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Optimizing Mitochondrial Disease Care

** How is mitochondrial medicine practiced in North
America?

¢ Is there an optimal way of practicing mitochondrial
medicine?

* Is care standardized?

** Who is in charge of care?
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Practice Locations

Little Rock, Arkansas
San Diego, California
Stanford, California
Vancouver, BC, Canada
Hamilton, Ontario, Canada
Aurora, Colorado
Washington, DC
Atlanta, Georgia
Indianapolis, Indiana
New Orleans, Louisiana
Baltimore, Maryland
Bethesda, Maryland
Boston, Massachusetts
Detroit, Michigan
Rochester, Minnesota
Akron, Ohio
Cleveland, Ohio
Columbus, Ohio
Nashville, Tennessee
Houston, Texas
Philadelphia, Pennsylvania
Pittsburgh, Pennsylvania
Seattle, Washington
Milwaukee, Wisconsin




Variability in diagnostic care

Biochemical testing protocol
Genetic testing protocol
Muscle biopsy testing
Interpretation of muscle biopsy
Use of diagnostic criteria



Variability in treatment

Use of supplements

Cocktail vs no cocktail

Monitoring of organ system involvement
Monitoring lab work



Electrolytes
Transaminases
HgbA1C

Thyroid function
Amino acids, urine
CoQ10

Lipids

Adrenal function

EKG

Echo

Ophthalmology
Cardiology Consultaton
Audiograms

Sleep studies, if fatigue
Immnologic tests
Repeat MRI

Repeat CSF

Stress test

Resting metabolic rate

Physicians surveyed

Fig. 1. Preventative lab work obtained.
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6%
6%
0 16 24 R

Physicians surveyed

Fig 2. Preventative testing obtained.

Management during periods of catabolic stress.

Mowof 32 ¥
unless stated
Iliness precautions
Hospital admission for IV dextrose 30 94%
Only when oral intake has decreased or vomiting 1930 63%
With any illness ( for select patients depending on 11/30 T
clinical history)
Fluid type used
Use of D51V fluids 9/30 30%
Use of D10 IV fluids 11/30 TR
Depends on patient lab work 1030 33%
Use of supplemental carnitine in fluids 29 59%
Carnitine dose increased from home dose 10729 34%
Use of additional supplements when ill [ 18%
Use of an emergency protocol letter 28 a3%
Medication and fluid avoidance
Select antibiotics ( list varied between providers) 21 BEE
Valproic acid ( regardless of mitochondrial disease type) 25 70%
Sequencing of POLG1 prior to beginning valproate in 20 63%
patients with epilepsy and no dear diagnasis
Lactated Ringer's 28 28X
Anesthesia precautions
Recommended 32 100%
Use of an anesthesia protocol letter 23 2%
Propofol avoidance
Unrestricted use 0 ox
Restricted to short procedures (less than 2 h) 20 63%
Avoid if possible 15 4T
Sevoflurane 3 9%
Succinylcholine avoidance due o concerns of 5 16%
malignant hyperthermia
Surgical precautions
Admission for IV fluids preoperatively 19 59%
Admission only if prior history of adverse response 13 41%
Vaccnations/immunizations recommended 32 100%
Restricting vaccinations to times of good health 21 BGE
Pre-medication with anti-inflammatories or anti-oxidants 9 28%
Alver schedule to provide fewer immunizations at one time 11 34%

Mitochondrion 2013



Results

Similarities in practice but a general lack of consensus

Agreement in care

¢ Clinic structures and organization

¢ Physician perceptions of various diagnostic
laboratories

¢ Care requires significantly more time

“ Shortage of adult trained experts



Establishing Consensus?



Methods to develop consensus

Evidence-based
Eminence based (grey heads in the room)

NIH style consensus (non-experts decide)

b
b
» Committee based (may the strongest personality win)
b
» Individual (I'll decide)

2 borrowed from Georgianne Arnold



Delphi Method

“Pooled intelligence enhances individual judgement and captures the collective
opinion of a group of experts”.

Developing consensus in the absence of sufficient evidence utilizing a committee of
content experts

Literature
review and
data
summary

Committee
forms
subgroups

Consensus?

Survey with
group’s Discussion

responses when needed
revealed

Items
without
consensus
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Diagnostic Consensus Criteria

Biochemical Testing in Blood, Urine and Spinal fluid
Genetic Testing

Pathology and Biochemical Testing of Tissue
Neuroimaging

Treatment of Acute Stroke

Exercise

Anesthesia

Treatment During Illness

Treatment with vitamins and supplements



Prevention and Care Guidelines
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Audiology

Sensorineural hearing loss

Ophthalmology
Cataracts
Ophthalmoplegia

Optic nerve atrophy
Ptosis

Retinopathy

Endocrinology

Adrenal insufficiency
Diabetes mellitus

Growth hormone deficiency
Hypoparathyroidism
Hypothyroidism

Osteopenia

Short stature

Gastroenterology
Constipation

Dysphagia

Dysmotility

Failure to thrive

Liver dysfunction

Pancreatic insufficiency
Pseudo-obstruction

Hematology
Iron deficiency
Pancytopenia
Sideroblastic anemia

Pregnancy
Gestational diabetes
Preeclampsia
Preterm labor

Exercise intolerance
Fatigue

Central Nervous System
Abnormal tone

Ataxia

Autonomic dysfunction
Brainstem dysfunction
Developmental disability
Epilepsy

Headaches

Mood disorder
Movement Disorders
Spasticity

Strokes (metabolic)

Cardiology
Arrhythmia
Cardiomyopathy
Conduction defects
Heart block

Pulmonology
Apnea

Aspiration
Hypoventilation
Pulmonary hypertension
Sleep Disorders

Nephrology

Fanconi syndrome
Glomerular dysfunction

Tubulopathy

Immunology

Recurrent infections

Neuromuscular
Myopathy
Neuropathy

Orthopedic

Contractures
Fractures
Scoliosis

Psychiatry

Mood

Anxiety



Table 1 Screening guidelines
At dagnosis, # AL Y1- 10 2-year  As needed depending Comments
not previously  imervals and on Symploms or
obtained = needed diseasm type
Audsclogy . -
Cardwlogy
Blood pressure . -
. . Echocardiogams may be perfommed less freguently
0 lowrink patients afler several yaas of manitoning

Echocardiogram

Bedrocadiogram . -

Hoer . Holler recoeding depending on the underying
dagnass and ek of heat block. wp 10 ewery
36 moeths for disorders assaciated wilh high rsk
of artyihmias, such & mIDNA dektion dsomiers

Cardac MRI .

Endacrnalogy ndocrne & g gy fec ded

Basc chemestries. . -
Calchum (Ca), magnesiam (Mg), and phasphate -
CotnokAL THealdodenone —renin .
Ca and phosphate, urine - .
‘Gonadotroping .
Hemoglobin Alc
Parathymnd hormone
Thyroid-<tirulating hosmone and free yrouine
Vitamin D
Dual Xray Absarptiomery (DKA) . DXA especally if unexpected fractuses
Gasroentenoiogy
Arylaseipae -
Trarsam naws - -
Stool eastase .
Swalow svaluation -
Crowth and snthrapametric parameters . . Recommended &t each vesit
Hem.stology Obtsined mom roulinely in those with high sk of
or symptomatic bone marmaw dysfunction

Complete blood count with differentisl - .
rirunclogy . With recunrent infecsions

Develnpmantal and CO9Nve wsaments . . Choacal apprasal or oomal neuropsychalogeal
1025, formal 1esting ecommended with regreseon

Pubmonary funcan - Especially with myopathy, if nonambulaey o with
ran stem dfunction

CMP with Mg and phophaw - .
} Albuminkreatng, urne - -
ALCTH, adrenoconticotropc b CMP, compreh abolic panel DXA, dushensrgy X-ray, MRL magnetic resonance imaging, mEDNA, mitochondrial DNA




Table 2 Other specialist consultations to consider at time of
diagnosis and at 1-2 year intervals as needed based on

symptoms
Audoogy

C ar dhoshogy

Erdioc rina logy

Ear, nose, and thvaat
Gastropraens gy
Gerwlic

M atooy

I e Ky

Mep hrology
P o bogyy

Ophthalmokogy
Orifhioneds

Palatve care

Prys<al medione and rehabiphysiatry

Puychiatry (for patient or family)

Paychology (including family counseling)

Pul mon oko gy

Social work

Sieep medcine

Therapy services incudng physacal therapy, ocoupational therapy, and
speech therapy




Table 3 lliness, anesthesia, and stroke management

liness maragement?
1. Specific decsinns about patent management ndudng hospiakeaton reguire cincal udgment and should be case-pefic. Decsions should reflec
the indhidual pabent's presentation as wel &5 an undesstanding of the etoiogy for the aoute decompensation and the pathophysiology of the
undieriying mitochondna deoeder
2. Patients with a mitlochondrial deesse should carry an emergency care plan that detailk their underipng dacosdes and provides management
reci el atn .
3, Fatienis with & mito: hondrial desass should oonsider wearnng a medical alent bracelet when appropriate depending on theer o imical symphomol ogy.
4, Miochondral patents should take precautons o prevent entenng @tabolmm, expecaly when exposd to medical siremors, induding avoiding
proionged fasting and recewing dextose-containing I fluids bedore, during, and after procedunes and surgenes. [Dexirodse should not be provided o
provaded in lenied quantity & indcated by dinical stalon in sepecied or aanfrmed disorders of pyruvale metsbolam, if the palient & on a8 kelogenic
deet, o the patient has had & previous stverse responee 10 high guomss delvery )
5, Bvaluaton of a miochondral patent in the acuie setting should indude evalusbon of routine chemsines, gluooss, ramamnaes, and lacae; al
other tebing & & dncaly ndicated, athough one must kesp n mind the pobental for candiac and neurslogic decompensation n these pat et
6. Treatment during acute decompersation should indude dexiroie-rantaining 1V fluick, seppng expoiure to polentially boose medcations, and
oorection of amy metabolc desangements. (Note: destrose should be provided only in imited in quantity or not at dl, as ndecated by clncal 2aths in
suspected or confirmed dimeders of pyruvate metabolksm, i the patient & on a ketogenic det, or the patient has had an adverse response to high
glucose delvery) W fluid rate should be bamd on the dinica stuation, Outpatent mitochondrial therapes should be continued when posibile,
7. Listis can ke used when needed in mochondnal patents, even in the presence of secondary fatty acd oxdabon dsfunction.
8. The foliowing medcations should be avodad in patents with mitochondral dsease when possible and, if gren, they should be used with @ution:
valproi aod; stabng metforming high-dose acetaminophen; and saleded antibiotic, nduding amnogyoosdes, linembd, tetmoiing, arithromyon,
and enyttromycin,
9. Repeat neuromaging should be onsidesed in amy milochondnal pabent with an acute change in newrologic stahe.

Anesthesia and surgial management!

1, Patients with milnchondrial dsesses are at an inoeased =k of anesthes 2 related complicatons.
2. Preope=atiw preparation of patents with mitochondrial desase & cuda o thar periopesatie outcome. Patients should minmize precpeatie
{asting and have glums sdded o therr perioperatie IV fluids, unles they ase on & betogenic diet of have been demonsirated (o have advers resdhion
io higher gucose intabe.
3, Caution must be wsed with wolatile anesthetics becawss mitcchondrial metients may potentially be hyperensitve,
4. Caution must be used with muscle relaxants in those mitochondnial patients with a preesdsting myopathy or decmeased respiratony drive.
5. Mitochondrial patesls may be at & hgher sk for propolol infusion smdome and propofol we should be svoided of limbed 10 shon pRocedunes.
6. One shoukd consder show titation and adusiment of volatiie and pareniersl anesthetos o mnmiee emodynasmec changes n msochondrial patents.
7. Lxal anesthetcs are generally well toleated in patents with mitochondnal defect.
8. These & no clear estabished bnk betasen malgnant hyperthesmia and miochondrial dese

Stmoke management!-*
1, Srokelke epsodes in prmary mitochondnal disase vpcaly have comelatng visble magnetic resonande imaging abnormalies,
2. W arginine hydrochioride shouid be administensd Lrgently in the acute setting of a gooele sprode associsbed with the MELAS ma3243M» G
muation in the MTTL T gene and consdered in a 2 obe-i ke epsode ssocated with other primary mitochondial citopathies as other eliokogies are
being exciuded. Paiens should be reassessed afier 3 days of continuous IV therapy.
3, The use of daily oral agnine wupplementation o prevent strowves showld be consadesed in MELAS syndmme,
-l.'l'l'.rd.nhrm'-:rngphnmar?'lnrd citruline lewel: and oral ciruline supplementation n the treatment of MELAS sequires further meseanch.




Table 4 Medication cautions

Medication Commaon usss Concern in mitechondrial disease

Acetamnophen Analgesc, fewr prevenbon, headaches Chronic or frequent use may deplete gutathione and cause hepatopathy

Ammogycades  Anbbotc Hearing loss

Arrlral rowiralks HN theragy Irgpaired mDMNA replcabon and worsening peripheral neumpathy, lwer
dysfunction, or myopathy

Botulnum toxn Dystonia, spasticity Wonening of weaknes

Butierbur Headache May cortain pyrofzdine alcaloids (oudanty and caue hepatopathy

Metionmin Dralbetes Laschr aciloss

Topiramaie Eplegsy, headache, miraoanial hyper emsion Lactic acdass

Ltating Hypercha estemiemia Wionening myopathy and aevated ceatine kinas

Valprox acd Epilegsy, headache, mood doonders, moverment  Imeversible bver faiue and onet of hepatosncephalopathy, sspedally in

dorders, tone sbromalties POLG-related dsordens; worening of secures

Wigabatnin Ep gy Il on of the mibochondral nuclecskde salage pat ey and worsenng of

milMA depletion dsondens

il rrrtorhoiriaal D
WP he dmoeplion of valpros soid © POLG-slaled deonders, These medcalions ané nol contraindicated a°d may be wed with Caubon.



What’s new?

< Who manages mitochondrial patients?
“* Where is their medical home?

“* Who will deliver these guidelines?



Mitochondrial care network

s Standardization and excellence of care

“*Improve quality and consistency of health services
delivered

“*Improved care coordination
**Clinical research and trial infrastructure

*Facilitate Outcome and Natural History research
fluidly



Mitochondrial care network

Preparation

» Review of criteria used by most established centers
of excellence for other diseases

» Review of pitfalls and challenges

» Establishing new network based on best practices
for other organizations

» Step-wise/staged execution



Mitochondrial care network

Planning

» Focus groups of patients and families

Families want multi-disciplinary care, better social
support and care coordination

» Survey from clinicians (93% support idea)

» Input from Advocacy Groups (MitoAction, UMDF,
FMM)



Mitochondrial care network

Selection Criteria

» Clinic site based on number of patients, level of

clinician experience, academic engagement and
availability of comprehensive care resources

» Physician-clinician driven with Patient Advocacy
Group partnership

» Governance Committee



Mitochondrial care network

Akron, OH
Atlanta, GA
Aurora, CO
Baltimore, MD X2
Boston,
Massachusetts X2
Camden, NJ
Chapel Hill, NC
Cleveland, OH
Houston, TX
Kansas City, MO
La Jolla, CA

Los Angeles, CA
New York, NY X2
Philadelphia, PA
Pittsburgh, PA
Rochester, MN
San Diego, CA
San Francisco, CA
Seattle, WA
Washington DC




NEXT STEPS?

* Creation of a Mitochondrial Care Network (MCN)
** Announcement of Mitochondrial Medicine Centers



NEXT STEPS?

An observational database of phenotype,
genotype, and natural history.

Supported by NIH, governed by physicians and
scientists experts in mitochondrial disease

1343 patients (adults and children/males an
females)




The changing paradigm in healthcare: From
evidence-based medicine to value-based medicine

» Effect of healthcare reform

» Interventions and therapies are judged by payers and
society by metrics of Value-Based Medicine

The effect of therapy on patient-centered outcomes = the
incidence of disease complications, QOL, and survival vs.
adverse events

» Evidence-based medicine = The effect of intervention and
therapies on surrogate markers, i.e.,

cholesterol in CAD
strict glucose level in diabetes



On behalf of the MMS,
Thank you!



