30 days (1.0% TCAR
vs 0.3%) and one-year (stroke, 2.8% vs 2.2% ).*
Mortality rates were also similar between the two
groups at 30 days (0.3% TCAR vs 0.7%) and
one-year (stroke, 2.8% vs 2.2%).* TCAR was
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associated with a decreased rate of cranial nerve
injury 0.3% vs 3.8%).%¢ Therefore, TCAR achieves
similar outcomes compared with CEA while
mitigating cranial nerve injury.

Studies have also sought to compare
outcomes in patients undergoing traditional
transfemoral carotid artery stenting versus hybrid
TCAR procedures. Patients undergoing TCAR
procedures were significantly older, had more
cardiac comorbidities and were more likely to
be asymptomatic. Trans-femoral carotid artery
stenting was associated with twice the odds

of in hospital adverse neurological events and
TIA/stroke/death when compared to TCAR
independent of symptom status.”

Conclusion

Hybrid interventions in vascular surgery
have evolved significantly in the last 50 years
and have become a mainstay treatment option
in re-vascularization of complex vascular
disease. Hybrid procedures remain important in
contemporary vascular practice and will certainly
continue to evolve in the future of vascular
surgery.
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Abstract

One of the cornerstones
of treatment after acute
coronary syndromes is cardiac
rehabilitation (CR). However,
traditional CR remains
underused in the United States
due to comorbidities and
geographical limitations. To
evaluate feasibility and safety
of our individually tailored CR
program, we evaluated twelve
weeks of tele-monitored home-
based arm ergometer and weight
training exercises in seven
Veterans. Prior to beginning
our CR program, all Veterans
underwent an arm ergometer
stress test and training in the
proper techniques for arm
exercises and weight training.
Seattle Angina Questionnaire
(SAQ) and the MacNew Heart
Disease Health-related Quality
of Life (MacNew) questionnaire
were administered at the
beginning and conclusion of the
program. Six patients completed
the study. One withdrew due
to generalized weakness. There
were no adverse events during
the study period. There was a
perceived improvement in heart
disease related global (4.47
to 4.61), physical, emotional,
and social well-being by the
MacNew questionnaire. The
SAQ showed improvement in
physical limitation, angina

frequency, treatment satisfaction,
and overall quality of life (36.1
to 51.7) after completion of

our tailored CR program. There
was a decrease in average blood
pressure and patients were able
to exercise seven minutes longer
and workload increased eight
additional watts. This pilot study
demonstrates the safety and
feasibility of a home-based arm
cardiac rehabilitation program.
These tailored programs may
improve quality of life in
coronary artery disease patients
with disabilities.

Introduction

Coronary artery disease
(CAD) is the leading cause of
morbidity and mortality in the
United States.! The care of CAD
patients has undergone significant
improvement over the past several
decades with newer imaging
modalities, percutaneous coronary
interventions (PCI), coronary artery
bypass grafting (CABG) surgery
and pacing therapies.” However,
to truly control atherosclerosis,
reduce mortality and improve
quality of life, lifestyle changes with
diet and exercise remain crucial.?
We now have direct evidence that
atherosclerosis can be reversed®* and
this requires long-term adherence to
a healthy diet, regular exercise and
aggressive medical therapy.®”
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Cardiac rehabilitation (CR) programs focus on
these lifestyle issues and can reduce cardiac events by
about 20%.%? Unfortunately, CR programs remain
underused in the United States, with an estimated
participation rate of only 10% to 20% of the over two
million eligible patients annually.> '* Contributing to
the vast underuse of these services are a low patient
referral rate, older age, poor patient motivation
and geographic limitations to CR center access.’
Arthritis, peripheral artery disease, neurologic
disorders (e.g., stroke, paraplegia and gait disorders),
COPD, amputations, as well as psychological
factors such as depression are further barriers to CR
participation.'"?

To potentially rectify these concerns, home-
based CR programs with a nurse supervising the
various aspects of patient care and progress through
CR have been developed over last 3 decades.'*'7 A
recent meta-analysis of 12 studies concluded that
in stable CAD patients, home-based CR programs
were safe and as effective as center based programs in
improving health and quality of life.” Arm exercises
are encouraged when there are walking difhiculties,
but this has not been systematically explored as the
central CR exercise modality."”” “Transfer effect’ is an
important concept whereby training in one muscle
group produces cardiac and general circulatory
benefits.?*** Arm training improves exercise capacity
in COPD.” In randomized studies in patients with
peripheral vascular disease, arm ergometry compared
with treadmill exercise training showed equivalent
improvement in walking distance.?** The aim of
our home-based arm CR program is to determine
compliance and effectiveness of an individually
tailored home-based arm-exercise CR program
among disabled Veterans unable to participate in
traditional CR. With ongoing COVID distancing
concerns, many CR programs are embracing virtual

home based CR methods worldwide.

Methods

The HACR study was a prospective single
center pilot study at the Harry S Truman Memorial
Veterans Hospital (HSTMVH) in Columbia, MO.
All veterans at HSTMVH diagnosed with CAD
and one of the following presentations were eligible
for enrollment: stable angina, acute myocardial
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infarction (ST elevation MI and NSTEMI), post-
percutaneous coronary intervention (PCI), or post-
coronary artery bypass grafting (CABG). Veterans
meeting these criteria were then screened to see if
they could participate in conventional treadmill-
based cardiac rehabilitation. Those who could not
perform leg exercises because of arthritis, stroke or
other limiting factors were considered for HACR.
Patients were excluded if they had decompensated
heart failure, unstable angina, complex ventricular
arrhythmias, uncontrolled hypertension (systolic
blood pressure >200 mmHg, diastolic blood pressure
>100mmHg), severe symptomatic valvular disease,
dementia, or expected life-expectancy of less than
two years. All veterans provided written informed
consent to enroll in the study. The study was
approved by the local Institutional Review Board and
the VA Research Committee.

Initial Visit

During the initial visit, baseline parameters
including vital signs, weight, height, body fat
analysis, and waist circumference were obtained.
Medical history and current medications were
reviewed with each Veteran in a manner similar
to the initial entry visit for traditional phase II
CR. Laboratory tests were performed to measure
initial complete metabolic panel, complete blood
count, B-natriuretic peptide (BNP), fasting
lipid profile, fasting blood sugar, high-sensitivity
C-reactive protein (hs-CRP), and hemoglobin
Alc (HbAlc). Functional status and heart disease
related quality of life was measured using the Seattle
Angina Questionnaire (SAQ) and MacNew Heart
Disease Health-related Quality of Life (MacNew)
questionnaire respectively.*®?’

A supervised arm ergometer stress test was
performed using a calibrated Monark Rehab
Trainer (Monark Exercise AB, Vansbro, Sweden)
to determine baseline functional capacity, exclude
ischemia and unstable arrhythmias, and set targets
for the home-based arm exercise program using
the Borg scale of Perceived Exertion.*® Veterans
performed arm ergometry in the seated position
with the axle adjusted to shoulder height. Initial
work load was without any added resistance for
one minute. Resistance was increased by 15-20
Watts every two minutes. Blood pressure and a



12-lead ECG were obtained during a 30-second
break between each increase in resistance. Veterans
were asked to rate perceived exertion (RPE) on the
Borg Scale of 6 to 20 at each level of arm ergometry.
Each patient’s increase in resistance was customized
to target total exercise duration of 10-20 minutes.
The workload reached by the patient in the last
complete minute was considered the peak workload.
Predetermined end points for terminating the stress
test were failure to maintain 50 rotations per minute,
angina or dyspnea or generalized fatigue requiring
the Veteran to cease exercise, ST segment depression
of at least 2mm, serious ventricular arrhythmias, or
a decrease of 20 mmHg or more in systolic blood
pressure.

Upon completion of the arm ergometer stress
test, the participants were provided and instructed
in the proper use of a home arm ergometer and
a heart rate monitor (Polar Electro, Kempele,
Finland) by cardiac rehabilitation nurses. Muscle
strength was tested using dumbbells for four upper
body resistance exercises (chest press, shoulder
press, biceps curl, triceps extension). The Veterans
were tested for 1-Repitition Maximum (RM)
Assessment. The 1-RM is calculated by having the
Veteran perform the exercise with the maximum
amount of weight tolerated with proper form and
range of motion. Once the 1-RM was obtained
for each exercise, dumbbells were provided for the
participants at a weight that was safe to perform two
sets of 15 repetitions with proper form and range of
motion. Education regarding the participant’s heart
disease, exercise plan, diet, and smoking cessation
were provided as well at the initial visit.

Home Rehabilitation

The participants were prescribed an arm
ergometry regimen that consisted of a warm up
period of two minutes at 40-50% of age-predicted
maximum heart rate (or Borg perceived exertion
score of 7 to 9) followed by an increase to 50-70%
of maximum heart rate (or Borg score of 13 to
15) for 20 minutes. The participants adjusted the
resistance of their home arm ergometer to reach
this target. The aerobic training session would then
conclude with a two-minute cool down at 40-50%
of maximum heart rate (or Borg score of 7 to 9).
Following a short period of rest, participants were
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instructed to perform two sets of 15 repetitions

for each of the four upper body resistance exercises
using the dumbbells provided. The Veterans were
encouraged to perform the prescribed exercises three
times per week and were given a diary to record
exercise adherence and heart rates. They were also
instructed to stop exercise for any new cardiac
symptoms and seek medical attention.

Follow-Up

Weekly phone calls were performed by
research personnel to monitor progress, encourage
compliance and offer lifestyle education as well as to
address any patient concerns. Veterans were seen at
the HSTMVH CR center once in every four weeks
during the 12-week HACR study for supervised
arm ergometry and resistance training and to ensure
proper technique and safety. If the Veterans were
tolerating and safely able to increase the weights,
they were given new sets of dumbbells. CR nurses
addressed patient concerns, reviewed medications
provided education about CAD risk factors similar
to traditional CR. At the end of the 12-week HACR
study, the Veteran had an exit visit with a review of
clinical information and vital signs. Laboratory tests,
SAQ and MacNew questionnaires and a supervised
arm ergometer stress test with the same protocol as
the initial arm ergometer stress test were repeated to

estimate HACR effect.

Results

Seven patients enrolled in the study. All
participants were male with ages ranging from 58 to
65 years old. Of the seven, six completed the study
in its entirety. One patient voluntarily dropped
out of the study due to generalized weakness. The
patients enrolled in the study were typical of the
Veteran population with a high prevalence of cardiac
risk factors including hypertension, hyperlipidemia,
tobacco use, and diabetes mellitus. There were no
study related adverse events and no coronary events,
hospitalizations or revascularizations.

Overall, the patients adhered to the HACR
program very well. They found the program to be
user-friendly and were motivated to perform their
scheduled exercises. Aerobic exercise was performed
an average of three days/week for an average duration
of 20 minutes. Resistance exercise was performed an
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Figure 1. MacNew Heart Disease Health-related Quality of Life Results

limitation, anginal frequency, treatment
satisfaction and overall quality of life
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Figure 2. Seattle Angina Questionnaire Results

after HACR (Figure 2).

The clinical and hemodynamic
changes after HACR are shown in
Table 1. There was a decrease in
average blood pressure and a slight
increase in average weight. Patients
were able to exercise for an average of
seven minutes longer and workload was
increased by eight Watts after 12 weeks
of HACR. Laboratory markers were not
substantially changed from initial values

following HACR (Table 2).
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average of three days/week also for about 20 minutes.

The participants raised no significant concerns with
the program and were satisfied with the HA CR
program and with their results, as evidenced by the
questionnaires.

Participants showed some promising trends in
perception of their functional status and quality of
life. On both the MacNew and SAQ questionnaires,
overall improvement was noted. There was, however,
some expected variation in perceived improvement
from subject to subject enrolled in this study. There
was a perceived improvement in heart disease-related
global, physical, emotional, and social well-being
by the MacNew questionnaire (Figurel). In regards
to the SAQ results, on average there was a decrease
in anginal stability, but an improvement in physical
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B Average visit 1

B Average last visit

walking limitations eagerly participated
in HACR. The home exercise program
was well tolerated with no adverse events
despite numerous co-morbidities in this
high-risk cohort. Veterans adhered to
the exercise regimen of arm ergometry
and upper body weight training for the
three-month study period with a high
HACR completion rate of 85%, despite
this CR program being offered only to
sicker Veterans ineligible for traditional
CR due to comorbidities. The
willingness of Veterans to participate
and their motivation to complete
the program is an advantage of this
program.

Quality of life appears to improve with HACR
participation by use of validated questionnaires to

measure perceived functional capacity and heart disease
related quality of life. Angina scores were mixed and
this may reflect increased myocardial demand from
increased physical activity levels or may be a limitation
of the scoring system used.”” In CR settings, where
coronary anatomy is angiographically defined and
appropriate revascularization completed, angina could
represent achieving adequate exercise threshold to
reduce systemic inflammation and stimulate collateral
reserve.”* We utilize this to help our cardiac patients
deepen mind-body connection, explore meditative
relaxation during exercise (exercise awareness smile
experience, EASE), enter Flow state, gain self-
confidence and genuinely enjoy exercise and sports.”!
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Table 1. Average Parameters During Arm Ergometer Stress Testing af Baseline and Post-HACR

Resting Peak Heart Resting Weight BMI Exercise Max
Heart Rate Blood (Ibs.) (kg/m2) time
Rate Pressure (min) Workload
(bpm) (bpm) (mmHg) (watts)
Baseline 71.16 105.66 141/81 230.2 31.4 18 43
Post- HACR 71.50 113.0 130/78 233.3 32.0 25 51

Table 2. Average Laboratory Values at Baseline and Post-HACR

Hemoglobin Total LDL HDL Triglycerides BNP HbATC
Cholesterol (mg/dL) (mg/dL) (pg/ml)
(mg/dL) (mg/dL) (%)
(mg/dL)
Baseline 14.5 145 78 32 196 90 6.5
Post- 14.88 161 88 36 208 82 6.5
HACR

Cardiac risk factors show mixed results with LDL
levels worsening and HDL levels improving. BNP
improved on average, although not all patients had
a diagnosis of CHF in this study, and most BNP lab
values were in the normal range. Weight increased
despite completion of the HACR program. This may
be related to more appetite due to increasing physical
activity. Personal interactions with investigators also
emphasized the crucial importance of behavioral
interventions and frequent reinforcement to sustain
lifestyle interventions. Importantly, functional
capacity appears to improve with HACR as evidenced
by improved workload, exercise time, and reduced
dyspnea. This in turn may help Veterans regain their
confidence to engage in more vigorous activities,
gainful employment, and reduce their CAD-related
disability.

This study does have limitations. It was a small
cohort study without controls. As the HACR pilot
group is comprised only of traditional phase II CR
ineligible Veterans, we feel the results are encouraging
as a proof of concept and demonstrate safety. A
larger randomized study is needed to determine the
ideal patient population, efficacy, reproducibility of

the findings, and if cardiac risk factors and outcomes
improve with this type of program. By increasing
the study size, we would be able to determine if the
results we achieved in this study are reproducible and
statistically significant.

Conclusion

The home-based arm cardiac rehabilitation pilot
program showed several encouraging findings. High
risk disabled Veterans with medical comorbidities
were able to accommodate HACR into their
schedule, were pleased with the program and felt
that it benefited them. Quality of life, blood
pressure and functional capacity improved, while
lipid profile and weight did not. Home-based tele-
monitored individually-tailored cardiac rehabilitation
is promising for disabled patients. Further studies
with this structured program are needed in order to
determine if tailored home arm CR programs would
provide long-term benefits and reduce cardiac events.
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