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Learning Objectives

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

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

ÅEnhance your clinical diagnostic accuracy for ME/CFS and 
Fibromyalgia

ÅUnderstand the glymphatic system and itõs role in health and 
disease
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Fibromyalgia = 

Pain in all 4 body 

quadrants

Pain Predominant

ME/CFS= Post-

Exertional Malaise 

(PEM)

Delayed onset fatigue 

and extreme tiredness. 

EXERCISE WORSENS 

PEM!

Fatigue predominant



The Clinical Challenge

ÅOverlapping Features + Diagnostic Challenge & Difficulty

ÅSevere fatigue ± post-exertional malaise

ÅWidespread pain and tenderness

ÅòBrain fog,ó unrefreshing sleep

ÅAutonomic symptoms (POTS, IBS, orthostatic intolerance)

ÅAssociations with Trauma, Low SDOH, Lack of Support/Resources

ÅLack of Belief that ME/CFS is a real disorder. òFear of Physiciansó

ÅComplex 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 Ó 6 mo1ð3 yrs

Fibromyalgia Widespread pain Ó 3 mo 1ð2 yrs

Long COVID
Symptoms Ó 12 wk post-

infection
Months



Factors associated with CFS/ME

ÅInfection

ÅStressors

ÅGenetics
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What is 
Lymph?



FUNCTIONS OF THE LYMPHATIC SYSTEM

ÅLymphocyte development, and the immune response. 

ÅReabsorbs excess interstitial fluid:
Åreturns it to the venous circulation
Åmaintain blood volume levels
Åprevent interstitial fluid levels from rising out of control.

ÅTransport dietary lipids:
Åtransported through lacteals
Ådrain into larger lymphatic vessels
Åeventually into the bloodstream.



The Thoracic Duct
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É Raymond N Perrin 2004
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THORACIC DUCTé..

ÅAt the root of the 
neck, it turns laterally 

Åarches forwards and 
descends to enter the 
left venous angle

Åbefore termination, it 
receives the left 
jugular, Subclavian 
and broncho -
mediastinal trunk



The Thoracic Duct



Anastomosis of the Thoracic 
Duct and the Venous Drainage



What is 
Lymph?



Lymph Nodes

@ 450- 800 in adult  

human body

Cervical @ 300

Axillary  @ 20-30

Mesenteric @ 100-150

Inguinal @ 4-20

Popliteal  @  2-9



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

ÅECM (extracellular matrix) pumps fluid into the lymphatic 
vessel

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

ÅLymphangion is the òlittle heartó of the lymphatic system due 
to the peristaltic motion it produces and the role that the T -
type Ca2+ channels play in lymphatic pacemaking

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





Lymphatic drainage of the Brain



The glymphatic pathway 

in neurological 

disorders. 

Martin Kaag 

Rasmussen#1, Humberto 

Mestre#2,3, and Maiken 

Nedergaard1,2,3,* 1Center for 

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
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h.gov/articles/PMC6261
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CRIBIFORM PLATE AND CSF DRAINAGE

SPERA IN 2023 VIA IMMUNOFLUORESCENT PROBES

INITIALLY IN MICE AND NOW IN HUMANS

É Raymond N Perrin 2004
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CSF tracer (Green) moves along the paravascular 

space around an arteriole in the brain. 

Iliff J et al. August 2012



Section of the meninges illustrating perivascular spaces
(Illustration from Grayôs Anatomy 38th Edition p.1213, Zhang et al., 1990)



Antoine Louveau  et al. Structural and functional features of central 
nervous system lymphatic vessels.Nature, 2015; DOI:10.1038/nature14432

http://dx.doi.org/10.1038/nature14432
http://dx.doi.org/10.1038/nature14432
http://dx.doi.org/10.1038/nature14432


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) 

and the outer layer of the brain, 

showing the subarachnoid 

lymphatic -like membrane in 

green

University of Copenhagen

.

The SLYM (Subarachnoid Lymphatic -Like Membrane)



The Glymphatic System



Reference:

Mßllg¬rd K, Beinlich F , Kusk P et al.

A mesothelium divides the subarachnoid space into functional 

compartments.

Science

2023 Jan 6;379(6627):84-88. doi:10.1126/science.adc8810. Epub 2023 Jan 

5.

Å An extra layer lines the brain The traditional view is that the brain is surrounded by 

three layers, the dura, arachnoid, and pia mater. 

Å Møllgård et al. found a fourth meningeal layer called the subarachnoid lymphatic -

like membrane (SLYM). 

Å 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. 

Å 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



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

places, even one cell. The SLYM hadnõt been noticed before, 

partly because the membrane disintegrates when the brain is 

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)












