New Horizons for Chronic Fatigue

ME/CFS, Fibromyalgia, and Long COVID:
Osteopathic Medical Insights and Hamndls On Hedling

Ryan Christensen DO, Board Certified Fami

Mary Gol dman DO, Boayed Ceyp 'l 1| ed Family
Licensed Perrm™mPnatéechniogee

@iy cal - As s st ant Prof essor, e n SU atl e U

Mag 42026 Mi chi gan Osteopat?2026 Associ ati on



!

| y
- h

How many pas!&d? the team in white makez2 %
B




Learning Objectives

Aldentify key osteopathic structural findings and
autonomic/lymphatic patterns in ME/CFS ( Myalgic
Encephalomyelitis/Chronic Fatigue Syndrome, Fibromyalgia, and
Long COVID.

ADemonst_rate basic hands-on osteopathic techniques that support
autonomic regulation and lymphatic flow.

AEnhance your clinical diagnostic accuracy for ME/CFS and
Fibromyalgia

AUnderstand the glymphatic system and
disease
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Fibromyalgia =

Pain in all 4 body
quadrants

Pain Predominant

Chronic pain

Widespread body aches

Fatigue Depression

Brain fog Insomnia
Muscle aches Headaches

IBS Migraine
Joint pain Exhaustion

Restless legs Anxiety

Memory loss

*Based on crowdsourced data from 37.3K contributors
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The Clinical Challenge

A Overlapping Features + Diagnostic Challenge & Difficulty

A Severe fatigue * post-exertional malaise

A Widespread pain and tenderness

AdbBrain fog, 6 unrefreshing sl eep

A Autonomic symptoms (POTS, IBS, orthostatic intolerance)

A Associations with Trauma, Low SDOH, Lack of Support/Resources

Al ack o' Belilef 1 hat ME|CES | ¢ o 1 gg| (] ¢

A Complex patients with many needs - and no prognosis or support more
than duloxetine and therapy.
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The Clinical Challenge- Delayed Diagnosis

Condition Core Criterion Avg Delay to Diagnosis

ME/CFS Fatigue + PEM C18yrs
Fibromyalgia Wi despr eadnopai nldyrs

Sympt o mwk pOst-1 2

. . Months
infection

Long COVID




Factors associated with CFS/ME

Anfection
[fStressors
fGenetics



Corpus Callosum

Aqueduct

Pons

Figure 29 Sagittal view of brain showing position of the hypothalamus

This MR image shows just how small the hypothalamus is in relation to the entire brain.
The scan also reveals the central location of the hypothalamus close to the important pons,
frontal lobe, just below the limbic system and in the heart of the ventricular system.
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FUNCTIONS OF THE LYMPHATIC SYSTEM

A Lymphocyte development, and the immune response.

A Reabsorbs excess interstitial fluid:
A returns it to the venous circulation
A maintain blood volume levels
A prevent interstitial fluid levels from rising out of control.

A Transport dietary lipids:
A transported through lacteals
A drain into larger lymphatic vessels
A eventually into the bloodstream.
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Anastomosis of the Thoracic
Duct and the Venous Drainage
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Lymph Nodes

@ 450 800 in adult
human body

Armpit lumps
__ caused by
swollen lymph

Cervical @ 300 nodes

Axillary @ 20-30
Mesenteric @ 100150

Inguinal @ 420

Popliteal @ 2-9



Dynamics of moving fluid into the
lymphatic vessel Is not passive drainage

AECM (extracellular matrix) pumps fluid into the lymphatic
vessel

AContractile actomyosin filaments attached to the terminal
lymphatics rhythmically push the lymph into the lymphangion

ALy mphangion is the olittle hear:
to the peristaltic motion it produces and the role thatthe T -
type Ca?* channels play in lymphatic pacemaking

AThe ANS, body temperature, caffeine, and hormones affect
contractions, too



';‘Vo
—l

'/~ :
}3*3— ‘/b Q) “ !6‘!.-"!‘




Lymphati c dr al puams

Rasmussen et al. Page 16

7 : [ 3 Meningeal Lymphatics
|

J> Skull
Arachnoid granulatlons‘7 - \‘ < (_Dbura

1 Cribriform Plate 5% > ]

\ ) Dural Sinuses

Ventricular system | /2 \—»
Nasal Turbinates 7 &
\ \
Wi 4 Spinal Nerves
|
!

2 Cranial Nerves

Cervical Lymphatics



The glymphatic pathway
In neurological
disorders.

Martin Kaag

Rasmussen#l, Humberto

Mestre#2,3, and Maiken
Nedergaardl,2,3,* iceneror

Translational Neuromedicine, Faculty of Health and Medical
Sciences, University of Copenhagen, 2200, Copenhagen,
Denmark 2Center for Translational Neuromedicine,
Department of Neurosurgery, University of Rochester Medical
Center, Rochester, NY 14642, USA 3Department of
Neuroscience, University of Rochester Medical Center,
Rochester, NY 14642, USA

https:// pmc.ncbi.nim.ni
h.gov/articles/PMC6261
373/pdf/nihms -
995539.pdf

Figure 2. Cerebrospinal fluid efflux in humans.
Cerebrospinal fluid (CSF) produced in the choroid plexus flows from the ventricles to the

subarachnoid space of the brain and spinal cord. CSF contained in the subarachnoid space
keeps the central nervous system buoyant and serves as a fluid source for glymphatic influx.
Egress sites of cranial cerebrospinal fluid (red arrows) fall into three functionally distinct
categories, namely the perineural sheaths surrounding cranial and spinal nerves,2%-24 dural
lymphatic vessels,!®:1%> and arachnoid granulations.! The contribution and significance of
each egress pathway is still a matter of debate. A main perineural egress site in both rodents
and human is along the olfactory nerve through the cribriform plate (1) towards lymphatic
vessels of the nasal mucosa.%-20 From here the CSF is drained to the cervical lymph nodes.
43 Other significant perineural efflux pathways in rodents are the trigeminal, the
glossopharyngeal, vagal, and spinal accessory nerves (2).20 Dural lymphatic vessels have
also been shown to carry CSF towards the cervical lymphatic system (3). In rodents, these
vessels exit the skull along the pterygopalatine artery, the veins that drain the sigmoid sinus
and retroglenoid vein, and the foramina of the cranial nerves.!®1° In humans, meningeal
lymphatic vessels have been visualized with MRI and were located around the dural sinuses,
middle meningeal artery and cribiform plate.Z> Arachnoid granulations are protrusions of the
arachnoid membrane where CSF flows into the sagittal sinus, and constitute the only known
egress site that drains directly to the blood stream.! Traditionally, this site was thought to be
the main cerebrospinal fluid egress site, but evidence suggests that under physiological
intracranial pressure virtually no CSF leaves to the blood stream.! The main egress site of
CSF in the spinal cord is along the spinal nerves (4).
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The glymphatic pathway in neurological disorders.
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Figure 2. Cerebrospinal fluid efflux in humans.

Cerebrospinal fluid (CSF) produced in the choroid plexus flows from the ventricles to the
subarachnoid space of the brain and spinal cord. CSF contained in the subarachnoid space
keeps the central nervous system buoyant and serves as a fluid source for glymphatic influx.

Rasmussen et al.

Egress sites of cranial cerebrospinal fluid (red arrows) fall into three functionally distinct
categories, namely the perineural sheaths surrounding cranial and spinal nerves,2%-24 dural
lymphatic vessels,'8:1%- and arachnoid granulations.! The contribution and significance of
each egress pathway is still a matter of debate. A main perineural egress site in both rodents
and human is along the olfactory nerve through the cribriform plate (1) towards lymphatic
vessels of the nasal mucosa.®-20 From here the CSF is drained to the cervical lymph nodes.

43 Other significant perineural efflux pathways in rodents are the trigeminal, the
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CRIBIFORM PLATE AND CSF DRAINAGE

SPERAIN 2023 VIA IMMUNOFLUORESCENT PROBES
INITIALLY IN MICE AND NOW IN HUMANS
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CSF tracer (Green) moves along the paravascular
space around an arteriole in the brain.
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The SLYM (Subarachnoid Lymphatic -Like Membrane)

Cross section of the skull (top)
and outer layer of the brain,
showing the subarachnoid
lymphatic -like membrane in
green

A cross-section of the skull (top) y
and the outer layer of the brain, . y
showing the subarachnoid :
lymphatic -like membrane in |
green

University of Copenhagen Nl 4



The Glymphatic System
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A An extra layer lines the brain The traditional view is that the brain is surrounded by
three layers, the dura, arachnoid, and pia mater.

A Mpgllgard et al. found a fourth meningeal layer called the subarachnoid lymphatic -
like membrane (SLYM).

A SLYM is immunophenotypically distinct from the other meningeal layers in the human
and mouse brain and represents a tight barrier for solutes of more than 3
kilodaltons, effectively subdividing the subarachnoid space into two different
compartments.

A SLYM is the host for a large population of myeloid cells, the number of which
increases in response to inflammation and aging, so this layer represents an innate
immune niche ideally positioned to surveil the cerebrospinal fluid

MBI | g Bred nH,iKuhePk et al

A mesothelium divides the subarachnoid space i
compartment s.

Science
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It is extremely thin, with a width of just a few cells or, in

pl aces, even one cell. The SLYM ha
partly because the membrane disintegrates when the brain is = e ——S
removed from the skull in post -mortems, says Maiken

Nedergaard at the University of Rochester Medical Center in

New York.

Functionally, the closeness of SLYM with the endothelial lining
of the meningeal venous sinus permits direct exchange of
small solutes between cerebrospinal fluid and venous blood,
The functional characterization of SLYM provides fundamental
Insights into brain immune barriers and fluid transport.



Current CSF Drainage Understanding (BEFORE)
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Fig 2. Sagittal view of the current model of CSF drainage. CSF (yellow) drains from the subarachnoid space through
arachnoid granulations into the sagittal sinus vein (blue). Sagittal sinus venous blood exits the cranium through the
jugular foramen to enter the internal jugular vein.

https://doi.org/10.1371/journal.pone.0285269.g002

Fig 1. Cross-section diagram of the accepted model of CSF drainage in humans. CSF (yellow) in the subarachnoid

space is thought to diffuse through protrusions of the arachnoid meninges (arachnoid granulations) into the sagittal
sinus vein (blue).

https://doi.org/10.1371/journal.pone.0285269.g001



RESEARCH ARTICLE

Identification of a novel path for
cerebrospinal fluid (CSF) drainage of the
human brain

Joel E. Pessai*

Private Practice, Arlington, Massachusetts, United States of America

* jepessa @gmail.com

Abstract

How cerebrospinal fluid (CSF) drains from the human brain is of paramount importance to
cerebral health and physiology. Obstructed CSF drainage results in increased intra-cranial
pressure and a predictable cascade of events including dilated cerebral ventricles and ulti-
mately cell death. The current and accepted model of CSF drainage in humans suggests
CSF drains from the subarachnoid space into the sagittal sinus vein. Here we identify a new
structure in the sagittal sinus of the human brain by anatomic cadaver dissection. The CSF
canalicular system is a series of channels on either side of the sagittal sinus vein that com-
municate with subarachnoid cerebrospinal fluid via Virchow-Robin spaces. Fluorescent
injection confirms that these channels are patent and that flow occurs independent of the
venous system. Fluoroscopy identified flow from the sagittal sinus to the cranial base. We
verify our previous identification of CSF channels in the neck that travel from the cranial
base to the subclavian vein. Together, this information suggests a novel path for CSF drain-
age of the human brain that may represent the primary route for CSF recirculation. These
findings have implications for basic anatomy, surgery, and neuroscience, and highlight the
continued importance of gross anatomy to medical research and discovery.
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Fig 4. CSF channels in the sagittal sinus. Blood was evacuated from the venous sagittal sinus and is held open with
blue sutures. The right CSF channel system (arrow) is identified over the yellow marker in a 90’s year-old female
specimen.

https://doi.org/10.1371/journal.pone.0285269.g004

Fig 3. Demonstration of the venous sagittal sinus. The sagittal sinus is a midline venous structure (between arrows)
in the dura. CSF channels travel on either side of this venous sinus.

https://doi.org/10.1371/journal.pone.0285269.9003




Fig 7. CSF channels in the sagittal sinus. Clamps suspend dura and show the empty venous sinus and bilateral CSF
channels (arrows). The right side is widely patent, whereas the left has been obliterated by infiltrating carcinoma. The
arachnoid meninges travel to these CSF channels.




Table 1. Characterization of the CSF canalicular system. The CSF canalicular system provides an anatomic route
for CSF drainage directly from the arachnoid meninges to the subclavian vein, and is independent of the venous sagittal
sinus.

Privileged Does not involve intermediary lymphatics or blood vessels

Direct route From arachnoid meninges to the subclavian vein

May be primary path Secondary path to scalp lymphatics and lymph nodes

Drains to subclavian vein CSF recycled into the vascular circulation

Analogous to nerves Terminal CSF drainage of both brain and nerves is subclavian vein
Canalicular structure Channels are embedded in surrounding tissue

Plexiform Travel as a group of channels

Lack valves / muscular wall Usually single-cell layer thickness

httns://dni ora/10 1371 /ionirnal none 0285269 1001



Fig 18. Cervical CSF system. Neck dissection in an 80’s year-old female specimen verifies the terminal CSF drainage
system in the neck (arrow). The structures of the carotid sheath are seen in the rectangle and include (from left to
right) the internal jugular vein, carotid artery, and vagus nerve.

https://doi.org/10.1371/journal.pone.0285269.g018



