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Abstract

The historical infectious diseaddyalgic encephalomyelitis (ME) alserroneously knowras
chronic fatigue Sydrome (CFS}Y e r nMEMCFSrepresents a complex aref difficulty for the
modern medicaprofessionwhere it is commonly held that no empirical diagnostic tests exist to
solveits mystery. Confusion surrounding ME/CFS has frequently led to unfoumpdgdhiatric
interpretations and application of assodatieeatments including gradedercisetherapy (GET)
whichis harmful to patientéTwisk & Maes, 2009).The Nightingale Research Foundation (NRF)
led by Dr. Byron Hyde have developed an empirically testabl@amnéhlsifiable ME/CFS criteria
defined by a SPECT (Single Positron Emission Computed Tomography) demonstrating diffuse
vascular hypoperfusion over key areas of cerebral cortex and b) persistingieaitpregence in

the gut measured with immunopgidase stainingHyde, 2017 Chia et al, 209). NRF's data
strongly support that bottoliomyelitisand ME/CFS represent enterovicaintral nervous system
pathologiesecondary to insufficient blood supmsused byascular cuffing. The present study
was conducted to independently assess NREC3IPfindings using gEEG (Quantitative
Electroencephalography) coupled with sLORETA Stafdardized Low-Resolution
Electromagnetic Tomography) softwaré&orty-five adult volunteers (aged 18 or over) with a
medical diagnosis of ME/CFS were recruited. An aggte brain representing 675 minutes of
eyesclosed data was assembled from the group and compared to the SLORETA BRL normative
database in the frequency range between3itz. Results show 13 source localizations
significant(z= 3.085, p= 0.001loverlapwith key NRF SPECT findings. NRF SPECT findings
can beindependentlyconfirmed with gEEG coupled with sSLORETA and neuroanatomically

support signs and symptomstbé diseasérst documentedn 1934. SPECT and gEEG should
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be immediately taken up by theientific and medical professiores definitive standardgor

measuringME/CFS.
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Introduction

Myalgic Encephalomyelitis, als@rroneouslyknown as Chronic Fatigue Syndme (CFS)
primarily in the USAIs an acute onset enteroviral encephalopat@grrect definition requiesl)
acuteonsetandoften biphasic (i.e. including a prodrorheforethe chronic phasedisease as in
poliomyelitis2) occurringprimarily from June to Novemban the northern temperate clima8y,
recovery of evidence of enteroviral infection either directly or by association with others with
enteroviral disease includingut not limited to enteroviral pneumonia, handdt and mouth
disease, and herpangingeyerely painful blistering of the buccal area caused by Coxsackie or
echoviruses)4) occurringas anepidemic or sporadicallyg) evidence of anterior temporal lobe
and posterior cingulate hypoperfusion injury b&sén on Segami Oasis HMPAO SPECT brain
imaging softwaré) Symptoms: Approximately 50% of the symptoms directed to significantly
abnormal CNS function, including memory and motor cortex difficulties and complaints: all ME
patients have both memory andtor dysfunction.7) as in acute poliomyelitis most patients
recover or are not significantiyjjured by these enteroviruses; only the chronic, more severe
condition in either poliomyelitis or ME are known by their disease napwor to the Salk and
Sahn immunizations polio and ME occurred simultaneously during the same epidemics (B.M

Hyde, personal communication, April 4, 2019).

The definition of CFS was developed in 1988 (Holmes et al, 1988)inab@d4 (Fukuda et al,
1994) by the USA CD@tlanta and the NIH in MarylandIt was based upon the misconception

in 1988 that the syndrome was caused by Epstein Barr virus (EBV). This EBV belief was dropped
from the 1994 definitiorbut only after they were informed that EBV has an incubation gderio
usuallybetween 250 days and therefore could not be a rapidly spreading infectious disease. Both

CFS definitions were almost entirely based upon symptoms common to many separate and diverse
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pathological conditions. Some of these pathologies are gssige and can lead to death as in
missed malignanciesftenwith the same symptoms, various missed cardiac conditions and a wide
variety of CNS injuries including diverse viral infections, toxic chemical injuries, traumatic
incidents and a variety of misg genetic abnormalities (B.NHyde, personal communication,

April 4, 2019).

ME follows similar patterns to poliomyelitis, Acute Flacid Paralysis/Acute Flacid Myelitis, each
of which follow one or more enteroviral infections (B.Mlyde, personal communigah, April 4,

2019).

Enormous confusiorhas accumulatedaround ME/CFS, with the medical profession often
interpreting it as psychiatric and amenable to associated thedagsigite repeated failurehile a
plethora ofother inquiries have pursuedypotheses fronEpstein Barr virusXMRV virus,
mitochondrial dysfunctionneually mediated hypotensiorgnd myriad othergSurawy, et al,

1995, Holmes et al, 1988, Erlwein et al, 2010, Booth et al, ZRd®e et al, 1995).

Despitethese efforts, the MEFFS problem has remainédmly entrenchedevengrown more
prominentwith the rise of the internet. This facilitatecassemblyof support groups, bringing
affected persons from around the world togethdropes of developing more effectiself-

advocacy(https://www.millionsmissingcanada.¢attps://mefmaction.com/

https://www.hfme.ord!/

ME/CFS has grown inta unique anomaly witbupposedIiyo clear pathology much less treatment
and a significant, but poorly defined number of people around the world claiming a serious illness
continues to devastate their livé8ubstantial difficuty exissin determininghe actual prevalence

of ME/CFSowing to the myriad definitions availablenany of which are indistinguishable from
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other, especially psychiatric disease definitiiReyes et al, 20Q3Bates et al, 1993, Costa et al,
1995. Owing to ths, a review of the historical literature assembled frometdudy scientists who
first encountered this unique illness is nece:

most directly responsible fohe current state of confusion.

Early History of ME/CFS

The first epidemic of the disease that would come to be krasWE/CFS occurred in Los

Angeles Californiaduring the summer of 1934 concurrently wéh epidemic of poliomyelitis

(Gilliam, 1938). While diagnosedinsatisfactorilyat the time as poliomyelitis the epidemiological

and clinical featuresould notentirely be reconciledn as much a4) dl 198 cases weradult

employees of the as AngelesCounty Hospital 2) the definitive paralysisaccompanying
poliomyelitis was stkingly absentand3) anunusudly high proportion of femalegounger than

30 years oldvereaffected(Gilliam, 1938). The epi demi ol ogy o fl itkheds f i
epidemic was extraordinary for the time, helghagentially representing the first manifestation of

a new polio form, or something else entirely (Gilliam, 1938)e d$sociation with polio would

turn out to be an essential clue to the mystery.

Poliomyelitis, alsoknown asnfantile paralysis wawidely knownas a terrifyingnfectious disease
affectingchildren appearing annually duringesummemonthsproducing a characteristic febrile
illnessthattoo frequently lead to paralysis or death secondaipjtoy of structues in the brain
andespeciallyspinal cord (Fischer & Stillerman, 1937ndividuals of any age coulgotentially
be infectedwith polio and variously recover completely, partially, or not at @monstrating

considerable variabilittknown to dependon factors including host responsmeasures of
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communicabilityor virulenceand the preexisting medical conditiaof thoseencountering the

virus (Fischer & Stillerman 1937).

Early stageME/CFS symptomatologyfollowing a 36-day incubation perioégcluded nausea,
vomiting and diarrhea whicare stillconsidered typical of the nonspecific febrile illaassociated

with enteroviral infectios including the annual flu(Gilliam 1938, Zaoutis & Klein,1998).
Symptomatologythrough the first wde diverges from poliomyelitisand commonly includes

highly variablesomatic painunusually severerushingheadachesver varablecranial regions

muscle tendernesspmaticsensory disturbances i.e.i ngl i ng or Apins and
stiffness of the neck and bamksemblingmeningitis severeconstipationandparesisof variable

musclesor muscle groupseften including fasciculation&illiam, 1938).

Vertigo, visual disturbances including photophgbéxtreme irritabilityand an array of other
featureswere documentedmong the groupbutthe precisesymptomologywas highly variable
with no one persomexhibiting all features(Gilliam, 1938). Unusuallystill, impairments with
memory, concentration arsteep disturbances wemecorded along with the uniqgue phenomenon
that symptoms became worse upewen minor cognitive or physical exertion This easy
deteriorationboth cognitively andin musalaturewent on to generatsubstantial difficulties in
returning to previous work E(Gilliam, 1938). In following up onthis first groupyears later it
was discovered thatonefully recovered having lived out their lives in the chronic disease state

now considered typical of ME/CR#&th profound cognitive and physical limitatiofidyde, 2017.

Thr ough tshibeequén@pdlénics are documented in Switzerlarithe first appeang

duringthesummerof 1937, affeatd 130 soldiers at military hospital inErstweld andthe second
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thatsameautumnat St. Galls Hospitak 0 me n 6 sreitavaing thesamellness documented by
Gilliam (Parish, 1978).This is repeated once more in Degersheim Switzerland in 1939,

concurretly with a poliamyelitis epidemicaffecting some 73 individuals (Parish, 1978).

Between1948 and 1949 Iceland saw the largest documented epidemiaffecting some 1080
people with thetown of Akureyri accounting forsome 465 individual§Sigurdsson et al, 1950,
Henderson & Shelokov, 195%lyde, 1992). Epidemiologically the illness continued to
preferentiallyaffect adulttemales with the highest instance in1%yearolds. Again, the iliness
was characterized by highly protean symptomatologycommonly including somati@ain,
paresthesiavariable muscular paresissevere constipationirritability, sleep disturbances,
impaired memorydizziness and others (Sigurdsson efl8g0). The daracteristideterioration
in responséo even minor exertiors again confirmedo exacerbate symptoms ioduce new ones

(Sigurdsson et al, 1950).

IN1956 ABeni gn Myal gwasproposechs ananz larwd reeerad to hHave $aced

best at representing the illness (Lancet, 1956). This is a combination of the root words myalgia:
muscle pain and encephalomyelitis: inflammation of the brain and spine, representing the
pathology implied by the symptom&.he disease had been previousijled varioushyi di s e as e
simulating poli @myaeloimyiedd,ti 8aboriteiphealemi ¢c neu
di seased among many others according to the
ADi sease of a Thous ampldthold afmamed asswdatadnwith the ikness t h e

(Bell, 1991)

Even at first glance the symptomatology suggests thatpifiemyelitis, a definitive central
nervous system pathology is an inescapable conclusion. Basedpamdbis unusual headaches,

somaticsensory disturbances, emotional lability and memory loss however one eaigjht
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suspecthe brain itself, as oppged to the spine to be the primary site of inj(Fgrster, 1973,

Weiner & Levitt, 1989) Supporting evidence for this is perhaps first and foremost given by the
prominence of the fAsevere crushing dymptoohsac heo
(Gilliam, 1938). This is extremely notable in that reports of unusually severe headtadhne

moden timesconsidered significant clinical indicatof subarachnoid hemorrhage, stroke, or

meni ngitis, al |l p h e n 0 mesnvascutature @Morgehsyern etel, 2098e d t

Vestergaard et al, 1993, Rotbetrtal, 1998).

Prophetically, m documenting the effects of transferring toxic metabolites fowrtlde urine of
patientsunique ina 1955 epidemic to monkeys Parish discovered foomati difsemiimated
lesions scattered throughout the nervous system from the brain to peripheral nerves and associated

with perivascular round cel |l infiltration wit

Modern History of ME/CFS

By 1992 a record was constructede@f epidemics around the world with the largest being 1948

49 northern Iceland, affecting 1090 peofdgelaide Australia 1949951 affecting 800 people,

and 1954 Tallahassee Florida affecting 450 people (ldydd 1992). Among these are many
smaller clusters including as few as 7 people and does not include sporadic individual cases which
havehistoricallybeenmuchmore prone to being overlooked (Keighley & Bell, 198Bjom this
apicturecan be constructed showing tladltlarge epidemics occur prior to the original Salk polio
vaccine By the timepolio has beesignificantly reduced n t h ewhdt @rGain® of ME/CFS

are smallerclusters and sporadic casesrongly suggesting the \w@ne affectedan underlying
enteroviral pathologgs seen ifrigure 1 below(Caceres & Sutter 200Hydeet al 1992, Hyde

2017).
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This is supported by the fact that the group of enteroviruses differ from each other by only 5% of
their total genome andre especially capable of recombination wherein genomic material is
hybridized between one or more viruses creating myriad variations on top of an already high
mutation rate due to theproperty oflow fidelity replication (Hyde, 2017,Li et al, 2005)
Exemplifying this special property, it is well known that many separate enteroviruseallmay
produce hand foot and mouth disease which, like historic poliomyelitis is modernly most common
in children (Li et al, 2005)Lesser known or perhaps forgotten raody, the coxsackie, echo and
other enteroviruses are alswown to becapable of producing poliomyelitis (Malzberg et al, 1993).
Given that ME/CFS was always an outlielated to polipcombined with the disappearancetsf

large epidemicsthe percefion of a serious public health threat seems to have been even more
greatly reduced by disappearance of polio. This has led to a seemiugigaéived confidence

in dismissing continued research into enteroviral pathology assetial to publichealth(Hyde,

2017).

Polio Vaccine Widely
Distributed 1'st CFS Definition

Iceland, 1080 People

Australia, 800 People

Los Angeles, 200 People England, 300 People

Nevada, 90 People

1934 1548 1543 1955 1962 1985 1988 2019

Large ME Epidemics Occurring With Poliomyelitis Persisting Smaller Clusters & Sporadic Cases

Figure 1 LargeME/CFS epidemicfrom the earlier part of the last centuhgappear following
introduction of thepolio vaccire.
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Chronic Fatigue Syndrome

By 1985 another smaller cluster of some 100 people appearing in Niz$ato the first
definition of i Ch r RY) whichFsurmmagly dismisses nthee rweatthe ai
historicalinformation relaihg enteroviruseso ME andcreates a new disease definitidefined
solely asuntestabldatigueon the meager badisatthe incubation period dpsteinBarr virusis

too long to be at fauliHolmes et al, 198™olmes et al, 1988 Fatigue is part and parcel af
wide variety of normal experiengdusan enormous array of different illnesses; the phenomenon
itself has no empirical measurement ahdreforeno ability to differentiate among supposed types
(B.M Hyde, personal communication, April 4, 2019Fhis unfoundedsummarydismissal of
infectious agentard uniquelyaberrant disease definiticseem to have set the modern medical
community into an increasingly irrational tailspiwhere self-defeating fichronic fatigué
definitions begin toreplicate These include the 1991 nAOxford

criteria (Sharpe, 1991, Fukudaatt 1994).

ConcerningCFS definitionsinterest isin solely the subjectivephenomenon of unusutdtigue
going so far as to excludeGFS diagnosig§ any measurable pathology is discoverdetesence
of a psychiatric disorder such depression idikewise not considered grounds for exclusion,
therebyconceptuallyestablishingall CFS as psychiatricdisordes and presumablyamenableo
psychiatrictreatments (Sharpe et al, 1991, Fukuda et al, 199afjuestioneadonfidencethat a
discretepathological entitymplied by CFS criteria could exist at albupled withignoranceof
the historical medical outlier ME, essentially an obscure footnmtethe presumably solved
problem of poliohas been an enormous advantage foilliiness originally described by Gilliam

(Hyde, 2017).
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The foisting of the CFS construct onto ME, now termed ME/@&Sled to profound, often bitter
acrimony betweepatients and the medical, especially psychiatric community where conventional
treatment isstill often graded exercise therapy (GET), despite decades of patients insisting the
procedure ist best useless and frequensigxtremely harmfu(Twisk & Maes,2009). By 2011,

a spurious study known as the PACE trial was conducted seemingly showing conclusively that
combinations ofgraded exercise therapBET) and cognitive behavioral therapy (CBT) were
effective for treating ME/CFS and could even be curativhife et al, 2013). This sparked
suspicion andsubstantial criticism from members of the scientific community who found the
PACE authors reluctant to provide raw data which was eventually obtained via cou(iaméder
2017. The studywas found to be mleading based on a variety of erroneous methoddtuagy
according to opponenssipporst r e at me n tsurinécessary Bufferirgantlicted on patients

by physMink ROAH).s 0 (

Emphasizindhepersistingconfusioncreatedy theaberranCFS construcafter27 years of failed
research 2015 saw the introduction of SEID (Systematic Exercise Intolerance Disease), yet
anothelCFS replicaalready lost among the growing morass of definiti@layton 2015, Jason et

al, 204, Jason etla2015). Authors of the PACE trial have seemingly continued to pursue
erroneous research undgiticism (Vink, 2017. One wonders where tlgea t | \@ines é@resin

all this, butthenthey do notend topublish in gientific journals.

Nightingale Definition of ME/CFS

Dr. Byron Hyde and the Nightingale Research Foundation (NRF) have taken an organized
scientific approach to understanding MB/ CFS

assembling and analyzing the extensiveyaofarelated findings from the first modern encounter
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unt il i t 6 s p(Hyddeiab1®92) lmagesi mom 9NMRFA&s publicati on:

herein withfull permission graciously providgdppendix A).

Most essentiallythe NRF has developed &mpirically testable non-falsifiable definition of

ME/CFSwhich iscurrently:

A) Brain SPECT (Single Positron Emission Tomography) scan demonstidtusg vascular
hypo-perfusion.

B) Gastric biopsy demonstrating an actipersising enteroviral presende the gut

NRF SPECTfindingsclearly demonstratiéhe pathogenieffects of exercise on the ME/CFS brai
as seeln Figure 2 (Hyde et al, 1992) Presently, NRF SPECT imaging of ME/CFS has become
much cleareshownin Figure 3(Hyde, 2017) Definitive ME/CFS lesion sites on SPECT are the
left anterior temporal loband posterior cingulate cortigedten including similar findings in the
right temporal lobe (Hyde, 2017)Patchy hypoperfusion ovexdditionalcortex isvariable but

often includes the motor and somesthetidices (Hyde, 2017).
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The Negative Effects of Exercise on an M.E/CFS Dysfunctional Brain

These Xenon SPECT scans of a 37 year-old female M.E/CFS patient and the concept were provided by Dr. Jay Goldstein of Anaheim, California. The
technical expertise is that of Dr, Ismael Mena, UCLA Harbor, California,

24 Hours Post-Exercise

Figure 2 Already low blood supplyn the ME/CFS braimre worsened witbxercise shown on
SPECT right and left hemispheres are here representezl/erse.(Hydeet al 1992). Notdhe
hypoperfusionsit lateral boundariegpresented by green through blackthe color scale
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Figure 3 Modern SPECT imagingsing cutting edg&egami Oasis software provideich
higher resolutiondetailingthe patchydiffuse vascular hypoperfusion characterizihg
ME/CFSbrain (Hyde, 2017).
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The aastric biopsyestingincluded in theNRFME/CFS definitiorwas pioneered by Dr. John Chia

and colleagues in longitudinal follow up of previously well individwett® werehospitalized with

acute febrile illnesseandwent onto develofME/CFS (Hyde, 2017, Chia et al, 2009). Testing
included immuno-peroxidase staininigr proteins of thentireenterovirus familyand is confirmed

with viral RNA assay (Chia et al, 2009Dnemechanism by whicpoliomyelitis compromised
neuronds vascular cuffingas seeln Figure4 showinghistology taken fronthe spinal cord oh
poliomyelitis cadavefHyde, 2017) A capillaryis seen in the centandsurroundng are immune

cells representing vascular cuffitigniting blood from exiting to thepinalneurongHyde, 2017)
Vascular cuffing islso known in the spinalords of patientsvho suffered from polias long as

twenty years after the fact, demonstratitite phenomenoncan bechronic in survivors of
enteroviral disease (Malzberg et al, 1993). Thisinformationesssgy s it 6 s sel f as e X
forthemode r n p henonrReonloino APyonsdr o mikedME bat abdentstte 6 s o
baggagehat they might be confused for each otheraf for ahistory of poliomyelitis(Bruno et

al, 1998).

Figure 4. Vascular cuffingmpairsblood supply to spinal neurons (Hyde, 2017).
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Based onSPECT and gastric biopsy datee ME/CFS disease procefits the same vascular
cuffing phenomenon as poliomyelitis with the difference that the polioviruses tend to affect spinal
vasculature whiléhe remaining enteroviruses alone or in combination tend to affect the cerebral
arteries (Hyde, 2017)This appears sensible given that vaccination has neverdegetoped for

the other enterovirusekespite the protean number of diseases they are knosausancluding
encephalitis, meningitis, pericarditis, myocarditis, hand foot and mouth disease and herpangina all
to this day, albeiin relatively small numbers of people (Moore, 1982, Li et al, 2006jom a

group of 686 patients admitted to dmespital during the 1935 New York polio epidemic 2% were
considered to have encephalitiolio wherethe virus was presumably affecting the brischer

& Stillerman, 1937). Th&RF poins out not only that polio didbccasionallyenter the brainhut

it produed histological findings that when plotted visually overlap exactly with tifpmcal

ME/CFS SPECT map (Hyde, 2017).

Figure5. Left: a typicalSPECT image ahe ME/CFS brain(Hyde, 2017) Right:Histology
findingsfrom autopsy of a poliomyelitis brain (Hyde, 2017).
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gEEG (quantitative electroencephalographlyas previously been shown to be sensitive to
vasculafrelatedcerebral changes accompanying stragevell asieuropsychological functioning
(Cuspineda et al, 2003) The present studyhereforewas intended to obtain independent
confirmation of NRF SPECT findings in ME/CFS brains using gEEG (Quantitative
Electroencephalographywith sLORETA (Standardized low Resolution Electromagnetic

Tompgraphy) a separatunctionalbrain imaging technology

Materials & Methods

All raw gEEG measurements were made with WINEEG free software version 2.127.98 running
on a Windows 10 equipped IBM Thinkpad laptop usifgitsar model201 EEG amplifier and
Mitsar 10/20 system capquipped with @ scalpsensorslus ear reference lead$Normative
database comparisons amalsce localizations were computed using SLORHBTe&e software

version 20181107

Recruitment

Approval to conduct th presenstudy was obtained from the Laurentian Ethics Review Board
(AppendixA). 45 individuals age 18 and over with an existing medical diagnosis of ME/CFS in
the Toronto and Ottawa areas were recruited to participate inteome qEEG investigation of

brain functioning. Recruitment was based initially on word of mouth M&/CFS affected
individualsthe author wapersonallyfamiliar with. Efforts were made to reach volunteers with
existing SPECT and gastric biopsy results obtained via R NA total of 5suchindividuals

were recruitedvho supplied SPECT maps and gastric biopsy results. Their results are reproduced

below with permission.
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A Canadian charitable organization dedicated to ME/GHBons Missing Canadaubsequently
contacted the author expressing interest in posting ebeuitment scripton their website
(Appendix B). Upon contacting the authorogential volunteers were supplied with a) the
recruitment script, and b) the consent form (Apper@ix Arrangements were made for an in
home visitincluding the author and aotleague from the Laurentian Behavioural Neuroscience
program to perform a qEEG recordin§igned consent forms were obtained eithereviail or

completedn personat the beginning of mome visits.

Stringent efforts were made to ensurattlolunteercomfort and privacy wereprotected during
the investigationand in subsequent data storagEfforts included supplying contactphone
numbers for the Principal Investigatbaurentian Ethics Committee for potential complaints and
optionalpassword encryption for communication of all personal informat@uaration ofvisits
was limited tono more than 1.5 hours in order to minimizdisruption of daily routines
Additionally, it wasclearly communicated aremphasized that the researcheese sympathetic

to ME/CFS and familiar with the existifngRF research described above.

gEEG Procedure

A comfortable, quiet and relatively dark place was selected in the toperform the qEEG.
These conditions are required for the masturate measurements of brain activity; excessive
light, noise or commotion in the environment may all have a direct impact on neural behavior and
must be kept to a strict minimum, ideally zero to make an unconfounded assg&ahenter &

Lopes da Silva2011)

Participants craniums were measured to select an appropriately sizedcsgmdeach of thecaps

19 sensor wellsvere filled with hypoallergenic conductive gabplied with ablunt syringe to
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establish a clear signal into the amplifi®chomer &Lopes da Silva, 2011)Participants were

then asked to sit quietly in relative stillnedss recordingand guided throughlternating 180
second segments of eyes closed and eyes open with a short breathing task accanging to
paradigm inFigure6. Intervals between segments were ugegbarticipants to change position if
necessary, to maintain comfo@5 minutes of daten total was recorded and saved to laptop hard
disk via WINEEG for each participant. Backups of master recordings were made to an external

hard drive immediately after each recording.

1) Eyes Open: 180 seconds 9) 4 Second Breathing: 45 seconds
2) Eyes Closed: 180 seconds 10) Normal Breathing: 60 seconds
3) Eyes Open: 180 seconds 11) 2 Second breathing: 45 seconds
4) Eyes Closed: 180 seconds 12) Normal Breathing: 60 seconds
5) Eyes Open: 180 seconds 13) 1 Second Breathing: 4®&conds
6) Eyes Closed: 180 seconds 14) Normal Breathing: 60 seconds
7) Eyes Open: 180 seconds 15) Eyes Open: 180 seconds
8) Eyes Closed: 180 seconds 16) Eyes Closed: 180 seconds

Figure 6. The experimental paradigoonductedn orderfrom 1-16.
Artifact Correction

Eachp ar t i complatenrawsdata record was fivssually inspectein WINEEG to establish

an initial picture ofdata quality and overall impressiogEEG s subject to a wide variety of
signals not generated by the brain (artifacts) including 60Hz wall outlet signal, electrical activity
of muscles representing eye blinks, vertical and horizontal eye movements, jaw cleadtimy,
coughing, sneezingoosition adjustment@and other movementg¢Schomer & Lopes da Silva,
2011) 60Hz wall outlet was filtered out of the raw recordings using the WINE&Ehfilter set

to exclude all frequencies from #%Hz. Ubiquitous presence of 60Hmisemeansactual brain
activity within this range is left a mystery and not conventionally meaguvbie & Van Cott,

2010).
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Artifacts directly related to eymovement tend to beelatively stereotyped and are therefore
among the moseasily recognized and removéwm recordinggSchomer & Lopes da Silva,
2011). WINEEG contains several artifact correction modalities includindf in templates for
common artifacts that are identified via correlative similarity. This method was ideal for the
presentstudy in thata uniform correction needed to be applied to all participants to maintain
homogeneityof dataprocessing. WINEEG tmplates include option to remove both vertical and

horizontal eye movement which accounted for a considerable majority of artifectsnéred

WI NEEGO6s ability to identify an artifact for
begin with. Hencethe records were variously artifact corrected for either a) vertical and horizontal

eye movementor b) vertical eyeanovement onlyaccording to thendividual recordings The
correlation coefficient, i.e. fAsimilarity thr
0.8 (80%) for vertical and horizontal except in two cases where a value of 0.7 (70%Qweedte

These two exceptions did not appreciably distort or leave the data contaminated based on visual
inspection.After template correctiorecords were inspected again visualtyl remaining artifacts

were notedandcut around

All clean data segmé&nwerethenextracted from WINEEG as ascii files in preparation for entry

into SLORETA softwardor normative database comparison and source localization of significant
anomalies A total of 675 minutes of eyes closed raw data was extracted from tretithpants
collectively. All data was collected at a sampling rate of 250Agifact corrected data from all

eyes closed segments of all participants was then assembled into a single aggregate ascii file using
Matlab software. The aggregate was resaeyg using sSLORETA utilitiesto 100Hz and a
transformation matrix wag nt er e d representing the sensor

sLORETA mathematical spacéinally, the aggregate wadsr ans f or me ds piencttor uamofi c
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file using SLORETA utilitiesrepresentinga densityarray of recorded signals the frequency

spectrum from 185Hzthat can be compared to normative database.
Source Localization

SLORETA, or N S{Resaold amd iEzleedc t r @wnagneti ¢ Tomogr a
all ows source | ocal i zati on i n 3D brain spac
coordinates), demonstrating point originghe cortex and hippocampagsignals recorded over

the scalp(PascuaMarqu, 2002). sLORETA operate®n the premise that two neighboring
neurons are most | ikely to be active in synchr
neur onso. I t 1 bkehagiocrdprogepyadpraserasch mechaaismidyich mare

distributed networks function and can hence be mea¢BsstuaMarqui, 2002).

Placement of electrodes over the scalpreapeesented in SLORET#uch that they correspond to
speci fic points within a gr i dwoherkatical fspac8 D poi
s L OR E rifirsap contains 6,239 separate voxels of Sraath, geometrically representing

all cortical neuronglerived from MRI based methods of classifying a given cerebral area as

neuron, glia, or ventriculdPasquaMarqui, 2002).

Neuronal activity under each sensor includes a variety of similar and dissimilar signals compared
with all other sensors. Hence, activity at one voxel is compared to every other individual voxel
with millions of ttests serially comparing two averages statistically significant differences.

This allows for emergence of normal, hypo, or hyper activity localizatidrequendes between
1.535.0 Hzwhich are finally zscored against the SLORETA BRL normative datalfBssqual

Marqui, 2002).

Normative Database Comparison



The 675minuteaggregatd-ourier deriveccross spectrum file was then compared in SLORETA
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to its internal database of ~100 individuals with brains representing the normal population.

Frequency resolution, i.thevalue in Hz separatg intervals of therequencyspectrum between

frequencymeasurementsas set to 0.39Lastly the measured sgeum was confined to 1-35Hz

based on conventioand the boundaries of theeasurementsised to construcsLORETAS s

internalnormativedatabas¢PasquaMarqui, 2002).A file containing all significant-xscores for

anomalies between X35Hz is the outpt, specifying the specific anomalous frequency i.e. 5.5Hz
in combination with a visual representation oféha o m ddcatidn ®oth in MNI coordinates and

modeled on a moveable, interactive 3D Braihe unitsof measura r e

i abs oile.ut e

or area under the curve for each frequency on a graph whemaptitudeof voltageand x= time

(PasquaMarqui, 2002).

13 significantsource localizationsvere discovere@mong the aggregate of 45 ME/CFS brains

Results

representing 675 minutes of eyessed dataompared to normal controlZ-scoredefinedsource

localizations were required tbe significant atz= 3.085,p= 0.001, andallowed to include

additional cortical aresignificant at a minimum af= 2.56,p= 0.0L.

Table 1. Significant source localizatiorgrouped anatomically.

Brain Region Brodmann Area Frequency Z-score
Right Anterior BrodmannArea 10 11.64Hz Z=3.085
Cingulate
Bilateral Anterior BrodmannArea 32 12.03Hz Z=3.085
Cingulate
Bilateral Anterior BrodmannArea 25 33.87Hz Z=3.085
Cingulate
Bilateral Anterior BrodmannArea 25 35.04Hz Z=3.085
Cingulate
Bilateral Superior BrodmannArea 10 1.5Hz Z=3.085
Frontal Gyrus

powe
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Bilateral Gyrus BrodmannArea 11 31.92Hz Z=3.085
Rectus
BilateralUncus BrodmannArea 36 32.7Hz Z=3.085
Right BrodmannArea 28 31.14Hz Z=3.085
Parahippocampal
Gyrus
Right BrodmannArea 34 32.31Hz Z=3.085
Parahippocampal
Gyrus
Right BrodmannArea 28 33.09Hz Z=3.085
Parahippocampal
Gyrus
Right BrodmannArea 28 33.48Hz Z=3.085
Parahippocampal
Gyrus
Right BrodmannArea 28 34.26Hz Z=3.085
Parahippocampal
Gyrus
Right Inferior BrodmannArea 19 34.65Hz Z=3.085
Occipital Gyrus

Discussim

Like epidemic groupgrom the early part of the last centuttyre majority of volunteerswere
female 84%with only 16% males (Gilliam, 193&igurdsson et al 19%50The mean and median
age for the groupvere both 48 years, with half being between 38 and 60. The oldesipaautt
was ar5-yearold female and the youngest a-g@arold female Participant age distribution is

represented ifigure?.
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Participant Age

0 10 20 30 40 50 60 70 80

Figure 7. Age distribution of participants.

Comparison with NRF SPECT Data

Color coding of significance for 8BLORETAsource localizations is accordingRigure8 below

with brightest yellow representing z= 3.085 and darkest red representing z=NREESPECT
datareproduced with permission (Appendix &)color codedas seen within images on the right
wheregray represestnormal blood supplyandlight blue represeés2 st andar d devi at i
below normal, dark blue 8reen 4 and black JRed corresponds toyperperfusion S D6s above
normal, pink to 3 and white to 4 he aggregate of 45 ME/CFS brains is shown on left, compared

with NRF SPECT maps of individuals on the righiistorically, structural and functionahanges

in specificcerebral areas, especially tterelval corticeshaveformedthe basis of understanding

clinical neurologicfindings and will thereforde the basidor discussionof findings (Stuss &

Levine, 2002).

-z.085 BN 1.543 077 0,000 0771 1.543 Z.314 Z.085
£ Score

Figure 8. SLORETA color coded-acore scale.
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The Left Temporal Lobe

sLORETA| 84

Figure 9. 33.8™z source localization replicatekaracteristitNRF ME/CFSSPECT map of
diffuse vasculahypoperfusion.
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Figure 10. The33.87Hzsource localizationepresented in transverse, sagittal and coronal slices
showing subcortical extent of findings

Most striking among the data was the appearaneae 38.87 Hz dcalizationincluding the left
temporal lobeBrodmann area 38 which according to NRF is always injured in ME/CFS patients

(Hyde, 2017). The aggregatef 45 ME/CFS brains has also iteratedthe hypoperfusionin
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Brocads area found i Additiorallysthe ieft idsula, ia dregaeht NRFSPECT

SPECT finding issignificant asshownin transverse section byigure 10(Hyde, 2017). The
remaining hypoperfusion over tipeefrontal,somatosensorgn SPECT is partially rerated;it

should be kept in mind that NRF findings have shown the remaining patchy hypoperfusions to be
individually variable(Hyde, 2017) Further, this variability in affected cortical areas provides a
rational framework to understand the highly protean nature of individual symptomology among
the epidemics documented in the first half of the last century (Gilliam, 1938, Sigurdsson et al,

1950).

What Symptomologyis Supported Neuroanatomically?

Significant findings in the insula suppdadiihdings with right sidedvisceral body sensation
includingthe painang a r e s tdbcensentegt@rsingin thefirst halfof the last centuryupont

et al, 2003Gilliam, 1938, Sigurdsson et al, 1950)jhe medial region of the transverse temporal
gyrus beneath the temporal operculum is known to represent vestibular sensatismppods
previously documented balance disturbaneesME/CFS (Kahane et al, 2003Gilliam, 1938,
Sigurdsson 1950jT heinferior-lateraledge of théeft sensory and motor corticssalso réterated
supportingcontralateralpain and paresthesia over the face and within the mouth, as well as
impaired movement of the face, tongue and jaw including difficulty swallowifigouble

swallowing is a classical indicatof weurologiadiseas€éGarouette, 1987, Weiner & Levitt, 1987).

Hescshydydr us and Wknownto bdidhé lsains priraay tomatopic mapdare
the primary site of languageomprehension in mostumans disturbances in these regioase
highly correlated withreceptive aphasmahereincoming informatiorboth spoken and writters

no longer intelligibé to variable degreefNeiner & Levitt, 1989. These are common NRF

findings in ME/CFSHyde, 2017).Cor r espondi ngl vy, di sturbances
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of expressive aphasiherespoken and written language can no longer be exprestedorrect
syntaxor fluidity (Weiner & Levitt, 1989Embick et al, 2000 This isalsoa common NRF clinical

finding here supported by qEE@Glyde, 2017).
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Figure 11. The 33.87HZocalization shownriferior & medial vieve.

Inferior view of the SLORETA map shows theft fusiform gyrus is also affected.Left
hemispheric gturbances in this region akaown to be essential for the visual aspects of reading
fluency, i.e. transcrilbig abstract symbols into visual percegmslis included among the ME/CFS
cognitive deficits (MCandliss et al, 2003lyde 2017). Close by the left uncus shown in
transversaectionin Figure 10 receives primary olfactory fibers adéturbances heupport the
phenomenon oblfactory hallucinationdNRF documers in ME/CFS Garouette, 1987Hyde,

2017).

Finally, the memory disturbances inherent in ME/CFS are supported by the inclusiometiibe
left temporal loban generaland especially the left hippocamp{arouette 1987) Lesions in
this area have long been associated with the impairmentshoinbotediate and delayed memory

recall as exemplified inAl z hei mer 6s de ment i &pedfikaliyh theelaft,

et



QEEG ASSESSMENT OF MBICFS

hippocampuss associated wittmemory ofspoken wordgermed verbal memoryandepisodic
memoryi.e. recall of sequentially ordered events (Stepankova et al, 2064iyther, nemory
consolidationi.e. the assembly of information to be encodedirectly influenced by arousal of
the amygdala which is shown here to be hyperastiggesting that even if memory encapwas

intact the informatioritself is electricallydisruptedLaBar & Phelps, 1998).

The Right Temporal Lobe

{sLORETA 86

Figure 12. The34.65Hz source localization compared to a typiicgdt hemispheritNRF
ME/CFSSPECT map

L R(v] = Z)1=[45,-85-10)[mm] ; [3.48E+0] ; 86 sLORETA
v .

+5 B, P L R
(21 (21
?‘ 0 +5 +5

,art
A -y - 0 0
m S s
S L -‘:
A0 o 5 4
: 0 mem (%) (Y] +5 0 5 A0¢em 5 0 +Sem [¥]

Figure 13. The34.65Hz source localization represenitettansverse, sagittal and coroshtes
showing sibcortical extent of findings.
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The right temporal lobe is an extremely common, though not ubiquitous NRF SPECT finding in
ME/CFS(Hyde, 2017) Abovein Figure 12, regions of hyper and hygmerfusion in the frontal,

temporal and occipital cortices in thisn d i v ISPECBappéogsimatelycoverthe inferior half

of the right hemisphere. Likewise, the SLORETA aggregate of 45 brains includes approximately

the same a@a. Significant areasn the right temporal lobe include the insula, medial vestibular
area,inferior-l at er al portions of fusitoren gwus,hhes obBkadasomyr
We r ni c k eBbrso caardesaussgndenippocampus. Additionally, the right occipital lobe is

included suggestingrimaryvisual disturbanceas explained below

sLORETA 86

Figure 14. The 34.65Hzsource localizatiorinferior view.

What Symptomology is SupportedNeuroanatomically?

Disturbances inhte right insulasupportthe same visceral somatic disturbanoetuding pain and
paresthesian the left side of the body (Dupont et al, 2003)he medial region of the right
transverse temporal gyrus beneath temporal operculum represerg vestibular sensatiors

demonstrated, supportingipairments in vestibular sensation and balai@hane et al, 2003,

Gilliam, 1938, Sigurdsson 1950)The right fusiform gyrus, in contrast to its left hemispheric
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counterparis highly correlateavith prosopagnosiathe inability to recognize facesdrepresents

acommonNRF finding in ME/CFSBarton et al, 2002Hyde, 201Y.

Inferior-lateral edges of the right sensory and motor cortices are demonstrated, supporting
experience otontralaterapain and paresthesia over the face and within the mouth as well as
motor impairments of the face, tongue and jaw including difficultgllewing (Garouette, 1987,
Weiner & Levitt). Disturbances of the right Hescbygyrus and Wernick® area are known to
impair recognition of tones received in the contralateral ear (Kimura, 1961). Acquired tone
deafness is documented by the NRF, representing one ofditeesubtldut measurabl@aspects

of ME/CFS(Hyde, 2017).While functional signifiance othe r i ght he miaepihier i c
still being investigatethere is evidence to suggest that its abnormal activation is associated with
persisting expressive aphasiacondary tdesions in the left hemisphere (Belin et al, 1996
Raboyeau et al2008). Additionally, there is evidence supporting that speech prosody, i.e.
intonation and patterns of word emphaaisl speech gesturiraye all supported by the right

hemi spheric Brocads area (Ross and Mesulam, 1

The right uncuseceiving ipsilateral primary olfactory inputs is demonstrated, agamits left

hemispheric counterpartaboseu ppor t i ng NRFO6s f i ndi (Ggreuette,f ol f &
1987, Hyde, 2017)Thenearbyhippocampusgainrepresergthe essential sucture for memory

formation, with the right hemispheric known to be specifically correlated spttial memory

meaning impairments here can literally leave a person lost in 3D space (Abrahams et al, 1997).
Additionally, moments of insight where new idelurst forth into consciousness are known to be
correlated with the right hippocampus representirgigaificant reduction in problem solving

ability and creativityLuo & Niki, 2003).
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The Right Occipital Lobe

Il n NRF6s 1992 textbook a variety of vi sual d
representing some of the least discussed facets of the ME/CFS symptom(pliptieret al 1992.

NRF documented visualsturbances include blurring of vision,pth perception and oscillopsia,

a commonly seen symptom iclinical neurology where stationary objectsay appear to
fishimmeb, or jump (Hydeet al 1992, Bender, 1965)Likewise, activity in the lateral occipital

cortex as demonstrated figure 12 abovés known to be specifically involved with disorders of

3D volume perception, i.e. the 3D wornldpresented on tHD retina (Moore & Engel, 2001).

Vascular disturbances of the occipital lobe dreically associated with blurring of vision and
known to be detectable with EE&gain supporting this common finding in ME/CE&unker et

al, 2002 Hyde et al, 1992)Moreover, the right temporal lobe is known clinically to be associated
with global vsual processing including the ability to pay selective attention to abstract forms,
specific details of forms and abstract patterns generally (Doyon & Millner, 1991). Additionally,
the accurate perception apatial relationshpbetweerseparate forms isighly correlated with

right hemispheric disturbances including deeipitatparietal complex (McFie et al, 1950).

Additional Right Temporal Lobe

5 additionakource localizations reiterated the same rigimispheri¢cemporal lobe structurdsit
excluding most of the occipital and frontal corticesDiscovering possible reason(s) for the

preponderance of findings in the right temporal lobe is a direction for future inquiry
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Figure 15. The34.26Hzsource localization represented in transverse, sagittal and coronal slices
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Figure 6. The33.48Hzsource localization represented in transverse, sagittal and coronal
slices.
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Figure I7. The33.09Hzsouce localization representedtimnsverse, sagittal and coronal
slices.
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Figure 18. The32.31Hzsource localization represented in transverse, sagittal and coronal
slices

Figure 19. The31.14Hzsource localization represented in transverse, sagittal and coronal slices











































































